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YACTb Il

BUWO3SHEPITETUKA N METABOJIN3M

W mbl, NIOAN, 1 BCE APYTWe XWBble Cylle-
CTBa YCTPOEHbl 0YeHb C/I0OXKHO. MHorue
CMYTHO OCO3HAIT, YTO 3Ta CNIOXKHOCTb NOA-
LepXuBaeTcs nuuleil, noTpebnsemoin opra-
HU3MOM ¥ B Hem nepepabaTbiBaemoii. [na
(hm3mka, 0fHAKO, XUBbIE OPraHM3Mbl COCTa-
BAAOT Npob6femy, MMeKLwy 0CoObIA WH-
Tepec, MOCKOMbKY MX CyLLeCcTBOBaHWe, Kasa-
nocb 6bl, NPOTMBOPEUUT OAHOMY U3 PyHAa-
MEHTa/IbHbIX 3aKOHOB (un3nkn. CornacHo
3TOMY 3aKOHY, W3BECTHOMY KaK BTOPOWi 3a-
KOH TepMOAWHaMWKKW, OpraHn30BaHHbIe
CKOMMEeHNs MaTepun cTpemaTcs K Ae3opra-
HW3auuu, T.e. CTPEMATCA CO BpPeEMEHeM
nepeiitn B 60Nee HeynopsAoYeHHY0, Heop-
raHM3oBaHHY (opmy. Tenepb Mbl 3HaeM,
4TO XMBble KETKN TOXe NOAUYMHATCA 3T0-
My 3aKoHy. OHW TO/IbKO «06X0fAT» ero,
nojdepXxusas CBOK BHYTPEHHIOKW ynops-
[OYEHHOCTb B AMHAMWYECKOM CTalMoHap-
HOM COCTOSHUM 3a CYeT MuTaTeNbHbIX Be-
LLecTB ¥ CBOGOAHOW aHEpPruu, nonyyaemblx
M3 BHELWHeA cpeabl M npeobpasyembix
B npouecce metabonusma.

UTto6bl cocTaBuTb cebe npeacTaBfieHue
0 MNyTAX KNeTO4YHOro metabonusma, 0 ero
3HepreTMke U AUHaMWKe, Ham cnegyeT Ha-
YyaTb Halle pacCCMOTPEHME C IHEPTeTUYECKNX
N3MEHEHWIA, XapaKTepn3yLwWwmnx oTAeNbHble
XMMUYECKME  peakuun, KaTannsmpyemble
(hepMeHTamMu B yCNOBUAX MOCTOSHCTBA TEM-
nepaTypbl W 4aBfeHUs, T.€. B TeX YCNOBUSAX,
KOTOpble CYLLeCTBYIOT B KneTkax. Mbl y3-

Haem Npw 3TOM, Kakum 06pa3om KaTanusu-
pyembie pepMeHTaMmn peakumm MoryT ob6be-
OWHATLCA B Lenu, uam cuctembl, 6narogaps
HanMuMio 06X MPOMEXYTOUHbLIX NPOAYK-
TOB, 4YTO 0becneynBaeT BO3IMOXHOCTb 3d-
(heKTMBHOr0 MNepeHOca XMMMUYECKON 3Hep-
rmi. [lanee Mbl MO3HAKOMUMCH C LEHT-
panbHbIMKU MeTaboANYeCKUMMN NYTAMMK, UK
nocnegoBaTeNlbHOCTAMU PepMeHTaTUBHbIX
peakuuil, NpUBOAAWMMK K paclienneHunio
rNaBHbIX NUTaTeNbHbIX BELLeCTB- Yr/eBo-
[,0B, XXWPOB M aMWHOKMCNOT-C OAHOBpe-
MeHHbIM 3amacaHveM 4acTu cofepaLleiics
B HUX CBOBOAHOI 3HEpPrnn B JOpMe 3HEprum
ATP. locne 3Toro Mbl paccmMoTpum, 3aTan
3a 3TanoM, HEKOTOpble BaXHble LEH-
TpanbHble NyTU 6MOCUHTE3a, Ha KOTOPbIX
rnaBHble MaKPOMONEKY /bl KNeTKN CTPoATCA
M3 NPOCTbIX MOAeKYN-NpejLlecTBeHHKOB
3a CYeT XMMWYECKOW 3aHeprum. CKOpOCTb
3TUX MeTabonnuecknx nyTeli-kak CUHTe3a,
Tak 1 pacnaga- Haxo4uTCsA Nof KOHTponem
N perynnpyetca o4eHb TOHKUMUW U YYBCTBU-
TeNbHbIMW  MexaHu3Mamu. PesynbTaTom
BCEWl 3TON aKTUBHOCTYW, BK/IOYalOLWElh KOOp-
OVWHUPOBaHHYO aKTUBHOCTb COTEH (hepMeH-
TOB, fBNAETCA (haHTACTUUYECKM CHOXHas
ceTb (hepMeHTaTUBHbIX peakunid, feicTByo-
was cToNb e 3PMeKTUBHO, KaK KOMMNbIO-
Tep, 4To6bl 06ecneynTb COXpaHeHue v NofA-
[ilep>aHue BHYTPEHHel YMnopsaf04YeHHOCTH
KNeTOK, HECMOTPS Ha KonebaHus, Npomncxo-
[AliMe BO BHelLHel cpege.
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B XMBbIX KNeTKax NpoTekaeT MHOXeCTBO
(hepMeHTaTMBHbIX peakuwit. Bclo coBOKyM-
HOCTb 3TUX peakuuin mbl 0b6begmHAem 06-
WKUM NoHATMEM MeTabonusm, 0A4HAKO He-
BEPHO 6bINI0 6bl AyMaTb, YTO K/leTKa-3To
He 6onee YeM MeMOpaHHbI MELWOK, B KO-
TOPOM (hepMeHTbl LelCTBYIOT ChyyYaliHbiM,
Heynopsigo4eHHbIM 06pa3om. MeTabonnsm
npegcrtasnseT co6oii BbICOKOKOOPAWHWPO-
BaHHYI0 W LiefleHanpaB/ieHHY0 K/IETOUYHYHO
aKTUBHOCTb, 06ecneynMBaeMyto yuyacTuem
MHOFMX  B3aUMMOCBAI3aHHbIX MynbTUdep-
MEHTHbIX cucTeM. OH BbIMOMHAET YeTbipe
cneuuduyeckme QYHKLUKU: 1) CHabXeHune
XMMUWYECKOW 3Heprueid, kotopas AobbiBaeT-
€A NyTem paclienneHns 6oratbix 3Hepruein
MULLEBbIX BeLLECTB, MOCTyNaKwLWmx B opra-
HU3M U3 cpedbl, UAn nNyTem npeobpasosa-
HWS yNaBNWBaemMoOW 3HEPruyM COJNIHEYHOTO
CBeTa; 2) NpeBpalleHne MONEKY NULLEBbLIX
BELLECTB B CTPOUTeNbHbIE GMOKMU, KOTOpPbIE
NCNoNb3YyHTCA B AaNbHERLWEM KNETKOW Ans
nocTpoeHuss Makpomonekyn; 3) cbopky
6€NKOB, HYK/IEMHOBbLIX KWCMOT, AUMWAOB,
nonncaxapugos v NPOYMX KNETOUYHbIX KOM-

Metabonmyeckas KapTa. V3BecTHO yxe 6onee
2000 (PEPMEHTOB, YYacTBYHOLWMNX B MeTabonmsme
KNETOK, 1 MHOTUe ellle HECOMHEHHO NPeAcTonT
OTKPbITb. YacTb 3TUX (hepMeHTOB paboTaeT Ha
rNaBHbIX, «TOPHbIX», NYTAX MeTabonM3mMa.

[pyrue Katannsnpyot obpasoBaHue MHOruUX cne-
LMann3npoBaHHbIX MPOAYKTOB, Tpebytownxcs
nuwb B HebonbWMNX KonnyecTBax. Bce metabonu-
Yeckne NyTU B KOHEYHOM CYeTe B3aMMOCBA3aHbI.
Mbl 6ygem nsyyatb MeTabonn3M Tak, Kak, Hanpu-
Mep, 3HaKOMUTCA C rOpOJOM YenoBeK, BNepsble
nonasLlnii B CTONNULY, T.€. Mbl HaYHEM 3TO U3yue-
HWEe C ero rNaBHbIX «MPOCMEKTOB», OT KOTOPbIX
3aTeM YXKe MOXHO 6yfeT nepenTn K NobbiM 60-
KOBbIM «ynuuam» Unn «nepeynkam».

MOHEHTOB M3 3TUX CTPOUTENbHbIX G/0KOB;
4) cMHTe3 U paspylueHne Tex 6MoMOneKyn,
KOTOpPble HEOBXO0AMMbI ANS BbINOAHEHNS Ka-
KNX-N160 cneunguyecknx QyHKUNA gaHHOM
KNETKMW.

XoTa meTabonu3m cnaraetcs M3 COTEH
pa3NNyHbIX  (hepPMEHTATUBHbLIX  pPeakuui,
LeHTpanbHble MeTabonuyeckne nyTu, Ko-
TOpble Hac 06bIYHO 6ONblUe BCEFO UHTepe-
CYIOT, HEMHOTOUYMC/EHHbI M MOYTW Y BCEX
XUBbIX POPM B NpUHLMNE eAWHbl. B 3Toil
0630pHOIi rnNaBe Mbl PACCMOTPUM UCTOYHU-
KM BELEeCTB W 3HEPrun ans Metabonusma,
LeHTpanbHble MeTaBonuMyeckue MyTu, Wc-
nonb3yemble AN CWHTE3a W pacnaga
rNaBHbIX KNETOYHbIX KOMMOHEHTOB, MeXa-
HU3MbI, yYyacTBYKOLMEe B Nepegaye XumMuye-
CKOW 3Hepruu, n, HakoHel, Te 3KCMepUMeH-
Ta/lbHble MOAX0Abl, C MOMOLLb KOTOPbIX
BEIETCS M3y4yeHWe MeTaboNMyecKux nyTei.

13.1. >XuBble opraHusmbl
NPUHUMAIOT yyacTue

B KpyrosopoTe

yrnepoga un Kucnopoja

Hawe paccMOTpeHMe Mbl HayHEM C Ma-
KPOCKOMMWYECKNX acnekToB MeTabonn3ma,
c obuwero mMeTabonMyeckoro B3aMMOAeii-
CTBMS MEXAY XXWBbIMWU OpraHuM3mMamu 6mo-
cthepbl. Bce XMBble 0praHM3mbl  MOXHO
nogpasfennTb Ha fABe 60NblIMe Tpynmnbl
B 3aBWCUMOCTU OT TOrO, B KakoW XumMuye-
CKOW ¢hopMe cnocobHbI OHM yCBauBaTb Mo-
cTynawwmnin m3 cpefbl yrnepog. ABTO-
TPOgHbIE KNETKN («caMmn cebs nuTaroLLne»)
MOTYT WCMONb30BaTb B KayecTBe eAuH-
CTBEHHOr0 UCTOYHMKA Yyrnepoja aTmocgep-
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Hyto CO2, n3 KOTOPOW OHWM U CTPOAT BCe
CBOW Yyrnepogcojepxatue 6GUOMONEKYbI.
K aToli rpynne npuHagnexar pOTOCMHTE3N-
pylowmne 6aKTEPUM U KNETKU NUCTbLEB 3€-
NeHbIX pacTeHuii. HekoTopble aBTOTPOdHbI,
Hanpumep uuaHobGaKTepuu, MOTyT Takxe
MCnonb3oBaTbh ANA CUHTE3a BCEX CBOUX
asoTcofepXawmx KOMMOHEHTOB a30T arT-
Mocthepbl. eTepoTpodHble KNeTKU («Mu-
Talowumeca 3a cyeT Apyrux») He obnapatoT
.CNOCOBHOCTLIO yCcBauMBaTb AaTMOCKEPHYIO
COz ; OHV JO/MKHbBI MOAYyYaTh Yrnepos B BU-
[e A0CTAaTOYHO C/IOXHbIX OpraHuyYeckmnx co-
eAVHEeHWN, TaKNX, Kak, HanpuMep, rnoKosa.
K retepoTpotam OTHOCATCA KNETKWU BbIC-
WX XXMBOTHBIX N 6ONbLINHCTBO MUKPOOP-
raHm3mMoB. ABTOTpodbl, cammu cebs obecne-
YymMBaloLLMe BCEM HEOOXOANMBIM A9 XN3HMU,
obnagatoT onpefeneHHom He3aBucu-
MOCTbIO, TOTla KaK retepoTpodbl, HY>XAak0-
WMecs B C/IOXHbIX UCTOYHMKaxX Yyriepoja,
NUTalTCA NPOAYKTAMU XU3HeAeATeNbHO-
CTU [PYTUX K/eToK.

EcTb Mexgy 3Tumu [BYMA rpynnamu
M ele 04HO BaXHOe pasnnyme. MHorue aB-
TOTPOHbLIE OPraHW3Mbl  OCYLLECTBAAIOT
thoTocuHTE3, T. €. 061a4al0T CNOCOOGHOCTLIO
MCMNONb30BaTb 3HEPTUIO COMHEYHOro CBeTa,
Torga Kak reTtepoTpoHble K/eTKU f[06bl-
BalOT HEOOXOAMMYI WM 3HEpru, pac-
LW ennasa opraHWYeckue COefMHEHUS, Bbipa-
6aTblBaeMble aBTOTpoamu. B 6uochepe
aBTOTPOMbI U reTepoTpodbl COCYLLECTBYIOT
KaK YYaCTHWKW eAMHOro TUraHTCKoro wuu-
Kna, B KOTOPOM aBTOTPO(HbIE OpPraHnU3Mbl
cTpoAT m3 aTtmocdepHoli CO2 opraHmye-
CKMe GMOMONEKYNIbl U YacTb UX MPU 3TOM
BblflenisieT B aTMocdepy kucnopog. Metepo-
Tpo(bl UCNONB3YIOT BbipabaTbiBaemMble aB-
ToTpohaMy OopraHuyeckue NPoayKTbl B Ka-
YyecTBe MWLM U BO3BpaLLalT B aTMocdepy
CO2.Takum nyTem COBepLUaeTCAa Henpepbl-
BHbI/i KPYroBOpPOT Yyrnepoga “ Kucnopopa
MEXAY XUBOTHbIM W PacTUTENbHbIM MMU-
poM. VICTOYHWKOM 3Hepruu fns 3aToro Ko-
noccafnbHoOro no csoum Mmacwrtabam npo-
Liecca CNyXXWUT COMHEeYHbI cBeT (puc. 13-1).

ABTOTPO(HbIE W TETEPOTPOMHLIE Opra-
HU3Mbl MOXXHO B CBOI O4Yepedb pa3fenntb
Ha nogknaccel. CyLlecTByeT, Hanpumep, Ba
6onbWNX noAknacca reTepoTpooBs: as-
po6bl 1 aHa3pobbl. A3po6bl XMBYT B Cpeae,
cofep>kallieil KNCNOPOA, N OKUCNAT opra-

-0,

OpraHunyeckure
MPOAYKTHI

DOTOCMHTE3VPYIOLLE

aBTOTPObI
I -CO

-H2O-

[eTepoTpodb!

1

Puc. 13-1. KpyrosopoT ABYOKUCHK yrnepoga n
KPYroBopoT KUCnopoAa Mexay AByms o6nactamm
6rocdepbl 3eMnn - POTOCUHTE3INPYIOLLEH U reTe-
poTpotHoii. MacwTabbl 3TOro Kpyropopora or-
pOMHbI. 3a rof B 6uocepe coBepluiaeT Kpyroso-
poTt cebiwe 3,5-10“ T yrnepoga. banaHc mexny
o6pasoBaHuem n notpebneHnem C02-04MH n3
BaXKHbIX (PAKTOPOB, ONpPeAeNAlWmnX KNnMmaT Ha
3emne. CogepxaHme C 02 B aTMocdepe BO3pOCNIO
3a nocnegHue 100 neT npumepHo Ha 25% un3-3a
BCe 60/iee YCUIMBAIOLWLEroCa CKUraHns yrns n
He(®TU. HeKoTopble y4yeHble YTBEPXKAAKOT, YTO
fanbHeliliee yBennyeHne Konmyectsa aTMocdep-
Holi C 02 noBneyeT 3a coGOI NOBbIWEHNE CPeAHel
Temnepatypbl aTMocdepbl («NapHUKOBBIA 3g-
(heKT»); He Bce, OAHAKO, COrNacHbl C 3TUM, MNo-
CKOJIbKY TPY/IHO OMpefieInTb TOYHO KONNYecTBa
C 02 o6pasytoweiics 1 BoBnekaemoii B NOBTOP-
Hble LUKbl B 6Uochepe, a Takxke Noraow,aemoi
okeaHamu. [ina TOro 4to6bl BCA aTMocdepHas

C 02 6bina nponylieHa Yepes pacTeHus, Tpebyetcs
okono 300 nert.

HWYeCKMe NMuTaTe/bHble BeliecTBa MOseKy-
NAPHLIM  KUCNOPOAOM. AHaspobam ans
OKWCMEHUA NUTaTe/bHbIX BELLECTB KWUCNO-
poA He TpebyeTcsi; OHU 06MTaOT B BecKuc-
nopoaHoit cpepe. MHoOrve KNeTKW, Hanpwu-
Mep APOXKeBble, MOTYT CYLLECTBOBAaTb Kak
B a3p06HbIX, TaK M B aHA3POGHbIX YCMI0BUSX.
Takume OpraHuM3mbl HasbiBalOT (hakynbTa-
TUBHbIMU aHaspobamu. OfHako Ans o6nu-
raTHbIX aHaspo6oB, He CNOCOGHbLIX NCNOMb-
30BaTb KWCNOPOJ, NOCNeaHuiA sBnsetcs
A00M. TakoBbl, Hanpumep, OpPraHWM3mbl,
o6uTatoLMe rNy6oKo B NOYBE UM Ha MOP-
CKOM AHe. BOMbLIWHCTBO FeTEPOTPOPHbIX
KNeTOK, B 0COGEHHOCTU KNEeTKU BbICLIUX Op-
raHU3MoB,- (haKy/ibTaTUBHbIe aHA3PO06bI, HO
npy HafMuyMM KUCNOPOZAa OHW UCMONb3YHOT
LN OKWUCNEHUSA NUTaTeNbHbIX BELWECTB as3-
po6Hble MeTabonnyeckue nyTw.

Y 0[HOTO ¥ TOFO e opraHuM3ma pasHble
rpynnbl KNeToK MOTYT MpuHagnexatb K
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pasHbIM KnaccaMm. Hanpwumep, y BbICLINX
pacTeHuii 3eneHble Xnopodunncogepxalyue
KNeTkn nucta-PoTOCMHTE3NpPYIOLLMe aBTo-
Tpogbl, a 6ecxNoponnfbHble KNETKU KOp-
HA - reTepoTpodbl. bonee TOro, 3eneHble
KNETKN NUCTbeB TONIbKO AHeM BefyT aBTO-
TpohHOe cyllecTBOBaHWEe. B TeMHoe Bpems
CYTOK OHM (YHKLMOHWPYIOT Kak retepo-
Tpothbl M A06bLIBAIOT HEOOXOLUMYK UM
3Hepruo nyTemM OKWUCMEHUS YINeBOA0B, CUH-
Te3WPOBaHHbIX UMW Ha CBeTY.

13.2. B 6uocepe cyuiecTByeT
KpyroBopoT asoTa

Bcem XWBbIM OpraHusmam MOMWMO WC-
TOYHWKOB Yrneposa, KNCAopoja U aHepruu
He06X0ANM elle M MUCTOYHMK azoTa. A30T
TpebyeTcs Ana 6GUOCUHTE3a aMUHOKMCNOT,
a TakXe NypPUHOBBIX U NUPUMUSUHOBBIX OC-
HOBaHWMA, T.e. TeX a30TCOAepXalux cTpou-
TeNbHbIX 6/10KOB, M3 KOTOPbIX 3aTeEM Mpo-
n3BoauTCA cbopka 6enKOB U HYKNEUHOBbIX
Kncnot. W 3pecb Mbl BCTpeYaem Yxe 3Ha-
KOMble HaM pas3finyns: >XUBble 0pPraHU3Mbl
CUNbHO pa3nuyakTcs B 3aBUCUMOCTH OT TO-
ro, B Kakoi XUMM4eckol hopMe CnocoBHbI
OHW ycBamBaTb a30T. [Mo4YTM Bce BbiCLIME
XWBOTHbIE JO/KHbI NOAyYaTb MO KpaviHei
Mepe 4acTb He06X0AMMOro UM a3oTa B BUAE
aMUHOKMCNOT. Hanpumep, B paLuoH yeno-
Beka M 6enoil KpbiCbl 10 M3 20 OObIYHbIX
aMUHOKMCNOT AO/MKHbI BXOAUTb B TOTOBOM
BMAE, MOTOMY 4YTO WX OPraHW3M He CMoCo-
GeH CMHTE3MpPOBaTb 3TM aMUHOKMUCNOTHI U3
6o/ee NMPOCTbIX MpeALlwecTBeHHNKOB. PacTe-
HWA MOTYT 06bIYHO MCMONbL30BaTb B Kauye-
CTBE eJMHCTBEHHOr0 WCTOYHMKA a30Ta aM-
MMWaK MM pacTBOPUMbIe HUTPaTbl. Jluwb
CPaBHUTENLHO HEMHOT Ve OpraHu3Mbl 06na-

A30ThuKeHupyto-

ATMOCepHbIi a3oT m e BakTepuu

Puc. !3-2. KpyroBopoT a3oTa B 6uocgepe.

AMMMnaK

falT cnocobHOCTbIO ycBamBaTb ((PuKcmpo-
BaTb) rasoobpasHblii a3oT (N2), Ha gont
KOTOPOro npuxoauTtcs okono 80% Hawlei
atMmocdepbl. OfHaKO, NOCKONbKY B 3€MHOI
KOpe COLEPXMWTCA OYeHb Mano HeopraHuue-
CKOro asoTa B BMAE PacTBOPUMbIX COMeN,
BCE >KMBbIe OPraHn3Mbl 3aBUCAT B KOHEYHOM
cyeTe OT 3TOr0 aTMOC(epHOro asota u OT
OpraHM3mMoB, CNOCOGHbIX ero PUKCMPOBaTh.
A30T QUKCUPYIOT, HanpuMep, LnaHobakTe-
pun (CTapoe WX Ha3BaHWe-CUHe-3e/eHble
Bogopocnu). LimaHobakTepun BegyT Hesa-
BMCMMOE CYLL,ECTBOBaHWE, NOTOMY YTO OHM
MOMHOCTbIO aBTOTPOMHbLI. OHW He TONbKO
ycBamBalOT aTMOC(epHblii a30T, HO cno-
CO6Hbl M K )OTOCUHTESY, T. €. MOTYT Y0BAe-
TBOPATb BCIO CBOIO MOTPe6HOCTb B Yrnepo-
[e 3a cyeT atmocgepHolii CO2. MouTm BCe
Lpyrvie BUufbl a3oThuKCUpyowmnx 6akrepuii
obuTaloT B MoyBe. HeKOTOPbIE U3 HUX XKK-
BYT B KayecTBe CMMOWOHTOB B KOPHEBbIX
Knyb6eHbKax oOnpefeneHHbIX BWUAOB pacTe-
HWIA, rnaBHbIM 06pa3oM npeAcTaBUTenei
cemeiictBa 6060BbiX, W OCYLeCTBAAIOT
3ecb CUM6UOTMYECKY (huKcaumio asoTa.

HuTpudunumpyowme 6akTepum OKUCAAIT
aMMMaK S0 HATPUTOB U HUTPATOB, a [eHu-
TpudnumpyloWwme BHOBb NpeBpalialdT HU-
TpaTbl B aMmuak. Takum 06pa3om, NOMMMO
FMraHTCKUX KPYroBopoTOB Yriepoja v Kuc-
nopoga (puc. 13-1) B Haweli 6uoctepe npo-
TEKaeT eLle v KpYroBopoT a3oTa, B KOTOPOM
KofnoccanbHble KOnuMyecTBa asoTa npe-
TeprnesawT UMWKINYECKWE MpeBpalleHus
(puc. 13-2). KpyrosopoTbl yrnepoga, Kuc-
nopofja W asoTa, coBepLlalLwmecs npu
yyacTUM MHOTMX BUAOB >XUBbIX OpraHus-
MOB, HECOMHEHHO 3aBUCAT OT NOAAEeP>XKaHNA
onpegeneHHOro 6anaHca Mexay nNpoayLeH-

TaMuM K KOHCyMeHTamMn B  6uocgepe
HuTpudnympyio - HuTpatsl
e 6akTepum

PacTeHus

\ 7

JKMBOTHbIE AMUHOKNCNOTbI
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Puc. 13-3. TTOTOK COMHEYHO 3Heprum u Kpyroeo-
poT yrnepofga, KMUcnopoga u asoTa Ha npumepe
O[LHOI M3 3KOCMCTEM. B 3TOW M30NMPOBAHHON 3KO-
cucteme B pesynbTate (hOTOCUHTE3Q, OCYLLECTBASA-
eMOro TPaBAHUCTON PacTUTENbHOCTbIO, PUKCUpPY-
etca atmocepHas C 02 obpasytoTca opraHuue-
CKMe COefiMHeHNs 1 Bblaensetcsa kucnopog. Mou-
BEHHble MUKPOOPraHM3Mbl HUKCUPYIOT aTmochep-
Hbl/i @30T, MepeBOAA €ro B aMMuak W HUTpaThl,
Mcnonb3yemble 3aTeM pacTeHUAMU B KayecTBe uUC-
TOYHWMKOB a30Ta ANA CUHTe3a 6eNKOB U HYKNeuHo-
BbIX KMCNOT. 3e6pbl NoAy4aldT KUCNOPOA U3 BO3-
fyxa, a He0o6X0AUMbIA UM Yrnepos 1 aMUHOKHKC-
NOTbl-U3 pacTeHUii B pe3ynbTate OKUCIEHUS
Kpaxmana, 6enka v Apyrux KOMMOHEHTOB pacTu-
TeNbHON nuwy. JIbBbl NoefaloT 3e6p, a UX IKCKpe-
MeHTbI MmonagatT B MOYBY, FAe MUKPOOPraHU3Mbl
nepepabaTbiBalOT WX, 3aBepLUas LK.

LBunxyLeit cunoli Bcero aToro KpyrosopoTa cny-
XKWUT COnHeyHas aHeprus. OfHaKO B Kax[OM 3BeHe
[aHHOV MuLLeBOVi Lienn Ha NocTpoeHne Guomaccsl
pacxoayeTcs MeHee 10% BCeii nony4aemoil mones-
HOVi 3Heprumn; octanbHas IHepPrus paccemsaeTcs

B CPe/ie M CTAaHOBUTCA HeLOCTYMHOW. W3 Bceil con-
HEYHOI 3Hepruu, AocTUratLLeil 3TON 3KOCUCTEMBI,
B OpraHu3me NbBOB 3anacaetcs MeHee 0,1%. BoT
noyemy Ans TOro, 4To6bl MPOKOPMMUTL CTaf0
3e6p, TpebyeTcA oYeHb 06LIMPHAsA TeppuTOopUA,

a N8 Toro, 4To6bl NPOKOPMUTL ABYX NbBOB,-
60nblIoe cTago 3e6p.

(puc. 13-3). 3TU ruraHTCKMe Mo CBOUM
mMacwTtabamM KpyroBopoTbl BelecTB B 61O-
chepe CONPOBOXAATCA TaKUM XE rUraHT-
CKMM KpPYroBOpPOTOM 3Heprun. PoToCUHTe-
3pyoL e OpraHM3Mbl ynaBAuBakT CON-
HEYHYIO 3HEepPruio 1 NPoAyLMpYT boratble
3Heprvei yrneesoabl U pyrue opraHuyeckue
COeAMHEHUA, a reTepoTPOdHbIE OPraHM3Mmbl
MCMNOMb3YIOT 3TN OpraHnyeckne coefnHeHNs
B Ka4eCTBe UCTOYHUKOB aHeprun. B meTtabo-
NU3Me KaXoro opraHusmMa, y4acTByloLLero
B 9TUX MeTabo/IMYeCcKUX LUMKNax M pacxo-

[YIOLEero sHepruo Ha pasHoro poga pa6o-
Ty, Kakas-To 4acTb YCBOSEMOI OpraHm3mMom
(nonesHoiA) hopMbl 3HEPrUK TepsieTcs, Tor-
fa Kak KONnM4ecTBO HeYCBOAeMOW (Hepo-
CTYMHOI, 6ecnonesHoid) popmbl pacteT. Mo-
4T Ha KaxAoin cTaguu 3Tux 6umonormde-
CKUX LUWMKNOB Tenno u Agpyrue QopMmbl
3HeprunM paccemBalOTCa B OKPYXawolLei
cpefie, T.e. NepexoasT B HEYNOPAA0UYEHHYIO
N HeycBOSIeMYIO ANA XXUBbIX OPraHuW3moB
hopmy. Takum o6pa3om, MOTOK 3Hepruu
B buocepe-3To ofHOHaNpaB/eHHbIN, a He
LUMKNNYEeCKUiA mpouecc, MOCKONbKY Mnoses-
Has 9Heprua He MOXeT OblTb pereHepMpoBa-
Ha M3 HeAOCTYMHOW, PacCesHHON. YTnepos,
KMCNOpOo4 W a30T COBeplalT Henpepbl-
BHbIl KPYroBOpOT, BOB/EKasaCb BO BCe
HOBble U HOBbIE LUKAbI, MEXAY TeM Kak no-
ne3Has 3HepPrua HenpepbiBHO «jerpagu-
pyeT» - Mepexo4nT B HEYCBOSEMYIO (hopmy.

Mepeiigem Tenepb OT 3TUX MaKPOCKOMW-
YecKMx acnekToB MeTabonnsma K meTabo-
NNYECKUM  CcO6bITUAM, COBepLUAOLLMMCS
B JKMBbIX K1eTKaXx Ha MWKPOCKOMWYeCKOM
YPOBHE, He ynyckas npyu 3TOM, 0JHaKo, W3
BUAY, YTO KaXAbIA TUN KNeTOK XapakTepw-
3yeTcd 0co6bIMW, €My OfHOMY CBOWA-
CTBEHHbIMW NOTPe6HOCTAMM B Tex wnn
MHbIX WCTOYHMKAX Yyrnepoga, Kucropoga
1 a30Ta, a Takxe B COOTBETCTBYHOLWMX MC-
TOYHMKAX 3Heprun. KneTouyHbli MeTabo-
NAN3M-3TO cucTemMa hepMeHTaTUBHbLIX Mpe-
BpalleHWA KakK BewecTB, TaKk W 3Hepruu,
HauMHAKOWMXCA OT MCXOAHbIX MNPOAYKTOB
M 3aBepllalolinMxcs OGMOCMHTE30M XKWUBOIA
maTepuu.

13.3. MeTabonumueckue nyTu
npeacTaBnsA0T coboW
nocnefoBaTe/lbHOCTU peakLuuid,
KaTanmsmpyembix
MyNbTU(ePMENTHbIMU CUCTEMAMMU

®epMeHTbLI-3TO MpoCTeiiline efUHULbI
MeTab0/MUYECKO aKTUBHOCTU; KaXAblii u3
HUX KaTann3npyeT Kakyl-HUOYAb OfHY XU-
MUYECKYH peakuuto. MeTaGonmam, 04HaKo,
Aydlle paccmaTtpuBaTb WCXOAs W3 npefd-
CTaB/IEHUA O MyNbTUDEPMEHTHbIX CUCTeE-
Max, KaXAas U3 KOTOPbIX KaTannsnpyeT no-
cnefioBaTe/lbHble CTafuM JaHHOro mMeTabo-
NIMYECKOro  nyTu. Takue  My/nbTudep-
MEHTHbIE CUCTEMbI MOTYT BK/1HOUaTh 0T 2 A0
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20 (DEPMEHTOB, [AEWCTBYIOLWMNX COBMECTHO,
B OMNpejeNieHHOl MocnefoBaTelbHOCTH, Tak
4yTO MNPOAYKT peakuuu, Katannsmpyemol
nepsbiM PepPMEHTOM, CTaHOBUTCA cybeTpa-
TOM ANA CRefytowein peakuwm, Katanmsu-
pyemoi BTOpbIM (epMeHTOM, ¥ T.A.
(puc. 13-4). MpofyKTbl NocnefoBaTeNbHbIX
npeepalieHnii, 06bEAUHSAEMbIX B fAaHHbI
meTabonmyeckuii nyts (B, C, D u 1.4. Ha
puc. 13-4), Ha3blBAOTCA MPOMEXKYTOYHbI-
MU npogykTamu unum meTabormTamu. Ha
KaX[0ii 13 nocnefoBaTtesibHbIX CTaAuin TOro
UM MHOro MeTabosMyeckoro nmyTu npowc-
XOA4WUT 06bIYHO NULWbL HeboNbLloe XUMUYe-

JINHeHbIA MeTabonnyecknidi nyTo. MpeawecT-
BEHHUK A npeBpallaeTcs B NPOAYKT E B pesynb-
TaTe uyeTblpex NocnefoBaTeNbHbIX QepmMeHTa-

TUBHbIX peakuuii. MpoayKT oaHON hepMeHTa-
TWBHOIA peakLun CRyXXWUT npu 3ToM cy6CTpaTom
cnegytouleit

A

E

E

LiMknnyecknii NyTb. VIMEHHO TakuMm nyTem
NPOVNCXOANT OKUCNIEHUE aLeTUNbHLIX rpynn
00 CO2 v Hz O B UMKIe TMMOHHOW KUCNOTbI

A

Puc. 13-4, MynbTU(hepMeHTHbIE CUCTEMDI.

CKOe MW3MEeHeHWe, Yalle BCEro- yjaneHue,
MepeHoc WAnM MpPUCOeANHEHUE KaKOro-Hu-
6yfb aTOMa, MONeKynbl AN YHKLWOHANb-
HOW rpynnbl. B pe3ynbTate aTux ynopsgo-
YeHHbIX, NO3TaMnHbIX, U3MEHEHWNI UCXOAHasA
6uomonekyna nmnpespaljaeTcs B COOTBET-
CTBYHOLWWIA KOHEYHbI MpoAyKT. Bonbluei
YyacTblo MeTabonuuyeckume NyTW fINHENHbI,
X0TA  MOFyT 6blTb ¥ LWUKAUYECKUMMU
(puc. 13-4). O6bLIYHO OHM UMEKT pasBeT-
B/IEHMA,, B KOTOPbIX Kakue-HWbyab npo-
OYKTbl peakuuii BbIXOAAT M3 Lenn peakunii
JaHHOro MeTabonnyeckoro myTW WAW, Ha-
o6opoT, BNnBalOTCA B Hee. B Hanbonee yno-
TpebUTeNbHOM 3HAYEHUN TEPMUH «MeTab0-
NU3M» paBHO3HauyeH «06GMEHY BellecTB
N 3Heprun»; B 60/1ee TOYHOM U Y3KOM CMbIC-
ne «metabonM3iM» 03Ha4YaeT MpPoOMexy-
TOYHbIA 06MEH, T.e€. NpeBpalleHne BeLLecTB
BHYTPU K/ETOK C MOMEHTa MX NOCTYN/eHNs
[0 06pa3oBaHNA KOHEYHbIX MPOAYKTOB.

13.4. MeTabomM3m BKAKO4YaET
KaTabonunyeckme n aHabonmnyeckue
nyTn (npoueccbl pacnaja

M npoueccbl CUHTE3A)

MpoMeXyTOoUHbIli MeTabonmsm cknagbl-
BaeTcA M3 AByX (a3 - kaTabonmsma n aHabo-
nm3ma. Kata6onusm-ato hasa, B KOTOpPOM
NPOMCXOANT paclienneHne CNOXHbIX opra-
HWYeCKMX MOnekyn Ao 6onee MpoCTbIX KO-
HEeYHbIX NPOAYKTOB. YTNeBOAbl, KUPbI
1 6enKun, NOCTyNMBLLME U3BHE C MULLER NN
NPUCYTCTBYIOLLME B CaMOli K/eTKe B Kaye-
CTBe 3aMacHbIX BellecTB, pacnagfatoTcs B ce-
puun nocnefoBaTeNbHbIX peakuuini 4o Takux
COeANHEHNN, KaK MonioyHas kucnota, CO>
1 ammuak. Katabonuueckue npouecchl co-
NpOBOXAAlTCA BbICBOOOXAEeHNEM CBOGOA-
HOW 3HEeprumn, 3akKAYEeHHON B CA0XHON
CTPYKType 6O0MbLIMX OpraHu4yecknx Mmosne-
Kyn. Ha onpefieneHHblXx 3Tanax COOTBET-
CTBYHOLWMNX KaTabonnyecknx nyTeidl 3Hauu-
TeNnbHas 4acTb CBOOOAHON 3Heprum 3ana-
caeTca 6narofapsa COMPSXeHHbIM (hepMeH-
TaTWBHbIM peakuusam B hopMe BbICOKOIHEpP-
reTMY4eckoro  COeAWHEHUSA - aAeHO3UHT pu-
ochaTa (ATP). HacTb ee 3anacaetcs Tak-
Xe B 6oraTtbiXx 3Heprueii BOAOPOAHbIX
atomax KothepMeHTa HWKOTMUHaMUAaLeHUH-
OuHykneoTuaocaTa, Haxofsdwerocs B
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BOCCTaHOB/MIEHHOW (opme (0603HavaeTcs
NADPH) (puc. 13-5).

AHa601M3M, Ha3blBaeMblil Tak)e 6MOCUH-
Te3oM,-3T0 Ta (hasa meTabonm3ma, B KOTO-
poil M3 ManblX MOAeKyN-npejLecTBEHHN-
KOB, W «CTPOUTENbHbIX 6/0KOB», CUHTe-
3npytoTcA 6enku, HYKNeWHOBblE KUC/OTbI
U Apyrne MakpoMOJieKynfipHble KOMMNOo-
HEHTbl KNETOK. MOCKONbKY 6MOCUHTE3-3TO
npouecc, B pe3ynbTate KOTOPOro yBenuyu-
BalOTCA pasMepbl MONEKYN U YCNOXHAETCA
UX CTPYKTYpa, OH TpebyeT 3aTpaTthbl cBO6GOS-
HOM 3Heprum. MICTOYHUKOM 3TOW 3Heprum
cnyxut pacnag ATP go ADP v HeopraHn-
yeckoro ocdara. Ana 6MOCMHTE3a HeKo-
TOPbIX KNeTOYHbIX KOMMOHEHTOB TpebyloT-
cA TakxXe 6oratble 3Heprueid BOJOPOAHbIE
aToMbl, [JOHOPOM  KOTOPbIX ABNAETCA
NADPH  (puc. 13-5). Kartabonuueckue
W aHabonuyeckme peakuuu MpoOTEKalT
B K/feTKax OfAHOBPEMEHHO, 0fHaKO WX CKO-
pocTV perynupyroTcs He3aBUCUMMO.

Puc. 13-5. 3HepreTnyeckune B3auMoCBA3N MeXay
KaTabonuyeckum u aHabonumyeckum nytamu. Ka-
Tabonnyeckne NyTM NOCTaBAAIOT XUMUYECKYIO
aHepruio B hopme ATP n NADPH. 3Ta aHeprus
ncnonb3yetca Ha aHabonnyeckux NyTax Ana 6uo-
CUHTe3a MaKpoOMO/eKyn U3 HebOoNbWUX MONeKyn-
npeALwecTBEHHNKOB.

MuTatenbHble BelwecTsa, cny”
Xallue NCTOYHNKOM 3Heprum

Yrnesofbl
XKupbl
Benkun
Xumunyeckas
3Heprus
Kata6onusm
ATP
NADPH
Hu3koaHepreTnyeckmne

KOHEUHble MPOAYKTbI

CO:
H20
NHs

13.5. Kartabonuueckune nytu
cxopaTca - obpasyetcsa
b Heb0NbLIOE YUCNO
KOHEeYHbIX MPOAYKTOB

PaccmoTpum Tenepb katabonusm 6onee
nogpobHo. ®epmMeHTaTUBHOE pacLyenneHune
TeX TNaBHbIX MUTATENbHbIX BELLECTB, KO-
TOpble CNyXaT KNeTKe WCTOYHUKOM 3Hep-
rMn, a UMEHHO YrneBofi0B, XXWPOB N 6eKOB
COBEpPLUAETCA MOCTEMEHHO - Yepe3 paj no-
cnefioBaTe/lbHbIX (epMeHTaTUBHBIX peak-
umii. B aapobHoM kaTabonn3me pasnuyaloT
TpuW rnasHble cTaguu (puc. 13-6). Ha ctagun
| MaKpOMONEKY bl KNETKW pacnajalTcs Ha
CBOW OCHOBHbIE CTPOUTENIbHbIE BAOKMK: no-
nucaxapupbl pacnagaloTcs [0 TEKC03 uan
MeHTO3, XUNPbI-40 XUPHBIX KUC/OT, rnLe-
pona u gpyrux KOMMOHEHTOB, a 6enKun-f0
aMUHOKMNCNOT, KOTOPbLIX UMEETCH 20 BULOB.

Bce 3TU pasnnuyHble NpoAyKTbl, 06paso-
BaBLUMECH Ha NepBOi cTagum KaTabonusma,
Ha ctaguu |l npespauwatoTcsa B ele 6onee
NpoCTble COEANHEHNSA, YNCNO KOTOPLIX Cpas-
HUTENIbHO HeBeNuKOo. [eKco3bl, MeHTOo3bl
W TAULEPON pacwennsalTcs A0 OfHOro
N TOFO & TPEXYrNepoAHOro NMpoOMexyTou-
HOro npofykra-nupysaTa, a 3aTeM [0
eANHCTBEHHOW [ABYXYrnepogHol ¢HopMbl-
aueTUNbHOW rpynnbl  aueTunkoepmeHTa

KneTouHble
MaKpOMONeKy bl

Benku
Monucaxapuabl
Nvnugpl
HyKNenHOoBbIE KUCNOThI

y
1

AHabonusm

Monekynbl-
npejLecTBeHHUKN

AMWHOKUCNOTbI
Caxapa
XKupHble KMCNOThI
A30TUCTble OCHOBaHUA
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Benku Monucaxapugpl Jvnngpl BonbLUMe MOMeKy bl
Cragus
1 [eHTO3bI ["eKco3bl
Moneky/nbl, UrpatoLme
AMUHOKUCOTbI ["ntoko3a Fvuepon, Jatp- ponngomEanuljx
Hble KWUCMOThI
6710K0B
O6LLMin NpofyKT
pacLenneHus
[MpocTble Masnble
NHs HD CO:2 MONEKY bl —KOHEYHbIe

Puc. 13-6. Tpn cTagun KaTabonumueckux npespa-
LLleHU i OCHOBHbIX MUTaTeNbHbIX BELLECTB KETKM.
Ha ctaguu | coTHn 6enKoB U MHOrue BUAbl NOAN-
caxapufos 1 IMNUAOB PacLLennfaiTca Ha coCTas-
nawWwmne nx cTpontenbHble 6nokn. Ha ctagum 1l
3TW CTPOUTENbHbIE 6/I0KM NpeBpallaloTca B O4UH
06WNiA NpoAYKT-aLeTUNbHYO Tpynny aletun-
CoA. Ha ctagun Ill pasnuyHble Katabonnyeckue
nyT! CAMBAOTCA B OAMH O6LWMIA Ny Tb-LUKA NK-
MOHHOW KWUCNOTbI; B pe3ynbTaTe BCEX 3TUX NpeB-
palieHnii 06pasytoTcs TONbKO TPU KOHEYHbIX Mpo-
LyKTa. PacliennieHne HYKNenHoBbIX KUCMOT Npouc-
XO[UT TakXe Mo3TanHo, HO 3fecb 3TOT NpoLecc

He MokasaH, NOCKO/bKY ero BKnaf B y/J0BNeTBOpe-
HMe 3HEPreTUYECKUX HYX[ KNEeTKU CPaBHUTE/IbHO
HeBeNvK.

MpoayKTbl KaTabonmama

A (auetun-CoA). AHanornyHoe npespatie-
HWe MpeTepneBaldT >KUPHblE  KWUCNOTbI
W YrnepogHble CKeneTbl 6GONblIeRd yacTu
aMWHOKWUCNOT: MX pacliensieHne Takxe 3a-
BepwaeTcqs o06pa3oBaHWEM  aueTU/bHbIX
rpynn B popme auetun-CoA. Takum obpa-
30M, aueTun-CoA npepacrtaBnseT coboii 06-
WNIA KOHEYHbI MPOAYKT BTOPON cTaguu
Katabonmsma.

Ha crtaguu Ill aueTunbHaa rpynna ate-
TMn-CoA BCTynaeT B LMK ANMOHHOW Kuc-
NOT bl- 06U KOHEYHbIA NYTb, HA KOTOPOM
noyTW BCE BWUAbl KNETOYHOTO «TOMIMBA»
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Cxopgauymecs Katabonnueckue nytu

KOHeuHble NpoAyKTbl KaTaGonusma

OKWUCNAKTCA B KOHLle KOHLOB A0 [BYOKUCU
yrnepoga. KoHeuHbIMW NPOgYyKTaMu meTa-
60nM3Ma ABNAIOTCA TakXe BOAA M aMMMakK
(nvnn  gpyrue asoTcofepxalime coefuHe-
HUS).

BaXHO OTMETWUTb, 4TO KaTabonuueckue
nyTn cxoAdaTcd, BAMBascb Ha ctagum I1ll
B 3TOT 06WMWIA NYyTb-LUKA TUMOHHOW KuC-
notel. Ecnn Ha ctaguu | gecAatku u paxe
COTHW pasNnyHbIX 0eNKoB pacliennaTcs
[0 aMUHOKMNCNOT, KOTOPbIX HacYUTbIBaeTcA
20 BngoBs, To yxe Ha ctaguu Il u3 Bcex 20
aMuHoKucnoT o06pasyoTcd B OCHOBHOM
ToNbko aueTun-CoA n ammmak (NH3), a Ha
cragmn 11l auetunbHble rpynnbl aueTun-
CoA, okucnasacb B LUKIe TUMOHHOW KuUC-
NoTbl, MpesBpawalTCAd TOMLKO B ABa
npogykta-CO:2 n H20. TouyHO Tak Xe
MHOrve nofiucaxapuibl U anucaxapuisl pac-
wennaoTCA Ha ctagum | A0 HECKONbKUX
NPOCTbIX Caxapos, a 3TW caxapa Ha CTaguu
Il npeBpaLatoTCca B KOHEYHOM CYeTe B alle-
T™mn-CoA un Ha ctaguu IIl—8 CO:2 n H20.

Pacxogflimecs 6UOCUHTETUYECKNE NYTU - U3

HeGOoNbILOro YKMcna NPedLecTBEHHNKOB
06pasyeTcs MHOrO pasHbiX NPOAYKTOB

MpeALIecTBEHHNKN NPOAYKTOB BUOCUHTE3]

Puc. 13-7. KoHBepreHuyus KataGonmyecknx nyTei
1 fuBepreHuus aHabonuyeckux nyTteil. Ha nepsoii
CTafiun KaTabonm3Ma B Hero BOB/IEKAETCA MHOTO

PasNINYHbIX KNETOUYHbIX KOMMOHEHTOB, HO B KOH-

Lie BCe MyTW CXOAATCS B OAWH 06w unii MeTabonu-

YeCcKMiA NyTb, N YNCNO KOHEYHbIX NPOAYKTOB OKa-
3bIBAETCA HEBONbLINM.

KoHeuHblli nyTb KaTabon3mMa MOXHO yno-
[06UTb peKe B ee HUXKHEM TeueHWn, rae oHa
paclwupseTca 6narogaps TOMy, 4TO paHee
Bobpana B ceba MHOrMe  MNPUTOKK
(puc. 13-7).

13.6. BunocunHTeTNYECKNE
(aHabonnueckue) nyTn
pacxogaTcs - obpasyeTcs
MHOT0 pasHblIX MPOAYKTOB

AHabonnaMm, UaM OMOCKMHTE3, Ha4dynHatlo-
LW MIACA C ManblX MONEKYN-MpeALecTBEHHN-
KOB, MpPOTeKaeT Takxe B Tpu ctagun. CuH-
Te3 6GenKoB, Hanpumep, HauyMHaeTca C
06pa3oBaHMA a-KeTOKUCNOT U APYTUX npeg-
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LIEeCTBEHHMKOB. Ha BTOpoli cTaguu npouc-
XO4WUT aMWHUPOBaHME a-KeTOKUCNOT B pe-
akumax C JOoHOpaMu amMuHorpynn-o6-
pasyloTca a-aMWHOKMUCNOTbl. HakoHel, Ha
nocnegHeid, 3aBepliatolleil cTagum aHabo-
nn3Ma U3 aMMHOKMCNOT CTPOATCA monvnen-
TUAHble Lenn W 06pasyloTcs pasfinyHble
6enku. CxofHbIM 06pa3oM CMHTE3UPYHOTCA
amnuabl. X CMHTE3 HauyMHaeTca C BK/KYe-
HUS aLeTUNbHbIX TPYNM B XUPHbIE KUCAOTbI
N 3aBepllaeTcs COOPKOW PasNMUHbIX NU-
NMUAHBIX MOJMTIEKYJT U3 3TUX XUPHbIX KUCIOT.
B oTnimumne ot katabonusma gna aHabonus-
Ma XapakTepHO pacxoxieHue meTabonunue-
CKMX nyTeil. 13 cpaBHMTENbHO HEGONbLLWOTO
yncna NpocTbIX MOMEKYN-NpeaLecTBEHHN-
KOB 06pa3yeTcs B KOHEYHOM CYeTe BecbMa
WNPOKNIA Habop pasHOOBpasHbIX MaKpo-
mMonekyn (puc. 13-7). Ha ueHTpanbHbIX ny-
TAX aHabonM3Ma MMeeTca MHOTO OTBeTB/ie-
HWA, 4TO W [aeT B pe3ynbTaTe COTHWU
Pa3NYHbIX KNETOYHbIX KOMMOHEHTOB.
Kaxfas 13 rnaBHbIX cTaguii katabonus-
Ma uam aHabonmsma gaHHol 6MoMOoNeKy bl
KaTanusupyeTca MyNbTUEPMEHTHON Cu-
cTemoii. MocnefoBaTeIbHOCTU XUMUYECKNX
NpeBpaLleHnin Ha KaXXA0M U3 LeHTpanbHbIX
MeTabo/Myecknx NyTell B MPUHLKME Y BCEX
XUBbIX OopM eanHbl. Tak, Hanpumep, pac-
wenneHne D-rAlKo3bl NpoOTEKaeT Mo4YTU
Y BCEX XMBbIX OPraHN3MOB OfMHaKOBO, T.€.
yepes Te Xe peakLun 1 ¢ 06pa3oBaHNEM 0f-
HUX N TeX XKe MPOMEXYTOUYHbIX NPOAYKTOB.

13.7. CooTBeTCcTBYyHOLME
KaTabonnyeckrMe n aHabonmuyeckue
nyTM pasauyarTcs, U 3Tu
pasinumMsa UMeKT BaXKHOe 3HaudeHue

KaTa6onu4eckuii nyTb U COOTBETCTBYIO-
WWiA emMy, HO MPOTUBOMOMOXHBIA MO Ha-
npaBfeHNI0 aHabonnyecknii MyTb MeXAy
[JaHHbIM  MPeAWecTBEHHUKOM W [JaHHbIM
NpPoAyKTOM 06bIYHO He coBmagatT. MoryT
pasnnyaTbCs M NPOMEXYTOUYHbIE MPOAYKTbI,
N OTAeNbHble CTaguu 3aTux nyteid. Hanpw-
Mep, NMpoTeKaloLLee B NeveHN pacuienneHue
rMIOKO3bl 40 NupyBaTa npeacTaBnseT co-
601 npouecc, cocToAwMiA M3 11 NocnefoBa-
TeNbHbIX CTafWii, KaTanu3npyembix cneuu-
(MUYHbIMK  (hepMeHTamun. Kasanocb  6bl,
CUHTE3 T[/II0KO3bl M3 nupyBaTa [OMKEH
6blTb MPOCTbIM 06GpaleHNnemM BCEX 3TUX

(hepMeHTaTMBHbIX CTaguii ee pacnaga; Ta-
KOW nyTb NpeACcTaBNAeTCA Ha MNepBbli
B3rNs4 U CaMblM eCTeCTBEHHbIM, U Hanb60-
nee 3KOHOMMWYHbIM. OJHAKO B feiCTBUTENb-
HOCTW 6MOCMHTE3 INIOKO3bl B NEYeHN npoTe-
KaeT unHade. OH BKAO4aeT nuwbL 9 s 11
(hepMeHTaTUBHbIX CTaguii, Yy4acTBYHOLNX
B ee pacnafe, a Be HejocTallwue cTaguu
3aMeHeHbl B HEM COBCEM [pyrum Habopom
(hepMeHTaTUBHbIX peakLuuil, CBONCTBEHHbIM
OflHOMY TONbKO OGMOCUMHTETUYECKOMY MyTW.
TOYHO TaK Xe HEeWAeHTUYHbl U COOTBET-
cTBytOWMe nyTu Katabonmsma n aHabonms-
Ma, CBA3bIBaKOLL e, HaNpyUMep, B6enKn ¢ amu-
HOKMUCNOTAMWU WAN HKUPHbIE KUCNOTHI C
auetun-CoA.

MOXHO 6bIN0 6bl CHECTb HEHYXKHbIM pac-
TOYNTENLCTBOM Hanuyue fABYX OTAENbHbIX
MeTabonyeckux nyTelk Mexay ABYMA fLaH-
HbIMW MyHKTamun. ECTb, OfiHaKO, BaXKHble
NPUYNHBI AN TOro, YTobbl KaTabonunyeckune
n aHabonmyeckne nNyTn He cosnaganu. Mep-
Basfg M3 HUX 3aK/JK4aeTca B TOM, 4YTO NyTh,
NMo KOTOPOMY WAET pacuiensieHne TOW wau
MHON BMOMONEKYNbl, MOXET 6biTb Henpu-
rogHbIM 4Nns ee 6MOCMHTE3A NO 3HEpreTmye-
CKUM co06paXkeHnAM. PaclienneHme Kakoi-
HUBYAb CNOXHOIW OpraHNYecKoi MOMeKy bl
MOXHO CPaBHWUTb CO CMYCKOM C ropsbl, a ee
6MOCUHTE3-C NOABEMOM B ropy; B NepBoMm
cnyyae cBobofHasa 3Heprus Bblgenserca,
a BO BTOpOM ee TpebyeTca 3aTpaTuThb,
4yT06bI OCMNNTL NoAbEM. [Monpobyem nosc-
HWTb 3TO C MOMOLLLIO MPOCTON aHanorum.
ECnn CTONKHYTb C BEPLUMHbLI FOPbl BanyH,
TO OH MNOKaTUTCA BHU3, TepsAsa NpU 3TOM
3Hepruo. Ha HeKoTopbIX, 0C060 KpyTbIX
yyacTkKax nyTu, Npu OTBECHOM MafeHuun, Te-
paTca cpasy 60/blUMe KONMYecTBa 3Hep-
rmn. BTawuTs BanyH TPakTOpoM Ha BepLiu-
Hy Mo TOMY Xe MyTW, NO KOTOPOMY OH
CKaTU/ICA BHU3, CKOpPEe BCEro He ypacTca.
TpakTop CMOXET, BepoATHO, MOAHATLHCA
BBEPX No 6ofiee NOMOroi gopore, MWUHYA
KpyTble CKnoHbl (puc. 13-8). Ha 3toT 06-
XO4HbIA NyTb MNOTpebyeTcas AOMOAHUTENb-
Has 3Heprusa. BUOCMHTETNYECKUIA NYTb TOXeE
TpebyeT JONOMHUTENbHBIX 3aTPaT 3HEPTUK
Ha npeofoneHne KpPyTbiX Y4acTKOB 3Hepre-
TUYECKOWA «FOPKU».

BTopas mpuuuHa, Mo KOTOPOWA COOTBET-
CTBYlOLW e KaTabonuyeckne n aHabonuue-
CKWE MYTWU HEeULEHTUYHbI, COCTOUT B TOM,
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4TO 3TW NOCNef0BaTeNIbHOCTU peakLuii 4on-
XHbl perynnpoBatbca pasfenbHo. Ecnm 6bl
Lns pacuwienneHns u gns 6MOCUHTE3a uc-
NONb30BaNCA OQUH U TOT XXe NyTb, T. €. UMe-
no 6bl MecTo NpocToe obpaleHne nocnego-
BaTeNbHOCTW peakuuii, To, Hanpumep, Top-
MOXeHue Katabonn4yeckoro nyTu BClef-
CTBME WHrMOGMPOBAHUA OAHOTO U3  Eero
(hepMeHTOB Hen36eXHO BeKN0 6bl 3a co60i
TaKXe W 3aMeffieHne COOTBETCTBYIOLLEro
6VMOCUHTETMYECKOTO NYTK. [na TOro 4tobhbl
CUHTE3 1 pacnaj Kakoro-nmbo coegnHeHus
MOTNM PEerynmpoBaTbCAd HE3aBUCUMO APYr
OT fpyra, aTu meTabonnyeckue nyTu [o0N-
XHbl ObITb COBEPLUEHHO pa3NYHbIMU, a ec-
NN Y HUX BCe Xe UMEITCHA Kakue-To obLuine
(hepMeHTaTUBHbIE CTaAUN, TO PeryanpoBaTb
CKOPOCTb MpoLecca 4O/MKHbI Te (epMeHTbl,
KOTOpble B MPOTMBOMOMIOXHON nocnego-
BaTeNbHOCTW  peakuuMin  He  y4yacTBYHOT
(puc. 13-9).

WHorga npoTMBOMOMOXHO HanpaB/fieH-

Perynupyemas A IP .
' erynii

cTagua y N5 E( Dyewmble)

B M Yctaguu/

Y |Em q‘

C
KaTtabonu-Es 1 1e3 AHabonu-
' uyeckuit nyTs

1o K D

Yeckuit NyTb 1
Y Bu . 'ol|
E J E

Ey Perynupyemas Y

> P cTagus P

Puc. 13-8. AHanorus, noscHAwLWan aHepreTnye-
CKMe acnekTbl Katabonusma v aHabonusma Ha
npumepe CKaTbliBalOLWEroca ¢ ropol BanyHa. Kara-
60113M MOXHO CPaBHUTb CO CYCKOM C ropbl,

Tak Kak OH COMpOBOX/AaeTcA noTepeii cBO6OAHOIA
3Heprun. OCo6eHHO MHOrO 3HEprun TepseTcsa Ha
KPYTbIX, MOYTN OTBECHBIX y4acTkax nytu (060-
3HayeHbl cTpeskamu). AHabonnM3M HanomuHaet
noAgbemM B ropy; oH TpebyeT 3aTpaTbl cBO6GOAHON
9Heprum, Kotopas MOXeT NOCTynaTb NNLb He-
601bLINMK, CTPOTO OMNpPefeneHHbIMU MOPLUAMU.
TpakTop, Hanpumep, cMor 6bl BTawmMTb BanyH 06-
paTHO Ha BepLIVHY ropbl TONbKO MpPW YCNOBUW,
4TO OH MpoideT Apyrum, 6onee NONOrNM NyTem,
MUHYS KPYTble y4acTKW, Ha MpeojosieHne KoTopbIX
notpe6oBanoch Gbl CAULWKOM MHOFO 3HEPrum.

Hble KaTabosMyeckne W aHabosMyeckue ny-
TU pasnMyalTCs MO CBOEW /0Kanu3auum.
Tak, HanpuMep, OKUCNEHUE XMUPHBIX KACMOT
40 cTagum aueTun-CoA B NeyeHU Katanansu-
pyeTcs Ha6opoMm (epMeHTOB, 0Kain30-
BaHHbIX MO MPEUMYLLECTBY B MUTOXOH-
Apusx, TAe ycnoBus 61aronpusTcTBYOT
OKWC/IEHUIO; CUHTE3 XE XMUPHbIX KUCMOT U3

Puc. 13-9. MapannenbHble katabonmyeckme n aHa-
6onnyeckme Nyt JOMKHbI 6bITb Pa3INUYHBIMK XO-
T8 Gbl Ha OfHOW M3 hePMEHTATUBHbLIX CTafuid,

ANA TOrO YTOGbl OHW MOFNU PErynupoBaTthCs He-
3aBMCKUMO. MoKasaHbl Ba BapuaHTa He3aBUCUMOI
perynauymu kata6onm4eckoro n aHabonm4eckoro
nyTein mexay A u P. B nepBoM BapuaHTe 3TU
NyTU COBEPLUEHHO PasfnYHbl, T.€. KaTaausupyoT-
cs pasHbIMU Habopamu hepmeHTOB. Bo BTOpOM-
aHabonmyecknii N KaTabonMYeckuii nNyTn pasnuua-
I0TCA MWW MO OfHOMY (bepMeHTy. Perynupyemble
cTagum B 060Mx BapmaHTax 0603HauYeHbl KpacHbl-
MW cTpenkamu.
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auetun-CoA, Tpebylouwmnii  BOJOPOAHbLIX
aToOMOB, T.e. BOCCTAHOBUTENbHON CNOCO6-
HOCTW, OCYLLeCTBNAETCA C MOMOLLbIO APYro-
ro Habopa (epMeHTOB, /0KaNN30BaHHbIX
B UWTO30Me, rAe Yycnosuma 6Gnaronpuat-
CTBYIOT BOCCTAHOBUTENIbHbIM  peakuuam
(puc. 13-10).

OfHaKo X0THA COOTBETCTBYHOLWMe KaTabo-
NNYECKre N aHabonnMyeckne NyTU HeWAeH-
TUYHBI, UX CBA3bIBaeT o6wWwas cTagus (cTa-
ama 111 Ha puc. 13-6), KoTOpas BKKOYaeT
B Ceb6A LUMKN NMMOHHOW KUCAOTbl U Heko-
TOpble BCNOMOraTe/ibHble PEPMEHTATUBHbIE
peakuuu. 3Ty 06LLY0 CTaAMI0 HasbiBalOT
uHorga amgmbonuyeckoin ctagnein metabo-
nu3ma (0T rpey. «awii»-06a), MNOCKOMbKY

OHa BbINOMHAET A4BOIHYI (yHKUMIO. B KaTa-
60/1M3Me Ha 3TOW CTaAnK 3aBepLuaeTca pac-
naj CpaBHUTENbHO HeBOMbLINX MOMEKY,
o06pa3oBaBlUMXCS Ha cTagum Il, a B aHabo-
Nn3Me ee pofib 3aKn0vaeTca B MOCTaBKe He-
60/bWMNX MONEKYN-NPeALecTBEHHUKOB A4
OMOCHMHTE3a aMUHOKNCAOT, XXUPHBIX KNCNOT
nyrnesogos (06 3TOM Mbl elye 6ygem roso-
puTb fanee).

Moyt Bce MeTabonmMyeckme peakuun
B KOHEYHOM cueTe CBSi3aHbl MeXfAy CO060iA,
NOCKO/MIbKY MPOAYKT OfHOW (hepMeHTaTuB-
HOW peakuuu cnyxuT cybcTpaToMm ANna Apy-
roii, KoTopas B AaHHOM npouecce urpaet
ponb cnepytoulein ctaguu. Takum obpasom,
Mbl MOXKEM MpefcTaBuThL cebe MeTab0IU3M
B BUAE 4pe3BblYaliHO CMOXHOW ceTn dep-
MEHTaTMBHbIX peakuuii. Ecnm noTok nuta-
TeNbHbIX BELECTB B Kakoh-HMOYyAb OfHON
4yacTu 3TOW CeTW YMEHbLUUTCS WAU Hapy-

WMTCA, TO B OTBET MOTYT NMPOU3OIATU U3Me-
HEHMs B APYroi uyacTu ceTu, ANA TOro
yTOoG6bl 3TO MEPBOE M3MEHEHUE BbII0 KaK-TO
YPaBHOBELWEHO UM CKOMMNEHCUpOBaHO. Ha
NIO6OM M3 LEHTPanbHbIX MeTabonn4ecKnx
nyTeid - katabonmyeckom wunm aHabonunye-
CKOM-CKOpPOCTb MOXEeT perynmpoBartbcs
B COOTBETCTBUW C CUOMUHYTHBIMW NOTPe6-
HOCTAMW KNeTkn. Bonee Toro, n Kkata6onu-
yeckue, U aHabonMyeckue peakuuu oTpery-
NMpPOBaHbI, MO-BUANMOMY, TaKuM 06pasom,
YTO0Obl OHM MpOTEKann Hanbosee 3KOHOM-
HO, T.e. C HaUMeHblU el BO3MOXHOI 3aTpa-
TON 3Hepruu u BewecTs. Hanpumep, okuc-
NeHWe nWUTaTeNbHbIX BeLWeCTB B KeTke
COBepLaeTCs CO CKOPOCTbIO, KakK pa3 focTa-

Puc. 13-10. MpoCTPaHCTBEHHOE pasjeneHue npo-
TUBOMONOXHO HanpasfieHHbIX MeTaGoINYeCKNX
nyTeii. OKUCNEHUE XUPHBIX KUCNOT NPOUCXOANT

B OCHOBHOM B MUTOXOHAPUAX, MEXAY TEM KaK UX
CUHTE3, A8 KOTOPOro TpebyeTcs BOCCTAHOBUTENb-
Has Cnoco6HOCTb, MPOTEKAET B LUTO30/€.

TOYHOW Ans Toro, 4ToGbl YAOBNETBOPUTL €€
JHepreTMyeckne nOTPe6HOCTU B AaHHBbIi
MOMEHT.

13.8. OHeprua nepepaetcs
0T KaTabo/MmyecKnx peakuui
K aHabonunyeckum npu nomowm ATP

Bbllie Mbl B 06WMX YepTax MO3HAKOMM-
NUCb C TEM, KaK OpraHuyeckune nuTaTenbHble
BELLeCTBa MpeTepneBalT B NpoLecce meTa-
60n1n3Ma pag npeBpaweHnii nog LelicTBUEM
(hepmeHTOB. Monpobyem Tenepb npocne-
AWTb, KaK MPOMCXOAAT NpPeBpaLLeHns aHep-
run. CNoXKHble MULLEBbIE MONEKY/IbI, HaNpu-
Mep TrfoKo3a, 06/1afalT 3HAYNTEbHbIM
3anacoM MOTEHLMaNnbHOW 3HepruM MMEHHO
B CU/TY CNIOXHOCTW CBOEN CTPYKTypbl. Mpu
pacrnage rnOKo3bl B NpoLecce OKUCNeHUs
[0 MPOCTbIX W CPaBHUTENbHO HEBGONbLINX
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mosnekyn, CO2 u H20, Bblgensaercsa 3Hauyun-
TeNbHOE KO/AMYeCTBO CBOGOAHOW 3Hepruu.
CBobofHas aHeprua-aTo Ta ¢opma 3Hep-
rMn, KOTOopas MOXET MUCMo/ib30BaThbCA ANA
BbIMO/HEHNA PaboTbl MPU NOCTOAHHON TEM-
nepatype u nNocTosHHOM fasneHun. OfHa-
KO ecnu ceobofHas aHeprusa, sblgenstoLLasn-
CA NPWU OKWUCMEHWUW TNIIOKO3bl, He OypeT
KaknumM-nnbo cnoco6om ynaBnmBatbCca U Co-
XpaHATbCA, TO OHa MONpOCTY nepeiget
B Tensno. TennoBas e 3Heprus, XoTd OHa
1 HeobxogmMa 4ns noAfepxaHus Temnepa-
TYpbl Te€Na y BbICLUIMX XXUBOTHbIX, HE MOXET
MCNONMb30BaTbCA HU ANS MeXaHW4Yeckoi pa-
60Tbl MbILLIEYHOTO COKpALLLEHUA, HU AN1A XK-
Mu4yeckoin paboTbl 6ruocuHTesa. Tenno mo-
XET Npon3BoAnTL paboTy NpU NOCTOAHHOM
[aBfleHUn NUWb B TOM C/lyyae, ecniv OHO
nepepgaetcsa oT 60/ee HarpeToro Tena K me-
Hee Harpetomy. B XMBbIX KneTkax 3TO He-
BO3MOXHO, MOCKONbKY OHU W30TepMUYHbI,
T.e. B N06OI UX 4acTu NoAAepXKMBaeTCs 04-
Ha 1 Ta Xe TemnepaTypa. B knetkax 3Hauu-
TenbHas 4acTb CBOBGOAHON 3HEpruu, Bblje-
nfoweics npu  Katabonusme rHOKO3bI
W APYyroro KAetoyHOro TOMN/AWBa, COXpa-
HAeTca 6narofapa CONPSXXEHHOMY CUHTE3Y
afieHosuHTpucgocaTa (ATP) U3 afeHO3NH-
omdochaTa (ADP) (puc. 13-11) u HeopraHu-
yeckoro tocpaTa (P,). ATP, ADP u ¢oc-
(haT MPUCYTCTBYIOT BO BCEX XMBbLIX KneTKax
M COCTaBNAIOT YHMUBEPCaNbHYI CUCTEMY,

AfleHnH nlhz
HC
(o} o o'
O—&_FO—lL—O—PI—O—CH
S D-pu6o3sa
61 b d \I‘S I\|-|/1

PaspblB cBA3N,
npuBOAAWNIA K
obpasoBaHmio ADP

ADP

OH OH

ATP

Puc. 13-11. ApeHosuHTpudocdat (ATP) B MOHU-
3upoBaHHoOl hopme npu pH 7,0. Monekyna age-
HosnHauochaTa (ADP) cogepXunT TONbKO ABe
thocthaTHble rpynnbl. B KayecTBe opraHNM4YecKnx
CTpoOUTeNbHbIX 6/710K0B B Monekyny ATP BxogaT
NnypuHOBOE OCHOBaHMWe afileHWH 1 caxap D-pn6osa
(cm. rn. 14).

6nosHepretTnka U metabonmsm

1. brocuHTes

2. COKpalLLieHve 1 ABUXeHne

3. AKTUBHbII TpaHCMOPT

4. Mepepaya reHeTUYecKoi
MH(hopMaLmm

Puc. 13-12. Mpouecchl XN3HeAeATeNbHOCTU, Tpe-
6ylolyne 3aTpaThbl 3HEPTUM, NONYHaOT 3Ty 3Hep-
rmio ot ATP, pacnagatoujerocsa npu asTom Ha ADP
1 HeopraHuueckuit docdat. Ana nocnegytoLyei
pereHepauun ATP 1cnonb3yeTca 3Heprus, Bbije-
nawanca B npouecce karabonnama M3 KNeTOYHO-
ro Tonnusea.

cnyxatyyto Ana nepeHoca aHeprum. Xvumu-
Yyeckas aHeprus, sanaceHHas B popme ATP,
cnocobHa npon3BoAuTL paboTy uYeTbipex
pasHbiX BMAoB (puc. 13-12). 1. ATP nocrta-
BASET 3HEPrUI0 AN XMMWYECKOW paboThbl
6uocuHTesa. B atom npouecce Ha mone-
KY/bl-NpejLecTBEHHUKN, nnu cTpou-
TenbHble 610KW, NepeHOCUTCA-Nof Aeid-
CTBMEM COOTBETCTBYIOLWEro (epmeHTa-
KOHUeBasd  doccatHaa rpynna  ATP.
B pe3ynbTate cTpouTeNbHble 6/10KN «aKTU-
BMPYIOTCA» U B TAKOM aKTUBUPOBAHHOM BU-
[ile ucnonb3ytoTca And c60pkM Makpomorne-
Kyn. 2. ATP cny>XnT UCTOYHUKOM 3Heprum
ONA MPOLECCOB ABMXEHUS W COKpaLleHus.
3. 3a cyet aHeprum ATP npoucxoauT nepe-
HOC nuTaTefibHbIX BELeCcTB Yepe3 Mem-
OpaHbl MPOTUB rpajMeHTa KOHLeHTpauuu.
4. DHeprua ATP wucnonb3yeTcs B O0YEHb
TOHKMX MexaHuaMmax, 0becneynBaloLnX
nepegavy reHeTM4YecKon WMHGpopmauum npm
6unocuHTese AHK, PHK v 6enkos; cama uH-
(hopMaLuus ecTb, B CYLLHOCTH, OAHA U3 hopM
3Heprun. Bo Bcex Tex cnyyaax, Korfa aHep-
rma ATP ucnonb3yetca gnd nNpov3BOACTBa
paboTbl, KoHUeBas QocdaTHaa rpynna
ATP oTtwennsetcs (puc. 13-11) B Buge He-
opraHuyeckoro docdara U1  OCTaeTca
A D P-«paspsixxeHHass hopma» 3TON cu-
CcTeMbl nepeHoca 3Heprun. ADP wmoxert
ObITb 3aTEM BHOBb «3apPSXKEH» NyTeM Mpu-
coefMHeHns ¢octaTtHol rpynnbl (4TO Npun-
BOAWT K pereHepauun ATP) B peakuusax, co-
NPSXKEHHbIX C pacliensieHnemM KeToOYHOro
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TonauBa, T.e. C MpPOLECCOM, MOCTaBMAH-
WKUM 3Hepruw. B knetkax, cnegoBaTesibHoO,
COBepLuaeTca KPyrosopoT 3Hepruun. ATP
B 3TOM KPYroBopoTe urpaet ponb Mnepe-
HOCUYMKA 3HEPTUMN U CAYXWUT 3BEHOM, CBA3bI-
BalOLLMM Mexay cob60i npouecchl, nayuime
C BblAeNIEHNEM U C NOTPebNeHNEM 3HEPTUM.

13.9. NADPH nepeHocut
3Hepruio B (hopme
BOCCTAHOBUTE/IbHON CNOCO6HOCTH

CyliecTByeT M ApYroii nyTb nepegauu
3HEPTUM OT  KaTaboNMuUecKUx  peakuuii
K BUOCUHTETUYECKUM, AN KOTOPbIX HE06-
X0fMMa 3Heprus. B 3Tom ciyyae nepegava
COBEPLUAETCA 4Yepe3 BOAOPOAHble aTOMbl

BoccTaHoB/eHHas (opma

o

O—p—O0—CH2 O.

O—P—O—CH, o.

0]

NN 3NeKTPOHbl. Mpu o6pa3oBaHUU T/tO-
Ko3bl M3 CO2 B npouecce (OTOCUHTe3a
M NPU CUHTE3e XUPHbIX KUCNOT M3 aueTaTa,
NPOTEKAlOLWEeM B MEYEHU XXMBOTHbIX, BOC-
CTaHOBUTENbHAA CMNOCO6GHOCTL B popme BO-
[OPOAHbLIX aTOMOB TpebyeTcq Ans BOCCTa-
HOBNEHWUA [BOWHbLIX CBA3ei. UT0O6blI ObiThb
[OCTAaTOYHO MOLWHBIMW BOCCTAHOBUTENS-
MW, aToMbl BOAOPOAA AOMKHbI 061ajaTh
3HauMTeNbHbLIM 3anacoM CBOGOAHOI 3Hep-
run. Takue 6oraTble aHeprueil BogOpPoLHbIE
aToMbl 06pa3ytoTCs W3 KMETOYHOro TOn-
nuBa noj AeicTBMem AermaporeHas. [eru-
fporeHasbl OTWENNSAOT BOAOPOAHbIE aTo-
Mbl  OT MOJIEKYNl KNeTOYHOro TOMAMBa
N NEepeHocsT UX Ha ocobble KohepMmeH-
Tbl, B YaCTHOCTU Ha OKMWC/EHHYl (opmy

OKMcneHHas (hopma

/
i v

Puc. 13-13. HuKOTMHamMuafeHUHOUHYKNeoTuns-
tochaT B BoccTaHOBNEHHO dopme (NADPH).
Ha kpacHom (hoHe mokas3aHO HUKOTWHaMWUAHOe
KONbLLO, Hecylee 60raTblii 3Heprueit BOLOPOAHbLIN
aToOM W 3NeKTPOHbl. CnpaBa HUKOTUHaAMUAHaA
4acTb MOAeEKYy/bl MokKasaHa B OKUCNEHHON (opme.
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BoccraHoBieHHoe
KNETOYHOE TONAMBO

NADP

BoccraHoBu-

TeNbHble 61o-

CUHTETUYECKME
peakumm

BoccTaHOBNEHHbII OKWCNEHHbIN

NpoayKT 6uocnHTe3a

HUKOTMHaMWAadeHUHANHYKneoTuadocdara
(NADP+) (puc. 13-13). BoccraHoBNeHHas

thopma atoro kopepmeHta (NADPH) nepe-
HOCMT 60raTble aHeprueli aNeKTPOHbI OT Ka-
TaboNMyecknx peakuuii K 6GMOCUHTETUYE-
ckum (puc. 13-14), nogo6Ho TomMy Kak ATP
NepeHocuUT  BbICOKO3HepreTnyeckme ¢oc-
thaTHble rpynnbl.

13.10. KneTouHblii MeTabonnam -
3TO 3KOHOMMWYHBI, CTPOro
perynupyemblii npowecc

KnetouHblii MeTabonn3sm OCHOBaH Ha
npUHLUMNe MakcumanbHol 3koHomunu. O6-
W aa ckopocTb katabonunsma, obecneumBato-
Wero KMeTKy 3Heprvei, onpegenseTca He
NPOCTO HaNMYMEM NN KOHLLEHTpaLuei Kne-
TOYHOrO TOMNWMBA; OHa 06ycnoBneHa no-
TPe6bHOCTbIO K/IETKW B 3HEpPrum B Qopme
ATP n NADPH. Knetka notpebnser
B KaXAblii faHHbIA MOMEHT Kak pa3 Takoe
KONMYeCTBO MUTaTeNbHbIX BELLECTB, KakKoe
no3BO/AeT el ya0BNeTBOPATbL CBOW 3Hepre-
Tnyeckme HyX/Abl. TOYHO Tak e obycnosne-
Ha NOTPeBHOCTAMU AAHHOTO MOMEHTa CKO-
pOCTb CUHTE3a CTPOMTE/bHbIX 6/10K0B
M MakpoMONeKyn Knetku. B pacTywimx
KneTkax, Hampumep, BCe 20 BWAOB aMWUHO-
KMCNOT CMHTE3VNPYIOTCA KakK pa3 C Takoi
CKOPOCTbH M B TaKMX COOTHOLUEHUAX, Kakne
HEeo6XoAUMBI Ansd TOro, 4yTobbl 06ecneyYnTb
cb0opKy HOBbIX 6enkoB, TpebyroLwumxca
B JaHHbIA MOMeHT. Taknm 06pa3om, HU Of-
Ha 13 20 aMUHOKMNCOT He BbipabaTbiBaeTcs
B M36bITKE U He ocTaeTcA 6e3 MCMO/b30Ba-
HUSA. Y MHOTMUX XXWUBOTHbIX U pacTeHWUii B op-
raHM3me OTKfafblBalTCsA 3amacHble nuTa-
Te/NbHblE BELLECTBA, CMNOCOOHbIE CAYXUTb
NCTOYHUKOM 3HEprum n yrnepoga. Takumu
3anacHbIMW NUTaTeNbHbIMW  BeliecTBamMu
ABNATCA, B YHACTHOCTW, XMNPbl U YINEBOAbI.

NPeALLEeCTBEHHNK

Puc. 13-14. LUukn NADP+ NADPH, npu no-
MOLLM KOTOPOro COBeplUaeTca nepejaya BoccTa-
HOBMTENbHOI CNOCOGHOCTM OT KaTabonnyecknx
peakuuii K aHabonnyecKuM.

Uto Xe KacaeTca 6eNKOB, HYKNENHOBbIX
KWUCNOT MU NPOCTbIX GUOMONEKYN, Urpar-
WMX PONb CTPOUTENbHbIX 6/10KOB, TO OHU
00bIYHO He OTK/MafblBAOTCA B 3amac W Bbl-
pabaTbiBalOTCA UL TOrAa, KOrga OHM
HY>XHbI, U B TEX KONIMYeCTBaXx, Kakme Heo6xo-
OVMbl. V13 3TOrO npasuna ecTb, 0fHaKo, uc-
KMKOUYeHWe: B CemMeHax pacTeHWi u siiue-
KneTKax >MWBOTHbIX 4acTo cofepxaTcs
60nbluMe KoNNYecTBa 3anacHbIx 6eKoB, KO-
TOpble CyXaT WUCTOYHWKOM aMWUHOKWUCMOT
BO Bpems pas3BMTUA 3apOofblLua.

Katabonunyeckme npoueccbl oTanyaroTCA
BbICOKO YYBCTBUTENbHOCTHIO U OYeHb YyT-
KO pearupylT Ha /nwobble W3MEHeHus
B 9HEpPreTUYecKMX MOTPEBHOCTAX KIeTKW.
Y KOMHaTHOW MyXW, Hanpumep, pPacxof
Kucnopofia M nNOTpebneHMe KNEeTOYHOro
TONNuBa B MONETE MEHEEe YeM 3a CeKyHAy
YBE/IMYNBAIOTCA MPUMEPHO B 100 Pa3 M3-3a
pe3ko Bo3poclieit notpe6HocTM B ATP, Ko-
TOpbIA pacxogyeTcs neTaTeNlbHbIMU MblLL -
Lamu. 3TOT NpUMeEpP NOKa3bIBAET, YTO pery-
NATOPHbIE MEXAHU3MbI LieHTpa/ibHbIX MeTa-
601MYeCKNX NyTeli 1 B MEPBYIO OYepefb TeX,
KOTOpble 06ecrneynBardT KNETKY 3Hepruen
B (opme ATP, BecbMa UYyBCTBUTE/bHbI
1 CMOCO6HbI O4YeHb GbICTPO YAOBNETBOPATH
MeHAoWwmecas mMetabonuueckne noTpebHO-
CTU KIETKMN.

13.11. Perynauma meTabonnyeckumx
nyTein ocyl,ecTBnsAeTcs
Ha Tpex YPOBHAX

B perynaunu MmeTabonnyeckux nyTein
y4acTBYIT MexaHuW3mbl Tpex Tunos. [llep-
Bblli U3 HUX, Hanbonee GbLICTPO pearupyto-
Wwunii Ha Nb6oe M3MeHeHWe cuTyauuu, CBS-
3aH C AelicTBMEM annocTepuYecKnx gepmeH-
ToB (puc. 13-15), KaTtanuTMyeckas aKTuB-
HOCTb KOTOPbIX MOXEeT MeHATbCA Noj
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B/IVAHWEM 0COObIX BELLECTB, 0Ka3blBaoLLNX
CTUMYNMpytolee uAM Topmossliee Aeid-
CTBMe (UX Ha3bIBAOT ahhekTopamm Ui mo-
aynatopamu; pasg. 9.18). Kak npasuno, an-
noctepnyeckne PepmeHTbl 3aHMMaKOT Mec-
TO B Hayane uam no6am3oCTM OT Havana
[JaHHOW MynbTU(EpPMEHTHOW nocnefosa-
Te/IbHOCTU U KaTaNn3npyoT Ty ee CTaguto,
KoTOpas NMMMUTUPYET CKOPOCTb BCEro Mpo-
Liecca B L,esioM; 06bIYHO pPOnb Takoi cTaguu
urpaet npakTUYecKn Heobpatumas peak-
uusa. B katabonuyeckux npoueccax, conpo-

MpeawecT-
BEHHUK
Perynupyemas
————— > 9M E, cTagus
| (kaTanusnpyercs
annocTepuyeckum
J thepmeHTOM)
M
N
KoHeuHbIN
NpoAyKT

Puc. 13-15. Perynauua katabonnyeckoro nytu no
TNy o6paTHOW CBA3W, T.e. 3a CYeT MHrnbuposa-
HWS annocTepUYeckoro epmeHTa KOHEYHbIM Mpo-
[YKTOM faHHOro npouecca. byksamu J, K, L

N T.4. 0603HaYEHbl NPOMEXYTOUYHbIE NMPOAYKTHI
faHHoro metabonuyeckoro nytu, a 6yksamu E,,
E2 Es v T.4.-hepMeHTbl, KaTanuanpytowue oT-
flenbHble cTagumn. MNepBas cTagua KaTanumsupyercs
annoctepuyeckum gepmeHTom (EJ, KOTOPbIA UH-
rméupyeTcs KOHeYHbIM MPOAYKTOM AaHHOI nocne-
[0BaTeNbHOCTU peakunii. ANnNocTepuyeckoe UHIn-
6upoBaHMe NokasaHO NMPepbIBUCTONR KpacHoOi
CTpenKoii, KoTopas CoefWHAET UHTMGUPYIOLWKii
MeTaboNuUT ¢ peakuyueid, kKaTannsmpyemoii annoc-
Tepuyeckum epmeHTOM. Perynupyemas cragus
(katanusupyemas pepmMeHTOM E,) B ycnosusax
KNeTkn 06bl4HO NMpeAcTaBnseT coboii NpakTUYecku
HeobpaTUMyIo peakuuto.

Boxpgawouwuxca cuHtesom ATP wun3 ADP,
B PONWN anjoCTEPUYECKOro WHrnémuTopa
OAHON W3 paHHMX CcTaguili Katabonuama
4acTO BbICTYNaeT WMMEHHO ,3TOT KOHEYHbIiA
npoaykT-ATP. Annoctepuyeckum MHrnbu-
TOPOM OfHOI U3 paHHMX CTagmnii aHabonms-
Ma HepeaKo CAYXWT KOHEeYHbIi NpoAyKT
6uocnHTe3a, HaNnpUMep Kakaa-HMbyab amu-
Hokucnota (pasg. 9.18). AKTUBHOCTb HeKo-
TOPbIX aNIOCTEPUYECKUX (DEPMEHTOB CTU-
MYNMpYeTca  Creuu@uyeckumu  Nooxu-
TEeNbHBIMW MoAynaTopamu. AnnocTepuye-
CKWUIA (hepMEeHT, perynupylowuii ogHy wus
KaTabonmuyeckmMx nocnegoBaTenbHoCTel pe-
aKuuii, MOXeT, Hanpumep, NOLUYUHATHCA
CTUMYNUPYIOLWEMY  BAUAHWUIO  MOMOXMU-
TeNbHbIX mMoaynatopos-ADP wuin AMP
W MHTMBUpYoLWeMy AeACTBUIO OTpuLaTeb-
Horo moaynatopa-ATP. N3BeCcTHbl Takxe
cnyyaun, Korga annocTepuyeckuin gepmeHT
KaKoro-Hubyab MeTabonMyeckoro nyTw
cneunduyeckum o06pa3om pearnpyet Ha
NMPOMEXYTOYHbIE UIWN KOHEYHble MPOAYKTbI
Apyrux metabonuyeckux nyTeil. bBnarogaps
3TOMY 0Ka3blBaeTCs BO3MOXHO KOOpPAUHa-
LUMS CKOpPOCTWM [eACTBMA pasnuyHbIX dep-
MEHTHBIX CUCTEM.

BTopoii TMn MexaHW3MOB, perynaupyo-
Wux metabonnamM Yy BbICWIUMX OPraHus-
MOB,-3TO ropMoHanbHas perynauus
(puc. 13-16). FopmoHamMmu Ha3blBaloT
ocobble XMMUYecKue BeLecTBa (XMMmMyeckmne
«MOCpPeAHNKN»), BblpabaTbiBaeMble pas-
NNYHBIMU 3HAOKPUHHBIMUW Xenesamm un Bbl-
flenseMble HENnocpeacTBeHHO B KPOBb; OHU
MepeHoCcATCA KPOBbLIO K APYTUM TKaHAM UK
opraHaMm 1 3fecb CTUMYNUPYIOT WAN TOp-
MO3AT onpejeneHHble BUAbI MeTabonuye-
CKOW aKTMBHOCTWU. TOPMOH ajpeHanuH, Ha-
npumMep, CeKpeTUpyeTcs MO3r0BbIM BeLle-
CTBOM  HafAnMoYyeyHwKka W  MepeHocUTcA
KPOBbLIO B MeyeHb, rfe OH CTUMYNIUPYET pac-
najg rnmkKoreHa fjo ratoKo3bl, 4TO Bbl3blBAET
NoBbILLIEHWE YPOBHSA caxapa B Kposu. Kpome
TOrO, afjpeHanuH CTUMYNUPYeT pacnag riuv-
KOreHa B CKeNeTHbIX MbllLax; 3TOT Mnpo-
Llecc nMpMBOAUT K 06pa3oBaHuUI0 nakTaTa u
K 3anacaHuto aHepruu B popme ATP. Appe-
Ha/IMH BbI3bIBaeT 3TN 3PPeKTbl, Npucoeau-
HAACb K 0CO6bIM peLenTOopHbIM yyacTKam
Ha MOBEPXHOCTU MbIWEYHbIX KMETOK Wan
KNeToK neyeHn. CBA3bIBaHWE afpeHannHa
CNY>XWUT CUTHANOM; 3TOT CUTHan nepegaetcs
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Morekyna agpeHanvHa

PeLlenTOpHbIA y4acToK aapeHanuHa

AJleHnnaTumknasa KnetouHas mem6paHa

Linknnueckuii ageHunat

BHYTPUKNETOUHbI NOCPEAHUK,
aKTVBMpYIOLWLWMIA B pesynbTaTte psaa
rnvKoreH-tocopunasy

AKTUBMPOBaHHasA
AKTVBHasA rnmKoreH-gochopunasa
HeakTuBHaa T/IMKOreH- .KaTanusnpyeT pacluenseHme
FMKoreH - octhopunasa docchopunasa FIMKOTEHa 0 FMIOKO3bl,

['nukoreH

BO BHYTPEHHVE OTAe/Nbl KNeTKN U Bbi3blBaeT
3[eCb KOBaNeHTHYI MOAu(UKaLMo, NOf
BANAHMEM KOTOPON rAnkoreH-cpocopunasa
(nepBblii (hepMEHT B cucTeMe, KaTanusu-
pyloLiei npespaLieHmne rNMKoreHa B rKo-
3y 1 Apyrve NpoaykThl; pa3g. 9.22) nepexo-
OWT N3 MeHee aKTMBHON (opmbl B 6onee
aKTuBHyt (puc. 13-16).

TpeTuit TUN MexaHW3MOB, Perynupyto-
Wnx metabonnsm, CBA3aH C U3MEHEHUWeM
KOHLeHTpauun JaHHoro epMeHTa B KieT-
Ke. KOHUeHTpauus BCAKOro (epMeHTa
B N060 faHHbIA MOMEHT onpegenseTtcs
COOTHOLLEHWEM CKOpOCTeli ero CcuHTesa
n pacnaga. CKOpocTb CUHTE3a HEKOTOPbIX
(hepMeHTOB MpW ONpefeneHHbIX YCNoBUAX
pe3ko BO3pacTaeT; COOTBETCTBEHHO YBENU-
YynBaeTCA UM KOHUEHTpauusa fAaHHOro ep-
MeHTa B KneTke. Ecnu, Hanpumep, XWBOT-
Hoe nonyvaeT pauuoH, 6oratblil yrnesoga-
MU, HO 6eAHbIi 6ENKOM, TO B MEYEHU Y HETO
0Ka3blBaeTCa KpaliHe HWU3KUM CcofepXKaHue
(hepMeHTOB, KaTanusupyowmnx B 06bIYHbIX
yCnoBMAX pacnaj aMmMHOKUCNOT A0 aueTun-
CoA. TTOCKONbKY MNpyv TakoM pauuoHe 3Tu
(hepMeHTbl MPaKTUYECKN He HYXHbl, OHU
1 He BbIpabaTbiBalOTCA B BOMbLLUNX KOMUYE-
cTBax. CTOMT, 0fjHaKO, NEPEBECTUN XUBOTHOE
Ha pauuoH, 6oraTblii 6e1KOM, U yXe uepes
CYTKW B €ro neyeHn 3aMeTHO MOBbLICUTCH CO-
fepXaHue (epmMeHTOB, KOTOpble MoTpe-
OytoTCcA Tenepb AN paclienneHus nepesa-
puBaeMblX aMWHOKMCNOT. KNeTKn neyeHu,
cnefoBaTenbHo, 06n1afalT CNOCOBHOCTLIO
BK/IOYATb UMW BbIKOYaTh GUOCUHTES che-

KOTOpas nonafaeT B KPOBb

Ay niokosa

B KpoBb

Puc. 13-16. FopmoHanbHas perynauns epMmeHTa-
TUBHO peakumu. B pesynbTaTe NpucoefuHeHums
ropmMoHa ajpeHannHa K crneuudnyeckum peLento-
paMm, HaxoAAWMWMCA Ha MOBEPXHOCTU KIeTOK mneye-
HW, obpa3yeTca MpuU y4yacTUM CBA3AHHOIO C MeM-
6paHoii epMeHTa (afeHUNaTLMKNas3bl) LUKInye-
cKkuit ageHunat. MocneaHunii GyHKUMOHUPYET Kak
annoctepuyeckuii akTMBaTop, WA BHYTPUKNETOY-
HbI/i NOCPeAHUK, NOJ feiicTBMEM KOTOPOro FAKNKO-
reH-gocopnnasa nepexofuT U3 HeaKTUBHOW dop-
Mbl B aKTUBHYIO, 4TO B/ieyeT 3a C060I ycKopeHue
npespaLLeHns rANKOreHa MevyeHn B TIOKO3Y Kpo-
BU. MoApo6HO 3TOT MeTaboNMUYECKMIA NYTb ONU-
caH B rn. 25.

| > KneTouHoe s4po

MartpuyHaa PHK
>
Puéocomsl

>

r o J1

I/I D
Puc. 13-17. NHaykuua depmeHTOB. Bbicokas
BHYTPUK/IETOYHAA KOHLeEHTpauua cybctpata A
MOXeT CTUMYAUpoBaTb 6UOCUHTE3 thepmeHTOB E,,
E2 v E3. CogepxaHue 3aTux pepmMeHTOB B KneTke
BO3pacTaeT, U TEM CaMblM CO3/aeTCH BO3MOX-
HOCTb 1151 YCKOPEHMUA Tex peakuuii, B pesynbTare
KOTOpbIX W36bITOK cy6cTpaTa A yaansetcs. N36bl-
TOK cybcTpata A CNyXuT, cnefjoBaTensHo, 411
KNeTOYHOro fApa CUTHaNoM, BbIHYX/AOLW UM ero
«BK/IIOYNTb» TeHbl, KOHTPONMpPYlOL e o6pa3oBa-
Hue epmeHToB Et, E2 1 E3. BKkNOYeHUe reHoB
03HayaeT CUHTE3 COOTBETCTBYHOLLEA MaTPUYHOI
PHK; oHa noctynaet B pubocoMbl, U BCNeAcTBUE

3TOr0 B HUX OCYLLECTBNSETCS CUHTE3 (DEPMEHTOB
EL E2n E3.
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UMPUUHBIX (EPMEHTOB B 3aBUCUMOCTM

0T npupoAbl  MOCTynawwWmWx B  HUX
nuTaTe/lbHbIX  BeWwecTB. JTO  SB/eHWE
HOCUT Ha3BaHMe WHAYKUWM (epMeHTOoB
(puc. 13-17).

13.12. BTOpuWYHbI/A MeTabonm3m

[0 cux mop peyb LWfa y Hac rnaBHbIM
6pasoM O LeHTPpanbHbIX MeTabonyecKnx
nyTax, T. €. 0 NYyTAX NPeBpaLLeHNsi OCHOBHbIX
MULLEBBLIX BELECTB KNETKU-YTeBOLO0B, XN-
POB 1 6eNKOB. Ha 3TUX LeHTpanbHbIX NyTAX
NMOTOKW MeTabonWTOB [AOBOMbHO BHYLIN-
TeNbHbl. Hanpumep, B opraHn3me B3pocfo-
ro 4esoBeKa E€XEecyTOYHO OKuCnseTcs fo
CO2 1 BOAbl HECKONbKO COTEH FpaMMOoB
rnokossl. EcTb, 0A4HaKoO, 1 Apyrue meta6o-
NNYECKNE NYTW CO 3HAYMTENIbHO MEHbLIUM
NMOTOKOM MeTaB0/NTOB; eXKeCYTOUHbIA CUH-
Te3 WK pacnajg maMmepsieTcs 34ecb MUNIU-
rpaMMaMmu. 3T NYTU COCTABAAIOT TaK Ha-
3bIBaeMblii BTOPUYHLIA MeTabonusm, posb
KOTOPOro COCTOMT B 006pa3oBaHUMM pas-
NNYHBIX  CNEeLnannM3npoBaHHbIX BeELLEeCTB,
TpebyoLWNXCca KNeTKaM B Ma/blX Konuye-
cTBax. K BTOPUYHBLIM METaboNMUYeCKUM ny-
TAM NPUHAANEXWUT, Hanpumep, GUMOCUHTE3
KO(epMEHTOB 1 TOPMOHOB, MOTOMY YTO 3TU
coefiMHeHNs BblpabaTbiBalOTCA UM UCMOJb-
3yHTCA TOMbKO B CNef0BbIX KOMMYECTBax.
COTHM pa3NMyHbIX BbICOKOCMELNAnn3npo-
BaHHbIX GMOMOJEKY/, B TOM YWC/E HYK/eo-
TUAbI, MUTMEHTbl, TOKCWMHbI, aHTUBWOTUKM
M ankanouabl, NPOAYUUPYIOTCA Y PasHbIX
(hOpPM >XM3HM Ha BTOPUYHbLIX MeTabonuye-
CKuX nyTsx. Bce 3T NpofyKThl, pasymeeTcs,
0YeHb BaXHbl NS TeX OPraHnsmMoB, KO-
TOpble UX BbipabaTbiBalOT, U BCE OHWU Bbl-
MOMHAOT KakuWe-TO onpefeneHHble 61M0M0-
rmyeckue yHkuum. OfHaKo cneunanmsmpo-
BaHHbIe BTOPWYHbIE MeTabonnyeckne nyTu,
BefylLMe K X CUHTe3y, He BO BCEX Cy4vasnx
XO0pOLWO U3y4yeHbl. B 3TOW KHUre Mbl nu-

WeHbl BO3MOXHOCTM paccMaTpuBaTh 3Tw
BTOPUYHbIE MeTaboNMYeckne nyTu, no-
poii BecbMa CNOXHble; Mbl 3fhecb 3aii-

MEeMCA TrNnaBHbIM 06pa30M UeHTpanbHbl-
MW, NN NEepBUYHbIMU, NYTAMU meTabo-
Nin3ma.

13.13. MeTabonuyeckue nytu
MOryT 6bITb WAEHTUPULMPOBAHbI
B NMPAMbIX OMbITax

[ns Toro utobbl BbIABUTL MNOC/MELOBa-
TeNbHOCTb XMMWYECKUX peakuuii, cocTas-
NAOWUX TOT WUAW WHOW MeTabonuueckuii
nyTb, MOXHO BOCMNO/b30BATLCA Tpems
rNaBHbIMW 3KCNEPUMEHTANIbHbIMU  MOAXO0-
famu. MepBblii U3 HUX, Hanbonee NpAMON,
3aKN104aeTCca B U3y4YeHUN MeTaboNnyYecKoro
nyTu in vitro (8 Npo6bupke), T.e. He B camoil
XMBOW TKaHW, a B ee OeCKNeTOYHOM 3IK-
CTpaKTe, COXpaHALWemM Cnoco6HOCTb KaTa-
nM3NpoBaTb BeCb WCCNefyemblii mpouecc
B Uenom. Eule B cepefuHe npownoro Beka
CTano, HanpvmMep, W3BECTHO, YTO JPOXXMU
cbpaxuBaloT rOKo3y 40 3TUI0BOrO CNUp-
Ta u CO2. OfHAKO u3yyeHue OTAEeNbHbIX
CTagnii 3Toro meTabonnyeckoro nyTtu, no-
CTaBNAOLWEr0 aHaspo6bHbIM  APOXOKEBbIM
KNeTkam noyTv BCHO HEoOXOAUMYI UM
3Hepruio, Hayanocb Mo-HacToAWEMY TO/b-
Ko c 1898 r., korga 3ayaps ByxHep o6Hapy-
XWUAN, 4TO OTXKATbI U3 APOXIKENH COK, He CO-
[epXKalinin XuBbIX KNeTOK, ToXe CnocobeH
cbpaxmBaTb rOKO3Yy [O 3TMNOBOrO CNup-
Ta n CO2 (pa3g. 9.1). Mo3xe BbIACHUAOCD,
4yTO OpOXKEeHMe B TaKMUX 3KCTpakTax npouc-
XO4MT Wb npu Ao6aBneHUn HeopraHuue-
CKOro ghocarta 1 4To N0 Mepe NoTpebaeHns
rNOKO3bl 3TOT (hochaT ucye3aeT M3 3IK-
cTpakTa. OKasanocb, YTO B Cpefie HaKanIu-
BAeTCsA Npu 3TOM Kakoe-To docdopunumpo-
BaHHOE NpPOW3BOAHOE TreKco3bl, 06najal-
liee BCEMW Temu CBOWCTBaMW, Kakumu
JomkeH o06nafgatb OLWMH M3  MPOMEXY-
TOYHbLIX NPOAYKTOB Ha NyTW MpeBpalleHuns
rM0KO03bl B 3TUNOBbLIW cnupT n CO2 . Mocne
TOr0 Kak 3TOT MPOMEXYTOUHbI/i NPOAYKT
6bl1 MAEHTUPULMPOBAH, B [POXXEBOM 3K-
CTpakTe Yypanocb O06HapyXuTb (QepMeHT,
npespaljalLWnin ero B Apyroii NpoaykT.
3TOT mocnegHuii B CBOKO ouepefb Obi Bbl-
feneH v ngeHtuduumnposaH. Takum obpa-
30M, WAEHTUMOULMPOBAHHBLIMU OKa3anucb
yXXe [Ba MPOMEXYTOYHbIX MPOAyKTa pac-
WenneHns rnokosbl. [lo6asBnsas K acTpak-
TaM WHrMouTOopbl (hepMeHTOB, UcCefoBa-
Tenn fo6buBanncb HaKOMMeHUA LPYrMX npo-
MEXYTOYHbIX MPOAYKTOB. B KOHUe KOHL0B
6narofaps KOMOMHUPOBAHUIO TaKOro poja
NpMeMoB yfanocb BbIAENUTb U ULEHTUDN-
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umposaTtb 11 MeTab0NUTOB, NpeAcTaBNAlo-
WMX co60i NPOMEXYTOUHble MPOLYKTbI
CNMPTOBOr0 OPOXeHUs TNKo3bl. Bece 11
(hepMEHTOB, KaTanusupyowmnx aty nocne-
[0BaTeNbHOCTb peakuyuil, 6binn BblAeNeHb
M oumMLeHbl. TOT Xe NpAMON MeTofh Npu-
MEHSAETCA U NPU U3YYEeHUN ApYrnx metabo-
nnyecknx nyteil. OH NO3BONAET UAEHTUN-
LumpoBaTb OAMH 3a [PYrUM MPOMEXY-
TOYHbIE MNPOAYKTbI [JaHHOro npouecca
1 hepMeHTbl, KaTanusmpyroluyne nx o6paso-
BaHue 1 pacnag. Mocne BbIBNEHNA BCEA NO-
CnefloBaTeNbHOCTN peakuwii npouecc Mo-
XeT OblTb BOCNPOW3BEfeH B Mpobupke
C UCNOMNb30BAHWEM OYMLLEHHBLIX KOMMOHEH-
TOB.

13.14. T1poMeXyTOUHble cTagumu
MeTabonMama MOXHO BbISIBNATb
C MOMOWbIO MYTaHTHbIX OPraHU3mMoB

BTOpoi BaXHbIi MOAXOA K BbIACHEHWIO
MeTabonnyecknx nyTeid CBA3aH C N3yUYeHNEeM
MYTaHTHbIX OpPraHW3MoB, He CMOCO6HbIX
CUHTE3NpOBaTh faHHbI (PepMEHT B aKTUB-
Hol hopme. Takol gedekT, ecnn TONbKO OH
He ABNAETCA NeTaNbHbIM, MOXET NMPOABUTH-
CA B TOM, 4YTO y MyTaHTa 6yfeT Hakaniu-
BaTbCH W BbIBOAUTHCSA W3 OpraHu3ma cyb6-
cTpaT gedekTHoro dgepmeHTta. HekoTtopble
aTanbl 06MeHa aMWHOKWCMOT yAanoch, Ha-
npumep, BbIACHUTb, UCCNeays y Ntogeid Bpo-
XAEeHHble HapylweHus obmeHa, Mpu  Ko-
TOPbIX B OpraHu3Me He BbipabaTbiBaeTcs
onpeAeneHHblii hepmeHT (puc. 13-18). Y ue-
NOBEKA TaKue TeHeTUYecKne HapylleHus
BCTPEYAKTCA CPABHUTE/ILHO PEAKO W BCNes-
CTBME 3TOF0 HE MOTYT CNYXWUTb 06bEKTOM
CMUCTEMATUYECKOT0 U3yyeHna. OHaKo y MU-
KpOOpraHM3MoB UX MOXHO Bbl3BaTb UCKYC-
CTBEHHO, BO3[eWCTBYS Ha KNeTKu pas-
NINYHBIMU MYTareHHbIMW areHTamMmun (peHTre-
HOBCKUMMW fly4yaMu WAN  ONpejeneHHbIMU
XUMUYECKUMUN COEAUHEHUAMMU), CMOCOOHbI-
MU U3MEHATb CTPYKTYPY OMNpefesieHHbIX re-
HoB B ux AHK. lofy4eHHble TaKUM nyTem
MYTaHTHbIE MWKPOOPraHu3mbl, YTpaTus-
Lne Cnoco6HOCTb CMHTE3MPOBaThL TOT UK
MHON (hepMeHT, MOTyT C/AyXWTb Npekpac-
HbIM OpYAMEM ANA U3yYyeHUs meTabonmsma.

lMo3HakomMumca Terepb C TeM, KakK uC-
NoNb3ylTCA Takume MyTaHTbl. Hopmanb-
Hble, T.e. HEMYTaHTHble KNeTKW XnebHOW

DeHnnanaHuH

MuneiinaueroaeTar

1
|
|

B UMK IMMOHHOW KMCNOTbI

Puc. 13-18. Cnyyam reHeTMYecKOro HapyLlleHus
o6mMeHa aMMHOKMCNOThbI (heHunanaHuHa, Habnwo-
naBlivecs y yenoseka. Kaxablil U3 Takux cnyyaes
cBA3aH C BblNafeHnemM MYHKLUM OLHOT0-efUHCT-
BEHHOTr0 reHa. M3yueHune aTux HapylleHuid fjano
BO3MOXHOCTb YCTAaHOBUTb MPUPOAY MPOMEXYTOY-
HbIX MPOAYKTOB 06MeHa (eHunanaHunHa.

nneceHn Neurospora crassa (puc. 13-19),
MOTYT pacTW Ha MPOCTON cpefe, COAepXa-
el B KayecTBe efMHCTBEHHOr0 MCTOYHMKA
yrnepoga rfKo3y W efWHCTBEHHOrO WuC-
TOYHMKA asoTa-ammwuak. OpfHako ecnu
cnopbl 3TOro rpuba NoABeprHyTb peHTre-
HOBCKOMY 06/ly4yeHuto, TO Cpeau BO3HUK-
WMX MYTaHTOB 06HapyXaTcsa W Takue, KO-
TOpbIE YXe He CMOCOGHbI pacTW Ha 3TOW
npocCTOii cpefe, HO BMOAHe HOPManbHO pac-
TYT Ha cpefe, COAepXallell onpefeneHHble
MeTabonuTbl. Tak, Hanpumep, HeKOTOpble
MyTaHTbl Neurospora HOpMasibHO pasBu-
BalOTCA Ha cpefe, COAepxalliel amUHOKMC-
NOTY AapruHuH, KOTopas HEMYTaHTHbIM
KneTkaMm He TpebyeTcd. ACHO, YTO y TakKux
MYTaHTOB He aKTWBeH uin BoobLie He Bbl-
pabaTbiBaeTCca KakoW-TO U3 (EPMEHTOB,
y4acTBYHOLWNX B CUHTE3E apruHuHa M3 am-
Muaka. M3-3a OTCYTCTBUA apruHuHa Mmy-
TaHTHble KNETKW He B COCTOAHMM 06paso-
BaTb 6enkn, B COCTaB KOTOPbIX BXOAUT
apruHWH, 1 NOTOMY He pacTyT. OfHaKo OHK
O6yAyT HOpManbHO pacTu, ecim Mbl foba-
BMM K MUTaTeNbHON cpefe NMOMWUMO T[H0-
KO3bl M aMMMAKa eLLe N apruHuH. Takue my-
TaHTbl C HapyleHWem Kakoro-nm6o 6uo-
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Puc. 13-19. BereTtaTuBHas (opma, uaM MuULENuid,
xne6Holt nneceHn Neurospora crassa. Y 3Toro op-
raHusma f1erko noayynTb MyTaHTHblE LITaMMbl,
KOTOpble 0Ka3anncb BeCbMa Mo/e3HbIM UHCTPY-
MEHTOM MNPU U3YyYeHUN HEKOTOPbIX MeTabonnye-
CKMX MyTeil. Ha OCHOBaHWW 3KCMEPUMEHTOB C MY-
TaHTamu Neurospora 6bina chopmMynmposaHa ru-
notesa «OfUH FeH-04NH (HEPMEHT».

CUHTETUYECKOrO MyTW, POCT KOTOPbIX MOX-
HO BOCCTaHOBWUTb, 06GecneymB UX HOp-
ManbHbIM NPOAYKTOM [aHHOro npoLecca,
Ha3blBalOT ayKCOTPOMHbIMU MyTaHTamu
(oT rpey. «aukso»-moBbllWaTh; MMeTCA
B BMAY MOBbIWEHHbIE MNUWEBbIe NOTPe6-
HOCTM 3TUX MYTAHTOB).

He Bce myTaHTbl Neurospora, yTpaTus-

LIMe cnoco6HOCTb CUHTE3NPOBATL apruHUH,
O[MHAaKOBbl; OHW pa3nnyaKTCcs B 3aBUCUMO-
CTW OT TOro, Kakas cTtagus 6uocmHTesa ap-
FTMHWHA Y HUX HapylweHa (puc. 13-20). Ha-
60p pasNIMUHbLIX MYTAHTOB, HYXJaroLLiMXcs
B aprvHWHe, MOXHO MCNOMb30BaTb A/1A Bbl-
ABNEHNA NMPOMEXYTOUYHbIX CTaAuii B nocne-
[,0BaTeNbHOCTU (DEPMEHTATUBHBIX pPeakuuii,
13 KOTOPbIX Cnaraetcs CMHTE3 3TOW aMUHO-
Kucnotol. Ecnu myTaHT | (pme. 13-20) Bbipa-
WnBaTb Ha cpefde C O4eHb HebonbWUM (K-
MUTUPYIOLWLMM) KONNYECTBOM apruHuHa, TO
KNeTkn pacTtyT A0 Tex nop, noka BeCb
MMeLWniica aprmHuH He 6yaeT M3pacxopo-
BaH Ha cuHTe3 6enka. OQJHOBPEMEHHO
B Ky/nbTypanbHOW Cpefe HakanivMBaeTcs
npeawecTBeHHUK D, KOTOpbIA He MOXeT
npeBpaTUTLCSA B aprUHUH, NMOCKOJbKY Y My-

Puc. 13-20. AykcoTpodHble MyTaHTbl Neurospora
crassa, yTpaTuBlUVe B pesynbTaTe myTaLuu cno-
CO6HOCTb CMHTE3MPOBaTb OAMNH U3 ()epMEHTOB
(oTMeyeH Ha pUCYHKe KpacHOW nonocoit), yyact-
BYHOLWMX B 6UOCUHTE3e apruHuHa (Arg) us npea-
wecTtBeHHnKa A. Bewectea B, C n D urpatoTt
po/ib MPOMEXYTOUHbIX NPOAYKTOB B 3TOM MNpeBpa-
weHun. Y mytaHTa | oTCcyTCTBYET (hepMeHT E4,
HO ero MOXHO BblpalinMBaTb Ha cpefe, obora-
LWEeHHON aprMHUHOM. B 3TUX yCnoBusX B KynbTy-
panbHOl cpege 6yAeT HakannuMBaTbCA MPOMeEXy-
TOYHbIN NpoAykT D. Y myTaHTa Il oTcyTCTBYET
hepmeHT E3, 0g4HaKO aKTUBHOCTb E4 y Hero
coxpaHseTca. [103ToOMy OH MOXEeT pacTu, ecin
[06aBUTbL K cpefe 6o apruHuMH, Nn6o npome-
XYTOUHbIV NpoAyKT D, BbipabaTbiBaeMblii MyTaH-
ToM |. AHanornyHoim obpasom myTtaHT Ill, nn-
WeHHbI thepmeHTa E2, pacTeT Ha cpefe, cofep-
xaweit C, D uan apruHuH, NOCKoNbKY OH MO-
XeT npespaLaTb B aprHUH NPOMEXYTOUHbIe
npoayktel C unu D.

MyTaHT |, KOTOpOMY fns pocTa
TpebyeTca Arg

MyTaHT Il , KOTOpPOMY AN pocTa
TpebyeTcs D wm Arg

MyTaHT I11, KOTOpOMY ANA pocTa
Tpebyetcs C, D wm Arg
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TaHTa | 610KMpoOBaHa MMEHHO Ta (hepmeH-
TaTMBHaA peakuus, B pe3ynbTaTe KOTOPOW
NPOUCXOANT 3TO NpeBpaLleHune. Y ganum Te-
nepb (WUIbTPOBaAHWEM W3 KyNbTypaNibHOW
cpefbl KNeTKn MyTaHTa | 1 MOMecTUM B Hee
KNeTkn MyTaHTa |l, TOXe HyXxpjaruerocs
B aprMHWHE, HO YXe No APYyroi npuun-
He-n3-3a HeCcrnocobHOCTU CUHTE3MpoBaTb
NPOMeXYTOo4HbIn npoayKT D. KynbTypans-
Has cpega oT MyTaHTa | 6ygeTt, o4eBUAHO,
noffepXmsaTb poct mMyTtaHTa Il, notomy
4YTO B HEl MpPUCYTCTBYET MpeALIeCTBEHHUK
D. OfHako oTpuUAbTPOBAHHAA KYNbTypaib-
Had cpefa myTaHTa Il He gomkHa noagep-
XnBaTb pocT myTaHTa |. Mbl MOXeM N03TO-
My ornpefennTb NpeAlecTBEHHUK, HaKanam-
BalowWuiica y myTaHTa |, no ckopocTu pocTa
myTaHTa Il. IMEHHO 3aTuUM nyTem yganocb
B KOHEYHOM cueTe MAeHTMdULUpoBaTb BCe
YyeTblpe NpejLlecTBeHHUKA apruHuHa - A, B,
C n D. B nopo6HbIX 3KcnepMmeHTax Mo
nepekpecTHOMY MUTAHWIO C WCMO/b30Ba-
HMem ayKcoTpogHbIX MyTaHTOB Neurospora
crassa unu Escherichia coli 66111 BbISAICHEHbI
nyTm 6MOCMHTE3a MHOTMX aMUHOKUCAOT.

13.15. BK/OYEHME M30TOMHONA
MeTKN - BecbMa 3((PeKTUBHbIN
MeToj u3yvyeHnsa meTabonmsma

Euie oAvH MOLWLHbI/ MeTOA, fat0 Wil BO3-
MOXHOCTb MpOCNeAuTb B 06WMX YepTax

YACTb Il. 6nosHepretuka n meta6onumsm

AaHHbI MeTabonnyecknii NyTb, OCHOBaH Ha
NMPUMEHEHNN N30TOMOB OMNpeAeNeHHbIX afe-
MEHTOB, BBOAUMbIX B KauyecTBe METKW B TOT
nnn unHoi Mmetabonut (Tabn. 13-1). Tak,
B OpraHnyecKue MoneKysbl B Ka4ecTBe MeT-
KM 4acTo BBOAAT aTOM pPajMoaKTUBHOIO
nsotona yrnepoga 14C (cpegHss macca aTo-
Ma yrnepoga pasHa 12,01). MeueHas mone-
Kyna B XMWYECKOM OTHOLLUEHUMN He OTANYMn-
Ma 0T HOPManbHOW, T.e. HEMeYeHO, Mone-
Ky/nbl, HO 6narofaps pafvWoaKTUBHOCTW ee
MOXHO JIerKO 06HapyXwuTb W MNpPOCNeuTb
3a ee cyabb6oii. MOXHO, Hanpumep, C 3TOW
LeNbl0 CMHTE3MPOBaTb YKCYCHYH KUCMOTY,
y  KOTOpPOWA  yrnepos  Kap6oKCWMAbLHOW
rpynnbl 6ygeT o6orawieH pagmoakTUBHbLIM
nsotonom 14C. B HopMe 3TOT MU30TON MpKU-
CYTCTBYeT B YI/IEPOAHbLIX COEfUHEHUAX
6uoctepbl 1 reoctepsl B KpaliHe Masbix
M HEW3MEHHbIX KOHUEHTpauusax. Ckapmau-
Baf >XMBOTHOMY 14C-aueraT, MOXHO Mpo-
cneguTb MeTabonmyeckyo cyabby 3TOro
coeAuHeHus. Mpu aTom Mbl ybegumcs, Ha-
npuMmep, Y4TO BbiAblXxaemMas XUBOTHbIM CO2
coLepXnT 14C, 1 3TO NOKAXeT HaM, YTO He-
KoTopas 4acTb auetata npeTepnesaeT Ta-
Kne meTabonmyeckue npespalieHuns, B Npo-
Llecce KOTOPbIX Yrfiepof ero Kapbokcunb-
HOW rpynnbl BKAO4Yaetca B coctaB CO2.
Ecnu BbIfennTb 3aTEM Y XXMBOTHOIO U3 Nin-
NUAO0B MeyeHW NanbMUTUHOBYK KUCNOTY,
TO 1 B Heil 06HapyxuTca 14C; cnegoBaTefb-

Ta6nuua 13-1. HekoTopblie M30TOMblI, NCNONb3yeMble B Ka4yeCcTBe MeTKMU

AnemeHT CpegHss WsoTon, Tun nsoTona Mepuoa
aToMHas MCMONb3yeMblii nonypacnazaa
macca B KauyecTBe

MeTKM
7 1,01 2H CTabuUNbHbLIA
3H PafgnoaKTUBHBbI 12,1 roga
c 12,01 13C CTabuNbHbIR
14C PagMoaKTUBHbI 5700 net

N 14,01 15N CTabuUNbHbII

o 16,00 180 »

Na 22,99 24N a PafnoakTUBHbI 154

P 30,97 32p » 143 cyt

S 32,06 355 » 87.1 cyT

K 39,10 42K » 12,5 u

Fe 55,85 59Fe » 45 cyT

I 126.90 131 » & CyT
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Auerar,
MeUeHHbI no

yrnepogy
KapGOKCUNbHO
| . rpynnbl
(BblgeneH
KpacHbIM)

o

CKapMnuMBaeTca Kpbicam;
13 NUNULOB MeYeHU 3TUX
KpbIC BblAENAOT
NasbMUTUHOBYIO KUCNOTY
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CH:
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CH:
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CH:
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T

CH=
|
YH2
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Puc. 13-21. MNpumMeHeHne pafiM0aKTUBHOro M30TO-
na yrnepoga Ansa npocnexusaHns metabonmye-
CKOI cyfAbbbl yrnepogHoro atoma Kap6oKcunbHOM
rpynnel auerata. 3HauymTeNbHas 4acTb pajunoak-
TWBHOTO yriepofa MeYeHOro auerara 06HapyXu-
BaeTcA B Bblfblxaemoii C 02 0fHaKO AOBONbHO
60/bLLIOE €ro KOMMYECTBO NonafjaeTt Takxe B
nanbMUTUHOBYIO KUCNOTY NUNWUAO0B NeveHn. B mo-
NeKyne NanbMUTUHOBOW KUCNOTbl MeYeHbIMU OKa-
3bIBAKOTCA TONIbKO HeYeTHble aTOMbI yriepofa
(cunTas OT Kap6OKCUNLHOW TpynMnbl; 0603HAYEHbI
KpacHbIM LiBETOM), T.e. AaHHbI 3KCMEPUMEHT CBU-
[leTeNbCTBYET O TOM, YTO MajbMUTUHOBAA KUCIIO-
Ta obpasyeTcs B pe3y/bTaTe COefJUHEHNS BOCbMMN
MOJeKyn aterara no cnocoby «rosoBa-xBocT».

HO, KapGOKCWUNbHBIA yrnepos aueTarta
ABASETCS  OGMOCMHTETWYECKUM  MpejLle-
CTBEHHWKOM  MafbMWUTUHOBOW  KUC/OTHI.

B onbiTax € XUMWYECKUM pacLienieHnem
Takoli ManbMUTUHOBOW KWCNOTbl BbIACHU-
NOCb TakXe, YTO M36bITOK 14C XxapakTepeH
He ANA BCeX MOMIOXEHWI aTOMOB Yriepoja
B €e MOMieKy/ne, a TONbKO AAS MOM0XEeHUN
yepe3 OAWH YINepPOAHbIA aToOM, cyuTas oT
kap6okcunbHol rpynnbl (puc. 13-21). Ecnn
Xe CKapM/iMBaTb >XMBOTHOMY aueTtart, Me-
YeHHbI 14C TONbKO NO METWUALHON rpymne,

'TO MEeYEeHbIMUN B MOJIeKye nanbMUTUHOBOA

KUCNOTbl CHOBA OKaXyTcs uepegytolyuecs
yrnepoAHbie aToOMbl, HO Ha 3TOT pa3 cyuTas
oT a-yrnepoga, unu C-2. 3Tu HabnwgeHus
no3BONWUMN cAenaTb BbIBOJ, YTO BCe Yrie-
poAHble aTOMbl MaAbMUTUHOBON KWUCNOTbI
BEAYT CBOE MPOWUCXOXAEHWE OT MONEKYN
aueraTa M 4TO MPU CUHTE3e NaibMUTUHO-
BOW KWCNOTbl YrNepofHble CKeneTbl ale-
TaTHbIX MOJNIEKY/N COefMHAITCA N0 TUNy
«r0/I0Ba - XBOCT».

MeTo M30TOMHbLIX MeTOK MPUMEHSAETCA
n Ans onpefeneHns CKOPOCTU OOMEHHbIX
NpoLeccoB B Lenom opraHusme. OfHUM u3
CaMblX BaXHbIX pe3ynbTaToB, KOTOPble yaa-
NOCb MOAYYUTb C MOMOLLbIO 3TOr0 OYEHb
MOLLHOr0 MeTofa, ABNAETCA OTKPbITUE TO-
ro gakra, 4to MakpoMONeKYyNApHble KOM-
MOHEHTbl KNEeTOK W TKaHeil nofseprarTcs
HernpepbiIBHOMY MeTabonnyeckomy o06HO-
BNEHWIO; MHBIMU C/IOBAMMU, COLepXKaHUe aTUX
KOMMOHEHTOB B K/IETKE B KaXXAbli AaHHbIN
MOMEHT HOCWUT AUHAMMWYECKWi XapakTep,
T.e. ABNAeTCA pe3yNbTaTOM HenpepbiBHO
NpoTeKalLWmMx NpoLeccoB Mx 6GMoCMHTE3a
M pacnaga, MAaywmx C O4MHAKOBOW CKO-
pocTblo. MeTo4OM M30TOMHbLIX METOK Obl-
Nno, HanpuMep, yCTaHOBNEHO, YTO BpeMs no-
NY>XWU3HW 6E/IKOB MeYeHW KpbiCbl paBHO 5-6
oHam (tabn. 13-2). B 70 e Bpems nokasa-
HO, 4TO O0OHOBNEHWe 6eNKOB CKeneTHbIX
MbILWL WAM MO3ra MNPoOUCXOAUT ropasfo
MeJ/IeHHee.

VIMeEHHO MeTOoAY W30TOMHbIX METOK Mbl
0693aHbl LenblM PAAOM KpaiiHe BaXKHbIX Ha-
6nogeHnid, Kacawwuxca Metabonusma.
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obHOBNEHNE
Kpbicbl (N0

Tabnnua 13-2. MeTabonunyeckoe
HEKOTOPbIX KOMMOHEHTOB TKaHel

[aHHBIM OAHOFO0 W3 paHHWX uUccneaoBaHWUi

C pafjuoakTUBHbLIM Yri1epojom)

TKaHb Bpemsa
NONY>XXN3HMU,
cyT

MeyeHb

O6wunit 6enok 5,0-6,0
FnnkorexH 0,5-1.0
dochoaymnrnmueponsl 1.2
Tpuaunnranuepo nol 1-2
Xonectepon 5-7
MuToxoHapuanbHble 6enkun 9,7

M bl W L bl

O6wunit 6enok ~ 50

Fnukorex 0,5-1.0
Mosr

Tpuaunnranueponsl 10-15

dochonunupsl 200

Xonectepon > 100

13.16. Pa3sfnyHbIe
mMeTabonuyeckue nyTum MOryT
6bITb /I0KaNM30BaHbl B pasHbIX
ydyacTKax KNeTKu

B rn. 1 Mbl yXe rosopunam o TOM, 4TO
ecTb fiBa 60MbLINX Knacca KNeToK- npoka-
prnoTuyeckue n aykapuoTtuyeckume. MpeacTa-
BUTENN 3TUX ABYX K1acCOB CU/IbHO pasnu-
yaloTcA MO pasmepam, MO CBOeil BHYTPEH-
Hell CTPYKType, a TakXe Mo reHeTU4eckKoin
n MeTabonuueckol opraHusauunn. Mpoka-
pNOTUYECKUE KNETKW, K KOTOPbIM MpuUHag-
nexarT 6aKTepuu U CUHe-3eNleHble BOLOPOC-
M (UmaHo6aKTepum),-3TO 0YeHb MenKue
KNeTKW, CPaBHUTENIbHO MPOCTOr0 CTPOEHMUS,
C OHON-eMHCTBEHHOIW MeMbBpaHHOI cucte-
MO, a UMEHHO MeM6paHOoli, OKpyXXatroLLel
KNeTKy.

B npokapnoTu4ecknx KneTkax HeT oTce-
KOB, WNN KOMMApTMEHTOB, pa3feNeHHbIX
BHYTPeHHUMN MembpaHamu. OpfHako u
y OakTepuii 06HapyxuBaeTcs MW3BeCTHas
KOMNapTMEeHTann3aumns HekKoTopbiX ep-
MEHTHbIX cucTem (puc. 13-22). Tak, 60/b-
LWUMHCTBO (PEPMEHTOB, Y4acTByOWUX B BUO-
CUHTe3e ©Oenka, Jfl0Kanu3yetca Yy HUX
B pub6ocoMax, a HEKOTOpble ()epMeHTbl 6MO-

CUHTe3a (ochonmnuaos
B K/IETOYHOW Memb6paHe.

JyKapuoTuyeckne KNeTkn, K KOTOPbIM
OTHOCATCA  KNETKM  BbICWIMX KUBOTHbIX
N pacTeHWil, rpuboBs, BbICLINX BOAOPOCNEN
W NPOCTEMLINX, 3HAYUTENIbHO KPyMnHee Mpo-
KapmoTnyeckux u ropasfo 6o0nee CNOXHO
ycTpoeHbl (puc. 13-23). MoMuUMO KfeTou-
HOM, wWAM nnasMatnyecko, MembpaHbl
B HMX UMeeTCH eLle U OKpY>XeHHoe Mem6pa-
HOli A4p0, B KOTOPOM HaxofaTcs XpOMO-
COMbI (4MCNO UX Y Pa3HbIX OPraHN3MoB pas-
NNYHO; Y HEKOTOPbIX OHO BECbMa BE/IMKO).
EcTb n gpyrue Mem6paHHble OpraHenssl,
a UMEHHO MWUTOXOHAPWU, 3HAONNA3MaTmnye-
CKUA peTwuKynym, annapaT [oaba>ku, xio-
ponnacTbl KNeTOK 3e/eHbIX pacTeHuii. B ay-
KapnmoTUYeCcKUX KneTkax GepMeHTbl Tex nau
MHbIX MeTabonnyeckmx nyTeli 4acTo noOKa-
NN3yTCA B 0COBbLIX OpraHennax Uau Kom-
naptTmeHTax. Kakmm o6pa3om 3To cTano
N3BECTHO? KneTouyHble opraHesnsibl MOXHO
BbIAENUTb U3 KNeTOK N TKaHel LeHTpugyru-
posaHuem (puc. 13-24). Ana 3TOro Xwu-
BOTHbIE UN pacTUTeNbHble TKAHW CHavana
nofsepralT WagdwWweli roMoreHusaunu
B M30TOHMYECKOM pacTBOpe Ccaxaposbl.
Mnasmatnueckas memb6paHa npuM TakoM
BO34eiiCTBMM pa3pyllaeTcsd, a pasfnyHble
KNeTOYHble OpraHennbl Mo 60/bLIeA YacTu
oCTalTCAa HenoBpexgeHHbIMU. Caxaposa
yA06Ha TeM, YTO OHa CPaBHUTENIbHO TPYAHO
MPOXOAMUT CKBO3b MeMOpaHbl M MOTOMY He
BbI3blBAET HabyxaHUs TakKWX BHYTpUKIe-
TOYHbIX CTPYKTYP, Kak MWUTOXOHAPWW UIn
xnoponnacTbl. Pa3Hble BUAblI OpraHens, Ha-
npumep fgapa ¥ MUTOXOHAPWUW, pasnnyaro-
Wwmecs nNo cBOMM pasmepam W NO yAe/bHO-
My BeCy, a& 3HauuT, M ocejaloliue B none
LEHTPOOEXHbIX CUA C pa3HO CKOPOCThLIO,
MOTYT OblTb BbIflefIeHbl NOCNe 3TOr0 U3 ro-
MoreHaTta AuddepeHunansHbiM  LeHTpudy-
ruposaHuem (puc. 13-24). 3aTem 3Tu A4pa,
MUTOXOHAPWW ¥ NPOYMe BblAeNeHHble Gpak-
Lun nccnefytoT Ha CNOCOGHOCTL KaTanusu-
poBaTb OMpejesneHHbIi  MeTabonnyecknii
npouecc. IMeHHO 3TOT nNoAgxof W Aan BO3-
MOXHOCTb YCTaHOBWUTb, YTO pa3Hble MeTa-
6onmyeckne NyTU NOKanM30BaHbl B 3yKa-
pMOTUYECKMX KneTkax pasfenbHo
(puc. 13-23). BbisicHMNOCh, HanpuMmep, 4To
B HEKOTOPbIX KieTKax Bce (PepMeHTbl, yya-
CTBYHOLWNe B NpeBpaLLeHn FIKO3bl B MO-

cocpenoToYeHbl
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KneToyHaa cTeHKa

KneToyHas Mmem6paHa

MecTo nokanusauum cUCTeMbl NepeHoca
3/1EKTPOHOB M MEXaHW3MOB (ocdopunnpo-
BaHWs. 34€eChb e MPOUCXOANT U CUHTE3
nmnnaoBs. Kpome Toro,B KNeTOYHON Memb6paHe
NOKaNn30BaHbl TPAHCMOPTHbIE MeXaHWU3Mbl,

o6ecrneyrBatoLLe NOT/IOLLEHME NUTATE/bHBIX
BELL,ECTB U BblAeNeHWe NPOAYKTOB MeTabonm3ma

Hykneoug

3paech npoucxogat penankauus AHK
N TpaHCKpUNuus

LinTosone

3/ecb NPOTeKaeT INMUKONN3, a TaKKe MHOrume
Apyrve MeTaboNnyeckmne npoLecch

Yacto npukpenaeHsl K HUTM MPHK .
B pnbocomax npoucxoauT cuHTE3 6eska

['paHy/ibl 3anacHbIX BeLLecTs

B KauecTBe MCTOYHMKA KIETOYHOTO TOMIMBA
3anacalTcs noamcaxapuabl U HeKOTopble
Apyrvie nonvMepsl

XKryTuk

Y OCHOBaHWs XIyTWUKa HaxoauTcs ocobas
Typ6rHonogo6Has CTPyKTypa, coobLiaroLas
XIYTUKY XapaKTepHOe BpallaTesibHoe
[BVKEHME 3a CYET 3HEepruu, BbipabaTbiBae-
MO KNeTKOI

Puc. 13-22. Jlokanusaumsa HEKOTOPbIX BMAOB Me-
Tab0MYeCKOW aKTUBHOCTW B GakTepuanbHoi
KIeTKe.

NIOYHYIO KUCNOTY, HaxoAsTcs B LWUTO30/e,
T.€. B pacTBOPMMOI 4acTW UMUTOMMA3Mbl,
TOrAa Kak PepMeHTbI LuKIa TMMOHHOM’ Kuc-
NOTbI, NEPEHOCA 3/IEKTPOHOB N OKUCIIUTESb-
HOro (hoCtHOpPUNMPOBAHUS NTOKA/TM30BaHbI
B MWUTOXOHAPNSX.

KpaTkoe cogepXaHue rnaBbl

OpraHn3mMbl MOXHO K/acCMpuLMpoBaTh
MCXOAS M3 MX NOTPEGHOCTU B TEX WUN WHBIX
UCTOYHMKAX yrnepoga. ABToTpotham gocTa-
TOYHO BYOKWCM YINepoja, a retepoTpodbl
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LinTo3zonb

i TNMKoNu3; MHOTMe peakuyun rno-
WwuweoreHesa; hochorNoKOHaTHbINA

i MYTb>aKT1BaLUns aMUHOKUCAOT;
CUHTE3 XXMPHbIX KUCNOT

Mna3maTuyeckas membpaHa
/ SHeprosaBuUCHUMble TPAHCMOPTHbIE CUCTEMBI,
Hanpumep cuctema TpaHCnopTa aMUHOKMCAOT
1 cuctema TpaHcnopTa noHos Na+
n K+ npu nomowwm ATP a3bl

[paHynbl rAMKoreHa
depMeHTbl CUHTE3a 1
pacLienneHns rnnKoreHa

-20 MKM-

LOMKHbI Moay4yaTb Yriepoj B BUAE KaKux-
HUOYAb BOCCTAHOBMEHHbIX OpPraHWYeckux
COefJMHEeHWI, TaKNX, KaK r1oKo3a. Ans MHO-
rMx aBTOTPOMPHBLIX KNETOK, Hanpumep ANd
KNETOK 3eMeHbIX pacTeHWii, WUCTOYHMUKOM
3HEPrUN CAYXUT COJIHEYHbIA CBET; reTepo-
TPOMbl NOAYyYalOT HEOOXOAUMYID UM 3HEpP-
TN B pe3ynbTaTe OKWUCMEHWS OpraHuye-
CKMX NWLLEBbIX BELLECTB.

MeTabonnsm BK/AOYaeT B cebss KaTabo-
NW3M, WAU  pacuiensieHne MNULLEBbIX Be-
ecTs, 6oraTbiX 3Heprueid, n aHabonusm,
WNN BUOCUHTE3 HOBbLIX K/IETOYHbLIX KOMMO-
HeHTOB. B KaTabonnyeckux u aHabonuue-
CKMUX Mpoueccax pasnnyatoT TpU rNaBHble
cTagun. Ha nepBoil cTtagum kKaTabonusma
nonucaxapugbl, Xupbl 1 6enkn pacien-

Jlnzocombl
Ob6ecneunBalOT MU301ALMI0 TUAPO-
NNTUYECKNX (DEPMEHTOB, TaKuX,Kak
puboHykneasa n kucnas gocgarasa
Anpo
Pennukauunsa OHK; cuHTe3
pa3nunyHbix Bugos PHK n
HEKOTOPbIX AfepHbIX 6enKoB

AfpbIWKO

CuHTe3 pubocomMHbIXx PHK

Komnnekc onbaxu

O6pasoBaHu1e NnasmMaTu4eckoi Mem-
6paHbl 1 CEKPETOPHbIX Ny3blpbKOB

MukpoTenbua
MecTto nokanusauuu kata’asbl u
OKCU/a3 aMWHOKWUCNIOT;B pacTu-
Te/IbHbIX KNeTKax 3fjecb npoTekawT
peakunmn rNMoKCUNAaTHOrO LuKna

Pn6ocombl
CuHTe3 6enka
JHA0NNa3MaTUYeCKNiA
peTukynym
CUHTe3 NMNUA0B;CUHTE3
CTepounAoB; KaHanusnposaHue
NpoAyKTOB 6MoCMHTE3a

MWuTOXOHZpPUM
LINKN IMMOHHOI KWUCNOTbI; nepeHoc
371EKTPOHOB M OKUCNUTENbHOE (hochopunu-
pOBaHWE; OKUCIIEHUE XNUPHBIX KUC/OT;
KaTa6on13M aMUHOKUCIOT

Puc. 13-23. KomnapTmeHTanusauunsa HeKOTOpbIX
BaXKHbIX (DEPMEHTOB M MeTabonuuecknx nyTtei

B KNeTKe MevyeHn KpbiCbl. INeKTPOHHAs MUKpogo-
Torpadus, Ha OCHOBe KOTOPOI BbIMONHEH 3TOT
pUCYHOK, NnpuBefeHa B rn. 2 (cM. puc. 2-7).

nAlTCA nog AeicTBuemM (HEPMEHTOB [0
CBOMX CTPOUTENbHbIX 6/10KOB, Ha BTOPOI
CTafWmn NPOMCXOAUT OKUCNEHNE 3TUX CTPOU-
TeNbHbIX BNOKOB, B pe3y/nbTaTe KOTOPOro
B KauecTBe rMaBHOro NpoaykTa o6pasyercs
aueTun-CoA, a Ha TpeTbell cTagum aueTunb-
Hag rpynna auetun-CoA okucnsetcs Ao
CO2. Pa3nunuyHble KaTabonuuyeckue nyTu
CNMBAKOTCA B OAUH 06N KOHEYHbIA MyTb,
aHabonMuyeckme e NyTU pacxoasTcs, Tak
4TO M3 HE6ONBLIOTO YMCNa NPEALLIECTBEHHN-
KOB 06pa3yeTcsi B KOHEYHOM CuYeTe MHOro
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M3menbyeHHas TKaHb
+

600 06,/MUH
0,25 MpacTteop
caxaposbl

Mpu Bpawe- TethnoHOBbI

HUKX NOpLUHA noptueHb

npo6upkKy

MeaneHHo

nepemewjaroT

BBEPX W BHU3 CTeknsaHHas
npobupka
[omoreHart

Puc. 13-24. ®pakuMOHUPOBaHWNE KNETOYHOIO 3KC-
TpakTa MeTo4OoM AutdepeHLNnan-HOro LeHTpudy-
ruposanmna. KnetouHas memb6paHa paspyluiaercs
cuiamu TpeHWUs B rOMOreHM3aTope C Bpatliato-
wmmca nopliHem. Mocne yjaneHnsa ocTaTkoB Co-
e\VHNTENbHOW TKaHU N 06PbIBKOB KPOBEHOCHbIX
COCY/0B NPKU MOMOLLW CUTa U3 HepxKaBetoLy et
CTann KNeTOYHbI IKCTPAKT LLEeHTPUQYrupytoT He-
CKO/IbKO pas, NOCTeNeHHO yBennyneas CKoOpocTb
BpallleHns poTopa.

pas3fNnyHbIX NPOAYKTOB. COOTBETCTBYIOLMNE
KaTabonmyeckme n aHabonnyeckne nyTn He-
NOEHTUYHbI, T.€. OTAe/bHble UX (hepMeHTa-
TUBHblE 3TaMnbl He COBMAajalT; pPeryau-
pyloTCA 3TW NYTW HE3aBUCUMMO; YacTO OHWU
NOKann3oBaHbl B Pa3HbIX y4yacTKax K/eTKu.
Mpu pacnage NULLEBbIX BELLECTB YacTb Bbl-
cBOGOXJaloLenca M3 HUX 3HEpruu 3ana-
caetcs B (opme ageHo3MHTpuUgocharta
(ATP). ATP cnyxXuT nepeHOCYMKOM 3Hep-
rMn OT KaTabonmyeckmx peakuuii K npouec-
cam, COMpOBOXJalLWmMMca noTpebaeHnem
3HEpPrumn, Takum, Kak 6UOCMHTE3, COKpaLle-
HVe NN ABMXKEHWE, NePeHOC BELLECTB Yepes
mMembpaHy Man nepegava reHeTUYECKOW UH-
thopmaLmn. Xvumuyeckas aHeprus nepegaert-
CA TaKXe OT KaTabonmyeckux MpoLeccos
K aHabonuyeckum B (OpMe BOCCTAHOBM-
TeNbHON CMOCOGHOCTM - Yepe3 BOCCTAHOB-
NeHHbIA KothepmeHT NADPH.

Perynauus metabonnsma ocyuiecTsnseT-
CA Ha Tpex YPOBHAX: 1) MpU NOMOLM anno-
CTepUYEeCKNX (epMeHTOB, 2) MpPU MOMOLL K
rOPMOHOB 1 3) NyTEM peryanpoBaHus CuH-

FomoreHaT nponyckaioT Yepes
CUTO, YTOObl YAanuTb 06pPbIBKK
KPOBEHOCHbIX COCYf0B U OCTaT-
KW COEAWNHWUTENbHON TKaHU

10 MUH npu 600 i

. HagocagouHaa XuAKOCTb,
hpakyms 1

Anpa, HepaspylUeHHble
KNeTKM

MagocafouHy0 XUAKOCTb ((hpakuyuio 1)
1lu,eHTp|/|q)yr|/|py10T npn 15000 g 5 muH

HapocagouHas XWLKOCTb,
thpakuusa 2

MUTOXOHAPUM, NU30COMbI 1
MUKpOTenbLa

HagocagouHyo XuaKocTb (hpakuuo 2)
LLeHTPUDYTUPYIOT NpK 100 ooo g 60 MUH

PacTBopumas pakuyms
' untonnasmbl (LUTO30Mb)

Pn6ocombl 1 hparMeHThbl
9HA0MNA3MaTUYECKOro
peTukynyma; aty
00beIMHEHHYIO (p aKLuo
Ha3blBAlOT MWUKPOCOMHOM
thpakymeit

Te3a (hepMeHTOB. [lns aHanu3a mMetabonu-
Ueckux MyTell MPUMEHSIIOT 3KCTPaKTbl Ke-
TOK W TKaHell, M3 KOTOPbIX BbIAENSAOT
(hepMeHTbl M3y4aeMoro MeTaGo/MYecKoro
MyTM U €ro MpPOMeXyTOYHble MPOAYKThI.
LLIMpOKME BO3MOXHOCTN ANS U3YYEHUS Me-
Ta60/11M3Ma OTKPbIBAET UCMO/b30BaHNE MY-
TAHTHBIX MUWKPOOPraHW3MOB C TeHeTuue-
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CKUMU fdedekTamu, 3aTparvsalwwumm roT
UMM MHON MeTabonnuyeckunii nyTb (aykco-
TPOHLIX MyTaHTOB). Becbma adphekTnBEH
B 3TOM OTHOLIEHWW TakXe MeToh W30-
TOMHbIX MeTOK. B aykapuoTuyeckux Knert-
Kax (epmeHTbl pas3MyHbiX MeTabonmye-
CKMX NyTeiA pas3gefneHbl NPOCTPAHCTBEHHO,
T.e. HaxogATcAa B pasHblX OpraHennax- B
A4pax, MUTOXOHAPUAX UKW 3HAOMNA3MaTU-
4YeCKOM peTUKyNyme; U3 3TUX OpraHenn ux
MOXHO BbILENATb ANA NPAMOr0 W3y4YeHus.

NNTEPATYPA
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MHOroToMHOe W3faHuWe, copepxaliee 06-
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Metabolie Pathways, Wiley, New York, 1970.
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30pHble CTaTbW NO KOMMapTMeHTanusauuu
pasNMyHbIX BWAOB BGUOXMMUYECKON aKTUBHO-
CTW B KNeTKax.

Stanier R. Y., DoudoroffM., Adelberg E. A. The
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BoA: CreliHuep P. u ap. Mup Mukpo6os.
B Tpex Tomax-M.: Mwup, 1979.) Xopowwui
y4ye6HUK no obueidi MukpoGuonorun. Pac-
cMaTpuBal TCA pasiMyHble NMOArpynnbl aBTo-
TPOPHbIX U FreTepoOTPOPHLIX OPraHM3mMoB; 06-
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nocesilleH Bompocam, KacalwWwummcs 6u0-
cepbl. Oco60 MOXHO peKOMeHAOBaTb cle-
ayloume ctaTbu, BolWeAWwMe B 3TOT HOMep
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Penman H.L. The Water Cycle, p. 98.

Cloud P., Gibor A. The Oxygen Cycle, p. 110
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Hall D. 0. Photobiological Energy Conversion,
FEBS Lett., 64, 6-16 (1976). O6uwasa cTaTbA,
paccmaTpuBatolyan GOTOCMHTE3 C TOUKU 3pe-
HUA noTpe6HOCTell YenoBeka B MULLe U 3HEp-
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[AalTCH BO3MOXHbIE MNOCNEACTBUS MOBbILWE-
HWs copepxaHus CO:2 B aTmocdepe.

Bonpocbl 1 3agamu

1 AHanu3 meTabonnM4yeckoro nyTu. AHanus nio-
60oro meTabonuyeckoro nyTu HanomuHaer
noasefeHne 6anaHca B NPUXO[HO-PACXOAHON
KHUTe. B Takyl0o KHWUTYy 3aHOCAT BCe NpOuW3Be-
fleHHble B TeyeHWe Mecsla onepauyuu (B co-
oTBeTCTBYHO WY rnasy «Mpuxog»  unu
«Pacxof»), a B KOHLEe Mecaua OnpeAensoT
nTor. Metabonumyeckuit NyTb-3TO TOXe PAj
«onepauuii», paj nocneaoBaTeNbHbIX XWUMMW-
Yecknx npesBpalieHWit, N3 KOTOPbIX B KOHeuY-
HOM cyeTe W cnaraeTca faHHbIii MeTa6onmue-
cknii  npouecc. MoAoGHO 6ByXranTepckum
onepaymamMm, XMMUYeCKMe MpeBpalyeHns ToxXe

MOXHO 0XapaKTepu3oBaTb KONWYECTBEHHO
M KaXAO0e W3 HUX MOXET 6biTb ONUCaHO
ypaBHEHMEM XWMUYeCKOro 6GanaHca. B uH-

rakTHbIX KJeTKax TaKOW «yuyeT»-faieKo He
npocTtoe f[eno, NOCKONbKY MNPOMEXYTOUYHbIE
NPOAYKTbl [JAaHHOTO MeTabonMYecKoro nyTu
BOB/IEKATCA MHOTJda B Apyrue metabonuue-
CKMe npoueccbl. Huxe npuBefeHbl peakyuu,
M3 KOTOPbIX CKajblBaeTcad npouecc GepmeH-
TaTUBHOTO npespaweHns Tnuuepanoperng-
3-hoctata B 3TaHON (cnupToBOoe 6GpoOXeHUe)
B [POXXeBblXx KneTkax. Kaxpoe wu3 npuse-
feHHbIX 3[4eCb XUMWYECKUX YypaBHeHWN cba-
naHcuposaHo. CnefyeT, OfHaKo, UMeTb B BU-
Ay, 4TO B [AeWCTBUTENbHOCTM peakuuu, u3
KOTOPbIX COCTOWUT AaHHbIi MeTabonnmuyeckuii
nyTb, MOTYyT npoTekaTb W B WHOW nocne-
[0BaTENIbHOCTH.
Fnuuepanbgerng-3-gochpar + P. + NAD+ -»
3-pochornuyepouncdocpar + NADH + H +
®docpoeHonnmpysar + ADP *4 MupysaT +
+ ATP
dtaHon + NAD+ -»
+ NADH + H+
3-pochornuuepoyndochar +
>m3-pochornmuepatr + ATP
2-hocornuuepatr  3-pochornuuepart
2-pocpornnuepat -» ®ochoeHonnupysart +
+ H20
Mupysar-* CO:2 + AueTanbaerng
a) Mcnonb3ysa BCe 3TW YypaBHeHMA, 3anu-
CaHHble B CNOBECHOW (opme, W 3Has Xu-
MUYECKYIO CTPYKTYpPY KaX[oro npomexy-
TOYHOTO NPOAYKTa, BbIBEANTE U 3anuLInNTe

AueTtanbgerng +

ADP *
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nocneaoBaTeNbHOCTb XUMUYECKUX MpeBpa-

WweHnit (metabonumueckuin nyTb), U3 KO-

TOPbIX COCTOMT MpOLecC paclwenneHns

ravuepanbaerng-3-gpoctarta A0 3TaHona.

Hanunwute cymmapHoe ypaBHeHWe 3TOro

npouecca. [lna aToro BaM npugeTtca no-

CTYyNUTb rak, Kak ecnu 6bl Bbl nopgbusanu

UTOr B MPUXOAHO-PAaCXO[HON KHUre, T.e.

CyMMMWpOBaTb BCe MOCTYMNEHWS W TpaThl.
B) M3o6pa3nTe AaHHbIA  MeTaGonnyeckuii

nyTb Tak, Kak 3To cfenaHo Ha puc. 13-4.
YKaxuTe, Kak CBfizaHbl Mexay cob6oil oT-
feNbHble 4YacTu 3TOro nyTu.

2. Uuknuyecknii meTabonuueckuit nyTb. Cpegu
6akTepuii, npuHagnexatynx K poay:
Pseudomonas, BcTpeyato TCA BUAbI, CNOCOGHbIE
MCNONb30BaTh B Ka4ecTBEe MCTOUYHMKA KNeTOY-
Horo Tonnuea okcanat (“OOC—COO )
coefMHeHMNe, KpaliHe TOKCW4YHOe pANA 60Nb-
WMUHCTBA  MnekonuTawwmx. O6MeH  OK-
canaTa y Takux 6akTepuii mpeTr no uUUKIKN-
4eCcKOMY NyTW, KOTOPbI/ cxe faTU4YeCKU MOX-
HO MNpejCTaBUTb CAeAylLWMUM 06pa3om:

6

N

NADT NADI!

co02 ir

a) N306pa3nTe [aHHbIA  MeTabonuueckuii
nyTb B BuAe psAja ypaBHEHUW XWMWU4YeCKO-
ro 6anaHca, B KOTOpPbIX MNPOAYKT OfHOWM
peakuumn CNyXunuT cy6cTpaTtom cnepytolyeil.
Hannwute dopmynbl coefuHeHWi, ydyacT-
BYIOLWMUX B KaX[oih m3 cTaguid.

6) Hanuwunte cbanaHcupoBaHHOe CcymMMmap-
HOe YypaBHeHWe nmnpolecca paclienneHuns
okcanata Ao CO,, nonb3ysacb CTPyK-
TYPHbIMU opmMynamu.

3. BknwoyeHne [4C B amMuHOKMCNOTHI. B 1955 r.
Po6epTc u ero COTPYAHWKM onyb6aukoBanu
pe3ynbTaTbl CBOWX 3KCMEPMMEHTOB MO Bbipa-
wwueaHuto Escherichia coli Ha cpepe, copep-
XaBlWel B Ka4eCcTBe €fUMHCTBEHHOTO WCTOYHU-
Ka yrnepoja paBHOMEPHO MeYeHHYyl 14C-
rniokKosy. MccnegoBaTenn paccuyuTbiBanu Ta-
KMM cnoco6oM MNOMeTUTb pajguoaKTUBHBLIM
yrnepogom 6uomonekynsl kJ/letkn. OKasa-
NoCb, 4YTO NpW BbipalwMBaHuM 6GakTepuin Ha
14C-rnoKo3e MeTka 6bICTPO BKAOYaeTCA BO

-

BCE aMMWHOKUCNOTLI. Ecnn xe B cpedy, cofep-
xawyt 14C-rnwoko3dy, pobaBnanu  Heme-
YeHbIi TUCTMAMH  (TaKk 4TO  MCTOYHMKOB
yrnepoga 6bin0 yxXe ABa: r1lOKo3a WU TUCTU-
avH), To 14C BKNtO4Yancs BO BCE aMWHOKWC-
NOTbl, 3a UCKNKYEeHUEM ructugnHa. Mouemy
npu OTCYTCTBUW HEMEYEHOro TrUCTUAMHA
14C BKntoOYanca B aTy amuHokucnoty? lMove-
My B cpeje, cofepxaBllieii HemeuveHbll ru-
CTUAWNH, MeTKa B FTMCTUAWH He BKt4Yanacb?
YTo nponcxoanno: UHrnbuposaHue mo Tuny
o6paTHO CBA3WM UM penpeccus pepMeHTOB?
Perynauma ob6meHa nakTo3bl y E. coli. Knet-
ku E, coli MOXHO BblpalwnBaTb Ha NpocToin
cpede, cojepxalieidi B KayecTBe E€AWHCTBEH-
HOro MCTOYHMKA yrnepoga naktosy. Heo6xo-
OAUMbIM 3Tanom o6MeHa nakTo3bl (a cnepo-
BaTeNbHO, U HEOOGXOAUMbBIM YCNOBUEM BbIXKMW-
BaHWA GakTepuil) ABNseTcs TULPONU3 NaK-
TO3bl A0 MOHOCAxapupfoB F/IOKO3bl W ranak-
TO3bl, KaTanuaupyemblii GepMmeHTOM RB-ra-
naktosnpasoii. Korga E. coli BbipawusatwT
Ha cpeje € NaKkT030M, B KaX/foi 6akTepuanb-
HO KneTke MPUCYTCTBYET HECKONbKO ThiCAY
MONeKyn 3toro GepmeHTa (CcM. 3agayy 1),
CnocobHbIX OCYLLecTBNATL ruaponms. OpaHa-
KO eCNu eAMHCTBEHHbIM WCTOYHWKOM Yrnepo-
fla B Cpefle CNYXWUT T Ko3a UAWU, HanpuMep,
rAnMuepos, To B KNeTKax o6HapyXXwuBaeTcs He
6onee 5-10 monekyn R-ranakTo3upasbl.
a) Kakum o6pa3om perynupyetrca o6meH
NnakTo3bl? O6bACHUTE.
6) MoyemMy npu 3ameHe B NUTaTeNbHOW cpe-
fle NaKTO3bl Ha rauuepon cogepxaHue R-
ranaktosunjasbl B K/JeTKax CHuXaeTtcsa?
MoyeMy OHO He oOCTaeTcd Ha TMpexXHeMm
ypoBHe?
Ecnn cpepa cofepXwuT B Ka4yecTBe efuH-
CTBEHHOr0 WCTOYHMKa yrnepoga Metun-f-
ranakTosng, TO KNeTKM pacTyT 6GbicTpo
N cofepxaTr TbiCAYM MoONeKyn R-ranakto-
3nfasbl. EcAn Xe efMHCTBEHHbIM MCTOY-
HUKOM Yyrnepoga SBNAeTCA MeTWN-0C-Ta-
NaKTo3nA, TO KNeTKU pacTyT MefNeHHO K
cofepxaT coBCeM Mano B-ranakTto3upasbl.
OGbACHUTE MPUUYUHBI ITUX PasAUUUA.
CpaBHeHne kKaTabonuyeckux wn aHabonuue-
CKuX nyTeid. Huxe Ha cxeme wn3o6paxeHo
B3aMmonpespal,eHne TrNOKO3bl U (QPYKTO-
30-1,6-gudochara. B o6meHe yrnesopos 3Ta
nocnefoBaTeNbHOCTb peakUWid nrpaet Knto-
4yeByl0 ponb. PacuienneHue rnwKo3bl npep-
cTaBndeT co6oil katabonuueckuit nyTb, a ee
6nocuHTEe3 ©U3  GpPYKTO30-1,6-Aucocdara -
aHabonuyeckuii. OfAHM U re Xe rekco3omo-
HothocaTbl CAyXaT MPOMEXYTOUYHbLIMU NpoO-
LYKTamu TOro u agpyroro nytu. OfHako, xo-
TS NYTU 3TN OYEHb CXOXMU, MEXAY HUMW ecTb
ABHble pasnnuua. BbiaBute ux.

B

-~
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I'niokosa
ATP
ADP ,
I'NtoKo30-6 -hocthar
KaTa6onnueckum ( AHaG0NMYECKN
nyTb nyTb

PpyKTO:10-6 - hocchar |
ATP |
ADP ver » I

®pykTono-1, 6-gucochat

a) HanuwuTte ypaBHeHWSs Xumu4yeckoro 6a-
naHca ANs KaXpJoin m3 cTagumit katabonu-
yeckoro nytu. Hanuwwute cymmapHoe
ypaBHeHUWe, npejacTaBnsiouiee cob6oi pe-
3ynbTaT CNOXEHWS OTAENbHbIX CTaguid.

6) MpopenaiiTe To Xe camoe ANs aHa6onu-
4eckoro nyTu.

B) YKaxuTe pasnmuma mexagy katabonuue-
CKMM 1 aHaboNM4YyecKMM nNyTaMu, npo-
ABNAKO W MECA B WX CYMMapHbIX YypaBHe-
HUAX. MOXHO AW CYUTaTb, 4YTO KaxAbli
M3 3TUX nNyTell ABNAeTCA NpocTbiM o6pa-
ueHnem agpyroro?

r) Uem obecneuynBaeTca HanpaBleHHOCTb Ka-

Tabonmama rnwWKO3bl? WHbIMKU cnoBamu,

4To npenatcTByeT o6paweHWo  3TOro

npouecca?

B03MOXHO nu, 4To6bl OAWH U TOT Xe

thepMeHT KaTanm3upoBan wu katabonuue-

CKYl, U aHabonuueckylo peakuuum B3au-

MonpeBpaw eHns rNOKO3bl U FNHOKO30-6-

ocharta? BO3MOXHO M 3TO ANS B3aun-

mMonpeBpaweHmns rnwKo3o-s-hocdara

n hpykKTo30-s -poccara?

6. N3mepeHnune pagmoakTusHocTu. KonnyecrseH-
Hoe onpejefneHne pajuoakKTUBHbLIX M30TOMNOB,
06bIYHO NCNONMb3YEMbIX B 6GMONOTUYECKUX UC-
cnepoBaHuax (sH, 14C, 32P n 35S), yaobHee
BCEro MPoOBOAWUTbL MPW MOMOLWMW XULKOCTHO-
ro CUMHTUANALMOHHOIO cYeTuyMKa. 3a efAnNHN-
Uy pajMoakKTMBHOCTM (ee Ha3blBalT KlOpH,
Kwn; MeXAyHapogHoe o603HavyeHune-Ci)
npuHATa  aKTUBHOCTb, COOTBETCTBYlOL an
2,22-1012 pacnagam B 1 MUHYTY (pacn./MuH).
Mpn Ncnonb30BaHUM XULKOCTHOTO CLUUHTUN-
NALNOHHOTO cYeTYMKa 06bLIYHO yfJaeTcsd 3ape-
rmctpmposaTtb B BWUAE WMNYNbCOB TONbKO
yacTb obuwero uyucna pacnagos. [losTomy
KOMYecTBO pPafgnMoakTUBHOCTM 4acTo Bblpa-
XalwT He B BUAE uyucna pacnajoB B MUHYTY
(pacn./MuWH), a B BMAE uMcna peabHO peru-
CTPUPYEMbIX AaHHBIM CYETYNKOM MMMNYNbCOB
B MUHYTY (MMn/MUH). Ecnu n3secTHa adek-
TUBHOCTb CYeTa, KoTopasa onpegensercad no
hopmyne

=

a

3 heKTUBHOCTD MMn/MuH

cueTa pacn./MuH

TO Ha OCHOBaHWM Yucna perucTpupyemblx
UMNYNbCOB B MWHYTY MOXHO OMNpPefenuThb
yncno pacnagos B MUHYTY.

Mcnonb3oBaHue pagnoakTUBHOW mMeT-
KW-04eHb LEHHbIi MeTof 6GUOXUMUYECKUX
nccnefoBaHunii, MOTOMy 4TO NO pajguMoakTUB-
HOCIM Mbl MOXEM CYAWTb O KOHLEHTpauuu
[AHHOTO XWMWUYecKoro coefuHeHus. Tlop
yAenbHON pagnoaKTUBHOCTbIO COEAWNHEHUSR
NOHUMA T aKTUBHOCTb Ha eAWHMLY MaccChl,
obbema u T.4. (rpamMm, MONb, 3KBWBANEHT,
MUNANANTP U T.4.). MonNb3yAacb 3TUM MOHA-
TUeM, Mbl BOBCe He Mpejnosnaraem, 4to MeT-
Ky HeceT Kaxfafd MO/eKyna JaHHOro coefu-
HeHnA. E[MHCTBEHHOe, 4To TpebyeTcH,-3To
4TOObl pErnucTpupyemMoe CYETYMKOM YWUCNO
MMNYNbCOB 6bIN0 MNPOMNOPLUNOHANBHO KOH-
LeHTpauuyu Me4yeHOro COefWHeHUN; yfenbHas
pagvoakTUBHOCTb M 3PHPEKTUBHOCTb CcueTa
cnyxaTt npu 3TOM MepecHeTHbIMU Ko3addu-
LueHTamu.

a) OT nocrtasw MKa nonyyeH npenapar 14C-
rnwKosbl B 1 mMn BogHoro pactsopa. O6-
wasa pagmoakTUBHOCTL npenapata 250
MKK#®, a ero yfensHas pagmMoaKTUBHOCTb
500 MKu/mmonb. Bbluncnnte KOHUeHTpa-
LMK TN KO3bl B MONMYYEHHONW OT nocTaBs-
wmnKa 1-Mn amnyne.

6) CKONbKO MMNYNbCOB B MUHYTY bypaeT 3a-
perucTpuposaHo, ecnu U3 MONYYEHHOrOo
pacTBopa oTo6patb nNpoby (1o MKN), BBe-
CTU €ee B CYETUYMK U WU3MEPUTb pajuoak-
TUBHOCTb C 3(P(heKTUBHOCTbIO 70%?

MN3mepeHne KOHUeHTpauuu MeTUOHWHA BHY-

Tpu kneTkn. Korga knetku E. coli Bbipawm-

BalOT Ha cpefe, B KOTOPO/ €AUHCTBEHHbIM

WCTOYHUKOM Cepbl CAYyXMUT 35S0O4 ~, BCE Cepy-

cofiepxalime aMUHOKUCNOTLI U Genku copep-

XaT MeTKy 3sS. B ofHOM M3 Takux 3akcnepwu-

mMeHTOoB E. coli Bbipawwusanun Ha cpeje,

cogepxaujeit 0,85 MM 35SO4~. Mpu unsmepe-

HUXW pagnoakTuBHOCTM B 250-mkn  npobe

aTon cpeabl ¢ 870,-Hofi adpdekTnBHOCTLIO

cyeta OGbino 3aperucTpupoBaHo 4,50-105

MMn/MUH. M0 JOCTUXEHUN MaAKCUManbHOrO

pocTa KynabTypbl KAeTKW OTHuabTpoBanu

M NPOMbINKM XONOLHOW Bopoi. CBOGOAHbIE

(HecBA3aHHblE) aMWHOKWMCNOTbl 3KCTparnpo-

Basu U3 KNeTOK Kunswei BOAOW M pasgenu-

M MeToAOM MWOHOOGMEHHOW XxpomaTtorpa-

un. OkcTpakT u3 1,851 BRaXHbIX KNeTOK

npu m3MepeHumn ¢ 82",.-HOW 3 (HEeKTUBHOCTbLIO

MMen pagnoakTUBHOCTL 3,2ml0s uMn/MuH

L-35S-MeTiiOHHHa. Bblyncnute KOHLUeHTpa-

Um0  csobogHOro L-meTOoHMHA  BHYTpHU

KNEeTKN, UCXOAS M3 MNPeAnoNiodXeHUA, 4TO BO

BNlaXHbIX KneTkax SO", cocTaBnfeT Bofja

N 20%, -CyXxoli oCTaToK.
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B Haww AHW 4enoBeK OCOGEHHO OCTPO
oLlyllaeT, HACKO/IbKO 3Heprus (T.e. cnocoo6-
HOCTb MPOM3BOAMTL paboTy) Heobxogmma
ANS NoAfepXaHWsa Bceli Haleil COBPeMEH-
HOIi LMBUAM3aLMN. JHEprua TpebyeTcs Ham
ANnA Mpou3BOACTBA Pas/MUyHbIX TOBApOB,
0N NepeBO3KM Nofell U maTepuanos, Ans
OTOMEHNA XUMbIX U PaboyYnX NMOMELLEHUNA,
a TakxKe ANA MHOTUX U MHOTUX ApYrux me-
Hee BaXHbIX gefl. TOYHO TakK Xe Heobxoam-
Ma 3HEprms U MMKPOKOCMOCY XWBOW KJeT-
KW. B XMBbIX KNETKaX HEMPEepbIBHO CUHTE3U-
pytOTCA HOBblE BeLeCcTBa, BbIMNOMHAETCA
MexaHuyeckas paboTta, cBsizaHHas C ABUXe-
HWEM, NpPOUCXOAUT TPaHCNOPT BeLEeCTB
N BbipabaTbiBaeTcqd Tenno. 3a Munanapabl
NeT 3BOMIOLUMN KNeTKWU HayuYuIncb UCMNOJb-
30BaTb 3Hepru 60nee 3KOHOMHO U 60nee
3((heKTMBHO, YEM MCMOMb3yeT ee 6ONbLINH-
CTBO MalluWH, CO3[jaHHbIX YenoBekoMm. [eii-
CTBUTENIbHO, Ha >XMBble KNETKU Mbl CMO-
TpUM Tenepb, KaK Ha MOAENN, C MOMOLLbIO
KOTOpPbIX Ham cfiefyeT co3faBaTb HOBbIE,
60/1ee COBEpPLUEHHbIe YCTPONCTBa ANA Mpe-
o6pa3oBaHus 3HEPrUK, U B MEPBYI0 o4vepeb
ana ynaBnusaHusa aHeprun ConHua.

Pasgen 6uoxumuun, 3aHUMarLWKinca BoO-
npocamu npeobpasoBaHUs U MCNONb30OBA-
HUA SHEPTUWN B XKUBbLIX KNETKAxX, HOCUT Ha-
3BaHMe OUO3HepreTKW. Mbl HayHeM 3Ty
rnaBy C pPacCMOTPEHUS HECKONbKUX OC-
HOBHbIX MPWHUWUMNOB TEPMOLUHAMUKHU, T.e.
TO o6nacT puU3MKK, KOTopas UMeeT Aeno
C npespalleHnamm 3sHeprumn. llocne 3Toro
Mbl 06paTumMcs K cucteme ATP, 4To6bl Bbl-
ACHUTb, KaK C ee MOMOLLbI COBeplUaeTcs
B K/leTKax NepeHoc aHepruu oT Katabonunye-
CKUX peakLMil, B KOTOPbIX 3HEprus Bblfe-
NnAeTcA, K TeM K/IeTOYHbIM npoleccam, Ans
KOTOpbIX OHa Heob6xojuma.

2«

14.1. MepBbii 1 BTOpPOWA
3aKOHbl TEPMOMHAMUKWN

JHeprus M3BeCcTHa HaM B Pas3/INYHbIX
(hopmMax; Mbl 3HaeM 3NeKTPUYECKYIO, MeXa-
HUYECKYI0. XMMWUYECKYIO, TENNOBYIO U CBe-
TOBYIO 3Hepruto. Mbl 3HAeM Takxe, 4TO
3HEeprus MOXET MepexofuTb W3 OfHOWA
topmbl B gpyryt. Tak, B 31eKTpoMoOTOpe
afeKTpuMyeckas 3Heprua npeobpasyetcs
B MEXaHWYecKyl, B aKKyMynaTope npowuc-
X04MT npeobpa3oBaHne XMMUYECKOW 3Hep-
TMU B 3N1EKTPMNYECKYIO, @ B NapOBOi Typ6uHe
B MEXAHUYECKYI 3Heprui npeobpasyetcs
Tenno. Pas3nnyHblie (OpMbl 3HEPrun CeA-
3aHbl APYT C APYTOM OMNpege/ieHHbIMU KOn-
YeCTBEHHbIMW COOTHOLLIEHUAMU: Hanpumep,
1 Kan TennoBO 3Heprun TeOpeTUYecku co-
oTBeTcTByeT 4,185 -107 3apr MexaHWYecKoWn
3Heprum.

13BeCTHO, 0AHaKO, 4YTO NO6OK nepexopn
3Heprun n3 o4HoO opMbl B ApYryto conpo-
BOXAAeTCS HEKOTOPbIMU NoTepsiMun. Iek-
TPUYECKNA MOTOp, Mpeobpasyowmnii anek-
TPUYECKYID 3HEPTUI0 B MEXAHWYECKY!HO,
BbipabaTbiBaeT BCErja MeHblle M0e3How
3Heprun, Yyem noTpebaseT, NOTOMY 4YTO M3-
3a TPEHUS YacTb 3HEPrun nepexoauT B Te-
nno, KOTOpOe paccenBaeTCsi B OKpYXako-
LLemM NPOCTPAHCTBE, N YXKe He MOXET ObITb
MCNo/b30BaHO. [lpakTuyeckn BCAKWIA pas,
KOrfa 3Heprus wucnonb3yeTcs Ans Mnpo-
n3BofCcTBa paboThl UAKN KOrga OHa Mnepexo-
OWUT U3 04HON (hopMbl B ApYryto, YacTb No-
Ne3HOl 3aHeprmm TepsieTcs. Bo MHoOrmx
MallMHax Ha BbIMOMHEHWEe MONe3HOW pa-
60Tbl pacxogyeTtcsa MeHee 25% noTpeb6nse-
MOW 3Hepruu. MHOro4YucneHHble Konuue-
CTBEHHbIe NCCNeA0BaHMA N0 B3anmMonpeBpa-
WEHWIO pasInyHbIX GOPM 3HEepruu, BbINO/-
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HeHHble PU3MKaMu N XUMUKaMU, NO3BOMUAN
cthopmynmpoBatb fBa (YHAAMEHTaNbHbIX
3aKOHa TepMOoAMHaMWUKKU. Mbl nonbiTaemcs
M3N0XWUTb 34eCb MX CYTb B Haubonee npo-
CTOM n AOCTYNHON chopme.

a. Mepwwn 'tukoH

Mpu n6OM U3MYECKOM WM XUMUYe-
CKOM W3MEeHeHUN 06Liee KOMNYECTBO 3HEp-
rMm BO BCeNeHHOl oCTaeTcs NOCTOSHHBIM.

MepBblli 3aKOH-3TO 3aKOH COXPaHeHus
3HEPrMM; ero MOXHO CHOopMynnpoBaTh
W TaK: 3Heprus He MOSIBNSETCH W He ucuye-
3aeT. Bcaknii pas, Korga 3Heprus Ucnosib-
3yeTcs [A/1s BbIMOMHEHUS paGoThbl WUAM e
NepexofuT U3 OfHOI hopMbl B ApYryto, 06-
lee KONMMYECTBO 3IHEPTMM OCTAETCA Heus-
MEHHbIM.

§. BTopoil yakoH

Bce usmueckne unu Xxumuyeckume npo-
LlecCbl CTPEMATCSA UATW B HanpasieHuu, co-
0TBETCTBYHOLWEM HeobpaTUMOMY Nnepexony
MONe3HON 3Heprun B Xao TUYECKYHD, Heynops-
[loyeHHyo hopmy. Mepoit Takoro nepexoga
CNY>XNUT BeNMYMHa, KoTopas HOCWT HasBa-

Hue aHTponuu. lpouecc ocTaHaBnMBaeTcCs,
Korga HacTynaeT COCTOSHWe paBHOBeCHS,
npy KOTOPOM 3HTPONUA MMeeT MakcuMmasb-
HO BO3MO>KHOE MpW [aHHbIX YCNOBUAX 3Ha-
ueHve.

3Ta ynpoleHHas U B Kakoi-To mMepe ab-
CTpakTHas (opMynnpoBKa TpebyeT Heko-
TOPbIX NOACHeHWiA. Mpexje Bcero Heo6xo-
fuMO 6onee TOYHO ONpefenuTb MOHATUA
«MONIe3HAsA 3HEePrus» U «3HTpoMuUA». EcCTb
[iBa BMJa NOME3HON 3Hepruu: 1) cBobogHas
3Heprus, KoTopas MOXeT NMPOU3BOAUTL pa-
60Ty Mpy MOCTOAHHOIW TemnepaType W Mo-
CTOSHHOM [aBNeHWu, WU 2) TEnaoBas 3Hep-
rMs, cnocobHas NpPoM3BOANTL paboTy TONb-
KO NpW M3MEHeHUW TemnepaTypbl W Aasne-
HUA. DHTPONUA ABNAETCA KONUYECTBEHHOW
XapaKTepucTUKON uAn Mepoil Heynopsfgo-
YeHHOM (B M3BECTHOM CMbIC/e 6eCNONE3HON)
3Heprum B faHHoi cucteme. CTporoe onpe-
AeneHne NOHATUA 3HTponuu TpebyeT maTe-
MaTUYeCKOr0 PacCMOTPeHUs MOHATUA «He-
YNOpAAOYEHHOCTb». TMOCKONbKY Mbl  He
MMeeM 3[eCb Takoli BO3MOXHOCTW, NOMpO-
O6yemM Ha HECKOMbKMX MPOCTbIX NpuUMepax
KauyeCcTBEHHO OXapakTepu3oBaTb MOHATME
3HTponuu (fononHeHue 14.1).

JononHenune 14-1. MoHATUE 3HTpPONUU

TepMUH «3HTPOMUS», 6YKBa/bHO 03HAYAKOLLNI «BHYTPEHHEE N3MEHEHWE

NN «BHYTPeHHee npespalleHune», Brepsble 6611 BBeAeH B 1851 r. HEMeLKUM
un3mkom Pyponbom Knaysmycom, KOTOPOMY MPUHAANEXWUT OfHa U3
nepBbIX GOPMYNNPOBOK BTOPOro 3aKOHa TePMOAMHAMUKKU, CTporas Koiu-
YeCTBEHHAA MHTEpMNpeTaumnsa aHTPONUN MOXeT 6bITb flaHa Ha OCHOBE CTaTu-
CTUYECKNX U BEPOATHOCTHbIX NpeAcTaBfeHunii. KauecTBEHHbI CMbICA 3TOFO
MOHATUA MOXHO MPOMANIOCTPUPOBATL HA Tpex NpumMepax, Kaxablidi U3 Ko-
TOpbIX XapakTepusyeT OMNpeAefieHHbl acnekT 3HTponwu. [naBHOe, 4TO
BCerja CBA3bIBAKOT C IHTPONMEN,-3TO HEYNOPALOYEHHOCTb CUCTEMbI, KOTO-
pas B pasHbIX CAyyaax MOXeT MPOSABAATLCA MO-pPasHOMY.

Cnyuain 1 YailiHuk n paccesHue Tenna. V13BecTHo, 4To nap, 06pasyoLimnii-
CA NPY KUNEHUW BOAbI, MOXET COBEPLUATL NOJIe3HYI0 paboTy. MNpeactaBum
cebe, 04HaKO, 4YTO, KaK TO/IbKO TemnepaTypa BOAbl B YaiiHuKe (T. €. B «CUCTe-
Me») focTurHet 100°C, Mbl BbIKIOYMM MO HAM OFOHb W JafuM emMy npo-
CTO OCTbITb B KyXHe (T. €. B «OKpY>atoLLlei cpege»). Mpu aTom He 6ygeT npo-
13BefEHO HMKaKoW paboTbl. BMeCTO 3TOr0 M3 YaiHWKa B OKpYXaloLLyto
cpegy OyfneT nepexoauTb TEnno, MOCTENEHHO MOBbIWAA TemnepaTypy
cpeabl (T.e. KyxHW) A0 Tex nop, rnoka, HakoHel, He 6yjAeT JOCTUTHYTO no-
NHOe TennoBOe paBHOBecMe. B 3TOT MOMEHT BCe 4acTu Hallero vaiiHuka
N KyXHN 6yAyT UMeTb NpakTUYecKn OfHY U Ty e Temnepatypy. Cso6ogHas
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3Heprus, KoTopas 6bina CKOHLEHTPUPOBaHAa B YallHWKe, KOrfa OH Obin 3a-
NosIHEeH BOAOM, HarpeToil 4o 100°C, n KoTopas MOTEHLMaNbHO MOraa npo-
N3BOANTb paboTy, ncyesna. SKBMBaNEHTHOE eli KONMYeCTBO TeN0BOMN 3Hep-
rMyM nocne OXNaXAeHUs YailHWKa 0CTanoCb B CUCTEME «YAMHWK + KYXHS»
(1. €. BO «BceneHHol»), HO OHO Mepepacnpefennnocb Mexay pasHbiMU Ya-
CTAMW CUCTEMbI 6ecnopsfoyHo, WAW, WMHAYe roBOps, paBHOMepHO. 3Ta
3Heprua yxke HefloCTynHa 1 He MOXeT MPou3BOAUTL PaboTy, MOTOMY 4TO
B Mpejeniax KyXHW y>Ke HeT nepenaga Temnepatyp. bonee toro, sospacTa-
HVe 3HTPONUN B KYXHE (B «OKpY>KatoLei cpefe»), 06ycnoBneHHoe oxnaxje-
HMeM yvaiiHuka, HeobpaTumo. [eiAcTBMTEeNbHO, W3 NOBCELHEBHOr0 OMbiTa
Ham XOpOLLO M3BECTHO, 4YTO TEM/0 CAMONPOMN3BO/IbHO HUKOTa He nepeigeT
06paTHO, T. €. OT KyXHU K OCTbIBLUEMY YaliHWKY, N He HarpeeT B HeM BOAY
fo 100°C.

Cnyuaii 2. OKnCNeHWe TI0KO3bl. JHTPOMMNA XapaKTepu3yeT COCTOAHME He
TO/MIbKO 3Hepruu, HO 1 BelecTBa. A3poOHbIE OpraHW3Mbl U3BNEKAKOT CBO-
604HYIO 3HEPTUIO M3 FNI0KO3bl, KOTOPYHO OHWM MOMYYaloT U3 OKPYXXatoLLeil
cpefbl. 4N TOro 4to6bl A06bITL 3TY 3HEPTUIO, OHU OKUCNAKOT FHOKO3Y MO-
NeKynapHbLIM KWUCNOPOAOM, TakXe noctynawlwum us cpegbl. KoHeuHble
NPoOAYKTbl OKUCANTEeNbHOro Mmetabonnama rnokossl, CO2 n H20, Bo3Bpa-
LarTCa B OKpyXatwlLyto cpefy. Mpu aTomM npouecce aHTPONUA OKpyXKato-
e cpedbl BO3pacTaeT, a caM OpraHu3M OCTaeTcs B CTalMOHApPHOM CO-
CTOAHWM W CTENeHb €ero BHYTPEHHEN YNOopAfOYEHHOCTU He W3MeHseTCs.
Bo3pacTaHue 3HTPOMWUM 1 B 3TOM CJ/ly4ae 0THaCTU CBA3AHO C,paccesHnem Te-
nna, HoO 37leCb BO3HWKAeT HeyrnopsAA0YEHHOCTb U PYroro poaa, U cTpu-
pyemas CyMMapHbIM YpaBHeHUEeM OKUC/IEHUSA TNHOKO3bl B XXWUBbIX OPraHu3-
Max: CesH1206 + 602-*6CO2 + 6 H20. Cxemarnyecku 3TOT npouecc
MOXHO M3006pasuTb clegyowmM o6pasom:

7 monekyn > 12 monekyn
0, (ras)__ co>
A A ~(as)
. . _> a .
. . A
Iniokosa A Ho
(TBEpAoe BeLLECTBO) w (KnaKocTb)

ATOMBI, BXOAMBLUME PaHee B COCTAB OfHOW MOMEKYbl TIIOKO3bl U LWECTU
MONEeKyN KNCNopoga, T.e. coCcTaBnsABwmMe B 06l el CI0XHOCTU CeMb MOfe-
Kyn, pacnpefieniManch B pesynbtaTe peakuyun 60nee paBHOMEPHO, NMOCKONb-
Ky U3 ceMu MONeKyn Tenepb o6pasoBanoch gBeHaauatb (6CO2 + sH:20).

Bcesakuii pas, Korga B pesynbTaTe XMMWUYECKOW peakLuu YBeIMYMBaAETCS
4Ynucno MOMeKyn WAM KOrga Kakoe-HMOy[b TBepAoOe BelecTBO, Hanpumep
rnKo3a, npespawiaeTcs B XWUAKMe MAN razoobpasHble NPOAYKTbI, MOne-
Ky/ibl KOTOPbIX 06M1ajatl0T 601bWMM YMCIOM CTeneHeil cBO6GOAbLI W nerye
MOryT MepemMeLaTbCca B MPOCTPAHCTBE MO CPABHEHWIO C TBEPAbIM Belle-
CTBOM, CTENeHb MOMEKYNAPHOW HeymopsiA04eHHOCT BO3pacTaeT M 3HTPO-
nus, cnefosaTenbHO, YBENMYMBAETCA.

Cnyuaii 3. IHdhopmauusa n aHTponua. B «HOnun Lesape» LWekcnupa (akT
IV, cueHa 3) BpyT, y3HaB 0 TOM, YTO Ha HEro ABMWXETCS CO CBOEl apmueit
Mapk AHTOHUWI, NPOU3HOCUT CReayoL e CNOBa:

There is a tide in the affairs of men,
Which taken at the flood, leads on to fortune;



406

YACTb Il. BMOSHEPTETUKA W METABOJIM3M

Omitted, all the voyage of their life
Is bound in shallows and in miseriesl.

Mepen Hamu 6oraToe nHGopmaumeit coobLieHne, 3anMcaHHoe Npyu NOMo-
Wy 6yKB aHIIMIACKOro angaBmnTa; BCero nx 3gecb 125. Momumo cBoero nps-
MOTFO CMbIC/a 3TN C/I0BA MMEKT €eLle U APYTOW, CKPbITbIA CMbICA. B HMX OT-
paXKaeTcs He TOMbKO C/I0XHasA NocfiefoBaTeNlbHOCTb CO6bITWUIA B MNbece, HO
TaKXe M MbICIN aBTOpa O CTO/IKHOBEHWUW WHTEPECOB, 0 YecTonobun, o xa-
Xae snactu. YyscTByeTcsa rny60okoe npoHWKHoBeHue Llekcnupa B 4enose-
yeckyto npupogy. Takum o6pa3om, 06bEM 3aK/OUYEHHOM B HUX MHGOPMa-
LN OYeHb BENUK.

MpeacTaBuM cebe Tenepb, YTo 125 B6yKB, COCTABAAOLWMX 3Ty LMTaTy, pac-
CbiNaHbl B COBEPLUEHHOM 6ecrnopsfke, Kak MoKa3aHO 3[ecb Ha PUCYHKe

Becb cmbic/ 0Kasancs yTpadveH. B Takoin popme atn 125 6ykB nmpakTtuue-
CKM He HecyT HMKaKoin MH(OpMauuu, HO MX IHTPONMSA BecbMa Benuka. M3
3TOro cnefyeT BbIBOJ, Y4TO WHGopmauua npeactaBnsfeT coboit ofHy wu3
(hopmM 3Hepruu; ee WHOrLa HasblBalOT «OTPMLATENbHONW 3HTPOMUEN».
[JeiicTBuTeNnbHO, Teopus mHopMauum, T.e. Ta 06nacTb MaTemMaTuKu, Ha
KOTOpOW 6asupyeTca mMporpaMmMHas NorMkKa KOMNbOTepoB, BeCbMa TeCHO
cBfA3aHa C TepMOAMHaMWyeckoil Teopueil. XXuBble OpPraHu3Mbl - 3TO Bbl-
COKOYMOPAAOYEHHbIE CTPYKTYPbI, COAepKaline KonoccalbHOe KOMUYecTBO
MHGOpPMaLMN U COOTBETCTBEHHO 6efHble 3HTPOMMUEN.

1 B penax nwopfeid npunaue ecTb U OTNWB,
C npunuBOM fJOCTUraeM Mbl ycnexa,
Korga X OTNWB HacTynuT, NOAKA XW3HW
Mo oTMensM Hec4yacTUil BONOYUUTCSH.
(Y. Wekcnup. MonHoe cobpaHue counHeHUl, «MckyccTBo», T. 5, ¢. 303. Mepe-
Bo4 M. 3eHkeBMua.)
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EcTb 1 Apyroil acnekT BTOPOro 3aKoHa,
KOTOpbI cneayeT yunTbiBaTb AN MOHKUMa-
HUS TOTO, KakK AelicTBYeT 3TOT 3aKOH, 0CO-
6eHHO B BMONOrMYecKMX cuctemax. Beegem
npexae BCEro MOHATWE peaKUWOHHOW cu-
CTeMbl, MO4 KOTOPOW noapasyMeBaeTcs CO-
BOKYMHOCTb  BeLLeCTB, 06ecrneynBaroLmx
NpoTeKaHWe aHHOT0 XUMUYECKOro Unun u-
3M4eCKoro npotecca.

Takoi cuctemoli MOXeT OblTb, Hampumep,
OpraHM3M >XWBOTHOTO, OTAENbHAasf KneTka
UMM fBa pearvpyowmnx Apyr ¢ 4pyrom co-
efiuHeHus. [lanee Mbl A0/DKHbI BBECTU MOHS-
TWe OKpY>Kalowei cpedbl, C KOTOPOI peak-
LUMOHHasA cucTeMa MOXeT 06MeHMBaTbCA
3Heprueil. COBOKYMHOCTb pPeakuMOHHOW cu-
CTeMbl M OKpY)Xalouleil cpefbl cocTaBnseT
TO, 4TO Mbl HasblBaeM «BceneHHoON»

Okpyxatowas cpefa

Cucrema

"BceneHHasa"
(cuctema + okpyxatowas cpega)

Puc. 14-1. CxemaTtmyeckoe n3obpaxeHune peakuu-
OHHOIA CUCTEMbI 1 OKpY>KatoLeii cpedbl. B peak-
LmMAX, NPOTEKalLWMX NpyU MOCTOAHHOW TemnepaTy-
pe 1 NOCTOSHHOM AaBfieHUn, MexAy cUcTemoit

1 OKpYyXallLeli cpefioii BO3MOXeH 06MeH 3Hep-
rveil, 0flHaKO Takoll 06MEH JOMKEH NPOUCXOAUTb
B COOTBETCTBMMW C 3aKOHAMU TePMOAUHAMUKMA.
MepBblii U3 HUX rNacuT, 4To ob6Lee KONMYECTBO
3HEPruM Bo «BceneHHoi» (CcMCTEMa + OKpyXako-
las cpefa) octaeTcsi NOCTOSHHbIM. CornacHo
BTOPOMY 3aKOHY, Npu (hU3MYECKOM WU XUMUYe-
CKOM M3MEHeHWU B cUCTeMe 3HTponus BceneHHoid
YBENNYNBALTCS; OJHOBPEMEHHO YMEHbLIAEeTCs CBO-
60/Has 3Heprus peakUMOHHON cucTembl. Hapagy
C 3TUMW U3MEHEHUAMN OT CUCTEMbI K OKpY>alo-
LWeld cpefe MM OT OKpY>XKatolleld cpefbl K cucTe-
Me MOXeT nepefaBaTbCs Tenno, Kak 3To cnegyeT
13 COOTHOLLEHNA

AG = AH - TAS.

(puc. 14-1) n uTO, BOOGLE FOBOPS, BKI/HO-
yaeT B cebA 3eMHOW LWap M KOCMUYecKoe
nMpocTpaHCTBO. HekoTopbie  XMMU4ecKue
nAn r3nyeckune NpPoLEeccbl MOTyT, KOHEYHO,
npoTeKaTb B 3aMKHY T bIX CUCTeMax, He cno-
COOHbIX K 06MEeHY 3Heprueii ¢ OKpyxatoLLei
cpepoil. OfHaKo B peanbHOM MWpe, U 0CO-
6eHHO B MWpe 6MONOTMYECKOM, CUCTEMBI,
B KOTOPbIX NPOTEKAOT XMMUYECKMe N Pusn-
Yyeckmne Mpouecchl, 06MeHUBAKOTCA 3HEpPruen
C OKpY>KatolLei cpeaoii. Mbl ckopo y6egnm-
Cl, HACKOMbKO BaXXHO 3TO pasrpaHuyeHune
MeXAy CUCTEMON W OKpYyXXaroled cpenoi,
Korga peys maetr 06 06MeHe 3Hepruen.

Vi3meHeHNs CBOGOALHONW 3Hepruu, Te-
NA0Tbl M 3HTPONMM B XUMWUYECKUX peak-
LnsAX, NPOTEKaLWMX NPy MOCTOAHHON TeM-
nepatype ¥ MNOCTOSAHHOM AaBfieHUU, T.e.
B YC/NI0BUSAX, XaPaKTEPHbIX UMEHHO 418 6mo-
NOTUYECKUX CUCTEM, CBA3aHbl ApPYr C Apy-
rOM KO/MMYECTBEHHO ClefyloWMUM ypaBHe-
HUeM:

AG = 51 - TAS, o

raie A G -u3MeHeHMe CBOOGOAHON 3Hepruu
peakunoHHON cucTembl, AH-n3meHeHune ee
TENnoCoAepXaHua, WM aHTambnum (0T
rpey. «enthalpo»-Harpesat), T-abconoT-
Has TemmepaTypa, MpU KOTOPOW npoTekaeT
[LaHHbIA npouecc, U AS-U3MeHeEHUEe 3HTPO-
nun «BceneHHO», KOTOpas BK/KOYAET B Ce-
64 M JaHHYK peakumoHHYyl cuctemy. Mo
Mepe TOro Kak XMMuyeckas peakuus ctpe-
MUTCA K COCTOSSHUIO paBHOBECUS, 3HTPONUSA
BceneHHoll (cucTema + OKpyXKawolas cpe-
fa) BospacTaeT. [103TOMy BenuMYMHa AS
B peaslbHOM Mupe BCerga UMeeT MNOMOXMU-
TeNbHOe 3HauyeHue. B npuHUMNe B HeKoON
naeanbHoO cUCTeMe peakLMs MOXET npoTe-
KaTb U 6e3 YBENMYEHNSA 3HTPOMUU. YBenuye-
HUIO 3HTpONMW BceneHHON Npu Kakoi-nm6o
peakuun AONXKHO, COracHO YpaBHEHUN (1),
COOTBETCTBOBaTb YMEHblLUEHUEe CBOOGOAHOIA
3HEPrun peakuMOHHON cUCTeMbl. [MoaTomy
BefiMunHa AG peakLNOHHO! CUCTEeMbl NMeeT
BCErfla 0TpULaTenbHoe 3HauyeHue. M3meHe-
Hue 3HTanbnum AH onpegenseTcs Kak Ko-
NMYeCTBO Tensia, KOTOpPOe [JaHHas peak-
LLMOHHas cucTemMa OTAaeT OKpyXxawLuiei
cpefe Unm nonyvaeTt OT Hee MpPU MOCTOSAH-
HOI TemnepaType U NOCTOAHHOM [aB/IEHUMN.
Ecnu peakynoHHas cuctema Tepser (T.e. OT-
[aeT) Tenno, To BennymHa AH umeet oTpu-
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flaTeNlbHOEe 3HAYeHue; ecnn XXe cCucTemMa no-
NyyaeT TeMNn0 OT OKpyXakuiein cpegbl, TO
AH BblpaaeTcs MON0XKMUTENbHOW Benuymn-
HOM.

[Ona 61MONOrnYecKUX CUCTEM CYLLECTBEH-
Ha elle 0fjHa Ba)XHas 0COBEHHOCTb U3MeHe-
HWI 3HTponuu. CornacHo BTOPOMY 3aKOHY
TEPMOANHAMUKN, NPU XUMUYECKUX peak-
UMAX Unun U3NYECKUX npoLeccax aHTponus
BceneHHoii yBennumBaetcs. M3 aTOro 3ako-
Ha, O[jHaKo, He cfieflyeT, 4TO BO3pacTaHue
aHTponuu [Jo/mKHO npoucxoanTb 0643a-
TeNbHO B CaMOl peakUWOHHON CUCTEME;
OHO MOXeT Npou3oWTH B NO6OM ApYyrom
yyacTke BceneHHOM. B XuBbIX opraHm3amax
MeTabonuyeckume npoueccol, T. e. Te npespa-
LLeHNs, KOTOPbIM MOABEPratTCa B HUX NU-
L eBble BelecTsa, He BeAyT K BO3pacTaHuWio
BHYTPEHHel Heymnopsf0YeHHOCTH, UAN 3H-
Tponuu camux opraHu3mos. W3 nosceg-
HEBHbIX HAGMIOAEHWI Mbl 3HaeMm, 4YTO f10-
6011 opraHnam, 6yab TO Myxa Uim cnoH (T.e.
B HalWEM MOHUMaHWUW «CUCTEMa»), MPU BCEX
npoueccax >XW3HefeATeNbHOCTU COXpaHsAeT
NPUCYLLYIO eMY C/IOXHYI0 U YnopsajoyeH-
HYI0 CTPYKTypy. B pesynbTate npoueccos
XWN3HefeAaTeNbHOCTY BO3pacTaeT 3HTpPOMUA
HEe CaMUX XXMBbIX OpPraHn3MoB, a OKpy>Kato-
wei cpedbl. XXuBble OpraHn3Mbl COXPaHAT
BHYTPEHHIO YMOPALOYEHHOCTb, Monyyas
CBOGOAHYIO 3Hepruo B BuAe MNWLLEBLIX Be-
WecTB (MM CONHEYHOrO CBETAa) M3 OKpy-
>Kalolwen cpefpl v BO3Bpalias B Hee Takoe
>Ke KOMMYecTBO 3HEPrMW B MEHee MONe3Hoi
thopme, rnaBHbIM 06pasom B dopme Tenna,
KOTOpOe paccenBaeTCs BO BCe OCTanbHOI
BceneHHoiA.

B 3akntoyeHune cnegyert nog4yepKkHyTb, 4TO
caMm no ce6e pocT SHTPONUU, UNUN YBENUYe-
HVWe CTENEHN HeynopAafoYeHHOCTU, HEenb3A
CYMTaTb COBeEpPLIEHHO 6ecrnonesHbiM. [lo-
CKONbKY YBenuueHve aHTponuu BceneHHoit
npu 6nonormyeckmx npoueccax HeobpaTu-
MO, OHO CO3faeT ABMXKYLLYIO CUNy 1 3ajaeT
HanpasneHwe BCeM BWAaM 6MONOrMYecKow
aKTUBHOCTU. XKMBble OpraHU3mMbl Hemnpepbl-
BHO MOBbLILWIAKT 3HTPOMUIO B OKpYXakLLein
cpefe, n 3aTUM BceneHHas pacnnayusaeTtcs
3a nojjepXaHve B HUX BHYTPEHHEro nopaj-
Ka.

3fecb, Mo-BUAWMOMY, LiefiecoobpasHo
paccMOTpeTb KaKyl-HUOYb KOHKPETHYIO
XUMWUYECKYIO peakL Mo 13 yucna npoTeKaro-

WKX B KNeTKe, 4NA TOro 4To6bl NONY4YUTH
npeAcTaBneHne 0 BO3MOXHbIX BeIMYMHAX
M3MeHeHWIn pasHblXx Qopm 3Heprun. B as-
PO6HBbIX KNeTKax MPOUCXOAUT OKMCNeHWe
rnoko3sbl (CeH1206) go CO2 n H20 npu
MOCTOAHHOW TemnepaType W MNOCTOSHHOM
LaBneHnn

CsH1206 + '6¢02 ->6C0O2 + sH20.

Ecnu NnpuHATL, 4TO 3Ta peakuusa npoTekaeT
B CTaHAAPTHbIX YCMOBUAX, a ANA TepMoO-
OVHAMWYECKMX pacyeToB 3TO 3HAYUT, 4TO
TemnepaTypa pasHa 25°C, unu 298 K, n ga-
BfIeHWe paBHO 1 aTm (760 MM pT. CT.), TO Ha
J MOAb OKUCNEHHOW FNHOKO3bl

NG = —686000 kan/monb (cBobofHas  aHep-
rMs CUCTEMbI, T.e.

pearnpylowmnx mo-

NneKkyn,  yMeHbLUu-
nacb)

AH = —673000 Kkan/monb (pearupytouine mo-
nekynbl oTAanu Te-
nno)

_ AH -AG
y T

-673000-(-686000)
298

= 4-44 kan/monb erpag (aHTponus Bcenex-

HoOVi yBenmumnacs)

YBenuueHne cTeneHn MONeKYNApHOW He-
YyNopsfO0YEeHHOCTN, WAW  JHTPONUMU, KO-
TOPbIM COMPOBOX[JAETCA OKWUC/IEHWE T[10-
KO3bl, MOXHO MpefcTaBuTbL cebe foctaTouy-
HO Harng4Ho C MOMOLLbLIO MPUMepa, npuee-
[LeHHOro B fonofiHeHuUn 14.1.

14.2. KneTkam Heobxoguma
cB060fiHAs 3Hepruva

Tenno He ABASETCS /15 KNETOK CKOJIbKO-
HUOYAb CYLLECTBEHHBIM UCTOYHWUKOM 3HEp-
rMu, Tak Kak Tenao crnoco6HO NMpov3BOAUTb
paGoTy NUlbL B TOM CNyyae, EC/IM OHO Mepe-
X04UT 0T 6oNee HarpeToro Tena K 6onee xo-
NOLHOMY WAN U3 30HbI C 60fee BbICOKOI
TemnepaTypoii B 30Hy ¢ 6oNlee HU3KOI TeM-
nepaTypoii. Kpome Toro, K. n. 4. TeNI0BOr0
ABUraTesis 3aBUCUT, KaK M3BECTHO, OT pas-
HOCTU TemMMepaTyp MeXAy HarpeTbiM U XO-
NOAHbIM TE/IOM; YeM 3Ta pasHocTb Gonblue,
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TeM 60nblwas AONS TEMNI0BON 3HEPTUM MO-
)eT 6bITb NpeBpalyeHa B paboTy. MocKoNb-
Ky B XXMBbIX KNeTkax Temnepartypa B nt060l
TOYKe MPaKTMYeCKN 04MHAKOBA, OHU HE CMo-
COBGHbI MCMONb30BaTb TEMMIOBY 3HEPTUIO.
Tenno cNYXuT UM NULWb ANS NOAAEPXKaHUSA
onTUMmanbHoli paboueilt TemnepaTypsbl.
MpurogHas ans KNeTok GopmMa 3Heprum,
T.e. Ta (opma, KOTOPYH OHW U MOTYT,
W [OMKHbI MCMNONb30BATb-3TO CBOGOAHAS
3Heprus, cnocobHas NpPou3BOAUTL PaboTy
npy NOCTOSAHHOI TemnepaType M NOCTOSH-
HOM flaBneHnun. eTepoTPOMHbIe KNETKU U3-
B/eKaT HEOBXOANMYIO UM 3HEPTUI0 M3 60-
raTblX 3Hepruei nuieBbIX BELECTB, a Ans
(hOTOCMHTE3NPYIOLMUX KNETOK €e UCTOUYHMU-
KOM CNY)XXWUT ynaBAuBaeMas UMW 3Heprus
CONHeYHoro ceeta. MonyyeHHas cBobogHas
3Heprus nepeBoAMTCS TeEMWU W [APYTUMU
KNeTKamu B OfHY U Ty e opMy - B XUMU-
UECKY0 3Hepruto, Kotopas 3aTeM WCMO/b-
3yeTcst ANs BbINOMHEHMS paboTbl B npoLec-
cax, He CBf3aHHbIX CO CKONbKO-HU6YAb
3aMeTHbIM nepenagoMm Temnepatyp. [lo-
NPoCTy roBOps, KNeTKN-3TO XUMUYECKUE
fjsuraTenu, paboTaluwmue B YCNOBUAX MO-
CTOSIHCTBA TeMmnepaTypbl W AaBNeHUS.
Tenepb Mbl MO3HAKOMMUMCS C TEM, KaK U3-
MEpPSAIOT U B KaKoi (hopme BbipaXakT CBO-
O60AHYI 3HEPTUID XUMUYECKUX peakLUid.

14.3. VI3sMeHeHMe CcTaHLapTHOM
CcBO6GOAHOM 3HEPTUN XUMUYECKON
peakunMM MOXHO BbIYUC/INUTL

Nob6as xummnyeckas peakums xapakrtepum-
3yeTca onpefesieHHbIM M3MEHEHWEM CTaH-
fapTHo ceobogHoi 3Heprun AGO. [Huxke
OyfieT nokasaHo, 4to BennynHa AGo 0Tu-
YyaeTcd OT BenuyuHbl AG, KOTOpYK nony-
yaloT 13 ypaBHeHus (1).] Ana gaHHON XUMK-
YECKO peakuuMnm M3MeHeHWe CTaHAapTHOW
CBOOGOLHON 3HEpPruu ecTb BeAMYMHA no-
CTOSIHHAasA; ee MOXHO BbIYMC/IUTL U3 KOH-
CTaHTbl paBHOBECMA 3TOW peakuwnm Ans
CTaH4apTHbIX YCN0BUI, T.e. TemnepaTypsbl
25 C (298 K) n gaBneHusa latm (760 mm pT.
cr.). KoHcTaHTa paBHoBecusa Kej peakuuu
A + B# C + D paBHa (pa3g. 4.5)

k. UM

e [A][B]’

roe [A], [B], [C] v [D] M™onspHble KOH-
LeHTpauuy pearupyrLinx BeLECTB B CO-
CTOSIHMM paBHOBECUA NPU CTaHAapPTHbIX YyC-
NOBUAX. YpaBHeHWe peakuuu, B KOTOPOWA
y4yacTByeT 60nblle OAHOW MONEKYynbl UC-
XOAHbIX BELLECTB UM KOHEYHbIX MPOAYKTOB,
UMeeT BUA

aA + bB <= cC + JD.

roe a, b, ¢ u d-uucno monekyn pearupyto-
wux sewects A, B, C n D. B atom cnyyvae
KOHCTaHTa paBHOBeCUs paBHa

kK =Tau°r
e [A]*[B]b

Tenepb, KOrga Mbl onpefennan KOHCTaH-
Ty paBHOBECUS XUMWYECKON peakuun, Mbl
MOXEM BbIYUC/IUTL W3MEHeHWe CcTaHAapT-
HO cBOGOLHOW 3HEPrMM ANa 3TOW peakuum,
KOTOPOE MPUHATO BbIpaXaTb B Kanopusax Ha
MOMb pearupytouiero Bewectsa. Kano-
pva-3TO eAuHULa, valle BCEero npumMmeHse-
mas B 6Monorun Ana M3MEpPeHUs 3Hepruu.
YucneHHo oHa paBHa KOMMYECTBY 3HEPTUU
B (hopme TensoTbl, KOTOpOE Heob6xofumo
Ans HarpesaHua 1,00 r soabl ot 15 go 16 C.
W3MeHeHne CTaHAApTHON CBOGOAHOW 3Hep-
rmm AGo BbIYUCAAIOT U3 YypaBHEHUA

AG° = —2303 RT\g Kai,

roe R-rasosas noctosHHas [1,987 kan/
/(Mmonb-K)] n T-abconwTHas Temneparty-
pa, B faHHOM cny4ae 298 K. And xumunye-
CKOWi peakLun, y KOTOPOI KOHCTaHTa paBHO-
BECWS paBHAa 1,0, U3MEHEHWE CTaHLapTHOW
cBo60AHOW 3Heprum AGo = 0, NOTOMY 4TO
norapudpm 1,0 paBeH Hynw. Ecny KOHCTaH-
Ta paBHOBecWs [AaHHON peakuum 6onblue
1,0, To BennunHa AGo oTpuLaTensHa; ecnu
e OHa MeHbwe 1,0, To BennynHa AGo no-
NOXWUTeNbHa.

[MonesHo TakXe onpeaennTb U3IMEHEHUeE
CTaHfapTHOW CBOGOAHOW 3HEprun wm apy-
rum nytem. AGo - 370 pa3HOCTb MeXJy CBO-
604HOIN 3HEprueit NCXOLHbIX BELLECTB U CBO-
604HOW 3Heprveil NPOAYKTOB peakuuu npu
CTaHapTHbIX YCNOBUAX, T.e. Npu Temmnepa-
Type 298 K, paBneHun 1 aTM U UCXOAHbIX
KOHLEHTpaunsax BCEX KOMMOHEHTOB peak-
umm 1,0 M. OTpuuartensHoe 3HayeHune AGo
03HAa4aeT, YTo B MPOAYKTAX peakuumn cogep-
XUTCA MEeHblUe CBOOGOAHOW 3Heprum, uem



410 YACTb n. BUOIHEPTETUKA N METABOJIM3M

B WCXOAHbIX BELleCcTBax, a MoToMy npw
CTaHAApTHLIX YCNOBUSX paBHOBecue 6GyaeT
CMEeLLEeHO BMpaBo, T. e. B CTOPOHY 06pa3oBa-
HUS NPOAYKTOB, MOCKOMbKY BCE peakuuu
CTPEMATCS UATW B HanpaB/eHUW, COOTBET-
CTBYIOLLEM YMEHbLIEHUIO CBOGOAHON 3Hep-

rMn cucTtembl. MONOXUTENbHOE 3HayeHue
AGo 03HayaeT, YTo NPOAYKTbI peakuumn co-
fpepXat 6onbuwe cBOGOAHON 3Hepruu, Yem
MUCXOAHblE BelecTBa. [Mo3ToMy peakuums
MPU UCXOLHbIX KOHLUEHTPauuaX KOMMOHEH-
ToB 1,0 M bypet natn B o6paTHOM Hanpa-
B/IeHWW, cnpasa Haneso. Cdhopmynupyem
3T0 60nee 4eTko. MpPUM MCXOLHbIX KOHLEH-
Tpayuax scex KomnoHeHTos 1,0 M peakuuu,
LN KOTOPbIX BeinunHa AGo oTpuLaTenbHa,
WAYT B Hanpas/eHUN Cnesa Hanpaso A0 Tex
nop, NokKa He yCTaHOBUTCA paBHOBecue. Pe-
aKLUWW Xe, AN KOTOPbIX B 3TUX XKE YCNOBUAX

BefiunHa  AGo  MONOXMUTENbHa, uUAyT
B 06paTHOM HanpasfieHMU, T, e. cnpaBa Ha-
NneBO, A0 YCTaHOBNEHMA  paBHOBECKSA.

B tabn. 14.1 noka3aHa 3aBUCMMOCTb Hanpa-
BNeHnsA peakuuu ot 3Haka AGO. B cyuiHo-
CTW, N3MEHEHNE CTaHAapTHOR CcBO6GOAHON
3Heprun no6o XMMMUYECKOW peakuyum - 3TO
NPOCTO OAWH U3 BO3MO>KHbIX CMOCOBOB Ma-
TEeMaTUYeCKOro BbIPpa>KeHNUs ee KOHCTaHThI
paBHoBecus. B Tabn. 14.2 nokasaHbl COOTHO-
WEHNUA MeXAY YWUCNEeHHbIMU 3HaYeHUAMU
AGo n Kaj.

Tabmmua 14-1. COOTHOW EHNE Mexay
BeIMYUHAMMU n AGo N HanpaBsneHwue
XUMUYECKNX peakuuii npu CTaHJapTHBIX
ycnosusx

* HO° HanpasneHue peakuum

nNpu UCXOAHBIX
KOHLeHTpaumax
KOMMoHeHTOB 1,0 M

> 1,0 OTpuuyartensHoe
1,0 PaBHO Hyn0

Cnesa Hanpaso
CocTofHne paBHOBE-
cuna

< 1,0 NMonoXwutenbHoe CnpaBa Hajieso

OTMeTUM [Ba CYLLeCTBEHHbIX 06cTOA-
TenbcTBa. MOCKONMbKY 6MoXMMUYeckue pe-
aKUuMn npoTeKarT 0ObIYHO MPU 3HAYEHUAX
pH, 6nn3kux K 7,0, U Hepegko CONPOBO-

Tabmua 14-2. CooTHoLLeHne mexay
KOHCTaHTaMy  paBHOBECUS W BEMYMHAMU
M3MEHEHNS1 CTaHAApTHOM CBOGOAHON 3Heprum
XUMUYECKNX peakLi

AGO0, kan/monb

0,001 + 4089
0,01 + 2726
0.1 + 1363

1363
-2726
-4089

1000.0

XgpaTca obpasoBaHuem wunum noTpebne-
HVeM MOHOB H +, B 6MOXUMUYECKOI 3Hepre-
TUKe B KayecTBe CTaHAapTHOrO NPUHATO
cocTosdHme npu pH 7,0. N3meHeHMe CTaH-
[apTHOW cBOBOAHON 3Heprum 6uoxmmmye-
CKux cuctem npu pH 7,0 o603HavaeTcsq cUM-

BosioM AGO, KoTOpbiIM Mbl ¥ 6ygem
Monb30BaThCs B Aa/ibHeiLlem.
BTopoe 3ameuyaHue KacaeTcd eAuHWUL,

3Heprun. B MexayHapogHOW cucteme eau-
HUY (CW) 3a eguHULY 3Heprum npuHAT
moroynb (k). HassaHue 3TO AaHO B YeCTb
aHrnuniickoro dusmka Jykeiimca [pkoyns
(1818—1889), KkoTOpbLI/A BMepBbie MOAYYUN
IKCNepUMeHTanbHOe MOATBEPXKAEHNE nep-
BOr0 3aKOHa TePMOAMHaMWKM - 3aKOHa CO-
XpaHeHusa 3aHeprun. OAHAKO B MefuLuHe
M BUONOTMN 3HEPTUIO NMPUHATO BbipaXaTb
B Kanopuax, n aTUMMN efuHNLaMu Mbl Bygem
nonb30BaTbCA B Halel KHuure. Kanopum
Nerko nepeBecTM B [KOYAWU: 1,00 Kan =
= 4,184 [x.

14.4. XuMunyeckune peakuun xapakTepu-
3yl TCs onpeaeneHHoli BennuuHoii ACO

Bbluncnnum Tenepb BeNNUYUHY U3MEHEHUS
CTaHAapTHOM CBOGOAHON 3Hepruu Ansa pe-
aKuMun, Katanusmpyemon gepmeHtom doc-
thorntokomyTasoii (0 ponn 3TOro hepmeHTa
B K/leTKe Mbl 6y/JileM roBOpUTbL B CnefytoLeit
rnase):

dochornokomyTasa
Fnokoso-1-octar o]

dochornokomyTasa
N0 Ko30-6 -hocart.
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XUMUn4yeckunii aHanu3 nokasbiBaeT, YTo ec-
NN UCXOAHas KOHLUEHTpauusa r1tK030-1-
thocaTta paBHa, AOMNYCTUM, 0,02 M. TO npu
n306bITKe (hepMeHTa peakuus mnpoTekaeT
B NPSAMOM HanpaBieHun (cneBa Hanpaso),
a €eCcfiM WUCXOAHaA KOHLUEeHTpauus T[HKo-
30-s-pochata paBHa 0,02 M, TO peakuus
npotekaetT B 06paTHOM HanpaBfeHUK
(cnpaBa Haneso), NpYYeM KOHEUHbIA pe3y/ib-
TaT OKa3blBaeTCA OfMHAKOBbIM: B PaBHO-
BeCHOW cmecu npu 25=C n pH 7,0 KOHUeH-
Tpaumm rnKo3o-1-goctara v riKo30-s-
thochaTa COCTaBAAKT  COOTBETCTBEHHO
0,001 n 0,019 M. (BcnoMHUM, YTO pepMeHT
He CMellaeT paBHOBECWMe OAaHHOW peakuuw,
a TO/MIbKO YCKOpsieT ero JocTuxeHue.) Pac-
CYNTAEM M3 ITUX JAHHbIX KOHCTaHTY paBHO-
Becus (hOCHOrNIOKOMYTa3HOM peakumu

0,019
0,001

( [T ntoko30-6-thocdar]

[Fntoko30-1-thochar]

3Haa BennumHy K Mbl MOXeM onpege-
NNTb W3MEHEHWEe CTaHAapTHON CBOGOAHOIN
3Heprum:

AGO = 2303R7K K,u

- 2,303-1,987-298 Ig 19,0 =

— 1360-1,28 = -- 1740 kan MOfb.

Vi3MeHeHMne cTaHAapTHOW CBO6GOAHON 3Hep-
MM BbipaXkaeTca B 3TOM C/lyvae oTpuua-
TeNbHON BENWYMHOW, W, CNefoBaTenbHo,
npespaLlieHne rnwKo3o-i-hochara B rto-
K030-6 -(hochaT Npu UCXOAHbLIX KOHLEHTpa-
umMax TrnKo3o-i-hochara M rNHOKO30-6 -
tocthata 10 M npoTekaeT ¢ mnoTepei
cB0O60OAHOW 3Hepruun. Ons 6UOXMMUYECKUX
peakuuii BennumMHbl AGO’ NpPUHATO Bblpa-
XaTb B KWNOKanopuax; B HaWem npumepe
AGo = —1,74 kkan/Monb.

B 1abn. 14.3 npuBeAeHbl BEINYUHbI N3Me-
HEeHMA CTaHAapTHOW CBOGOAHOW 3Heprum
ONS psAfja XapakTepHbIX XUMUYECKUX peak-
umiA. N3 aToin Tabnuubl BUAHO, YTO TUApO-
NN3 TakUX COefUHEHWA, KaK HeKoTopble
CNOXHble 3aupbl, aMuibl, NenTUibl U ru-
KO3MAbl. a TaKXe peakuuu neperpynnupos-
KW W 3IMMWUHUPOBAHUA, CONPOBOXAAlTCA
CPaBHUTENbHO HeGO0NbWUM  U3MEHEHUEM
CTaHAapTHOl CcBOBOAHON 3Heprumn, ToOrga
KaK rmaponuns aHrngpuaoB KUCNOT XapakKTe-

Taonuya 14-3. N3meHeHWs cTaHJapTHOW CBO-
GOAHOW 3HEepPrum ANs HEeKOTOPbIX XUMUYECKUX
peakuyuii npu pH 7,0; 25
Peakuusa 400,
KKan/monb

Funpponus:

AHTUAPWUABI KUCNOT:

YKCYCHbIi aHrugpug + H20 -

“m 2Auerat - 21,8

ATP + H20 - ADP +

r docear
CnoXxHble 3aunpbl:

dTunauertar +

Hon + Auerar

FnwkKos3o-s -hocthat + H20 -+

« Nnwoko3a + docear
AMUAbLL U NenTUAbl:

Fnytamud + H20

maT + NHa

ravumnramuve + H20 —

-» 2 [ nuuuH .22
Fnukosnpgbl:

Manbto3a +

KO03a

NakTto3a -- H20 -»

3a + [lankrto3a
MeperpynnupoBka:

rnokoso-1-pocpar

30-s -ocar

®pykTO30-6 -hOCPHatT -» nto-

K030-s-(hochaTt
OTuwenneHne BOfAbI:

Manat -» dymapar + H20
OKucneHne MONEKYNAPHbIM Kuc-
Nnopoaom :

Fnokosa + 602 -> ¢CO2 +

+ sH20

ManbMuTNHOBAA Kucnota +

+ 230, -» 16C0O2 + 16H20

-7,3

H20 -“m 3JTa-

-> TnyTa-

H20 -> 2l nwo-

FnwokKo-

Fnwoko-
-1,74

-0,40

+ 0,75

-686

-2338

pn3yeTca OTHOCMTENbHO 6ONbLIOW BeMYU-
HO AGo . OCO6eHHO Xe 60MbWNM YMEHb-
LIEHWEM CTaHAApTHOI CBOGOAHOW 3Hepruu
COMPOBOX/AeTCA OKWUCNEHNE OpraHuyecKux
coeanHeHunin go CO2 n H20. Mo3xe, oaHa-
KO, Mbl yBUANUM (rn1. 15 1 17), uTo faHHble 06
N3MEHeHMNAX CTaHLapTHOW cBOBOAHON 3Hep-
rmM, nofobHble TeM, KOTOpble MNpUBefEHbI
B Tabn. 14.3, HNYEro B CYLLHOCTU HE TOBOPAT
Ham 0 TOM, Kakaf 4acTb CBOGOLHON 3Hep-
TN MOXeT peanbHO UCMO/b30BaTbCA B 6MO-
NOTUYECKUX CUCTeMax.
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14.5. BennuuHbl AG0' n AG
pasnunyalTcA, U 3TO pasinyue
MMeeT BaXXHOe 3HaueHue

Cnegyetr dAcHO o0TAaBaTb cebe oOTYeT
B TOM, 4TO U3MeHeHWe CBOGOAHON 3Hepruun
AG ¥ M“3MeHeHWe CTaHfapTHoOW cBO6OAHON
3Heprun AGO' -3ro ABe pasHble BENUNYUHDI.
Kak Mbl y)e 3HaeMm, npu nt060M CMOHTaH-
HOM XMMMWYECKOM UAn hn3nyeckom npoLiec-
ce cB0OOAHAs 3HEprus peakuMOHHON cu-
CTeMbl Bcerga YymeHbliaetcsa, T1.e. AG
Bblpa)XKaeTcs BCerga oTpuuaTeNbHOW Benu-
YMHOW. HO Mbl 3HaeM Takxe, YTo M0G0 Xu-
MUWYECKOW peakuuyn COOTBETCTBYET CTPOro
onpejeNneHHoe U3MeHeHWe CTaHAapTHOW
cBob6oaHON aHeprun AGO, KOTOopoe MOXET
ObITb MONOXUTENbHLIM, OTPULLATENBHbLIM
UMW PaBHbIM HYJIO B 3aBUCUMOCTU OT KOH-
CTaHTbl paBHOBeCWUA [aHHOW peakuwun. o
Be/IMYMHE N3MEHEHNA CTaHJapTHON cBo6OA-
Hol 3Heprum AGO' Mbl cygum O oM, B Ka-
KOM HanpaBineHUW W Kak janeko nonger pe-
akuma Jo TOro MOMEHTa, Korfja B cUCTeMe
yCTaHOBUTCA paBHOBeCKe, eciv 3Ta peakuus
NPOTEKaeT B CTaHAApTHbIX YCNOBUAX, T.e.
MPY UCXOAHbIX KOHLEHTpaLnusax BCcex KoMmno-
HeHTOB 1,0 M, pH 7,0 1 TemnepaType 25 C.
BennunHa GO, cnegosatefnibHO, eCTb CTPO-
ro onpefeneHHas KOHCTaHTa, XapaKTepHas
NS KaXKAON faHHON peakuun. ICTUHHOE Xe
n3MeHeHne cBo6ofHOl 3Heprum AG ans
[AaHHOW XMMWYEecCKOW peakuumu 3aBucuT OT
YCNOBWiA, NPU KOTOPbIX 3Ta peakuuns hakTu-
YeCcKun NpoTeKaeT (T.e. OT KOHLUeHTpauuu pe-
arupyowmnx KOMNOHEHTOB, pH u Temnepa-
Typbl), @ 3TW YCNOBUA MOTYT U He coBnagaTb
CO CTaHAapTHbIMU. Kpome TOro, BennyuHa
AG N0 601 peakLun, CTpeMALLEACS K paBHO-
BECUIO, Bcerfja oTpuuatenbHa U YyMeHb-
WwaeTcA Mo abcoNtOTHOW BennumnHe (CTaHoO-
BMTCA MeHee OTpuLaTeNbHON) ¢ Npubanxe-
HMeM K pPaBHOBECWUIO; B MOMEHT AOCTUXKe-
HUA paBHOBECUA OHa paBHa HYy/MO, U 3TO
CBWUETeNbCTBYET O TOM, YTO 3a CYeT fAaH-
HOIl peakuMn 60nbLIE Y)XXe He MOXET OblTb
NpoOu3BeeHO HUKaKoi paboThbl.

3HayeHns AG n AGO' gnsa peakuyumn A +
+ B-»C + D cBA3aHbl YpaBHEHWEM

AG = AGO' + 2,303JRTlsj
(B]

B KOTOPOM  BEe/INYUHbLI,  BbIfie/IEHHbIE
KpPacHbIM, XapaKTepu3ylT WCTUHHOE CO-
CTOSIHWE [aHHON CUCTEMbI.

PaccmoTpum npocToi npumep. Mprumem,
yTo peakuus A + B “mC + D npoTtekaeT npu
CcTaHAapTHOI TemnepaType <25C) u cTaH-
[apTHOM flaBfieHUU (1 atM), HO 4TO MUC-
XOfHble KOHLEeHTpaunm KOMMOHEHTOB A, B,
C n D He paBHbl MexAay c060iA n HWU ANd
OfiHOTO W3 KOMMOHEHTOB He paBHbl CTaH-
JapTHOMY 3HauveHutio 1,0 M. YTo6bl onpe-
[ennTb WCTUHHOE W3MeHeHWe CBOGOAHON
3Heprumn AG ana cnyvas, Korga pasHosecue
ycTaHaB/IMBaeTCA MPW 3TUX HECTaHAapTHbIX
MCXOLHbIX  KOHUEHTpauusax, [OCTaTOYHO
NpocTo MOACTaBUTb B MPUBEAEHHOE BblLle
ypaBHeHWe WCTUHHbIE WCXOAHbIE KOHLEeH-
Tpauumn komnoHeHtoB A, B, C n D; Benu-
YnHbl R, Tu AGO' coxpaHAT npun aTom, pasy-
MeeTcs, CBOe 06bl4HOe 3HauyeHue. PelueHue
3TOr0 ypaBHeHUA fAaeT BennuuHy AG, T.e.
n3MeHeHUe CBOOOAHOW 3HEPrUn JaHHON pe-
aKuMn Ans Tex KOHUEeHTpauuid KOMMOHeH-
TOB, MPU KOTOPbIX 3Ta peakuus hakTuyeckm
npoTekaeT. BenuumHa AG 6ygpeT oTpuua-
TeNbHON U OyfAeT YMeHblaTbCA BO Bpe-
MeHUW, MOCKONbKY KOHUEeHTpauun A n B no
Mepe NpPoTeKaHus peakuun 6yayT CHUXKaTb-
cq, a KoHueHtpaumm C wu D Bo3spacTtaThb.
WTak, BenuunHa AG peanbHO MnpoTekalo-
el XMMUYeCcKon peakuymmn Bcerga MMeeT OT-
puuaTenbHOe 3HaYeHWe 1 BCerfja CTPeMUTCA
K Hynwo, torga kak AGO ecTb BenuymHa
MOCTOSHHaA.

BaXXHO MOMHWUTb, 4YTO BennymHbl AGO
n AG yKasblBalOT NMNLWb MakCMMaibHOe KO-
NN4YecTBO CBOBGOLHOW 3Hepruu, KoTopoe
TeopeTnyeckn cnocobHa faTb paccmaTpu-
Baemas peakuus. 3TO KOJIMYECTBO 3HEPrumn
MO>XeT OblTb MCNO/Mb30BAHO TO/NLKO B TOM
cflyyae, eCnu B HAIMYNN UMEeTCH KaKOM-HU-
6yAb BbICOKOI(h(HEKTUBHBIN MeXaHW3M, Cno-
COGHBbIN yNOBUTL 3TY 3HEPTUIO U HanpaBuTb
ee Ha BbINONHeHWe None3Hol paboTbl. Ecnn
Xe Takoro mexaHusma HeT, TO Mpu no-
CTOSIHHON TemnepaType W MOCTOAHHOM fJa-
BMIEHUN HMKakas paboTa 3a CYeT JaHHO pe-
aKuMm He MOXeT ObiTb BbIMNOAHEHA.
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14.6. MN3MeHeHUs cTaHLapTHOM
CcBO6GOAHOW 3HEPTUN XUMWUYECKUX
peakuuii agauTUBHbI

PaccmoTpum gBe nocnegoBaTefibHO Mpo-
TEKaloWwne XNMMUYECKME peakunn:

A- B AG?',
B-»C AG2.

Kaxpgas 13 aTUx peakuuii xapakTepusyercs
onpeAeneHHOW KOHCTAaHTOW paBHOBecMS
M OnMpefeneHHbIM W3MEHEeHWeM cTaHgapT-
Hoin cBoGofHON aHeprun, AG® n AGf. Mo-
CKOMbKY 3TV ABe XUMUYECKMe peakuuu npo-
TeKalT NocnefoBaTe/lbHO OfjHa 3a ApYTroi,
Mbl MOXEM UCKIIOYNTb KOMMOHEHT B 1 3a-
nucaTb CyMMapHYyl peakuuio B BuUie

A- C.

CymMmapHas peakuus TakXe WMeeT CBOIO
KOHCTaHTy paBHOBeCWS, W, Clef0BaTe/bHO,
0N Hee MOXHO paccunTatb U3MeHeHue
cTaHfjapTHOW cBO6GOAHOW 3Heprun AG®',
370 NOABOAMT HacC K 04eHb BaXXHOMY CBOIA-
CTBY M3MEHEHWI CTaHAapTHON cBo6OAHON
aHeprumn. OkasbiBaetcs, BennyunHbl AGO' no-
cNnefoBaTeNbHO NPOTEKAKLWMUX XUMUYECKNX
peakuwii afAMTWBHbI. VI3MeHeHune cTaHfapT-
HON CBOGOAHON 3HEPrUn CyMMapHOW peak-
uumn A -* C, KoTopoe Mbl 0603Ha4YnAN Yepes
AG®, paBHO anrebpanyeckoil cymme n3me-
HEHWIA CcTaHAapTHOW CBOBGOAHOWN 3Hepruu
[BYX €e OTAeNbHbIX CTaguil, T.e. BENNYUH
AG? n AG2.

AG® = AG? + AGS.

JTO COOTHOLIEHME KpaiHe BaXHO, MOCKO/b-
Ky OHO [aeT BO3MOXHOCTb /1erKo BblUKC-
NATb U3MeHeHWUs CTaHAapTHOW cBOGOAHOM
3Heprun gns pasfiMyHbIX NocnefoBaTenbHO-
CTeil MeTabo/MUECKNX peakuuii. Hanpumep,
npu paclenaeHnn rankKoreHa B Mblwyax (o
KOTOpOM 6yfeT MATWM pedyb B crneaytoLei
rnaBe) MpoTeKalwT [Be MOCNef0BaTe/bHbIE
peakuuu:

I" nioko3o-1 -thocat

AGo* - 1,74 KKan/Monb

doctornokomyTasa Y

noKo30-s -pochar

Inokosogochar- AGor = + 0,40 KKan/mMonb

n3omepasa
P pyKT030-6 -thOChHAT

YpaBHeHVe CYMMapHOii peakuum nmeet BUj

nwoko3o-1-gpochar -*
-» PpyKTO30-6 -POCHhAT.

Vi3MeHeHMe cTaHAapTHOM CBOGOAHOI 3Hep-
rMy 3TOW peakunyu MOXHO ONpefennTb Kak
anrebpanyeckyto cymmy BenuumH AGO' no-
cnepoBaTeNlbHbIX CTafWii:

AGR = - 1,74+ (+ 0,40) =
= —1,34 kkan/monb.

YacTo OKa3biBaeTCH BO3MOXHbIM BblYKC-
NUTb M3MEHeHWe CTaHAapTHOW CBOGOAHOM
aHeprun AGO' ans Kakoi-nnbo peakuum ga-
e B TOM C/yyae, KOrfja KOHCTaHTa UCTUH-
HOro paBHOBECMS 3TON peakuun Ham He W3-
BeCTHa. DTO MOXHO CAenaTh, ecau ygactcs
CBA3aTb MCC/MEAYEMYIO peakLuio C Kakoi-
HMbYab APYroW peakuunei (419 KOTOPON n3-
BeCTHa BefMumHa AGO) 1 onpefennTb KOH-
CTaHTy paBHOBECUA CYMMAapHOI peakuuu.

14.7. ATP-rnaBHbli XUMUYECKWUIA
NocpefHNK KNeTKWU, CBSA3bIBaloLLNi
Mexnay coboli npouecchbl

nayuime ¢ BblfeneHnemM

U c noTpebneHnem 3Heprum

Tenepb, NO3HAKOMWBLUIMCb C HEKOTOPbI-
MU OCHOBHbIMUW 3aKOHamu, KOTOpble pery-
NMPYIOT 06MEH 3HEPTUN B XUMUYECKUX CU-
cTemMax, Mbl MOXeM 06paTUTbCA K paccmo-
TPEHWIO 3HEPreTUYEeCcKOro LuKna B K/eTKax.
[Ona reTepoTpodHbIX KNETOK WCTOYHUKOM
CBOGOAHOI 3HEpPruu, Noay4vyaemoi B XUMU-
yeckoli hopme, CNYXWUT npoLecc paclyenne-
HUA, AN KaTabonn3m, MULLEBLIX MOEKYN
(B OCHOBHOM Yr/neBOAOB U XUPOB). 3Ty
SHEPIrNI0 KNETKM WCMONb3YKT B Clefylo-
WKX Lensx: 1) 4Na cuHTe3a 6MoMonekyn u3
MOJIEKY/I-NPeALWeCTBEHHUKOB He60/bLIOro
pasMmepa; 2) ANA BbIMOMHEHUS MexaHuye-
CKO paboTbl, HaMpMMep MbIWEYHOTO CO-
KpauwieHus, 3) Ans nepeHoca BeLecTB yepes
MeMbpaHbl MPOTUB rpaguMeHTa KOHLeHTpa-
ummn n 4) ana obecnevyeHns TOYHOWN nepegayn
MH(opMauumn. NaBHbIM CBA3YHOLWNUM 3Be-
HOM MeXAY KNeTOYHbIMU peakunamu, may-
WMMWN C BblaefeHneM U ¢ noTpebieHnem
3HEpPrun,  CAYXWUT  afleHOo3uHTpudochar
(ATP; puc. 14-2). Mpun pacLenyieHnn BbICO-
KO3HEpPreTMYeCKOro KNeTOYHOro TOMJuBa
YyacTb COofepKalleiics B 3TOM TOMIMBE CBO-
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AneHH nh2
O603HaYeHns Tpex
thocaTHbIX rpynn / V S 2
Lo H\ Qi
o o N N
lo —Il—o —gi—Fb—OH'
1
0 0 D-pu6osa
BbicokoaHepreTuyeckas OH OH

KOHLieBas hocthaTHas i
rpynna

Puc. 14-2. A. CtpykTtypsl ATP, ADP n AMP.
docatHble rpynnbl ATP 0603Ha4al0T rpeyeckun-
mMu 6ykBamu a (anbta), B (6eta) n y (ramma).
KoHuesas ocaTHaa rpynna ATP MoxeT nepe-
HOCUTLCA C MOMOLLLIO (PEPMEHTOB Ha pas/nyHble
akuenTopbl gochata. Mpu pH 7 dhochaTHble
rpynnbl NOMHOCTbIO MOHM30BaHbI. Bb. MpocTpaHCT-
BeHHas Mofenb Mosiekynbl ATP.

604HOW 3Heprum ynasnnsaeTcs, B TOM CMbl-
Cfe 4YTO OHa WCMonb3yetca AN CUHTe3a
ATP un3 ageHosnHgudocpata (ADP) n He-
opraHuyeckoro docgarta (P;)- npouecca,
Tpebytowero 3atparbl CBO6OLHOW 3Heprum.
Mo3xe ATP, pacnagascb Ha ADP u ocat
(puc. 14-3), oTAaeT 3HAYMTENIbHOE KOnuye-
CTBO CBOE XMMMWYECKON 3Heprun Tem npo-
Leccam, AN KOTOPbIX 3Heprus Heobxonu-

Puc. 14-3. ATP-uuKn B KneTkax.

CO, -» ATP

Ma. Takum o6pasom, ATP BbicTynaeT
B PO/IN MepeHOoCYMKa XMMUYECKOW 3Hepruu,
CBA3bIBAIOLLETO0 KNETOYHbIe MPOLecChl, CO-
NMpoBOXJaloLwmecs BbleNeHNeM 3Hepruu,
C TEMMW rNaBHbIMW BMAAMMW KNETOYHON aK-
TUBHOCTU, B KOTOPbIX 3HEPTUA NOTPe6NAeT-
ca. ATP nocTtaBnsdeT 3Hepruio u 418 Takux
MpPOLLeCCOB XN3HeAeATeNIbHOCTH, KaK IOMU-
HecLeHLUMa, KoTopas Yy CBETNIAKOB CNYXWUT
CUTHaNoM ANna npuBfeveHns ocobeil NpoTu-
BOTMOJIOXHOrO Mosa.

Bnepsbie ~ ATP 6bIn 06Hapy>xeH
B 3KCTpaKTax CKeneTHbIX Mblwy Kapiom
NomaHom B epmaHuun, U NOYTU OfHOBpE-
MeHHO B 1929 r. AiBa amMepuKaHCKUX ucce-
posatens-Caiipyc ®ucke n Mennanparaga
Cy66apoy - Bblfjenunu  3TO  COefUHEeHMe.
CHauvana gymanu, 4yto ATP urpaet BaxKHyto
ponb TONLKO B MPOLECCaX MbILLEYHOrO CO-
KpaleHus ; 04HAaKO 3aTEM BbIACHWIOCH, YTO
OH MPUCYTCTBYET B K/IeTKax BCEX TWUMOB-
XMWBOTHbIX,  pacTUTeNbHbIX U bGakTe-
puanbHbiX. O6HapyXunock Takxe, 4to ATP
NPUHUMaET yyacTue B KNETOYHbIX MpoLec-
cax camoro pasHoro tuna. B 1941 r. ®puy
NunmaH, y6eamBlINCE B YHUBEPCANbHOM
3Ha4YeHMM BCeX 3TUX HabnaeHWi, BbIABK-
Hyn 0606Lial0Ly0 KOHLEMNUU, COrnacHo
KOTOpoil ATP B kneTkax urpaeT posb rnas-
HOr0 W YHMBEpPCanbHOro MepeHocynKa Xu-
MUYeckoi aHeprun. OH nepBbIM BblCKa3san
NpefnosioXeHne 0 CyLIeCTBOBAHUMU B KIeT-
kax ATP-uyukna (puc. 14.3).

14.8. Xumnuyeckume cBOMCTBA
ATP X0opowwo W3BECTHbI

ApeHosnHTpugoctaT (ATP) U NpoAYKThI
nocnefoBaTe/bHbIX CTaANiA ero rugponnsa,

AKTVBHbII MblLweyHoe
OKMCNeHNe KNETOYHOrO buocnHTes TpaHcnopT COKpalLlLieHue
Tonnnea, conpoBoXAaatoLleecs (xumueckas (ocmoTMueckas  (MexaHu4yeckas
BbleNIeHNeM 3Heprum pabota) pa6ota) pa6oTa)
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afeHosvHandoctaT (ADP) 1 afeHo3MHMO-
HothocthaT (AMP), npuHagnexar K Knaccy
HYK/NEe0TUNA0B (puc. 14-2). HanomHum
(rn. 3), 4TO MOMEKYNbl HYKNeoTUoB CO-
CTOAT M3 TeTepoLMK/INYECKOro OCHOBaHUA
(nypvHa unum nupuMugnHa), NATUYriepoj-
HOro caxapa ¥ 0A4HON WK HEeCKONMbKKX hoc-
thatHbIX rpynn. B monekynax ATP, ADP
n AMP ponb OCHOBaHWA UrpaeT afeHuH (ny-
pyH), a NATUYINepOfHbIA caxap npepcTa-
BneH D-pubosoit (puc. 14-2). PasnuuyHble
BUAbI HYKNEOTU0B, KOTOPbIX U3BECTHO f0-
BO/IbHO MHOTO, OT/IMYAOTCA APYT OT fpyra
NpMpoAoi BXOAAWMX B WUX COCTaB aso-
TUCTbIX OCHOBaHWA u caxapoB. Hykneo-
TUAbl BBLIMOMHAIOT B K/EeTKe camble pa3Ho-
o6pasHble (YHKUUKU, HO 6GOnee BCEro OHKU
M3BECTHbI KakK CTPOMTe/NbHble 6/10KK Mone-
kyn AHK n PHK, B KOTOpbIX OHU cny»xaT
Kogupywowumn anemeHtamun. ATP, ADP
n AMP (puc. 14-2) o6GHapy>eHbl Yy BCeX
XUBbIX (DOPM, W Be3/e OHW BbIMONHAKT 0f-
HW W Te Xe YHUBepcanbHble QYHKUUU. ITn
COEfJMHEHNA NPUCYTCTBYIOT HE TONIbLKO B LU-
TO30/€, HO U B MUTOXOHAPUAX, U B KNeToY-
HOM fgpe. B HopmanbHO fblWwalunx Kret-
Kax Ha gomo ATP npuxogutca po 80%
n faxe 6onee o6LWero Konu4yecTsa BCEX
Tpex afleHNHOBbIX HYKNeoTnioB
(Tabn. 14-4).

Mpun pH 7,0 ATP n ADP cyuwecTtsyloT
B BUJE aHWOHOB, HECYLUNX HECKO/bKO 3apf-
fos, ATP4~ n ADPs _, NOCKO/MIbKY BCe KX
(hocaTtHble rpynnbl Npu 3TOM 3HaveHun pH
NoYTW NOSTHOCTLIO MOHWU30BaHbI. OHAKO BO
BHYTPUKNETOYHOW XWAKOCTU, AN KOTOPOi
XapaKTepHO BbICOKOE COAepXaHWe WOHOB

Mgz2+, ATP wu ADP, npucytcTsyrT
rnaBHbIM 06pasoM B BUAe KOMIMIEKCOB
¢ MarHuem, MgATP2* wn MgADP ~

(puc. 14-4). Bo MHOrMx (epmMeHTaTUBHbIX
peakuuax, B KotopblX ATP yyacTByeT B Ka-
yecTBe fOHOpa (hocthaTHOW rpynmnbl, akKTUB-
Holi chopmoii ATP SBNAeTCA WMMEHHO ero
KOMMekc ¢ marinem, MgATP:2 “ . KoHUeH-
Tpauus ATP B KneTkax noggepXxunsaerca Ha
OTHOCWUTENIbHO MOCTOSHHOM- YPOBHE, MO-
CKO/IbKY CKOPOCTb ero o6pasoBaHua npu-
6/MM3NTENBHO  YpPABHOBELLWBAETCA  CKO-
pocTblo ero pacnaga. Takum o6pasom,
KOHLEBbIe (hocthaTHble TPynnbl MONEKYN
ATP npeTepneBalT HemnpepbiBHOE O06HO-
B/IeHVe B npouecce metab6onunama. OHM no-

Ta6nuua 14-4. KoHUeHTpauuMas afeHWHOBbIX
HYKNeoTUaos., HeopraHn4yeckoro (octarta
n KpeaTuHdocharta (KP) B HEKOTOPbLIX KNeTKax,
MM 11

ATP  ADP AMP p K

MeyeHb
KpblCbl 3,38 1,32 0,29 4,8 0
M bl W L bl
KpblChbl 8,05 0,93 0,04 8,05 28
SpuUTpoLmnTHI
yenoBeka 2,25 0,25 0,02 1,65 0
Mo3r kpbicbl 2,59 0,73 0,06 2,72 4,7
E. co4 7,90 1,04 0,82 79 0

Ona  3puTPOLMTOB  yKa3aHbl  KOHLieHTpaLuuu

B LWTO30/1e, NMOCKO/IbKY B 3pUTpOLMUTaX HET HU
A4pa, HW  MUTOXOHApWI. Bo Bcex Apyrux
cnydyasx uMeeTca B BuAy oOliee cofepxaHue
B K/IeTKe, XOTA Mbl 3HaeM, 4TO, Hanpumep,
KOHLeHTpayuu ADP B uuTo3one n
B MUTOXOHAPUAX Pas3nyaloTCAa OUYeHb CUJLHO.
O kpeaTuHdochare (pochokpeatnHe) Mbl 6yaem
roBOpUTb MO3Xe B 3TON Xe rnaee.

AEHVH

Mg
o 6 o

l |
-0 —P—0—P—O0 -p- -O—Pnbo3a
I |
o] O o]
MgATP2-

AEHVH

Mg

O~ b-
| l
-p- -O—P—0O—Pw603a
o] o]
MgADP"

Puc. 14-4. Komnnekcel ATP n ADP ¢ noHamu
Mg2 +.

CTOSHHO OTWENNATCA W 3aMelyaroTca
HOBbIMW 3@ CYET K/IETOYHOro nysa Heopra-
HUYeckoro gocaara.

ATP ypanocb cuHTe3npoBaTb B nabopa-
Topuu. Ero cTpyktypa v cBOACTBa Oblnn
noApo6HO n3yyeHbl. Mbl 3HAEM Takxe, 4TO
OH CNYXXWUT CBA3YIOLW MM 3BEHOM MEXAy pe-
akuMammn, naywmmmn ¢ BblfieleHUeM 1 ¢ no-
TpebneHnem 3Heprun. 3Ta ero poab OCHO-
BaHa Ha WM3BECTHbIX XUMWYECKUX MNPUHLK-
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nax, K paCCMOTPEHMIO KOTOPbIX Mbl Tenepb
n nepeigem.

14.9. XapakTepHoe 3HauyeHwue,
cTaHgapTHOW cBo6oAHON 3Heprum ATP

Mpu rngponuse ATP, B pe3ynibTate KOTO-
poro ATP TepsieT KOHLEeBYH (ocdaTHYyto
rpynny, npespauiasco 8 ADP n HeopraHu-

yeckmin ocat
ATP + H20 -* ADP + P/

M3MEHeHUe CTaHAapTHO CBOGOAHOW 3Hep-

rum (tabn. 14-3) coctaBnser —7,3 Kkan/
/monb.
OnpegeneHbl TakkKe W3MEHEHWA CTaH-

LapTHO cBOBOAHON 3Heprum gns rmaponu-
3a paja gpyrux (ochopuanpoBaHHbIX CO-
eanHeHwnii  (tabn. 14-5). 'maponus Heko-
TOPbIX U3 3TUX COEJUHEHWIA B CTAHAAPTHbIX
YCNOBMAX MPUBOAUT K OCBOGOXAEHUIO He-
CKO/bKO 60/blIEro KonuyecTsa cBO6OLHON
aHeprun, yem rugponus ATP, a gpyrmx —
MeHblero. Hanpumep, BennunHa AGO agna
(hepMeHTaTUBHON peakunu

Fnoko3o-s-pochar + H20 -»

Fnioko30-6-doctaTasa
Fnokosa + dochar
paBHa —3,3 KKan/monb, T.e. 3Ta peakuus
NPUBOANT K OCBOGOXAEHWUIO 3HAYUTENbHO
MeHbLLEro KofmyecTsa CBO6OLHON 3HepPrun,

yem rmaponus ATP (AGO' =
Ta6nuua  14-5.  CTaHfapTHas  cBob6ogHas
SHEpPrna ruapoansa HeEKOTOpPbIX
(hocthopUNMPOBaHHBIX COEAMHEHUIA
ae’,
KKan,'Monb
®ochoeHonnupysar - 148
3-thochornuuepoundgocear
(-»3-dpochornuyepat + P\ - 11,8
Kpearnngpocopar - 103
ADP (-»AMP + Pp - 73
ATP (D2ADP + P) -7.3
AMP (-> AgeHo3uH + Pf) - 34
Fnwokoso-1-poceart - 50
dpyKT030-6 -(hOChAT - 38
N ko3o-s -ochar - 33

Innuepon-1-dpochar - 2.2

= —7,3 kKan/monb). MOCKONbKY B paHHUX
nccnefoBaHMax 6biN0  YCTaHOBNEHO, 4TO
npu rugponnse ATP BbicBO6OXgaeTCsA ro-
pasgo 6onbliee KOAMYECTBO CBOGOAHOMN
3Hepruu, Yem npu ruAponn3e rNOKO30-6-
thocpata u paga gpyrux agupos docdop-
HOli Kucnotbl, ATP cTanu HasblBaTb BbICO-
KO3HepreTnyYeckum  (pochopbiNMpOoBaHHbLIM
COefIMHEHNEM, a T/I0K030-6-hocdaT-HU3-
KO3HepreTuyeckum. [1o3xe BbIACHWUIOCH,
4YTo B KJ/eTKax MNPUCYTCTBYIOT Takxe #
HekoTopble fpyrue ¢ochopunmpoBaHHble
COefJMHEHMNA, B YacTHOCTU dhocdoeHonnu-
pysaT u 3-thocoramuepounndochaT (Tabn.
14-5), rnaponmM3 KOTOPbIX XapakTepusyert-
€ ropasfo 6onee BbICOKON CTaHAapTHOIA
CcBOGOAHOW 3Heprueid, yem rugponus ATP,
VX TOXe Ha3blBalOT BbICOKOIHEPreTun-
YyecKUMu octhopunnpoBaHHbLIMN COefjuHe-
HuamMKU. OfHAKO 3TU Ha3BaHWA-«BbICOKO-
JHepreTMyeckKne» U  «HU3KO3HepreTnyec-
Kne»-3aCNoHAKT OT Hac TOT (hakT, 4To
Mbl MMEeM [eno B CYWHOCTU C Tpemsd
Knaccamu (ochopuNpPoBaHHbLIX COefuHe-
Huil. Takue coefuHeHMs, KaK (hochoeHon-
nupysar u 3-gocornuuepoundgocgar, co
3HauuTeNnbHO 60nblueli CTaHAapTHOW CBO-
604HON 3Heprueii rugponunsa, yem y ATP,
MOXHO 6bIN0 6bl Ha3BaTb CBEPXBbICOKO-
3HEPreTUYeCKUMN coefnHeHnaMn. Mbl CKO-
po yb6egumcs B TOM, UYTO MNPOMEXYTOY-
Hoe 3HayeHne AGO' rugponusa ATP ouyeHb
BaXHO NS €ero 6M0on0rnyveckoi gyHKLuu.

13 rabn. 14-5 BugHo, 4TO 3HavyeHus AGU
ana rugponusa ADP go AMP u docdaTta
W ANA peakuyuum OTLWLenieHUs KOHLEeBOM
toctaTtHoii  rpynnbl  ATP  0AMHaKOBbI
(—7,3 kkan/monb). Takum ob6bpa3om, obe
KOHLeBble (hocdaTHble rpynnbl ATP (B- 1 y-)
ABNIAOTCA BbICOKO3HepreTuyeckumu. (B 10
e Bpems BennunHa AGO rugponusa AMP
[0 afjleHO3nHa M (ocata HAMHOIO HUXe;
OHa cocTaBfisgeT Bcero —3,4 KKan/monb,
T.e. AMP npuHagnexxuT K HU3KO3HepreTu-
YeCcKUM coeguHeHuam.) To3xe Mbl YBUAUM
(pa3g. 14.17), yuto npu yyactum ocoboro
(hepMeHTa 3TW (pocdaTHble rpynnbl MOryT
MCNoNb30BaTbCA B KNETKE B peakuuax, co-
NPOBOX a0 NXCA NOTPEONEHNEM IHEPTUN.
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14.10. 1loMVMN cuaH.wpuas
cBobofHaa mcpi Ma ni w» HNa
ATP oiHociiieu.no Bewka?

Kaknumun CTpYKTYpHbIMU OCOBEHHOCTAMMU
Monekynol ATP cnefyeT 00bACHWUTHL TOT
(haKT, 4TO NpU rUAPONUTUYECKOM OTLene-
HWUWN ero KOHLeBON (ocaTHOW rpynnbl Bbl-
gensetcs ropasfo 6onble CBOGOAHOV
3Hepruu, 4Yem, Hanpumep, nNpu ruaponnse
rNKo30-s -pocharta? Ana Toro 4Tobbl OT-
BETUTb Ha 3TOT BOMPOC, TpebyeTca yuyecTb
CBOICTBa He TO/MbKO cy6CcTpaTa, HO M Npo-
OYKTOB peakuuu, MOoTOMYy 4TO W3MeHeHWe
CTaHAapTHOWN cBOBOAHON 3HEPrumn ecTb pas-
HOCTb MexAy CBOGOAHOI 3Hepruei wuc-
XOAHbIX BELEeCTB UM CBOBOAHON 3Heprueit
NPOAYKTOB peakuun. BenuvyuHa cTtaHgapT-
HOli cBOGOAHON 3Heprmm rugponusa ATP
onpegenseTca Tpems TNaBHbIMU  CTPYK-
TYpHbIMY (hakTopamu. [epBblii U3 HUX -3TO
cTeneHb guccoumnaumm camoro ATP u npo-
OYKTOB ero rugponusa. Mpu pH 7,0 ATP
MoyTW MNOMHOCTbIO WMOHW30BaH, T.e. Cylle-
CTBYET B Buge aHuoHa AP |, B pesynbTa-
Te rugponmsa ATP o6pa3ytoTcs He OfuH,
a Tpu npogykta: ADPs“, HPO| wu H
CymMmmapHoe ypaBHeHue rugponusa ATP
MMeeT CneayrlowWmnii BUA:

ATP4“ + H,O ADP3 ~ +

+ HPO;" +H +.

B KauecTBe CTaHAApTHOro COCTOAHMUA MpU-
HATO Takoe COCTOAHWE CUCTEMbI, MPU KOTO-
poM KoHueHTpauuu ATP4*, ADP* n
HPO4+*“ paBHbl 1,0 M. OfiHaKO KOHLEHTpa-
ums  BOAOPOAHLIX MOHOB npu pH 7,0
(ctaHpapTHOe 3HayeHue pH fgna pacyeTos
AGQ') cocTaBnsieT Bcero nuwb 10“ M. Ta-
KUM 06pa3om, KOHLEeHTpauus BOAOPOAHbIX
MOHOB 0YEHb Masia No CPaBHEHWUIO CO CTaH-
0apTHBIMU KOHLUEHTpauuamm BCeX [ApYrux
KoMnoHeHToB (1,0 M), u, cnefoBaTefbHO,
no 3aKoHy feiicTBylOWMX macc, npu pH 7,0
paBHOBecue peakuuu rugponusa ATP pon-
XHO ObITb OYEHb CUNLHO CABUHYTO BMpaso.
B oTnnymne oT 3TOro rmaponns rnrKo30-6-
toctata npu pH 7,0 He BegeT K o6pasoBa-
HUIO CKOJIbKO-HWUOBY/b 3aMEeTHbIX KOMIMYeCTB
MoHOB H +:

noko3o-s-thocparz “ + H20 ->
—>» nwkosa + HPOJ =
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BTopaa npuuunHa, obycnosnusaroLas oT-
HOCUTENbHO 60nblWYy0 BenuuuHy AC™ ru-
Aponusa ATP. 3aknto4aeTcs B TOM, 4TO Mpu
pH 7,0 monekynbl ATP HecyT YeTbipe OTpU-
LaTenbHbIX 3apaja, pacnofaratowmxca Ao-
BO/MIbHO 6/1M3KO Apyr OT Apyra, BCNeAcTBUe
Yero Mexkgy HMMU CYLLEeCTBYeT CU/IbHOE OT-
TankuBaHue (puc. 14-2). Korga npu rugpo-
Nnu3e KoHUeBas (octaTHasa CBA3b paspbl-
BAeTCA, 3NIEKTPOCTATUYECKOe HamnpsxeHue
BHYTpPU mosiekyn ATP cHumaeTcsa 3a cyer
NMPOCTPAHCTBEHHOrO pasbefuHeHnd OoTpu-
LaTeNbHO 3apAXXeHHbIX MPOAYKTOB FUAPO-
nnsa ADPs" MHPOj". 3Tn NpogyKTbl He-
CyT 3apsAfbl OfiHOTO 3HaKa W He CTpemATCH
MO3TOMY BOCCOEAUHWUTLCA APYr C LPYrom
1 BHOBb 06pasoBaTb monekyny ATP. NHaue
o6cTonT fAeno, Korga ruaponusy mnofasep-
raetca rnoKo3o-s-pocar. OguH u3 npo-
OYKTOB €ro rmaponusa, rnokosa, Boobuie
He HeceT 3apaga. Mexgy rnokosoi n gpy-
rMM  NPOAYKTOM  TWUAPOMM3a,  WOHOM
HPO4*“, He BO3HMKAET NO3TOMY CUN OTTaf-
KUBaHUA, N UX CTPeMJSieHWe K pekombuHa-
UMM 0Ka3biBaeTCA B 3TOM cnyyae 6o0nee
CUMBHbIM.

HakoHel,, TpeTba BaxHad npuyuvHa 60nb-
ol oTpuuaTenbHoi BenuuumHbl AGH ru-
aponusa ATP cBA3aHa ¢ TeM 06CTOATENb-
CTBOM, 4TO [JBa MNPOAYKTa peakuuw,
a umeHHo ADPs“ un HPO”” npegcra-
BNSAOT COBOA pesoHaHCHble TMopuAbl, T.e.
Takue CTPYKTYpHble (DOpPMbI, AN KOTOPbIX
XapakTepHa MNOBblWEHHAaA YCTOWYMBOCTD,
MOCKO/bKY HacTb UX 3/IEKTPOHOB HaxoAMUTCA
B KOH(urypauuax, ob6nagalowmnx 3Hayu-
TeNbHO MEHbLUE 3Hepruen, no CPaBHEHMUIO
C TOW, KOTOpPO OHWM 06nafgann B KOHGUry-
pauuax, xapakTtepHbix gna monekyn AlP
Moastomy, korga ATP nogsepraertca rugpo-
Nn3y, 3NeKTPOHbl B MNPOAYKTaxX peakuunu
ADP3z~ n HPO4" MOryT nepexogutb Ha
60nee HN3KME IHEPreTUYECKNe YPOBHU, YEM
B HerngponnsoBaHHoi monekyne A 1P.
Bcnepcteue 3aToro oTAeneHne gpyr ot Apy-
ra aHmoHos ADPs3“ u HPOj npusoaut
K YMEHbLUEHWIO 3anaca cBO6OAHON aHepruun
Mo CpaBHEHWIO C TeM, KOTOPbIM OHM obna-
panun, korfa 6blnnM 00befMHEHbI B BUfe
aHnoHa ATPs “.

Mpo BbICOKO3HepreTuyeckne Gochopu-
NIMPOBAHHbIE COEJMHEHNSA, T. €. NPO COefiNHe-
HUSA, TUAPONN3 KOTOPbIX COMPOBOXAAETCH
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3HaYNTeNbHLIM YMEHbLUEHWEM CTaHAapT-
HON CcBOGOAHOW 3Hepruu, 4acTo roBOPAT,
4YTO OHM COAEepXaT «BblCOKO3HEpreTmye-
CKYyt0 (hochaTHY CBA3b» (B CTPYKTYPHbIX
hopmynax ee 0603HavalOT CUMBOIOM - ).
XO0TS 3TO BblpaXeHne JaBHO WCMoMb3yeTcs
6MOXMMMKAMKN, ero  Henb3a  MNpU3HaTb
yAayHbIM. OHO MOXeT 6blTb HeBepHO Wuc-
TO/IKOBAHO B TOM CMbIC/IE, YTO 3Heprusa 3a-
KMKYeHa B caMoil cBA3WN. B geiicTBMTENbHO-
CTW 3TO He TaK. VI3BeCTHO, YTO cam rto cebe
paspblB XMMWYeCKoi cBA3M TpebyeT 3a-
TpaTbl 3Heprun. CeoboAHas 3Hepr ua, BbIC-
Bo6oXxdarowaaca npu rugponuse aupos
thocthopHO KncnoTbl, 0653aHa CBOMM MpO-
NCXOXAEHNEM He paspbiBY Creundnyeckoii
thochaTHOl CBA3WM, & TOMY, YTO NPOAYKTbI
rMgponusa cofep>KaT MeHblle CBOOOAHOM
3Hepruu, Yem WUCXOfHble BeljecTBa. UTO Xe
KacaeTcs Ha3BaHWsA «BbICOKO3HepreTuye-
CKne (hoCHOPUNNPOBAHHBIE COEUHEHUSA»,
TO NPUMeHUTENbHO K ATP u gpyrum doc-
(hOPUNMPOBAHHBLIM COEfMHEHUAM, XapaKTe-
pU3yOLWMMCA BbICOKMM 3HayeHuem OGO
rMaponivsa, OHO BMOJIHE YMECTHO.

Ham ocTaeTcs OTMeTUTb eLle OfHO OYeHb
Ba)XXHOe 06CTOATENbCTBO, UMEKLEe OTHO-
WeHWe K M3MeHeHMAM CBO6OAHOW 3Hepruu
npun GUOXMMUYECKUX peakumax. XoTa mnpu
CTaHAapTHbLIX ycnosuax sennynHa ACO' ru-
aponunsa ATP paBHa - 7,3 KKan MOfib, UC-
TUHHOE M3MeHeHne cBOOOAHOW 3Heprum ru-
Aponnsa ATP B MHTaKTHbLIX KNeTKax cylie-
CTBEHHO OT/IMYaETCA OT 3TON BENUYUHDI.
O6bACHAETCA 3TO TEM. YTO KOHLEHTpauuu
ATlP, ADP n P, B XWBbIX KNneTKax, BO-
nepBbIX, HEOAWHAKOBbl W. BO-BTOPbIX, Ha-
MHOF0 HWXe CTaHAapTHbIX KOHLEHTpauuii
1,0 M. PacuyeTHbIM NyTEM MOXHO onpefe-
NMUTb WUCTUHHOE MW3MeHeHWe CBOBOAHON
aHeprun rugponusa ATP npu KOHUeHTpa-

UMAX, OTAMYaKLWKUXCA OT CTaHAapTHbIX.
B pononHeHun 14-2 B KauyecTBe npumepa
npuBeAeH pacyeT BennyuHbl AG rugponusa
ATP B MHTaKTHbIX 3puTpOLMTaX, UCXOAA U3
JaHHbIX Tabn. 14-4. Oka3blBaeTcs, 3Ta Be-
NnyunHa, obosHavyaemas yepes AG.-, 3Hauu-
TenbHO npesbiwaer AGO; ana 60nbLINH-
CTBa K/1eTOK OHa KonebneTcs B npefenax ot
- 12 po - 16 kkan/monb. BenunuunHy AG,,
4acTo HasblBalT noTeHunanom gocopu-
NNPOBaNMUS; Mbl eLle OyJeM roBOpUTb O HeN
no3xe.

14.11. VIP cnyxuT obuwum
NPOMEXYTOUYHbIM WPOAYK TOM
B peakuuax nepeHoca
hochaTHbIX rpynn

MbI BUAenu Bbilwe, YTO B TEPMOAMHAMMU-
YyecKoi LWwKane ¢ochopunnpoBaHHbIX CO-
eanHeHnii ATP 3aHMMaeT MPOMEXYTO4YHOe
MONOXeHue, i.e. XapakTepusyeTcsa CpeaHein
Be/IMUMHON AO ™. AIMeHHO 3Ta 0COBEHHOCTb
ATP Hapsgy C ApYyrMMW ero CBONCTBamu
MO3BOJIAET MY CAYXUTb MPOMEXYTOYHbLIM
NMepeHoCcYNKOM  ocaTHbIX  rpynn  oT
CBEPXBbICOKOIHEPTeTUYECKUX COefUHEHNIA,
T. €. OT TakKux, KOTOpble Mpu TMAPON3E Bbl-
LensiT 6onbwe CBOBOAHON 3HEpruu, 4em
ATP, K akuentopam ocdata, pochopunmn-
poBaHHbIE MPON3BOAHbLIE KOTOPbLIX XapaKTe-
pusyroTca HU3KUM 3HavyeHnem AGO' n noTo-
My MpW TMApoNv3e B CTaHAApTHLIX Yycno-
BUAX Bbl4ENAOT MeHblle CBOOOAHON 3Hep-
rmm, yem ATP,

Kak e nmeHHO ocyuwectsnder ATP aty
CBOI poOJfib MnocpefHuka? Mbl yXe 3HaeM,
4yTo MeTaboNMyeckue npespalleHns BKIIO-
YalT Lenb nocnefoBaTesbHbIX (GepmeHTa-
TUBHbIX peakuuii, CBA3aHHbIX 06WMUMMK Npo-
ME>XYTOUHbIMU npofdykTamn (pasg. 13.3);

JononHenve 14-2. Csob6ofHas asHeprusa rugponusa ATP

B MHTAKTHbIX KNEeTKax

CraHpapTHasd

cBoboHas

aHeprus rugponusa  ATP paBHa

-- 7,3 Kkan/monb. OfHAaKO B KneTKe KoHueHTpauun ATP, ADP n tpociaTa
He TONbKO He paBHbl MeXAy C060/, HO M HAMHOTO HUXe NPUHATOr0 ANA HUX
cTaHfapTHOro 3HaveHns 1 M (tabn. 14-4). Kpome Toro, 3HadyeHne pH kne-
TOYHOTO COAEPXMUMOr0 TOXE MOXET B KaKO-TO Mepe 0TAMYaThCa OT CTaH-
JapTHOTOo 3HayeHus (7,0). MoaToMy UCTUHHaA cBOGOAHAA 3Heprua ruapo-
nusa ATP B ycnoBusx, CyLLeCTBYIOLWNX BHYTPU KneTkn, AG”, He coBnajgaet
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€O CcTaHfapTHOI cBo6oaHOM aHepruein AGO. ICTUHHOE U3MeHeHne cB06OS-
HOW 3Heprun npu rugponuse ATP B knetke (AGP) HETPYAHO BbIYMCAUTD.
B 1abn. 14-4 ykasaHbl KOHUeHTpauuu ATP, ADP un P, ana apuTpoumnTOB Ye-
noseka: 2,25,0,25 1 1,65 MM cooTBeTCTBEHHO. [1pUMeEM And NPOCTOThI, YTO
pH n TemnepaTypa UMeloT cTaHAapTHble 3HadeHus (pH 7,0; TemnepaTtypa

25°C). icTnHHasa ceobofHas aHeprua AG rugponusa ATP B apuTpoumTax
onpeaenseTca B 3TUX YCNOBUAX W3 ypaBHEHUA

- [ADRLIP]
AG = AG® + 2,303 RTig-L [ATA

~ o
MoacTtaBnaga B 3TO YpaBHEHMe COOTBETCTBYIOLULME 3HAYeHUdA, MNONyvaem

(2,50-10 - 4) (1,65 *10 - 3)

AG= -7300+ 1360 Ig-mrmmv 225 10--3ermwommee

= —7300 + 13601g 1,8310“4 = -7300+ 1360(-3,74) =
_ 7300 - 5100 = - 12400 kan/monb - - 12,4 KKan/mono.

Mbl BUAMM, TaKnM 06pa3om, 4TO MCTUHHOE N3MEHEHWe CBOOOLHON aHeprun
npu rugponuse ATP B WHTaKTHbIX 3puTpouuTax ( - 12,4 KKan/mMonb)
3HaYUTeNbHO NpeBbllWaeT W3MeHeHWe CTaHAapTHON CBOGOAHOW 3Heprum
(- 7,3 kkan/monb). Ewle ogHUM L0KA3aTebCTBOM 3TOTO CNYXUT TOT (haKT,
4yTo Npu cuHTese ATP u3 ADP n thochaTa B 3puTpOLLMTaX U3MEHEHME CBO-
60fHON 3Hepruyn paBHO + 124 KKan/monb.

MockonbKy KoHueHTpauun ATP, ADP n P-B KneTkax pasHbiX TUNOB pas3-
NNYHbI (Tabn. 14-4), 3T KNETKM OTAMYAKOTCA APYT OT Apyra Takxe v rno Be-
nnyunHe AGPrugponusa ATP. bosnee Toro, seinynHa AGp MoXKeT MEHATLCA
BO BPEMEHV B 3aBUCMMOCTU OT MeTabonmn3ma KeTKu, onpefensioLiero
B Hell KoHUeHTpauun ATP, ADP u ¢ocdara, a Takke pH KIeToyHoro co-
LEPXMMOT0 B KXKAbIA AaHHbIA MOMEHT. Mbl MOX€EM BbIYNCANTb UCTUHHOE
U3MeHeHne CBOOOAHON 3Heprum ana nw 6ol mMeTaboNMYecKON peakuuu,
npoTeKatoLL e B KNeTKe, eC/ii HAM U3BECTHbI KOHLEHTPaL MmN BCEX UCXOLHbIX
BeLeCTB M NPOAYKTOB flaHHON peakuum, a TakKxe gpyrve napamertpbl (Tem-
nepatypa, pH nnm KoHueHTpauus MOHOB M@z +), OT KOTOPbIX 3aBUCUT KOH-
CTaHTa paBHOBEeCUf, a CfefoBaTefnbHO, U BennunHa AG

B TakoW nmocnefoBaTe/lbHOCTM NMPOAYKT Ka-
XAO0W npeablayLienn peakumu CnyxuTt cy6-
cTpaTtom fgns cnepytouleii. Hanpumep ase
peakuum

A+B__*c+D

CBA3aHbl 06LWMM NPOMEXYTOYHbBIM NPOAYK-
Tom D. Tpu nocTosHHOW TemnepaType
N MOCTOAHHOM [laBNeHNN XMMNYecKas aHep-
rms MOXeT nepefaBatbCA OT OAHON XUMWU-
Yeckol peakuuWnm K ApYroil TONbKO B TOM
cnyvae, €C/iM 3TN [Be peakuumn cBA3aHbl 06-
LWMM NMPOMEXYTOYHLIM NPOAYKTOM. B Ha-

Wem npumepe ¢ AByMsA peakLuaMu rnpome-
XKYTOUHBbIA MPOAYKT D MOXET CAyXuTb
NepeHOCHMKOM 3HEPrMmn 0T NepBOI peakuun
ko BTo P°n-

ATP B KneTke (DYHKLUMOHMPYET KaK 00-
WM NPOMEXYTOUHbIA NMPOAYKT, NMepeHocs-
WWA 3HEPrUI0 U CBA3bIBAIOLWMUIA peakumu,
CONpoBOXAaloLLMeca BblfeneHneM csoboj-
HOM 3Hepruu, ¢ TeMW, B KOTOPbIX NOTpe-
6naetcs csobogHasa aHeprus. B npouecce
Kata6onm3ma 3a CYeT 3Hepruum, BblICBO6O-
XAawlweica npu pacnage OpraHWYecKnx
nuTaTeNbHbIX BELWeCTB KNeTKK, 06pa3ytoTcs
(hOoCOPMNNPOBAHHbIE  COefiMHeEHUA. Tpu
yyactuu  crneyu@uyHoro (epmeHTa U3
rpynnel KnHa3 hocdaTHaa rpynna ot Tako-
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ro CBEPXBbICOKO3HEPreTnyeckoro ochopu-
NNPOBaHHOr0O coefMHeHns (0603Ha4YMM ero
yepes X - ©) nepeHocutcs Ha ADP, B pe-
3ynbTaTe 4yero o6pasyercsd ATP. Ha BTO-
pom aTane gpyrasa cneuupuyHaa KuHasa
NepeHoCUT KOHLEeBYK (octaTHYyo rpynny
ATP Ha MONeKyny, BbINOMHAKOLWYO PYHK-
UM akuentopa ocgata (0603HaUUM ee
yepe3 Y), NOBbILWAA TEM CAMbIM €e 3HEPTUI0.
B pesynbTate o06pasyloTca  MOJeKy/ibl
Y —® wn ADP. 3anuwem o06e peakuyuu:

X—® + ADP-—»X + ATP

ATP + Y —*ADP + Y—(?)

B ntore aTux ABYX peakuuii, CONPSXKEHHbIX
yepe3 06WMIA NPOMEXYTOUYHbLIA MPOAYKT,
ATP, Xxnumuyeckasa 3aHeprusa nepepaerca or
X —(E>K Y nocpeCcTBOM nepeHoca ¢ocgar-
HOM rpynnbl. B Takux peakuusx nepeHoca
(hocChaTHbIX TPYMM NOYTW BCErfja nocpeaHu-
Kom dBngetca ATP, MNOCKOMbKY KNETKK
00bIYHO He cofepXXaT KuHa3, Crnoco6HbIX
OCYLLEeCTBNATL MepeHoc (ocdaTHbIX rpynn
HernocpeACcTBEHHO OT CBEPXBbICOKO3HEpre-
TUYECKNUX (OCHOPUNNPOBAHHbBIX COeAnHe-
HWIA K HW3KO3HEPreTUYeckKMM akLenTopam.

14.12. Mpwn pacwienneHum
rNOKO3bl L0 nakTata o6pasyrTcs
[lBa CBEPXBbICOKO3HEPTeTU4YeCcKmnx
hocopnNNpPOBaHHLIX COEANHEHUSA

B kayecTBe [OHOPOB (ocarHbIX rpymnmn
ans ADP BaxHyo pofib UrpaloT ABa coegm-
HeHua: 3-thocdornuuepoundochaT n doc-
hoeHonnupysaT (Tabn. 14-5). Ob6a atn co-
efnHeHns obpasyloTca B npoLecce paclie-
nAeHns rAKo3bl A0 nakTata (puc. 14-5),
COMpOoBOXAaloLWemMcs BblleNeHNEM 3Hep-
run. O6 3TOM npouecce, KOTOPbIA Hasbl-
BalOT TNUKONU3OM, Mbl OyfLeM TrOBOPUTbL
nogpobHO B creaytoLein rnase. 3HaunTeNb-
Has 4yacTb CBOOOAHON 3Hepruu, BbICBOGO-
XAallwwenhcs npy pacwennieHun raKo3bl
[0 nakTaTa, 3anacaeTcd B pesynbTaTe 06-
pasoBaHus 3-thocornunueponndgoctara
n hocthoeHonnupysata. B KneTke aTu BbICO-
KO3Hepretnyeckme  (hoCHoOpuUINpoBaHHbIE
COefJMHEHNSA He NOoABepralTCca TULPONnN3y;
BMEeCTO 3TOro ux hocaTHble rpynmnbli-npu
yyactuy cneum@uyHbIX KWHa3 -nepeHocaT-

['noko3a
MpomeXXyTOUHbIE NMPOAYKTbI
(cBEpPXBbICOKO3HEPreTuyecKue
COefHEHWS)

3-thocdhornmuepowns-
thocthat

dochoeHoNnMpyBaT — > ATP

JakTar

Puc. 14-5. [1Ba BuAa CBEPXBbICOKOIHEPTETUYECKUX
(hOoCHOPUNNPOBAHHBIX COEAMHEHWIA, 06pa3y oL NX-
€A B KayeCTBe MPOMEXYTOUYHbIX MPOAYKTOB MNpu
pacliennieHnn rawKo3sbl o NakTaTta (KOTopoe co-
NpoBOXAaeTcs BblaeneHnem aHepruu). Oba atu
coefjMHeHUs cnocobHbl nepefaBaTb CBOK hocdar-
Hyto rpynny Ha ADP, B pesynbTaTe yero obpasy-
etca ATP.

cq Ha ADP, B pesynbTaTe 4ero o6pasyetcs
ATP. Ana  3-tochornmueponngocdara
(puc. 14-6) Takas peakumsa nepeHoca goc-
thaTHOW rpynnbl, KaTanusupyemas docdo-
rnuepaTKMHa30i, MOXeT ObiTb 3anucaHa
B Clefylouiem Buge:

3-¢ochornuuepoundocgpar + ADP A
N ATP + 3-gocgornuuepar.

Ha ADP nepeHocutca npu 3TOM TONbKO
04Ha u3 ABYyX (hocdaTHbIX rpynn gocdoriu-
Luepoungocdara, a WMMeHHO Ta, KoTopas
cBA3aHa C YyrnepoAoMm Kap6OKCWU/IbHOIA
rpynnel. (OTwenneHne BTopoit (octaTHOM
rpynnel, npu C-3, xapakTepunsyicsa He60nb-
woii BennunHoit AGO.) PaccmaTpuBaemast
KWHa3Hasa peakuusa obpatuma, ofHaKo npu
CTaHAapTHbIX YCNOBMAX €e paBHOBeCHe
CUNbHO CABWHYTO BNpaso, NOCKo/bKYy AGO
rmgponusa 3-hochornuuepoundgoctpara
( - 11,8 kKKan/mone) 60nble, yem AGO ru-
aponusza ATP (—7,3 kkan/Monsb).

®ochoeHonnNmpysaT-sTopoe BbICOKO-
3HepreTnyeckoe (ochopunnMpoBaHHOe Cco-
efivHeHne, obpasylolweeca npu paclyensne-
HUW TNIOKO3bl A0 nakTtaTa,-TakXe oTjaet
CBOK (pocthaTHyto rpynny monekyne ADP
B aHa/IoOrM4Hoi peakumn (puc. 14-7), Kata-
NM3NPYEMOi NUpyBaTKUHA30M.



M. 14 ATP-UVMKN U BUOIHEPITETUKA KJETKWU 421

Hu3Ko aHepreTnyeckas
rpynna
o" H o"
| j L i _p_rr
~0O-p- WO—CH. C C *0~
I
0 OH O )
+
ADP3-

BbiCOKO3HepreTnyecKas
rpynna

3-hocornmueponngocar

Mgs+ PocornmuepaTkmHasa

0- H

-0—p—0—CH2--C—C—0-

[
OH O

ATP4

®octoeHonnupysat +

M4
+ ADP Munpysat + ATP.
PaBHOBecne 3TOM peakuum nNpuM  CTaH-
[LapTHBIX YCNOBUAX TakXe CABWMHYTO Brpa-
BO. Mockosibky AGO' rugponusa @ocgo-

o_
_ / docgoeHon-
2 | \ nupysart
6]
MMam or
o0— -0
@)
+

Mg vpyBaTknHasa

0
CH3—C—C/ Mupysat
[
0 o
+
ATP4

Puc. 14-7. MepeHoc docdaTHOW rpynnbl oT doc-
thoeHonnupysata Ha ADP.

3-thocornumuepat

Puc. 14-6. lMepeHoc dochaTHOW rpynnbl oT 3-
ochornuueponngocepara Ha ADP.

eHonnupyBata (—14,8 kkan/monb) 6onee
yem BfABOoe npesbiwaetr AGO rugponusa
ATP. B kneTke 3Ta peakuus HeobpaTuma.
Takum o6bpasom, u ¢ochoeHONNUPYBaAT,
n s-goctornmueponndocdar, T.e. oba co-
efiHeHNs, 3aknuawlne B cebe 3Hauu-
Te/IbHYI 4aCTb XMMWYECKOW 3HEpruwu, Bbic-
BObOOX/alOLLelica Nnpu aHasapo6HOM paclye-
NNEHUN TNIOKO3bl, MOTYT NMepefaBaTb CyLle-
CTBEHHYIO A0/110 CBOEI 3HEPTMM MOJeKynam
ADP, uyTo npuBoauT K o6pasoBaHuio ATP.

14.13. B pe3ynbTarte nepeHoca
tocaTHOM rpynnbl oT ATP
Ha KaKyl-HUbYAb aKLenTOpHYIo
MOJIEKYNYy 3TOW MosieKyne
coobwaeTca aHeprus

ATP MOXeT Tenepb nepefasatb CBOKO
(hocaTHyto Tpynny pasfnyHbIM  aKuen-
TOPHbIM MOMeKynam ¢ 06pa3oBaHMEM HU3-
KO3HEpPreTnyecknx  (HocqopmuanmpoBaHHbIX
COeAuHEeHW, rnaBHbIM o06pa3som 3dupos
thoctopHoi kucnotbl (Tabn. 14-5). 3Tn pe-
aKkuMyM Takxe KaTanusupyroTca KuUHasamu.
[eKkcokMHasa, Hanpumep, KaTanusupyert
nepeHoc ocpaTHoi rpynnel oT ATP
K D-rniokose

Mg2 +

ATP + D-rnwokosa -* ADP +
+ D-rnwko3o-6-thocaar,
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YH
ho
4K OH H/

InH

2\

H OH

a-D-rnwoko3o-6-hocat

CH20H

HO—C H

L- ranuepon-3-gocdat

Puc. 14-8. [l1Ba HU3KO3HepreTnyecknx gochpopu-
NNPOBaHHbIX COeAMHeHUs. OHU NpPejCTaBNAOT CO-
60li CNoXHble 3Upbl - NPOAYKTbI NPUCOESUHEHUS
ocTaTka OoCcHOpPHOW KUCNOThI K TMAPOKCUNbHOM
rpynne.

a TAMLepoNKuHasa KaTajiu3upyeT peakuuto

Mg2 +

ATP + Tnunuepon -» ADP +

+ T[nuuepon-3-tocaart.

B oboux cnayvasx ofHa u3 TUAPOK-
CUMbHBIX FPYNN MOMEKY/bl-aKuenTopa ¢oc-
thopunupyetcs c obpasoBaHuem aupa goc-

-16 docdoeHonnmpysart

-5 CBepXBbICOKO-

1 ?(}ljl%p,lgg:ig;belc 3-thoodho-
(hocaTtHbIX rauliepoun-
CraHgaptHas 10 rpynn docdat
cB060oAHas
3Heprus
rnaponunsa, “ 8
KKan/monb

-6

thopHoin kmcnoTbl (puc. 14-8). TMOCKONbLKY
3HavyeHus AGO rugponusa rnokKo3o-s-hoc-
thata (AGO = - 3,3 kKan/monb) ”n ravue-
pon-3-thocpata (AGO = - 2,2 KKan/monb)
MeHblWwe AGO rugponusa ATP, obe yka-
3aHHble peakLun Npy UCXOAHbIX KOHLEeHTpa-
umax cyberpatos n peareHTos 1,0 M npoTe-
KaloT CcneBa Hamnpaso B COOTBETCTBUU
C MPUBELEHHBIMU Bbille YPAaBHEHUAMMU.
[noko30-6 -hocat M ramuepon-3-goc-
aTt cogepxaT 60/blle 3HEPrum, Yem CBO-
604Hble (HeochopnInpoBaHHbIE) TNOKO3a
1 rauuepon. Mbl MOXEM MO3TOMY paccma-
TpuBaTb WX Kak «060ralieHHble 3Hepruemn»
(aHeprusoBaHHbIE) (hOPMbI FIIOKO3bl U TNK-
uepona. OHM MOTyT BOB/IEKaTLCA B Apyrue
(hepMeHTaTUBHbIE peakLun, B KOTOPbIX OHU
UCNOMb3YTCA B KayecTBe aKTUBUPO-
BaHHbIX CTPOUTENbHbIX 6/10KOB A9 CUHTE3a
6onee KpynHbIX Mosiekyn. 1OK030-6 -(hoc-
(hat, HanpuMep, UTPAeT Po/b aKTUBUPOBAH-
HOro npejLecTBEHHNKA B npouecce 6u1o-
CUHTe3a rNMKOreHa, a rauuepon-3-gocgar
MCMNONb3YeTCs KaK aKTUBMPOBAHHbIV CTPOM-
TenbHbI 610K Mpyu BMOCKMHTE3e NMNUAOB.
Takum 06pa3om, 4acTb CBOGOAHOW 3Hep-
rmM, BbICBOGOAMBLUENCA MNepBOHAYanbHO
npu pacwienneHnn rAKo3bl A0 fakraTa
1 3anaceHHoi B popme 3-hocdornmuepomnn-
thocpata M hocoeHonnmpysata, MOXeT
ObITb MepefaHa rnULepony, rMOKo3e 1 He-
KOTOpPbIM [pYyrMM akuentopam docdara;

Puc. 14-9. MMepeHoc (ochaTHbIX rpynn oT CBEpX-
BbICOKO3HEPTeTUYeCKNX (hocthopnnmpoBaHHbIX
coeAunHeHuid (noHopoB doctata) yepes ATP

K pasNMyYHbIM COefjMHEeHMAM-aKLenTopam ¢ obpa-
30BaHNEM HU3KO3HepreTnyeckux ochopunupo-
BaHHbIX MPOU3BOAHbIX 3TUX COEAMHEHWA. DTOT
nepeHoc (octhaTHbIX TPYNM, KaTannsmpyemblil Ku-
HasaMu, CONPOBOX/AaeTCA B KOHEYHOM uTOre

B YCNIOBUAX KNETKW noTepeil cBOGOAHOI aHeprum.
KpeaTuHtochar B MbILLEYHbIX U HEPBHbIX KNeT-
KaxX CNY>XWUT pe3epBHbIM WCTOYHUKOM BbICOKO3HEp-
reTmyecknx octatHbiX rpynn.

ATP

KpeatuHdocdat
[ NoKo 30-
6-thoc.cpat HnykoaHepreTn-
YHeKWe aKLenTopbl
nuuepon-  PocaTHbix rpynn

3-hoodpat
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ATP cnyxXut npu 3aToM MNPOMEXYTOYHbIM
MepeHOCUYMKOM XUMUYECKON 3Heprumn B op-
Me (hocdaTHbIX rpynn.

MpoTekatowme B KNeTKe (epmeHTa-
TUBHblE peakuuMnm nepeHoca ¢ocdaTHbIX
rpynn npefcTasieHsbl Ha puc. 14-9. BaxHas
O0COBEHHOCTb 3TOr0 MepeHoca COCTOMT
B TOM, YTO MOYTU BCE CBEPXBbLICOKO3Hepre-
Tnyeckne ¢ochopmnnnpoBaHHble COefanHe-
HUA nepefaloT CcBOW (ocdaTHble Trpynnbl
HU3KO3HEpreTnyeckMm akuentopam gocda-
Ta 4yepes ATP, Tak 4TO nepegaya coOBep-
laeTca B fBa aTana; 06a aTu aTana Kartanu-
3UpyoTCa CrneynpuYHbIMU K1UHa3aMu.

14.14. ATP wncnonb3yetcs
4na obecneyeHWs 3Hepruemn
MbILLIEYHOr0 COKpaLleHns

ATP He TonbKo oborauiaeT aHepruein mo-
NeKynbl-NpeAWecTBeHHUKN U TeM CaMblM
nogrotaenvBaeT matepuan gns 6uoCMHTe-
32 pasfMUHbIX KNeTOYHbIX KOMMOHEHTOB;
OH TakKXe MNOCTaBNAeT XWUMWUYECKYHO 3Hep-
rMi Ang ABYX rNaBHbIX (DOPM BbINOJHSAE-
MOI KNeTKOW paboThbl: ANS MexaHU4YeckKoin
paboThl, CBA3AHHOW C MbILWEYHbIM COKpa-
WeHneM, U AN OCMOTMYECKO paboThl,
obecneymBatoLLeli TPaHCNOPT BeLLecTB NPo-
TUB TpafVeHTa KOHUEHTpauuu.

CokpaTuTenbHaa CUCTEMA CKeNeTHbIX
MbILLIL,  BKAOYaeT HWUTWM  [OBYX  TUMOB
(puc. 14-10). ToncTble HUTU COCTOAT U3
My4yKkoB, 06pa3oBaHHbIX MapanienbHO pac-
MONOXEHHbIMU NaNOYKOBUAHBIMU MONEKY-
NnaMn MWUO3MHA, & TOHKMEe COCTOAT M3 ABYX
3aKpYYeHHbIX 0fHAa BOKPYr [LpYroii HuTei
thubpunnapHoro akTuHa (F-aktuHa). F-ak-
TUH B CBOIO O4Yepedb COCTOUT M3 MOJIEKYN
rnobynspHoro aktuHa (G-akTuHa), coefu-
HEHHbIX Hanofobwe HUTKW Byc. B muogu-
6punnax TONCTble U TOHKWE HUTW pacnona-
raloTca ynopsgoyeHHblM 06pa3om; B capko-
mMepax (Tak Ha3blBalOTCA NOBTOpAlOLLMECA
yyacTKu MUOUOPUNN) OHWM PacroNOXeHbI
napannenbHo W B 60MblWEN UAN MEHbLUEN
Mepe nepekpbiBalTCA. [py MblWEYHOM CO-
KpalieHWn TONCTble HUTW KaXOro capko-
Mepa BABMUralTCA B MPOMEXYTKU Mexay
TOHKUMW HATAMK, 6narofaps Yemy BCe Mbl-
LWeYyHOe BONOKHO B LENOM yKOpayuBaeTcs.
XUMUYECKYIO 3HEPruto 1S TaKoro CKOfb-
XKEHUA HWTEA nocTaBndeT npouecc rugpo-

nnsa ATP po ADP wu dochata. Ha
puc. 14-10 BUAHO, YTO Y KaXA0W MWUO3WHO-
BOW MOJIEKY/bl TONCTON HWUTW MMEEeTCH ro-
NOBKa. 3TN roN0BKN MUO3NHOBBLIX MONEKY,
paBHOMEpPHO pacnpefeneHHble BAO/b
TONCTbIX HUTER, MPeACTaBAAOT CO6ONM He
4YTO WHOE, Kak (epMeHTbl. MHOrokpaTHo
NPUXOAA B KOHTAKT C TOHKUMU HUTAMU, OHU
BbI3blBaOT ruaponus ATP, B pesynbrate
yero 6narofapa CKOMb3AWeEMY YCUIUIO
TO/NCTble HUTW CMeLarTCca BAONb TOHKUX
K KOHUaM capkomepa. 'mgponus ATP co-
NPoBOXJaeTcs, Kak nofararT, U3MEHEHVEM
(hOPMbI, UM KOH(OPMALUKN TONOBKU MUO-
3IHOBOI MONEKy/bl, YTO ¥ MPUBOAUT K BO3-
HUKHOBEHMIO MeXaHW4eCcKol cuabl. Takum
CMnoco60M MUO3NH N aKTUH, a TaKXe gpyrue
cneynanu3npoBaHHble 6eNKN COKpaTUTENb-
HOW cuCTeMbl NEPEBOAAT XMMUYECKYHO 3Hep-
rmio ATP B MeXaHWYEeCKYt 3HEpPruto Mbl-
LEYHOro COKpaLleHus.

CokpalleHue n paccnabnieHne CKeneTHbIX
MbILL, perynmpyertcs KoHueHTpaymen Caz +
B LMTO30/1e. B COCTOAHMM MOKOA KOHLEH-
Tpauusa Caz + B MblLLEe 0ObIYHO OYEHb HU3-
Ka. [pn CTUMYNALUN MbILLEYHOTO BOIOKHA
umnynbcamu fsuratensHoro Hepsa Caz +
BbICBOGOXJAETCA W3 MOMEPeYHbIX MeM-
OpaHHbIX TPybOUeK MbILEYHON KIETKM.
37107 BbicBO6GOAMBLINMIiCA Caz + CBA3bIBAET-
CA CO CJIOXKHBIM PErynaTopHbiM 6Genkom
TPOMOHMHOM, MONEKYNbI KOTOPOro npucoe-
[VHeHbl Yepe3 onpefiefieHHble MPOMEeXYTKHN
K TOHKUM HUTAM. MOneKy/ibl TPOMOHWHa
NUrpatT ponb TpuUrrepa, T.e. MyCKOBOro Me-
xaHu3ma. OHW npeTepnesawT KOH{OpMa-
LMOHHOE W3MEHEHWe, KOTOpOe OKasblBaeT
BANAHME  HA  MMWUO3NHOBbLIE roN0BKM
B TO/ICTbIX HUTAX. B HUX B036YyXAaeTcs
ATPa3Has akTUBHOCTb W TakuMm 06pasom
UHULMUPYETCA  COKpalieHue. TPOMNOHWH
OCTaeTCsd akKTUBHbLIM A0 TeX Nop, Noka B Lu-
TO30/1€ MbILLEYHOr0 BO/IOKHA NPUCYTCTBYET
Caz +. PaccnabneHune MblLWLbl NPOUCXOANT
noc/fie Toro, Kak HepBHble MUMMYNbChI Mepe-
cTalT K Heil noctynatb u Caz + 3a cueT
fecTBua  HaxopAuwieics B MembpaHe
ATPa3sbl, BbINOMHALWENA pPONb KanbLuneso-
ro Hacoca, NepeHocuTcs M3 capkKonnasmbl
B LMCTEPHbI CapKomnaa3mMaTU4YecKoro petu-
Kynyma. Takum o6pasom, ATP Heobxoanm
He TO/IbKO [/ COKpaleHus MblliLl, HO
n gnsa ux paccnabneHus. Mosxe Mbl YBU-
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Puc. 14-10. CokpaTuTeNbHas CMCTeMa CKeNeTHbIX
Mol A. CKeneTHas MblllLa COCTOUT U3 MY4YKOB
napanfieNbHblX MbllLIEYHbIX BOMOKOH. 3TN BO/OK-
Ha NpeAcTaBAAOT CO6OI OYeHb ANUHHbBIE MHOTO-
ffepHble KNeTku. b. B KaXA0OM MIALLEYHOM BONOK-
He COLEPXMUTCA MHOXeCcTBO MUODUOBPUAN - NYYKOB
napannenbHo pacnoNoXeHHbIX HUTeA. Muodn6-
punnbl pasfeneHbl 0CO6bIMU TEMHbLIMU yyacTKaMu
(Z-nuHnamK) Ha capkomepsl. B. Kaxablil capko-
Mep COCTOMUT M3 NPaBUIbHO PacnonOXeHHbIX
TONCTBIX U TOHKNX HUTEA. TONCTble HATWU MOTYT
CKONb3UTb BAOMb TOHKUX. . TONCTbIE HUTKU Cna-
ratoTca U3 Ny4YKoB ANUHHbLIX NaNOYKOBUAHBIX MO-

Mbllle4yHoe BONOKHO

B cocTosfiHuM
paccnabneHus

N-30Ha I-guck A-gunck

B cocTofHWM COKpalieHuns paspese
Toncrtas nNuThL
Monekyna MunosnHa
[onoska
MONEeKy bl

ToHKaf HUTb

6nosHepreTnka M mMmetabonunsm

nekyn 6enka MuosnHa. Kaxjas mMonekyna Muosm-
Ha COCTOWUT M3 ABYX a-CNMpabHbIX NOANNENTUS-
HbIX Lienei, 3aKpyUYeHHbIX OfjHa BOKPYT APYTroii.
Of\MH W3 KOHLO0B MONMNENTUAHON Lenu (ronoska)
NMeeT rNobynspHy CTPYKTYpY; 3TO (DEPMeHT,
Katanusupywowuii rugponus ATP go ADP u P,
L. Kaxpjas TOHKass HUTb COCTOWUT M3 ABYX Leneii
F-aKTWHa, 3aKpy4eHHbIX OfHa BOKPYr Apyroil B
cnupanb. Kaxpgas Takas Lenb COCTaBleHa U3 rno-
6ynAapHbIX MoNekyn G-aKTWHA, COefMHEHHbIX pYyr
C Apyrom Hanogobue HUTKM 6yc. E. Tnobynsap-
Hble MWO3MHOBbIE FO/I0BKW BbICTYNalOT U3 TOJC-
TbIX HWTeli. MMpeanonaraeTcs, 4TO B NPUCYTCTBUM
ATP 3T MWO3MHOBbLIE FON0BKN [eiiCTBYIOT Kak
pblyarn. NMpuKpennaacb K TOHKUM HUTAM U Npu-
TArMBas MX K LeHTpy capkomepa, OHU yKopauusa-
10T cCapKoMepbl, B pe3ynbtate 4Yero Muopuépunnsl
cokpaujatotcs. OgHOBPEMEHHO MWO3MHOBbIE [0-
NI0BKW ocyLecTsnaoT rugponus ATP go ADP u
Pi- 3TOT npouecc MbiWeYHOro COKpaleHns pery-
nupyetcs 0cobbiM Ca2+-CBA3bIBAOWMUM 6eNKoM,
TPOMOHWHOM, MOEKY/bl KOTOPOro NPUCOeANHEHbI
yepes paBHble MPOMEXYTKN K aKTUHOBbLIM HUTAM.

ToHKas nuTb

Toncrtaa HUTL

Buj H nonepeyHom

Monekynbl TpomoHUHa

AKTUH

Mno3uH
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Puc. 14-11. bnarofaps XopoLo CKOOPAUHUPO-
BaHHON paboTe MOLLHbIX CKENeTHbIX MbILUL
renapf cnocobeH Ha pPacCTOSHUN B HECKO/IbKO
COTeH MeTpOB pa3BMBaTb CKOPOCTb A0 125 Km/u.

AVM, UTO U AN MepeHoca ApYrUX MOHOB Ye-
pe3 MeMGpaHy TakXe WCMONb3yeTcs 3Hep-
rvs, BbICBOGOXAAMOLWAACA NpU FUAPOIU3e
ATP.

MbILW bl pa3nuualnTcsa No cBoeii cneyma-
nuzaumu. Mnagkme mMbllLbl KALWLEYHWKA, Ha-
MpyMMep, COKpallalTcs KpaiiHe MeAneHHo,
TOrAa Kak A NeTaTeNlbHbIX MbIWL TaKnx
HaceKOMbIX, KaK MyXW WM KOMapbl, Xapak-
TepHa 4pe3BblYaiiHO BbICOKas 4acToTa CO-
KpauieHus u paccnabneHns. ECTb MblLLbI,
CMoco6Hble «3anupaTbCsi» B COCTOSHUM CO-
KpalieHus. TakoBbl, HanpumMep, 3anupato-
LME MbILLLbI, NN MbILLLbI-aA8YKTOPbI ABY-

CTBOpPYATbIX MOJIIIOCKOB, B YACTHOCTM
yCcTpuL.

Ons cepAeuyHO MbiWLbl XapaKTepHbl
puTMuUyeckne  cokpauieHusi.  CKeneTHble

MbILILbI B CBOIO OYepeAb pasfenatoTca Ha
pag crneuuanu3npoBaHHbIX rpynn. benas
CKeNeTHad MbllLa NPUHAANEeXUT K «Obl-
CTPbIM» MblWLaM, KOTOpble MOryTt pabo-
TaTb 6e3 KMCn0poga, Torga Kak ans paéotsbl
KpacHOl CKeneTHOW MblWUbI, KOTOpas co-
KpalaeTcsd MefNeHHO, KUCnopof Heobxo-
LUM. Y HEKOTOPbIX XWBOTHbIX MbILLLbl He-
06blyaiiHO MOl HbIE M paboTalT O0yeHb
aekTMBHO (puc. 14-11). OgHaKO HesaBu-
CUMO OT cheyuanu3auyuy MblilL, MONEKY-
NAPHBIMWU  KOMMOHEHTaMU WX COKpaTu-
Te/NbHbIX 3/1EMEHTOB BCerfa ABMAAIOTCA aK-
TUH, MAO3NH W TPOMOHWH; UCTOYHUKOM Xe
3Heprum Ans  MbIWEYHOro COKpalleHus
Bcerga cnyxut ATP. [BuXeHus [Apyroro
Thna (rn. 2) OCyLWecTBAAKTCA C MOMOLLbIO

PECHWYEK U XIYTUKOB, NMEIOLLNXCA Y HEKO-
TOpbIX 9YKapuoTUYECKNX KNeTokK
(puc. 14-12). PacxoxfeHne XpoOMOCOM Mpu
MUTO3€e, Bbl3bIBAEMOE COKpalleHWeM HWTel
BEPeTeHa, TAKXKe COBEPLLAETCH 3a CUET JHEp-
rmm ATP, obecrneuymBatolleil CKpyuyuBaHue
N CKOMbXEHWe MUKPOTPYy60UYeK OTHOCKM-
TeNbHO Apyr Aapyra.

Cunctema aKTUH-MWO3NH-TPONOHWH
npegctaBnseT cob0i YHUKaNbHbIA TUN XU-
MWYECKOro ABuraTenis, NOCKO/IbKY OHa OCy-
LecTBNSET HenocpeAcTBeHHOe npeobpaso-
BaHWe XMMMWYECKON 3HepruyM B MexaHuye-
CKYIlO MpuM  TMOCTOAHHON  TemnepaTtype
M NOCTOAHHOM faBneHun. Hu ogHa u3 co:
3[@aHHbIX YeNI0BEKOM MallWH K NogobHomy
npeo6pa3oBaHNi0 3HEPTUUN, HACKObKO HaM
N3BECTHO, He crnocobHa. B XuBbIX OpraHus-
Max, CfiefoBaTeflbHO, CyLlecTBYeT Takoi
TMN npeobpa3oBaHWA 3HEPrMM, KOTOPbIN
WHXEHepam nokKa ewe OCYLeCcTBUTb He
yAanoch.

14.15. KpeaTunHgochaT B MblLILax
BbINO/IHAET pO/ib pe3epByapa
BbICOKO3IHEPTreTUYecKunx
hochaTHbIX rpynn

Cpefn BbICOKO3HEpPreTuyecknx ochopu-
NMPOBaHHbIX COEAMHEHWUIA UMeeTCAa O0fHO,
nrparowiee ocobyto poNib B 3HEPreTUKe BO3-
OyAMMbIX TKaHeil, TakuxX, KakK MbllleyHas
N HepBHad. 9TO COEAWHEHME, KpeaTUH(OcC-
that, unn docgokpeatuH (puc. 14-13), cny-
XWUT pe3epByapoM BbICOKOIHEPreTUYeCcKnx
tocatHbIx rpynn. AG®' rugponunsa Kpea-
TUH(octaTa (—10,3 KKan/mMonb) HECKOMb-
Ko npesbiwaetr AGO rugponusa ATP. Kpea-
TUH(OCHAT MOXKeT nepefaBaTtb CBOK (oc-



426 YACTb Il. BMOIHEPTETUKA N METABOJIM3M

Hapy»Hble (MapHble)

Tpy60UKU
LleHTpa/ibHble
BTopuyHoe MUKPOTPYOOUKM
BO/IOKHO
Memb6paHa
A
tatHyto rpynny Ha ADP B peakuuwu,

KaTann3mpyemoin KpeaTUHKUHA30I:

KpeaTuHdocpar +

+ ADP Kpeatun + ATP.

Bnarogapa KpeaTuHochaTy KOHLeHTpa-
una ATP B MblILLEYHbIX KNeTKax Nojaep>xu-
BAETCA Ha NOCTOAHHOM W NPUTOM [0BOJIbHO
BbICOKOM ypoBHe. OCO06eHHO 3TO cCylle-
CTBEHHO [Nf CKeNeTHbIX MbliWL, paboTalo-
WMX C MepepbiBaMu, HO WMHOTAA OYEHb Ha-
MPSXXEHHO € 60MbW O CKOpPOCTbio. Bcakuii
pas3, korga 4Yactb ATP MblleYHOl KNeTKu
pacxofyeTtcs Ha COKpallieHue, B pesynbrarte
rugponusa ATP o6pasyetrcs ADP. Kpea-
TUH(OCHAT NpU y4yacTUM KPeaTUHKUHAa3bI
6bICTPO Nepefaet CBOO hocdaTHyto rpynny
monekynam ADP, n HOpMabHbIl YPOBEHb
ATP BoccTaHaBnuBaetca. Copep>kaHue
KpeaTuH@dochata B MblwLax B 3-4 pasa
npesbilwaeT cofepxaHne ATP (Tabn. 14-4);
NnoaToMy B popMe KpeaTuUH(ochaTa MOXeET

Puc. 14-12. B pecHMYKax v XryTukax aykapuoTu-
YeCKMX KNeTOK MexaHW4yeckas cuna passusaeTtcs
3a cyeT ucnonb3oBaHms ATP. A. MonepeyHblii
paspes pPecHUYKU. TN CTPYKTYpPbl COCTOAT U3 fe-
BATU Nap MUKPOTPYy6oUeK, 06pasyoLnx HapyxHoe
KONbLO, W IBYX OAWNHOYHBIX LieHTpanbHbIX MUKPO-
Tpy60yUeK (pacnonoxeHue no Tuny «9 + 2»;

pasg. 2.16). PeCHWYKM OKPY>XeHbl 060104KOM,
npeacTaBnstoLLeil co60il BbIPOCT KNETOUHOW MeM-
GpaHbl. SHEPru AN xapakTepHbIX ABUKEHWI
pecHuueK (BOSIHOOOPA3HOr0, CKOMb3ALWEr0 WK
BpaliaTesibHOro) nocTasnser ruaponns ATP. 3tu
[IBMXKEHNA OCYLLECTBAIOTCA PECHUYKAMM 3a cyeT
CKOJIbXXEHUS WU CKPYUYMBAHUSA NapHbIX MUKPO-
Tpy6ouek, KOTOpOe BecbMa HanoMuWHaeT Habnto-
flaeMoe B CKefleTHbIX Mblwuax ATP-3aBucumoe
CKOJIbXXEHWE TONCTbIX U TOHKUX HUTEW Apyr oT-
HOCUTENbHO Apyra. OT HapyXHbIX (NapHbIX) MUK-
poTpy6oUeK OTXOAAT HaxoAAlMeCs Ha PaBHOM
paccTosHUM Apyr OT ApYyra OTPOCTKW, WU BbICTY-
Mbl, HaMOMMWHalLW e MUO3NHOBbIE TONI0OBKN B TON-
CTbIX HUTAX MblLWL. 3T BbICTYNbl COCTOAT U3 MO-
NeKyn LUHEeNHa-A0BONbHO KPYMHOro 6enka, 06-
nagatowero ATPa3HON akTUBHOCTbIO. KaTanusu-
pyemblii AnHenHoOM rugponus ATP nocTtasnset
3Hepruto AN MexaHW4yecKoro ABUXEHNA-CKO/b-
XEHUS AN CKPyUMBaHUA MUKpPOTpy6ouek. Bbino
BbICKa3aHO MpejnosoxeHne, 4To LeHTpaibHble
MUKPOTPY6OUKMN PEryNNpPYOT CKOPOCTb [BUKEHNS
pecHuyek. b. OTgenbHble hasbl GUEHNS PECHUYKK
B )Kabpax MOPCKOro 4YepBsi, Y KOTOPOr0 PECHUYKM
UMeT ANNHY 0Kono 30 MKM. 3TWU XapakTepHble
[ABWXKeHNsA coobliaeT pecHuykam ATP-3aBucumoe
CKO/IbXXeHne TpybyaTbiX HUTEN ApYyr OTHOCUTENb-
HO fpyra.

‘0 H CHj
O— p— N—C—N—CH2—C—CI KpeatuHtocpar

ADP
nKpeaTuHknHasa
H CH3
H—N—C—N—CH2— C— O" KpeaTuH
U 1
NH, o
ATP

Puc. 14-13. KpeatuHdochaT B MbiluLax urpaet
poNb 3anacHoOro fJOHOpa BbICOKOIHEPTreTUYECKNX
ocatHbIX rpynn. OH AelicTBYeT Kak cBOeo6pas-
HbIil 6ythep, o6ecneymnBaroLL Uil MOCTOSHCTBO
KOHLeHTpauun ATP.
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XPaHWUTbCA [OCTATOYHOE KOJ/IMYECTBO (hoc-
(haTHbIX rpynn, NofIHOCTLI0 obecneymnsato-
ee nopanepxaHue MOCTOAHHOIO YPOBHA
ATP B KOpOTKME MepnoAbl YCUNEHHON Mbl-
LeYHON akTMBHOCTWU. Bnarogaps o6patu-
MOCTWU KpeaTWHKWHA3HOM peakuun Hako-
MWBLUMIACA KpeaTUH B NEPUOA BOCCTaHOB/e-
HWUA BHOBb (pochopunupyetcs 3a cyer ATP
[0 KpeaTuHdocdarta. MMOCKONbKY Apyroro
mMeTabonuyeckoro nytu Aans obpasoBaHus
M pacuienneHns KpeaTuHgpochara He cylue-
CTBYET, 3TO COEAUHEHVEe XOPOLLO NPUCMoCco-
61eHO AnA BbIMOMHEHUS CBOel (YHKLMK-
pesepByapa gocgaTHbIX rpynmn.

B Mblwyax MHOrMx 6ecno3BOHOYHBIX
ponb HOCUTENS pe3epBHON (HOPMbl 3HEpPrum
BbIMOMIHAET He KpeaTuHochart, a apruHuH-
hocthaT. CoeiHeHUS, cnyxaLime, Nog06HO
KpeaTuHdoctaty u apruHuHgocgarty, 3a-
NacHbIMW UCTOYHUKAMW 3HEPTUn, HOCAT Ha-
3BaHue docareHos.

14.16. ATP nocTtaBnfAeT 3Hepruio
TakXXe N AN aKTUBHOIO
TpaHcrnopTa 4epe3 memb6paHbl

Xunmuueckasa aHeprua ATP ncnonb3yertca
TakKe W NS BbINOSIHEHUA OCMOTMYECKOW
paboTbl, T.e. paboTbl, Heobxogumol Ans
nepeHoca Kakux-im6o WOHOB UMW MOJIEKY
yepe3 MembpaHy 13 OHOr0 KOMNapTMeHTa
B ApYroil, B KOTOPOM MX KOHLUEHTpaums Bbl-
we. Mbl MOXeM paccyuMTaTb KOJIMYECTBO
cB06OAHON 3Hepruu, Heobxogumoe Ans
rnepeHoca 1 MO/Ib HEWOHM30BAaHHOIoO pac-
TBOPEHHOTO BeLLeCTBa Yepe3 MembpaHy, Ha-
npuMep U3 OKpYyXXalollein cpedbl B KETKY,
€C/IN HaM W3BECTHbl KOHLEHTpauum pacTBo-
PEeHHOro BeliecTBa B HECBA3aHHON dopme
B OKpyXawleid cpege UM B  KeTKe
(puc. 14-14). Anga Takoro pacyeTta BOCNOMb-
3yemMcs 06LWMM ypaBHeHWEM

AG = 2,303 RTig £2

Ci

roe Q -MonsipHas KOHLeHTpauus faHHoro
pacTBOPEHHOTO BeLLEeCTBA B OKpYXatolyeit
cpege, C2-ero MonspHas KOHLEHTpauus
B K/IeTke, R - rasoBas moctosHHas u [ - a6-
COMOTHas TeMmnepatypa. [Monb3ysach 3TuUM
YPaBHEHUEM, MOXHO OMpefenuTb Konuue-
CTBO CBOGOAHOIW 3Hepruu, HeoGXOAMMOE

[ONS TOTro, 4TOObI MEPEMECTUTb 1 MOJ/Ib FN1H0-
KO3bl MPOTUB CTOKPATHOIO rpagueHTa KOoH-
LeHTpauum, Hanpumep uU3 cpefbl C UCXOS4-
HOW KOHUEHTpauuein rawkossl 1,0 MM
B KOMNapTMEHT, rhe ee KOHeYHad KOHLEH-
Tpauus coctasuT 100 MM. T[logcTasnas
B ypaBHeHWe COOTBETCTBYHLMNE 3HAYEHUS,
nonyyaem

0,100
AG = 2,30 *1,98 298 Blg ——---- =

= 1360m,0 = 2720 kKan/monb =
= 2,72 KKan/monb.

C,
111U J-
1 Kooy

C2

Mpn aKTMBHOM TpaHCMopTe
CB06OJHAs 3HEPTUSI CUCTEMDbI
BO3pacTaeT

Puc. 14-14. AKTUBHbI TPaHCNOPT PacTBOPEHHOrO
BellecTBa NPOTUB rpagneHTa KoHLeHTpauyun. Ha-
4YMHas ¢ MOMEeHTa paBHOBeCUs, T.e. C TOT0 MO-
MeHTa, KOrfia KOHUeHTpaLuun AaHHOro pacTBOPeH-
HOro BeliecTBa B 060MX KOMNapTMeHTax OfuHa-
KOBbl, aKTUBHbI/i TPAHCMOPT BeLLecTBa U3 0HOTO
KOMMapTMeHTa B Apyroii o6ecneynBaeT ero nepe-
MelleHre NPOTMB rpafueHTa KOHLUeHTpauuu. Ans
CO3fjaHnsA 1 NOAAEPXaHUA rpagueHTa KOHLeHTpa-
LMK KaKoro-nm6o pacTBOPEHHOrO BellecTBa MexX-
fy KOMNapTMeHTamMu, Haxoasawumuncs no obe cro-
pOHbl MeM6paHbl, TpebyeTcs 3aTpaTta cBOGOAHOM
aHeprun. Ecnm aHeprus novemy-nm6o nepectaet
nocTynaTh, TO BEL,eCTBO M3 KOMNapTMeHTa

c 6onee BbICOKOW ero KOHLEeHTpayueil HaunHaet
AnddhyHanpoBaTb 06paTHO, U AnddY3na nposon-
XaeTca A0 Tex nop, NoKa CHOBa He ycTaHOBUTCA
paBHOBecwue, T.e. MOKa KOHLEHTpaLumn BeljecTBa
no o6e CTOPOHbI MeMGpaHbl He CpaBHAIOTCA.



428 YACTb Il. 6noaHepretuka u metabonmsm

MN3meHeHue cBO6GOLHON 3Heprum Bbipa-
)KaeTca B 3TOM C/yvae NMONOXKWUTENbHON Be-
NMYUHON, N 3TO 3HAYUT, YTO 2,72 KKan CBO-
604HOW 3Hepruu, KoTopblie TpebytoTca ANA
nepeHoca 1 MONA TNOKO3bl (MM no60ro
HeMTpaNbHOroO BellecTBa) NPOTMB CTOKpaT-
HOro rpafueHTa KOHLeHTpauuu, LO/MKHbI
6bITb MepefaHbl CUCTEME 3@ CUET KaKOW-TO
COMPSXXEHHOIM peakuun, CcrnocobHow cny-
XUTb UCTOYHWKOM 3HEPTUK.

FpafgneHTbl KOHLEeHTpauuu Mexay gByms
CTOPOHAMW KJIETOYHbIX MeM6paH (TpaHc-
Memb6paHHble  rpafieHTbl)  BapbupyoT
04YeHb CUbHO. [Moxanyih, MakCMManbHbINA
rpagueHT KOHLUEHTpaLum B opraHu3me nog-
fepXnBaeTca nnasmaTnyeckoir MembpaHoit
06KNaf0YHbIX KNeTOK CAU3NCTON 060/104KM
XenyfAKa, CEKPpeTUPYIOLWUX CONAHYIO KUCO0-
TY B XXeNyfouHblii cok. KoHueHTpayma HC1
B )KEeNy[OYHOM COKe MOXeT [JoCTuratb
01 M (pH 1,0), Torga Kak KOHLUeHTpauus
MOHOB H + B KNieTkax cocTasBnseT npuoéam-
3utenbHo 10 _7 M (pH 7,0). 3T0 03HauaeT,
4yTo 06KNagouHble KNeTku obnapalT cno-
COBHOCTbIO CeKpeTUpOoBaTb MOHbI BOAOPOAA
Jaxe MPOTMB rpajuMeHTa NOpsAAKa 106:1.
Mo-BMAMMOMY, 3TU KNETKN UMEIT Kakue-
TO OYEHb aKTUBHbIE MEMOPAHHbIE «HACOCHI»
LNA CEKpPeLun NoHOB BOAOPOAA, TaK KakK Ans
noffepXaHua CTOMb BbICOKOrO rpafjueHTa
KOHUeHTpauumn TpebyeTcd 3HaUYMTENbHOE
KO/MIMYECTBO 3HePrumn. MNepeHoc BelecTs Ye-
pe3 memb6paHbl NPOTUB rpafineHTa KOHLeH-
Tpauuu Ha3biBalOT aKTUBHLIM TpaHcnop-
TomMm. O6pasoBaHue xenygouHoit HCL ctu-
MynupyeTcs 0Cco6bIM, CBA3aHHbIM
Cc Memb6paHoli (hepMeHTOM-TaK HasblBae-
mMoin H +-TpaHcnopTupyowein ATPasoi.
Mpun obpa3oBaHUM XENy[o4YHOro COKa Ha
KaXX Ayl Mosiekyny umMTo3onbHoro ATP, ru-
aponusosaHHoro go ADP u ¢ocpata, 13
LMTO30/19 HapyXy 4Yepe3 nnasmaTU4ecKyto
mMembpaHy BbIBOAATCA fBa MOHa H +.

Apyrum BaKHbIM NPUMEPOM aKTUBHOTO
TpaHcnopTa MOXEeT CAYyXWUTb MNepeHoc Wo-
HoB Na+ u K+ uyepe3 nnasmMatuyeckyto
MeMOpaHy BO BCEX >KWMBOTHbIX K/eTKax.
Ny4we Bcero v3yyeH 3TOT MnppLecc B apu-
TpoumMTax. YCTAHOBNEHO, YTO KOHLeHTpa-
uma K + B UMTO30/€ 3PUTPOLMTOB [OCTU-
raet npumepHo 110 MM, TOrga Kak
B M/a3Me KPOBM OHa COCTaB/s€T BCero
3 MM. B T0 e Bpems KOHLUeHTpauua Na +

B nnasmMe Kposu pgocturaet 140 MM, a
B 3pPUTPOLMTAX OHA paBHa NPM6IM3NTENBHO
4 MM. [na noffepXXaHUa CTOMb BbICOKUX
TpaHCMeM6paHHbIX rpajueHToB TpebyeTcs
3Heprus ATP. B memb6paHe aputpoyuTa co-
LepXuTca cneunannm3vpoBaHHbIA (epMeHT,
nony4nBLIUIA Ha3BaHue Na+,
K +TpaHcnopTupytoweid  ATPasbl, KO-
TOPbIA  (YHKUMOHUPYET M KakK (epMeHT,
M KaK MOMeKynsapHbIiA Hacoc. 3Ta ATPasa
Katanusmpyetr TuApOAUTUYECKOe paclie-
nneHne ATP go ADP u docdaTa, a BbiCBO-
6oxparolytoca npu  3ToM  CBOBGOAHYIO
3HEpruio Ucnosib3yet AN MNepeKaynBaHUs
noHoB K + 13 OKpy>alLein cpefibl BHYTPb
KNeTkU, a MoHoB Na+ M3 KNEeTKN B OKpYy-
Xatoulyro cpegy (puc. 14-15). Crtagumeit, Ha
KOTOpPO NpOMCXOAWUT Mepefaya 3Heprum
B 9TOM MpOLECCe, ABNAETCA NEPEHOC KOHLe-
BOW (ocaTHoli rpynnsl ATP Ha monekyny
Na+, K+-ATPa3bl. Ha cnegytouwelt ctaguu
CBfi3aHHaA ¢ hepMeHTOM ochaTHas rpyn-

Mnasmartnyeckas
membpaHa

Puc. 14-15. Cxema, noscHsatouwas geiictene Na+,
K +-ATPasbl. lna TpaHcnopTta K+ B kneTky (rae
ero KOHLEHTpauus Bbille, YeM B OKpY>KaroLel
cpepe) v TpaHcnopTa Na+ U3 KNeTKu B OKpyXXato-
wyto cpegy (rae KOHUeHTpaunsa 3TUX MOHOB BblLLE,
4yeM B KneTke) TpebyeTcs cBo6ogHAaA aHEprus.
VICTOYHUKOM ee cny>uT ruaponns ATP. Ha kax-
Ayt monekyny ATP, rugponusosaHHoro go ADP
n P, 13 KNeTKn BbIXOAAT Tpu MoHa Na+ v fBa
noHa K+ mocTynatoT B Hee 13 oKpyxaloLieii cpe-
fibl. OTOT TPAHCNOPT MOHOB BK/IOYaET [Ba 3Tana.
Ha nepsom atane monekyna ATPasbl (ocgo-
punupyetcs nog geiictsmem ATP, v 3T0 No3BoNs-
eT eif npucoegnHuTb MOH Na+. Ha BTopom aTane
npucoeanHsaeTca noH K+, cnecTenemM Yero oka-
3biBaeTca nepeHoc Na+ n K+ yepes membpaHy

c oTwenneHnem csobogHoro gocdara, nocrtynaro-
wero B U4nTo30nb. ATP v NpofyKTbl ero rugponu-
3a (ADP u P,) ocTatoTcsa B K/eTke.
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na OTWEeNNAeTCA U B BUAE HEOPraHNYeCKoro
thochaTa NnepexoAnT B LNTO30/b, 0becneyn-
Bas aHeprueii nepeHoc Na+ n K+ uepes
MeMObpaHy B NPOTUBOMONOXHbLIX HanpasJ/e-
HMAX, HO B 060MX Cyyasax MpPOTWUB rpagueH-
Ta KOHUeHTpauuu. TMpofgyKTbl 3TOro mnpo-
uecca, ADP u thocthat, BHOBb «3apsXaroT-
cs», T.e. obpasytoT ATP, 3a cueT aHepruu,
BblAeNAKOLWEeNCs NpU paclienneHnn rawo-
Ko3bl. Na+, K+-ATPa3sa rugponusyer ATP
NVLWb B TOM C/ly4ae, eC/iv B KNeTKe UMETCA
noHbl Na+, a B OKpY>XXatoLL el cpefe-noHsbl
K +. Monekyna Na+, K+-ATPa3bl, cocTos-
was u3 gByx a- u Aayx R-cybbeamHuL, Ha-
CKBO3b  MPOHMU3bIBaeT  MiasMaTUyeckyto
memb6paHy. Bo Bpems nepeHoca MOHOB OHa
npeTteprnesaeT KOH(OPMaLWOHHOE W3MeHe-
Hve. B noukax, rge noHbl Na+ nepexogdar
B MOYY, a MOHbl K + JOMKHbI yAep>XnBaTbCAa
B KPOBU, Ha aKTUBHbI MEPEHOC 3TUX MOHOB
pacxogyeTca noytn fase Tpetn Bcero ATP,
obpasyrolieroca B Mpouecce  [AbIXaHus.
B pasnnyHbIX KNeTOUYHbIX MembpaHax Bax-
Hyl0 ponb urpatoT ATPasbl, TpaHcnopTu-
pytowune gpyrue noHbl (Tabn. 14-6).

Ta6bnnua 14-6.

14.17. ATP MOXeT pacLiennatbesa
iakxe go AMI* n nupodoepata

XO0TA B KNETOYHBbIX peakuusax WCnosb-
3yemblii ATP pacwennsetcs 06bIYHO A0
ADP u tocpata (P a HenocpeACTBEHHbLIM
akuenTtopom ocaTta B peakuusx, conpo-
BOX/JaKOLWNXCA BbleNleHVeM 3Hepruu, cny-
XUT ADP, n3BeCTHbI 1 TakKue K/eTOUHbIe pe-
akuuuM, B KOTOPbIX OT Monekynol ATP
OTWeNNATCA B BUAE OJHOro QparmeHTa
06e ero KoHueBble (hocatHble rpynnbl, R
ny (puc. 14-2); npofyKTtamun paclienneHus
0Ka3blBAalOTCA B 3TOM C/ly4ae HeopraHuye-
ckuii nupodocgar (PP,) M afeHO3MHMOHO-
tochat (AMP). Mpumepom Takol peakuum
MOXEeT CNYyXWUTb (hepmMeHTaTUBHaA aKTuBa-
LM XKMUPHBIX KUCNOT € obpa3oBaHUeM WuX
CoA-npon3BogHbIX (puc. 18-2); XupHas
KucnoTta npuobpeTaeT Npu 3TOM 3HEPruto
1 npespallaeTca B cooTBeTcTBYylOWee COA-
npoussogHoe (puc. 14-16), ucnonb3yemoe
3aTeM B KayecTBe aKTUBMPOBAHHOIO MNpej-
LWECTBEHHMKA NpyW OWOCMHTE3e /UNUAOB;

Mem6paHHble ATPasbl, TPaHCNOPTUPYHO LW Ne Pa3NUYHbIE KAaTUOHbI

HasBaHue
(hepmeHTa Tun Knerok Jokanusauyus DyHKUMA
Na+, K+- BONbWMUHCTBO XMWBOTHbIX [lnasmaTuyeckas mem6- Tlogaepxusaer BbICOKYO
ATPasa KNeTokK paHa BHYTPUKNETOUHYIO KOH-
LeHTpaumio K *
H+-ATPasa O6KNagoUYHble KNeTKu To xe CekpeTtupyer Hr B Xe-
CAN3NCTOl Xenypka NYLOYHbIA COK
H +-ATPa3sa XWBOTHbIe U pacTuTenb- BHYTpeHHAA mem6paHa Y4acTByeT B OKWUCAUTENb-
Hble KNeTKu MWUTOXOHAPUIA HOM 1 (O IOCUHTEernYe-
PacTutenbHble KNeTku BHYyTpeHHAA mMemb6paHa CKOM ochopuamposaHum
XnoponnacTtos ADP pgo ATP
Baktepuu MnasmaTtnyeckas MeM -
6paHa
Ca2+-ATPasa XWBOTHbIE KNETKK To xe BbikaunsaB! unoHbl Ca-'
U3 KNetok, cnocobcTeysA

CapkonnasmMaTuyeckuii
peTuKynym

HaKonneHunto
B LuuTO30nNE
HakaunBaeT WOHBbI

HNUX WOHOB

Caz2t B

LMCTEPHbl  capKonmiasma-
TUYECKOTO peTuKynyma,
Bbl3blBas paccnabneHnue

Mbl LU LibI
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ATP 4 RCOOH + CoA—SH

XupHas
KucnoTa

AMP + PP, + RCO—S-CoA

COoA-npon3BoaHOe
XWUpHOW KWCAOThHI

AGO - + 0,2 kkan/monb

3Ta peakuus akTMBaLuu CONPOBOXAaeTcs
nupodgocdaTHbIM pacuienneHnem ATP, npo-
LyKTamun KoToporo AsnatTca nupodocdar
n AMP; npu o6bl4HOM >Xe opTodochaT-
HOM pacuienneHnn o1 ATP oTwennserca

CH2

CH2

CH2

CH2

CH2

CH2
ManbmMutonnb-CH2
Hasf rpynna

CH2

CH2

— —t

KodepmeHT A

Puc. 14-16. ManbMuTOUNKOpEPMEHT A MOXeT
CNYXUTb TUNUYHLIM NpumepoM COA-NpPon3BOAHO-
ro XWPHOWA KMcnoTbl. TMAPONU3 C paspbiBOM TWO-
aupHoii cBA3n (C—S-cBA3M) MeXAY XWUPHOWA Kuc-
NoTOA 1 KothepMeHTOM A xapaKTepusyeTcs BblCO-
KUM 3HavyeHnem AGO, paBHbIM NPUGIN3NTENBHO
— 7,5 kkan/monb. COA-NPOU3BOAHbIE XUPHBIX
KUCIOT UTPatoT pPo/ib aKTUBMPOBAHHbLIX MpefLlecT-
BEHHMKOB B Mnpouecce 6MOCUHTE3a NNNUAOB.

TONbKO OfHA opTodhocdaTHas rpynna, Kak,
HanpuMmep, B FeKCOKMHA3HOW peakuum

ATP + D-rnwokosa ->
-» ADP + D-rnwoko3o-6-tocgar
AGO =
Mmpponns ATP go AMP u PP,

—3,3 KKan/monb

ATP + H20 -* AMP + PP,

Xapaktepusyercs BE/IMYMHOWA AGO =
= —7,7 KKan/mMmofib, 4TO HECKOJIbKO MpeBbI-
waet AGO ruaponusa KOHLUEBOW, uam y-
thocaTHOM, cBA3KN. HeopraHnyecknin nupo-
ocart 3aTemM rMAPOAN3YETCA NMPU y4acTum
nupocpochaTasbl ¢ 06pa3oBaHMeM ABYX MO-
NEeKyn HeopraHu4yeckoro optodocdara.

Mupotocpar + H20 -* 2docoar
AGQO = —6,9 kkan/monsb.

CymMMmapHas peakLus ONUCbIBAeTCS ypaBHe-
HUEM

ATP + 2H20 -> AMP + 2P,
AGO = —14,6 kkan/monb.

BennunHa AGO' 3Toli cyMMapHOW peakuum
paBHa anre6bpavyeckoinl cymme BeNUYUH
AGQ' aByx ee mocnegoBaTe/lbHbIX CTaguiA.
HeTpygHo BMAeThL, 4To BennynHa AGO' cym-
MapHOW peakuun pOBHO BABOE MpeBbllaeT
BennunHy AGO rugponunsa KoHLUeBbIX (oc-
thaTHbIX rpynn ATP un ADP.
PacxofioBaHne [BYX ocaTHbIX rpynn
ATP Ha akTuBauyuw OAHOW MONEKybl
npejLecTBEHHNKa MOXET NnokasaTbCa pac-
TOYMTENLCTBOM, T.€. MOXET C/I0XMUTbCA
BneyatneHne, 4TO 3Heprua gocdaTHbIX
rpynn pacxofyeTcs B 3TOM C/lyyae HeaKo-
HOMHO. M03Xe Mbl YBUANM, OfHAKO, YTO 3a
3TUM KpOETCA BaXHbIi MexaHW3Mm, obecne-
yMBaloLW NI 3aBeplleHne HeKOoTOopbIX 6KO-
CUHTETUYECKMX  peakuuii. HeobblYHbIM
o6pa3oM wucnonb3yetca nupogochaTHoe
pacwenneHne ATP, Hanpumep, CBeT/sKa-
MUW: OHO CNYXWUT UM WUCTOYHUKOM 3Heprum
4NA ncnyckaHus cseTta (gononHeHwe 14-3).
AMP Bo3Bpauwiaetca B ATP-unkn 6naro-
fapsa pelictBuio ocoboro gepmeHTa, npu-
CYTCTBYIOLLEr0 BO BCEX XMBOTHbIX KMIETKaX.
JTOT (hepmeHT, afieHUnaTKuHasa, Katanu-
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3upyet obpaTumoe
AMP po ADP:

thocopunmposaHune

Mg2+
ATP + AMP ~ ADP + ADP.

Oo6pasytoumniica npn atom ADP mMoxeT 3a-
TeM onATb ochopunuposaTbea Ao ATP.

Y afileHunaTKnHasbl eCTb ele ofHa Bax-
Has YHKLMA: 3TOT hepMeHT cnocobcTByeT
nogfep>xaHuto yposHa ATP B KfeTke, KoOr-
[la Katanusupyemas UM peakuua npoTekaet
B 00paTHOM HanpasneHuu

Mg2

2ADP ATP + AMP,

T.e. KOrja OH KatanusnmpyeT NepeHoc KOH-
LeBolt hochaTHOM rpynnbl OT O4HON Mone-
Kynol ADP K ppyroii, koTopas npu 3ToMm
npeepawaetcs B ATP. Takum o06pasom
B COKpallialLlmnxeca Mmblwyax afgeHunar-
KWHas3a no3BoNAeT UCMNO/b30BaTb B Kaye-
CTBE WCTOYHMKA 3Hepruu Ase ocdaTHble
rpynnel ATP, y n B (puc. 14-17). CnepoBa-
TeNbHO, AelicTBys Ha ADP, ageHunatkuHa-

Puc. 14-17. [Ba npouecca, o6ecneynBaroLlme noa-
flep>xaHune cooTBeTCTBYOLEro yposHa ATP B
6bICTPO COKpALLaloLWUXCA CKeNeTHbIX MblLLILAX,
paboTaloLW KX B YCN0BMAX aHaspobuosa.

3a MOXXeT MONO/HATL 3anac KpeatuHdocda-
Ta, KOTOPbI BO BPEMSA MbILIEYHOrO COKpa-
LWEHNA CNYXUT UCTOYHUKOM ATP.

JononHenune 14-3. ATP nocTaBndeTr 3Hepruio
ond 6MONIOMUHECLEHL MW CBETNAKOB

BuontoMUHeCLeHLMs, AN KOTOPOK TpebyloTcs 3HAUUTeNbHble KOMUYe-

CTBa 9HEPruun, CBOWCTBEHHA MHOTMM BuAam rpn6os, MOPCKMM MUKpOOpPra-
HM3MaM, megysam, pakoobpasHbiM W cBeTnakam (puc. 1). Y CBETNAKOB
B NOC/eJ0BaTeNbHOCTY peakuuii, obecneunBarolx npeobpasoBaHne Xu-
MWYECKOW 3HEPTMM B 3HEPrUi0 CBeTa, MCMNOMb3YeTCA COYeTaHWEe 3IHeprum
ATP 1 OKMCANTENbHON 3Heprun. Yunbam Mak-3n1poi n ero konnern u3s
YHusepcuteTa [>KoHa MOMKWHCA BbIAENNAN U3 MHOTUX ThICAY CBET/IAKOB,
COo6paHHbIX AN 3TOW Lenn no ux npocbbe 4eTbMU B OKPecTHOCTAX bantu-
MOpa, fiBa rNaBHbIX 6UOXUMNYECKMX KOMMOHEHTA, Y4acTBYIOLLMX B NpoLiec-
Ce CBeYeHus: nouudepuH (puc. 2), npefctaBnawwWwuii coboit kKap6o0HOBYHO
KWUCMOTY [O0BOMLHO C/IOXHOTO CTPOEHUA, U (hepMeHT noundepasy. Ana re-

Puc. 1 Csetnsak.
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AMP
NoumndepunageHunar

Puc. 2. TnaBHble KOMMNOHEHTbI, 06ecneynBatoLL e
6MONOMUHECLLEHLNIO CBETNAKOB.

Hepauuy CBETOBbIX BCMbIWEK NOLUGEPUH CHavyana AO0/XKEH OblTb aKTUBK-
poBaH B (pepmeHTaTUBHON peakyun ¢ ATP. Ha aToli ctagum nupodocdar-
Hoe pacwenneHne ATP npuBoguT K 06pa3oBaHuto noundepunageHnnaTa
(puc. 2). 3aTem nof AeiiCTBMEM MOMEKYNAPHOrO KMCA0pofa NpoMCXoguT
KaTanusmpyemoe nwouudepasoli OKMCANTENbHOe [eKkapboKcunMpoBaHue
noundepunHa, B pesynbTaTte Yero obpasyerca okCualoummepunH. IMeHHo aTa
peakuus, nNpoTekatolias 4yepe3 psAj MPOMEXYTOUHbIX CTafuil, COMPOBOX-
[aeTcs CBeTOBbIMM BCMblWwKaMm (puc. 3). CnekTpanbHblii COCTaB MCMyCKae-
MOrO CBeTa Yy pasHbiX BUAOB CBETNSKOB pa3/inyeH; OH 3aBUCUT, MO BCeii Be-
POATHOCTW, OT CTPYKTYpbl Ntouundepasbl. 3aBepluiaetcs LMKA nocfiefosa-
TEeNbHOCTbIO peakuuii, B pesynbTate KOTOPbIX U3 OKCUOLMGEPNHA BHOBb
obpasyeTtcs noundepuH. Y Apyrux 6MONIOMUHECLEHTHbIX OpPraHu3mMoB
cBeyeHne 06ycnoBnmBaeTcAd (HepMeHTaTUBHLIMW peakuuaMu WHOro Tuna.

Peakuuu, npusoasiime K
pereHepauuu noundepnHa

Puc. 3. Liuknuyeckoe npespalyeHne KOMMNOHEH-
TOB, 06ecrneynBarOLLNX NIOMUHECLEHLMNIO CBETNA-
Ka.

OunLLeHHble MIOLMGEPUH 1 NoLUGepasy CBETNAKOB UCNONL3YIOT AN 13-
MEpeHNs O4YeHb ManbiX Konuvects ATP. Mepoii konuuectsa ATP cnyxut
npu 3TOM WHTEHCUMBHOCTb CBETOBOW BCMbIWKW. Takum cnocobom ypaetcs
onpegenatb  Konumyectea ATP  nopafgka HECKOMbKUX  MUKOMONEN
(10 12 mons).
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YpuauuTpudocaT (UTP), ryaHo3uHT pu-
ochpaT (GTP) w umTuaMHTpUgochaT
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Puc. 14-18. A. UeTbipe Hykneosng-5'-tpudocda-
Ta. Kaxgblii U3 HUX COfepXuUT ocob6oe OCHOBaHMe
(noka3aHo Ha KpacHOM (hoHe). b. B monekyne
[1e30KCUHYKNEeo3n-5'-TpuocdaTos B NMOMOXKEHUN
2' BMeCTO rMApoKcuia CTOMT aTOM BOJOpPOAA.
[e30KCMTUMUANHTPUGOCHAT CAYXUT NpeaLecT-
BEHHMKOM OCTaTKOB TUMWAWNOBOA KUCNOThI, BXO-
aawumx B coctas JHK. B PHK ocTaTtkos Tu-
MWAUNOBOW KMCNOTbI HET; BMECTO HWX 3[ecCb Npu-
CYTCTBYIOT OCTaTKM YpUAUNOBON KUCNOThI (ee
npesWwecTBEHHUKOM CAYXUT ypuanHTpudocdar).

ALieHVH

TuMUH

[Aesokeutumnanntpudocdar (HTTP)
b

(CTP) npegctaBnstoT coboit dochopunn-
poBaHHble pPUOOHYKNEOTUAbI, NO CBOEN
CTPYKType cxogHble ¢ ATP (puc. 14-18)
M XapakTepu3ylowmecs Takoi >ke Bennyu-
Holi AGO' rmugponnsa. 3T COefUHEHUS CO-
JepXaTcs BO BCEX K/IETKax, XOTA U B 3Hauu-
TeNIbHO MeHbLUX KonuyecTtBax, vyem ATP.
B Manbix KOHUEHTpaunax o6HapyXwusawT-
CA B K/IeTKaxX TakKXe W COOTBETCTBYlOLWME
fe30KcupuboHykneosmp - 5' - Tpudocdatol:
2'-fe3oKcunafieHosuH-5"-Tpudochat (dATP),
2'-fe30KcuryaHosunH-5"-TpugochaT (dGTP),
2'-fe3oKeuunTuauH-5-Tpudgochat (dCTP)
" 2'-0e30KCUTUMUANH-5"-TpudochaT
(dTTP). ATP B KneTke urpaeT ponb rnaBHoO-



434

ro nepeHorymka ocatHblx rpynn. Yro xe
KacaeTcs MepeyncneHHbIX 3ecb SPYrux Hy-
Kneosng-5'-tpugochartoB, TO BCE OHU BblI-
MOMHAIT Crneunanu3npoBaHHble QYHKLUN,
06CnyXunBas TONbKO CTPOro OnpefesieHHble
6uocmHTeTYeckne nytn. CBOW KOHLEBbIE
hocatHble rpynnbl OHWM nonyyatT oT ATP
B peakumsax, Katanmsmpyemboix Mg2"-3a-
BUCUMbIMU (DepMeHTaMW, KOTOPbIE HOCAT
Ha3BaHWe HYKNeo3naAnMochoKnHas. 3ITu
(hepMeHTbl KaTtanusupyoT cnegytoune o06-
paTuMble peakuunu:

ATP + UDP ;=% ADP + UTP

ATP + GDP ADP + GTP
ATP + CDP ADP + CTP
GTP + UDP GDP + UTP
ATP + dCDP ADP + dCTP
GTP + dADP GDP + dATP
MpoayKThl
6nocnHTe3a
UTP  — >[lonucaxapuabl
CTP  — * Nunngbl
GTP - * benku
ATP
uTe PasHble BuAbl
CTP PHK
GTP
dATP
dTTP
dCTP
dGTP

Puc. 14-19. Pa3nuyHble HYKNeo3ufi- 1 Ae30Kcu-
HyKneosmaTpudocdaTbl CAyXaT TEMU KaHanamu,
yepes KoTopble aHeprua ATP HanpasnaeTcs Ha
6MOCUHTE3 TeX UAN MHBIX KIETOYHbIX KOMMO-
HEHTOB.

YACTb . BUOSHEPTETUKA N METABONN3M

Ha puc. 14-19 noka3aHo, Kak Yepe3 3Tu pas-
NNYHBIE HYKIIE03UL- U [e30KCUHYKNe03ns-
TpudocdaTbl 3IHEPrUs U CTPOUTENbHbIE
610KV NepefatoTCA Ha ONpefieNleHHble MeTa-
6onmyeckne nyTW, rAe OHU MCMONb3YHTCS
ona 6uocuHTesa Nunugos, 6eNKOB U B Nep-
BYI ouepefb Ans 6uocnHtesa AHK n PHK.

14.19. Cuctema ATP
(PYHKLMOHMPYET B CTaLMOHapHO-
ANHAMUNUYECKOM peXxume

Kak MOXHO y6eanTbCca B TOM, YTO cUCTe-
mMa ATP p[elicTBUTENbHO (YHKLUUOHUPYET
B MHTaKTHbIX K/IeTKax, OCYLLecTBNAS Mnepe-
HOC 3Hepruu ocaTHbIX rpynn  (cwm.
puc. 14-3)? OTBeT Ha 3TOT BOMPOC Mbl MO-
XXEM NONMyYnTb B IKCNEPUMeEHTax C CoefjuHe-
HUAMW, MEYEHHbIMU PaANOAKTUBHBLIM M30-
Tonom docgopa 32P. MoXxHO, Hanpumep,
MCMonb3ys HeopraHnyeckuii ocdar, Mme-
YyeHHbIA 32P, onpefennuTb o0bopayuBae-
MOCTb KOHLIEBOW (pocpaTHO rpynnbl ATP
B K/IeTKax uUam TKaHax. C 3Tol Lenblo B fbl-
wauime KNeTkn BBOAAT MeYeHbll HeopraHu-
ueckuii pocdat, nocne Yero yepes KOPOTKMe
NPOMEXYTKW BpEMEHM OoTOMpalT npobsbl
KNeTOK N BblAensoT n3 Hux ATP. BbidcHu-
NI0Cb, YTO XOTHA KOHUeHTpauna ATP B Knet-
Kax Mpv 3TOM He MEHSeTCs, B er0 KOHLIeBOM
thochaTHOW rpynne yxe uepe3 KOPOTKOe
Bpems 06HapyXuBaeTca pPagnmoakTUBHOCTb,
a 3TO CBMAETE/NbCTBYET O TOM, YTO KOHLie-
Bas (pocaTHasa rpynna (y-rpynna) 6bicTpo
OTWEeNNAeTcs W CTOMb Xe 6bICTPO 3ame-
aeTca pagnMoakTUBHLIM octaTtom un3 ny-
Na HeopraHuyeckoro gocgara. 3T0T npo-
uecc O6GHOBNEHMSA KOHLEBOW ochaTHOM
rpynnel ATP npopgonxaeTcda A0 Tex mnop,
noka ee yfenbHas pafnoOaKTUBHOCTb He
CpaBHfieTCA C YyfenbHOW pagnoakTuB-
HOCTbIO Myfia HeopraHuyeckoro docdara.
O60paumMBaemMoCTb KOHLIEBOW octhaTHOM
rpynnel ATP o4yeHb BbicOKa. B ablwalimx
KNeTKax MeyeHn nepuog nonyoboporta KoH-
ueBoii hoctaTHol rpynnel ATP He npeBbl-
WaeT OfHOW-ABYX MWHYT, a Yy a3pobHbIX
6aKTepnanbHbIX KNETOK, Y KOTOPbIX WUHTEH-
CUBHOCTb [bIXaHWA HAMHOrO BbILE, YeM
Yy XUBOTHbIX K/IETOK, OH U3MepsAeTCcs CeKyH-
jamu. Hapagy c aTum obpatjaeT Ha cebs
BHUMaHWe KpaiiHe Hu3Kasa o6opauynBae-
MOCTb a-toctaTHoi rpynnel ATP, npucoe-
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[LUHEHHOW HemocpeAcTBeHHO K D-pn603HOI
4yacTu MOJIEKY/bl.

HecmoTpa Ha OYeHb BbICOKYK 060paym-
BaeMOCTb KOHLEBON (octaTHOl rpynmbl
ATP B XMBbIX KneTKax, o6uias KOHLeHTpa-
uma ATP ocTaeTcs BCe e NMOCTOAHHOW. 3T0
CBUAETeNbCTBYET O CTalMOHapHO-AUHaMM-
YeCcKOM pexume QYHKLUOHUPOBAHUA CU-
ctembl ATP. [pyrumum cnosamu, CKOpOCTb
ncnonb3oBaHMa ATP B KayecTBe UCTOYHUKA
3HepruM B TOYHOCTWM YpaBHOBeLUMBAETCA
CKOpOCTbIO npouecca pedochopunnposa-
Hua ADP fo ATP, conpsyeHHOro ¢ okKuche-
HMeM KNeTOYHOro TOMMMBa, T.e. C npouec-
coM, nocTaBngloWuM 3Hepruo. CuHTes
ATP, CONpPsHKEHHbIN C OKNCNEHUEM KJIeTOY-
HOro TON/MBA, PErynupyercd, M MnoaTomy
ckopocTb o6pa3oBaHua ATP wu3 ADP
n (octhata BCerga okasbiBaeTca [0CTaTOY-
HOli Ana Toro, 4ToGbl 3HepreTUyeckme
HY)XXAbl KNeTKNW B NOGOA AaHHbIA MOMEHT
MOT/IN ObiTb YLOBNETBOPEHSI.

KpaTkoe cofepXaHue FnaBbl

XUMUYEeCKMe peakuuu npo iekatwT B ia-
KOM HanpasfieHuu, 4Tobbl Npu paBHOBeCUU
CymMMapHas 3HTponus S CUCTEMbI U OKpY-
Xawouwei cpegbl  6blna  MakKCMManbHOA,
a cBobogHas aHeprua G pearvpyrolmx mo-
NeKkyn - MUHUManbHoi. Kaxgasa Xxumuye-
CKas peakuus XxapakTepusyeTcs onpefe-
NEHHbIM W3MEeHeHWEeM CTaHAapTHOW CBO-
6ogHON 3Heprum AGO; B KayecTBe CTaH-
[AapTHbIX YCNOBUIA NPUHATBLI: TeEMNepaTtypa
25°C, paBfieHne 1aTMm, KOHLUEHTpauuum Bcex
NCXOAHbIX BewecTs U npoayktos 1 M n pH
7,0. AGO' MOXXHO paccyuTatb Mo ypaBHEHUNIO
AGO' = - 2,30 R71gK'g, ecnu  u13BeCTHa
KOHCTaHTa paBHOBeCWA [aHHOW peakuuu
KLi BennuunHa AGO rugponusa ATP po
ADP wn ¢ocgara paBHa —7,3 KKan/Mofb.
Y HeKoTOpbIX POCHOPUNINPOBAHHBIX COEAN-
HeHWA, Hanpumep Yy 3-dochoranueponn-
thocpata n pochoeHonnupysarta (4AByX npo-
MEXYTOYHbIX MPOAYKTOB Ha MNyTU paclie-
naeHns rKo3bl Ao naktata), AGO' rugpo-
Nn3a BblpaxaeTcsa ropasfo 6onee otpuua-
TeNbHOI BENNYNHONM, YeM Yy ATP; NX MOXHO
paccmatpuBaTb MO3TOMY KaK CBEPXBbICO-
KO3HepretTnyeckue coefuHeHus. Ona Heko-
TOpbIX ApYrMx ¢ ochopunnpoBaHHbIX CO-
eMHEHWNIA, Hanpumep ANna r1OKO030-6-oc-

(baTa, XapakTepHbl MeHblUne no abcontoT-
HOI1 BennumnHe 3HavyeHns AGO rugponusa no
cpaBHeHMt0 ¢ ATP; UX Ha3blBalOT HU3KO-
3HepreTMYeckKnMm coeguHeHuamu. Mog aei-
CTBMEM CMeuUPUUHBLIX KWUHa3 gocdaTHble
rpynnbl  OT CBEPXBbICOKO3IHEPTeTUYECKNX
thochaToB, 06pasyoOWMXCca B MpoLecce Ka-
Tabonnsma, MoryT nepeHocutbca Ha ADP,
B pesynbTate 4Yero cuHTesupyetca ATP.
[pyrue cneunmduyHble KuWHa3bl KaTanusun-
PYHOT MNepeHoC  KOHLEeBOW  ocgaTHO
rpynnbl ATP Ha MO/ieKynbl-akLuenTopsbl, KO-
TOpble npespawiatoTca npu aTom B ocgo-
punupoBaHHble (HU3KO3HEPreTUyeckKune) co-
eAVHeHNa 1 oKasblBalTCA bGnarofapa aTo-
My aKTMBMPOBAHHbLIMW; B TaKOM BUJE OHU
MOTYT BCTynaTb B peakuuu 6MOCHUHTe3a.
CneposatenbHo, ATP B npouecce meTabo-
nu3Ma urpaeT posib YHUBepPCanbHOro npo-
MEXYTOYHOI0 npoAyKTa-nepeHocuymKa
thochatHbIX rpynn. ATP Takxe noctasnseT
3HEPruo ana MYHKUUOHNPOBAHUSA COKPaTU-
Te/bHbIX aKTUHOBbIX U MUO3NHOBbLIX HUTEN
CKENeTHbIX MbIWWL. 3a cyeT 3TOW 3Hepruu
OCYLLEeCTBNAETCSH CKO/bXEHWe HWUTEeR apyr
OTHOCWUTENbLHO Apyra W Kak pe3ynbTar 3TO0-
ro-cokpatieHue Mblwubl; npu atom ATP
rugponusyetca go ADP u docgarta. Kpea-
TUHOCKHAT CAYXUT pe3epByapoOM BbICOKO-
3HEepreTMyeckux ocatHbIX rpynn B Mbl-
WeYHbIX W HEpBHbIX KneTkax. [llofg Agei-
CTBMEM KpeaTUHKMHAa3bl OH MOXET nepefa-
BaTb CBOW (hocaTHble rpynnbl MONEKynam
ADP. XVMWYECKyl0 3Hepruw pAna mmem-
6paHHbix ATPa3 Toxe noctaBnsetr ATP;
3TO faeT WM BO3MOXXHOCTb MepeHOCUTHb
NOHbI H + 1 HeKoTopble ApYyrne KaTuoHbl Ye-
pe3s Mmem6paHbl NPOTUB rpajueHTa KOHLEH-
Tpauuu.

Ncnonb3yemblit B 6MOCUHTETUYECKNX pe-
akumax ATP moxeT oTaaBatb nMb60 opTo-
thocaTHyto, NM60 nupoochaTHyo rpyn-
ny; B MepBoM cnydvae obpasyetca ADP, Bo
BTOopoM-AMP. MpoaykT, o6pasytowmiics
npu nupodgocharHom pacwenneHnn, AMP,
BHOBb (pocopunupyetcs go ADP B peak-
UMK, KaTanusmpyemoi afeHuNnaTKnuHasom:
ATP + AMP 2ADP. TllepeHocuuka-
MU  BbICOKO3HEPreTUYeCKNX  docdaTHbIX
rpynn, HanpaefiseMblX B pasnnyHbie 61O0-
CUHTETUYECKME peakuun, cnyxar TakKxe
n apyrue Hykneosua-5'-tpugocpatel: GTP,
UIP. CTP. dATP, dTTP u T.4.; 3TN Xe
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TpugocdaTel UrparwdT poNb NpefecTBeH-
HUKOB B GMOCUHTE3e HYK/IEMHOBbLIX KWUCNOT.
B MHTAKTHbIX fblWalnX KNeTKax KoHLueBas
thocpatHaa rpynna ATP  HenpepbiBHO
1 0YeHb OLICTPO 3aMellaeTcs 3a CYeT nyna
HeopraHuyeckoro ocara; B HUX noggep-
XunBaeTca CTauMOHapHO-AWHAMWYECKOe CO-
CTOfHME, Npu KoTopom pacxon ATP, cBa-
3aHHbI C OTWeEeNNeHMeM ero KOHLeBOn
(hocaTHON rpynnbl, B TOYHOCTH ypaBHOBe-
wmuBaetca pecuHtesom ATP u3s ADP
n gocgara.
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Bonpocbl 1 3agauun

1. Bbluucnenune sennuynHol AGO' NMo KOHCTaHTe
paBHoBecUA. BbluucnnTe MU3IMeHeHMe CTaH-
[apTHON CBOGOAHON 3HEpPrum cnepytowmnx
MeTaboNMyeCcKn BaXHbIX (PepMeHTaTUBHbIX
peakumnii npn 25°C, ncxopns n3 NpuMBeLEHHbIX
3HAUYEeHMWIH KOHCTAHT paBHoBecus (pH 7,0):
a) Fnytamar + Okcanoauerar

AcnapTaTaMMHOTpaHc(epasa
Acnaprtat +

+ a-KeTtornytapat

Keq = 68.

6) AurnpgpokcnauetoHdoctpar LU
Tpuo3soochar-n3omepasa

Fnuuepanbgernpg-3-gocoar

Kuw = 0,0475.
B) ®pykTo30-6-hochar + ATP
dochodpyKTOKMHA3A
n ®dpykTo30-1,6-gucochar +
+ ADP
K'eq = 254.

2. BbluMcneHue KOHCTAaAHTbl paBHOBECUA MO Be-
nmynHe AOO'. BblYnNCNNTE KOHCTAHTbl paBHO-
Becus CchneAytwuwux peakuuin npu pH 7,0
n Temnepatype 25°C ucnonb3ys [aHHble,
npusefeHHble B Tabn, 14-3:

a) Mnwkoso-6-pochar + H20 -*

rnoko30-6-thocharasa

-* Fnokosa + docoar.

B-FanakTo3ngasa

6) Nlakto3a + H20 ->

-> [nwkosa + [anaktosa.
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dymapasa
B) Manat -+ ®ymapatr + HZ20,

3. Bennunna OO0 gns conpsa>keHHbIX peakyuit.
Fnwoko3o-1-pochaTt npespaw,aetca BO (GPyK-
T030-6-bocaTr B ABYX NOCAeA0BaTeNbHbIX
peakumax;

Fnoko3o-1-gpocthar -* [nwkKo3o-6-ocar,
rnoko3o-6-hochar ®pyKTO30-6-hochar.

Mcnonb3ys 3HadeHus AGO, npuBejeHHble
B Ta6n. 14-3, BIYMCNNTE KOHCTAHTY paBHOBe-
cus Xgq 4ns cymMmapHoil peakuyum npum 25°C

Fnwokoso-1-thocthar -> dpykTo3o-6-pocdar.

4. CTpaTerua npeogoneHns HebnaronpuaTHbIX
aTanos: ATP-3aBuCMMOe XumMuyeckoe conps-
>XeHue. MepBbIM 3Tanom Katabonnsma rnto-
KO3bl ABNfeTcA (GochopuanpoBaHue TNto-
KO3bl C 06pa3oBaHMeM rnwKo30-6-pocgarta.
Mpamoe dochopunupoBaHue rNKO3bl He-
opraHuyeckum dhocthatom onwucbliBaeTcs
ypaBHeHueM

Fnwokosa + ®dochar >
-* T'noko3o-6-pocthatr + H20

AGO' = + 3,3 Kkan/monb.

a) BbluncnnTe KOHCTaHTY paBHOBecUs nNpu-
Be/leHHO BbilWe peakuyuun. B kneTke ne-
YEHW KpbiCbl (U3NONOTMYECKME KOHLEH-
Tpauuu rnwKosbl U Goctharta NOSAEPXN-
BalTCA Ha YypoBHe okono 4,8 mM. Kakoii
6yfeT paBHOBeCHas KOHLeHTpauusa rnwo-
K030-6-hocthaTta npu npamom dochopu-
NNPOBAHUN TNOKO3bl HEOPraHUYecKum
dhochatom? MOXHO nuM cyuTaTb Npu-
eMNeMblM TakKoi MeTaGoONMUYECKWIA NyTb

Ans KaTabonusma rnKo3bl? BbicKaxuTte

CBOU coobGpaxeHus.

6) TeopeTMYeCKN MOXHO YBEINYUTb KOHLEH-
Tpauu rnwKo3o-6-pocharta, CABUHYB
paBHOBECME peakLWn BMPaBO 3a CYET MO-
BbllWEHNA BHYTPUKNETOYHbIX KOHLeHTpa-
Unii TN Kosbl M dpocthata. Mpumem, 4YTo
KOHLUeHTpauua ¢ochaTta Hen3MeHHa
npaBHa 4,8 MM. Hackonbko noTpebyeTcs
npun 3TOM MOBbLICUTb BHYTPUKIETOUYHYIO
KOHLEeHTpayunio TrA0KO3bl AN TOro,
4TOObl paBHOBECHAA KOHLeHTpauus rnatw-
K030-6-hocthata coctaBuna 250 MkM
(MMeHHO TakoBa ero HopmanbHas Gu3no-
nornyeckas KOHUeHTpauua)? MOXHO nu
cuMTaTb 3TOT MYyTb NpPUEMNEMbIM C (K-
3M0N0TMYECKOW TOYKW  3peHus, ecnu
y4yecTb, 4YTO MaKCuManbHas pacTBoOpu-
MOCTb TNHOKO3bl MeHbwe 1 M?

B) B 3Toil rnaBe Mbl roBopuaM o TOM, 4TO
thochopunupoBaHue TFAKOKO3bl COMpsXe-
HO B KNeTke ¢ ruagponusom ATP; Takum

06pa3oM, 4acTb CBOGOAHOW 3HEPrum ru-
aponusa ATP wucnonb3yeTtcs Ans ocy-
WecTBNeHUs He6NaroNpUATHOTO B aHepre-
TUYECKOM OTHOWEeHUN (ochopuampoBsa-
HUS TN KO3bI.

Mnoko3a + dochar ¢
-> Inwoko3o-6-pochar + H20

AGO0 = + 3,3 kKkan/monsb
ATP + H20 -» ADP + dochat

AG0' = —7,3 kKkan/monb

CymmapHas peakuus: Fniokosa +
+ ATP -» Tnwokoso-6-thochat +
+ ADP

Bblyncnute 3HavyeHuns AGO' n Kuw gnsa
cymmapHoii peakuyuu. Mpu Takom ATP-
3aBUCMMOM (DOCHOPUNMPOBAHUMN  T[IO-
KO3bl, KaKO fOMXKHA 6bITb KOHLEHTpPaLymnsa
rN0KO3bl ANA TOro, 4Tobbl BHYTpPUKIeE-
TOYHAN KOHLUEHTpaumnsa rnokoso-6-pocda-
Ta coctaBuna 250 MKM, ecnu KOHUeHTpa-
unu ATP n ADP paBHbl COOTBETCTBEHHO
3381 1,32 MM? MOXHO N1 cYynuTaTb Ta-
KO COMpPsSXeHHbI npouecc XoTs 6bl Teo-
peTuYeckn npuemneMmblM nyTem Ans goc-
hopunupoBaHna rNOKo3bl B Knetke? Mo-
yemy?

C TepMOANHAMMUYECKON TOYKN 3peHUs co-

npsXxeHuve ruaponusa ATP ¢ dpochopunu-
poBaHMeM TNIOKO3bl He ABNAETCA HEBO3-
MOXHbIM, HO Mbl He 3HaeM, Kak OHO Mpo-

MCXOAUT B AeACTBUTENBHOCTU. TTOCKONBKY

ANS conpsXeHus Heob6XoAMM Kakoii-To

06W NI NPOMEXYTOUYHbIA NPOAYKT, OfHA

M3 BO3MOXHOCTel 3akntovaetcs B TOM,
4yTo 3a cyeT ruaponnsa ATP ysennunsaer-

CA BHYTPUKNETOYHAd KOHLeHTpauus He-

opraHuuyeckoro ¢ocgarta, u 310 obner-

4yaeT npoTekaHwe HeGnaronpuaTHOR

TEPMOAMHAMMNYECKOW TOYKW 3peHus pe-

akuum GochopmNnpoBaHUA TN KO3bl He-

opraHuyeckum dhochaTtom. MpepcTa-

BNSETCA N BaM 3TOT NYTb MNOAXOAAWUM?

ApPrymeHTUpyiiTe CBOW OTBET.

4) B knetkax neuvyeHn ATP-conpsXeHHoe
hocthopunmposaHue rnKo3bl KaTanusu-
pyeTcs hepMeHTOM TNIOKOKUHA30#h. DTOT
(hepMeHT cBA3biBaeT ATP UK rnwoKo3y,
B pe3ynbTaTe 4ero obpasyeTca KOMMAEKC
rniokKkosa-ATP-pepmeHT n tocthar
nepeHocuTCcAa HenocpeacTBeHHO oT ATP
K rNoKo3e. B yem 3aknwoyvalTca npenmy-
uecrtea Takoro nytu?

r

~

5. Bbluncnenue BenuuuH AGO' gna ATP-conps-

K eHHbIX peakuuwid. Wcxoas M3 AaHHbIX
Tabn. 14-5, BblumcnmTe 3HauvyeHus AGO ans
peakuuii:
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a) Kpeatuntochpar + ADP
-> KpeatnH + ATP;
6) ATP + ®pykTo3a ->
“m ADP + ®pykTo30-6-thoceart.

6. Bbluncnenne AG' npu hU3M0NOTNYECKUX YCNO-

BUAX.

Bblunmcnnte wn3MeHeHue CBO6GOAHOM

aHeprun AG' (He AGO0') npu ¢wusvonorunye-
CKUX YCNnOBWAX ANA peakuyumn

KpeaTuHdpochar +

npoTeKato W e
npu
KOMMOHEHTOB:

ADP
-* Kpeatun + ATP,

->

B LWTO30Me KNEeTOK MoO3ra
CNefyloWwmnx KOHLEeHTpauusax
KpeaTuHpochaT-4,7 MM,

25°C n

kpeaTuH-i,0, ADP 0,20 u ATP-2,6 mM.
7. MoTpe6GHOCTbL B CBOGOAHOW 3IHEPTUN NPU CUH-

Tese ATP

B ()N3MONOTNYECKUX YCNOBUAX.

B 4MTO30/M1€ NEeYeHU KPbICbl OTHOLWEHUE feii-
CTBYHOLWMNX Macc paBHO

[ATP]
[ADP] [P,]

= 5,33-102.

BbluncauTe KONMYECTBO CBOGOAHON 3HEpTuM,
Heo6xo4uMMoe Ans cuHTesa ATP B nedyeHu
KPbIChI.

8. CyToyHaa yTwunumsauua ATP

B opraHusme

B3pOCNOro 4enoseka.

a) KonmuyectBo cBOGOAHOW 3Heprum,

6

-

Heo6-
xoammoe gna cuHtesa ATP ns ADP un He-
opraHuyeckoro gocctata (P,) Npu KOHLEH-
Tpaumax UCXOLHbIX BEWeCTB ¥ NPOAYKTOB
1M (cTaHfjapTHOe COCTOfiIHME), coOcCTa-
BnaeT 7,3 kKkan/monb. T[10OCKONbKY WC-
TUHHblIE U3NONOTNYECKNE KOHLEHTpaLuu
ADP, P, n ATP B KNneTkax oTnuyanTcsa oT
1 M, konuyecTBo CBO6GOAHONW 3HEpPruu, He-
obxogumoit gna cnHtTesza ATP npu ¢pmsmno-
NOTNYECKUX YCNOBUAX, OTNMYaeTca OT
AGOQ. BbluncnuTe KONMYeCTBO CBOGOLHOM
JHeprun, Heobxoamnmoe Ana cuHTesa ATP
B KNeTKe MeyeHun yenoseka npum Gusnono-
rMyecknx KoHueHtpauunax ATP, ADP u P..
paBHbIX COOTBETCTBEHHO 3,5, 1,50
n 50mMM.

340pOBbIV B3pOCAbI/i YenoBek, BeC KOTO-
poro cocTaBifeT 0Kono 70 Kr, AO/XeH
eXefHEeBHO NonyyaTb ¢ nuujeir 2000 kkan.
Muuesbie BellecTBa pacwennsiTCca
B npouecce MeTtabonusma u BbICBOGO-
Xpatowasaca npu 3Tom csobofHas aHep-
rms mcnonb3yerca ans cuHtesa ATP, Ko-
TOpbl/i 3aTeM pacxofyeTcs Ha BbiMONHe-

B)

N METABOJIN3M

HUWe eXefHeBHOW paboTbl oOpraHuWsma,
XUMUNYEeCKOW N MexaHWueckoll. Bbeluncnure
(B BECOBbIX eauMHMLax) konuyectso ATP,
YTUNAU3NPYEMOTO 3a CYTKM OpPraHusmMom
B3pOC/NOr0 4YenoBeka, €CiM MPUHATb, 4TO
3P heKTUBHOCTb NpeBpaLLeHNs 3aKNIOYeH-
HOW B MuuUie 3Heprun B aHepruw ATP pas-
Ha 50%. Kakoii NnpoleHT oT Beca Tena co-
cTaBnfeT 3To Konuyectso ATP?

X 0TS exXefHEBHO B OpraHM3me B3pOCNOro
yenoseka 06pa3ydTCA 3HAYUTENbHbIE KO-
nuyectsa ATP, Bec Tena, ero CTpoeHue
M cOCTaB 3a 3TOT Nepuof CyUu ecTBEHHO He
MeHA TCA. KaK MOXHO 06BbACHUTb 3T0?

9. 3anac ATP B MbllWeYHO! TKaHW. KoHLUeHTpa-
uma ATP B MblWeyHOW TkaHuW (B KOTOpoOii
oKono 70% NpUXoAMTCA Ha JONIO BOAbI) paB-

Ha npu6nusntensHo 8,0 MM.
YCUNEHHO

B nepuogsl

MbllWIEYHON aKTUBHOCTM ATP

pacxoAyeTca ANA MbllWEYHOr0 COKpaleHus
co ckopocTbto 300 MKMONb/MWUH Ha 1T Mbl-
WeYyHOW TKaHu.

a)

6

=

B)

10.

Ha cKONbKO BpeMeHW xBaTaeT 3TOr0 3ana-
ca ATP cnpuHTepy, 6erywemy 100-me-
TPOBYI AuUCTaHuuio?

KoHUueHTpauuna kpeatuHdochaTta B Mbl-

IWeYHOW TKaHM cOCTaBAseT MNPUMEPHO
40,0 MM. Ha Kakoe BpemMs MNO3BOAUT
KpeaTuHtpochaTt pacTAHYTb 3anac Mbl-

weyHoro ATP?
YTo pgenaeT BO3MOXHbIM MapaOoHCKUA
6er npu Takom 3anace ATP?

Pacwennenne ATP B npouecce meTabonusma

40 AMP n PP,. O6pa3oBaHue aKTUBUPOBAH-
Holi popmbl aueTaTa (aueTun-CoA) npeacra-

BnaeT co6oii
AuyeTat +
-> Auyetnn-CoA +

a)

6)

ATP-3aBUCUMBIA npoLecc
ATP
AMP +

CoA +
PP,.

Bennuunnel AGO' rugponusa auetnn-CoA
no auyetata un CoA n ATP go AMP u PP,
paBHbl COOTBETCTBEHHO —7,5 un —7.3
Kkan. Bbluncnute BennuuHy AGO pgnsa
ATP-3aBucumoro cuHtesa auetun-CoA
MouTn BO BCeEX KNeTKax MNpucyTcTByeT
hepMeHT (HeopraHuyeckas nupodgocgara-
3a), kaTanusupywuwmnii rugponus PP- go
HeopraHuyeckoro ¢ocgara (P*). Kak
BIMAET MPUCYTCTBUE 3TOT0 PepmMeHTa Ha
cuHTe3 auetun-CoA? [faiite NoNHbIl OT-
BeT.



FMABA 15

FNMNKONN3-LUEHTPANBHBIN MYTb
KATABOJIMSMA TJIKOKO3b

Tenepb, KOrga Mbl  MO3HAKOMWAUCH
C NpYHUMNamMu, nexawuMn B OCHOBE opra-
HM3aUMM KNeToyHoro o6bmeHa n 6MoaHepre-
TUKWA, Mbl MOXEM YACHWUTb cebe, Kakum
06pa3oM XMMUYecKas IHeprus, 3aknoyeH-
Has B CTPYKTYpPe MONeKY/bl FOKO3bl, Bbl-
cBO6OXJaeTCA B NO/e3HOW (hopme, NPUTOA-
HOM AN BbINONHEHNA Pa3HO06pa3HOi 6umo-
nornyeckoi paboTbl KNeTkn. HanomHuM,
4YTO Tr/0OKO3a CAYXUT OCHOBHbIM «TOM/N-
BOM» Yy 60/bLUMHCTBA OPraHn3MoB, YTO OHa
6oraTa sHeprvein u 4To ee 3anachbl, XpaHf-
Wwmnecs B BWMAe T/AMKOreHa, Ierko MOryT
6bITb MOO6UNN30BaHbI, KaK TOJIbKO Yy opra-
HW3Ma BO3HUKHET BHe3anHas noTpebHOCTb
B 3Hepruu.

3Ty rnaBy Mbl NOCBATUM PAcCMOTPEHUIO
ranKonusa-npouecca, B Xoge KOTOpPoOro Mo-
NeKyna r/l0KO3bl, MOCTPOEHHAs W3 LWeCTu
yrnepofgHbIX atomoB, paclennsetca ep-
MEHTaTUBHbIM MYTEM, B AecATU NocnefoBa-
TEe/bHbIX peakumax 4o ABYX MONEKYN Nupy-
BaTa, COfepXawmx Mo TpWU YrnepofHbIX
atoma. Ha npoTsXeHwu 3TOl nocnepoBa-
TeNbHOCTU peakuMin 3HayuTeNbHas 4acTb
3Heprun, BbICBO6GOAMBLUEHACA W3 T/HOKO3bI,
3anacaetcqd B opme ATP. nukonus (ot
rpey. glykys - cnagkwuii u lysis - pacnag, pas-
NOXEHWe) u3yyeH Nydlle JpYyrux LUeH-
TpanbHbIX MeTaboanyeckmx nyTei, n noTo-
My Mbl PaCCMOTPUM ero 3fecb AOCTATOYHO
noapo6HO: B OCHOBE (YHKLMOHMPOBAHUSA
M perynsauum 3aToro npowecca nexart Hekue
o6LMe NPUHUKMBI, XapaKTepHble 4ns BCeX
meTabonuueckmx nyTeidi. Mol 06Ccygum
34ecb TakXxe MyTu, NuTaluwue FAMKONW3,
T.e MyTW, Befyline K HEMY OT F/IMKOreHa,
fucaxapuaoB M MOHOCaxapuzios.

15.1. I'nnkonus aABNAETCA OAHUM
N3 LEeHTpanbHbIX MeTabosinyecKnx
nyTed y 60MbLINMHCTBA OpPraHM3MoB

FNMMKONM3 MoyTu yHWBEpcaneH Kak OfWH
M3 LUeHTpanbHbIX NyTeil katabonmsma rno-
KO3bl; OH BbIMOJIHAET 3Ty PONb HE TO/ILKO
B XXMWBOTHbIX WU PacTUTeNbHbIX K/eTKaX, HO
TaKXe 'y MHOTMX MUKpOOpPraHu3mos. Mo-
CNnefioBaTeNbHOCTN TNUKONUTUYECKUX peak-
UMA pasnuyaloTCcA Yy pasHbiX OpraHu3mMoB
TOMIbKO XapaKTepoM perynauum ux CKopo-
CTW, a Takxe MeTabonuyeckoin cyabboi
obpasytoLierocs nupysara.

MpoAyKT TMKONU3a-NMpyBaT-MOXeT
ncnosnb3oBaTbCAd Tpemsa crnocobamu. Y as-
po6HbIX OPraHN3MoB TNKON3 COCTaBNSAET
NVWb NepByto CTafuio NOMHOrro aspo6HOro
pacwenneHns rnwokossl o CO2 un BoAbl
(pnc. 15-1). O6pasoBaBLWINACA NpU TINKO-
NM3e NUpyBsaT npeTepnesaeT 3aTeM OKUC/U-
TeNbHOE AeKapboKCUNNPOBaHUE, T. €. TepseT
CO2 a oOCTaBWWIACA [BYXYTNepoAHblii
(hparMeHT B BWAe auUeTWNbHOA rpynmnbl
BK/lOYaeTCs B aueTwuikodepmeHT A (CM.
puc. 10-8). [Hanee yxe 3Ta aueTunbHas
rpynna nofiHOCTb okucnsetca go CO2 un
H20 B uuMKNe NUMOHHOW KWCAOTHI C y4a-
CTMeM MOEKYNAPHOTO Kucnopoga
(pnc. 15-1). TakoB NyTb, HA KOTOPbI/A BCTY-
naeT NupyBsaT B a3p06HbIX XXUBOTHbLIX U pac-
TUTENbHBLIX KNeTKax.

BTopoi nyTb 3akntoyaeTcs B BOCCTaHO-
B/IeHWW nupysaTa [0 naktara. Korga Heko-
TOpPble XNBOTHbIE TKaHW BbIHYXEHbl DYHK-
LLMOHMpPOBaTb B YCNOBMAX aHaspobumosa,
a 3T0 0CO6EeHHO XapaKTepHO, Hanpumep,
0N HanpskeHHo paboTawlelil CKeneTHOW
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["noKo3a

BMOSHEPITETUKA N METABOJIN3M

(10 nocnepfoBaTesibHbIX

rnukonus
peakuuii)
AHaspobHble 2 ﬂl/lpyBaT
ycnosus
0, A3po6HbIe
ycnosus
2 JraHon + 2COr
CnupToBoe 6poxeHue N 2CO,
Auyetun-CoA
W, Hukn
OZN  numonHoit
KNCNOTbI
4COr + 4H2

MblW bl 06pa3oBaBWMNIACA U3 THOKO3bl MU-
pysaT He MOXeT 6biTb MOABEPrHYT falb-
HelilleMy OKMC/MEHMI0 MPOCTO M3-3a OTCYT-
CTBMA Kucnopofa. B 3TUX YCNOBMUAX NpO-
OYKT TNnvMKonu3a nupysaT BOCCTaHaB/M-
BaeTCcA C obpasoBaHWeM fnakTaTa. B CKe-
NeTHOI MbllWLe 3TOT NPOLLECC, Ha3biBAEMbI
aHa3POOHbIM TNIMKONU3OM, CNYXUT BaXHbIM
NCTOYHMKOM 3Heprun ATP npu HanpsaxeH-
HOM (m3nyeckoin paboTe. Y aHa3poOHbIX
MWUKPOOPraHW3MoB, OCYLLeCcTBAALWMNUX MO-
NOYHOKMNC/I0€ 6pOXKEeHWe, NPOLYKTOM K-
KONnu3a fABnserca Takxe nakrar (puc. 15-1).
MonoyHas kucnota, obpasytolaaca u3 ca-
Xapa B pe3ynbTarte gefaTeflbHOCTU MOIOYHO-
KUCNbIX 6aKTepuii, BbI3bIBAET CKMCaHVE MO-
NOKa, 1 3Ta Xe KncnoTa npugaeTt KBalleHoWn
KanycTe ee XapakTepHbI YyTb KUCAbIWA BKYC.

TpeTuii NyTb NpeBpaLleHnin nMpyBaTa 3a-
KaHunBaeTcq obpasoBaHuem 3TaHona. Cy-
LLecTBYHOT MUKPOOPraHn3mbl (K HUM OTHO-
CATCA, HanpuMep, MUBHbIE APOXOKW), Mpe-

AHaspo6Hble
ycnosus

2 NNakTart

AHa3pOo6HbIW rIMKonu3
B COKpaulawouleiics MbiLe;
cnMpTOoBOE GPOXKEHUE

XXVBOTHbIE, pacTUTesibHbIe U
6aKTepV|aanb|e KNeTKn npu

a3pOGHbIX YCNOBUSX

Puc. 15-1. KOHeYHbl/i NPOAYKT FANKONM3a NUpy-
BaT NPOXOAMT pasnuuHble Katabonnyeckue nyTn

B 3aBUCUMOCTU OT BMAA OpraHW3ma 1 OT YCNOBUiA,
B KOTOPbIX NPOTEKAET MeTabon3M.

BpawatLne nupysar, 06pa3oBaBLIMACA U3
rNOKO3bl B MPOLIECCe MMMKONN3a, B 3TaHON
nCO2 2TOT NpoLecc HOCUT Ha3BaHne cnup-
ToBOro 6podkeHus (puc. 15-1). bBpoxke-
HMe-06W M TepMWUH, KOTOpPbIM 00603Ha-
YyalT aHaspobHOe paclyenseHne raKo3bl
NN KakKMX-HUOYAb ApYyrux OpraHnyecknx
MULLEBBLIX BELLECTB ANA MOAYYEHUA U3 HUX
aHeprun B hopMe ATP. Mpu pasHbIX TMNax
6poXKeHns 06pasyloTCA pasHble NMPOLYKTHI,
XapaKTepHble fNA OpPraHW3moB, OCYLLEecCT-
BAAWOWMX [aHHbI Tun 6poxeHuns. [lo-
CKOJIbKY MepBble XUNBble OpraHn3Mbl NOABYU-
nmMcb Ha 3eMne B TO Bpemsa, Korga ee
aTMocepa eLie He cofepxkana KUcnopoga,
aHaspobHOoe paclienneHe rHOKO3bl Che-
foyeT cuntatb Hanbonee fpeBHUM U3 6MoN0-
FMYECKUX MexXaHW3MOB, nNpefHa3Ha4YeHHbIX
ONA U3BMIEYEHUA 3HEPTUM U3 OPraHUYyecKux
MULLEBBLIX BELLECTB.
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15.2. C rnuMkonnsom
conpsbkeH cuHtes ATP

B xofe rnMkonusa 3HauyuMTeNlbHas 4vacTb
cBOOOAHON 3Heprum, cofepxalleiics B MO-
NnexKyne T/OKO3bl, 3anacaetcd B dopme
ATP. OT0o nerko nokasaTb, Hanucas ypas-
HeHne XMMMYecKoro 6anaHca Ans aHaspob-
HOro rAMKONM3a, NPOTEKAlOLWero B Hanpa-
)KEHHO paboTalolw el CKeneTHOW MblWLe:

nwokosa + 2P; + 2ADP ->
-* 2NakTtat_ + 2H+ + 2ATP +
+ 2H20.

Kak BWAHO 13 3TOT0 ypaBHEHUS, HA KaXAYH0
paclienieHHy0 MOMeKyny T[/H0KO3bl U3
ADP un Pj o6pasytotcs aBe Moniekynol ATP
Mbl MOXeM BblY4/IEHUTb B @aHa3pO6HOM run-
KOnu3e fiBa npouecca M HanucaTb COOTBET-
CTBEHHO [Ba ypaBHeHUA: 1) ana npespalye-
HWA TNIIOKO3bl B NaKTaT C BbICBOGOXAEHNEM
CBOOOJHON 3Hepruu:

Fnokosa -> 2Mlaktatr_ + 2H+ (1)

AG® = —47,0 kKkan/monb

n 2) ana o6pasosaHua ATP u3 ADP n ¢oc-

(hata, KOoTOpoe TpebyeT 3aTpaTbl 3Hep-
rmu:
2P; + 2ADP 2ATP + 2H20 (2)
AG2 = + 27,30 = + 14,6 KKkan/monb.

3Tu gBa npouecca He MOryT UATU He3aBU-
CUMO ApYyr OT fJpyra; OHW o06a3aTefibHO
[LOMKHBI ObITb CONpsXXeHbl. OfHaKo, Hanu-
caB o6a ypaBHeHWA MO OTAENbHOCTU, Mbl
BUAMM, YTO NpeBpaLleHne 1 MoNb rNoKo3bl
B /laKTaT B CTAHAAPTHbLIX YCNOBUAX MPUBO-
VT K BbICBOBOXAEHWNIO ropa3fo 60/bluero
KO/InyecTBa cB060AHOMN 3Heprum
(47,0 kkan), yem Heobxoaumo ans obpaso-
BaHua 2 monb ATP u3z ADP u ¢ocdata
(27,3 = + 14,6 kkan). B xunBOI KNeTke Npu
WCTUHHBLIX BHYTPUKNETOYHbIX KOHLEHTpa-
unax ATP, ADP n P; a TakXe r/HOKO3bl
N naxktaTa 3(@{eKTUBHOCTb 3anacaHua Bbl-
cBo6OXjaloLWwenca Npyu rNNKONM3e aHeprun
B opme ATP npeBbiwaer 60%.
Monb3ysAcb ypaBHeHuAMU (1) n (2), Mbl

MOXeM OnpefennTb Takxe o6Llee n3MeHe-
HWe CTaH4apTHOW CBOGOAHOWN 3Heprum npu
rMMKonunse, yyuTbiBarolwee 1 obpasoBaHue
ATP. 3710 wu3meHeHne AG® paBHO anre-
6panyeckoii cymme BenuumH AG* n AG°":

Fnwokosza + 2P; + 2ADP -»

-> 2Jlaktat_ + 2H+ + 2ATP + 3

+ 2H20
AGT = AG" + AG2 =
= -47,0 + 146 =

= —32,4 kKan/mon..

Mbl BUAWMM, TakuM 06pasoM, 4To CyM-
MapHasi COMpsbKeHHas peakuus FAMKOAM3a
COMPOBOX/AeTCH OYeHb 6OMBLIMM CHUXE-
HWeM CBO6GOAHON 3Hepruu. Kak B CTaH-
[APTHbIX YCMOBUAX, TaK U B XUBbIX KNETKax
rAMKoONu3 npepcTaBnser co6oii Heo6pa-
TUMbI/A Npolecc, UAYWHUA NPaKTUUeCcKn A0
KOHLa MMEHHO 13-3a 3TOr0 GO/IbLIOFO CHU-
)KEHNs CBOGOAHOI 3Hepruu.

15.3. B npoaykTtax rnmkosunsa
coxpaHseTca elle MHOro
cB06OOAHON 3Heprumn

Mpw rnnkonnse BbICBO60XaeTCAa TONbKO
Hebonbllas YacTb BCEN IHEPrUU, 3aK/IOYUEH-
HOI B MO/eKyne rnokosbl. ObLiee n3meHe-
HWe CTaHAapTHON CBOBGOAHON 3HEPruu npu
MOMHOM OKUCNeHUN rawkosbl go CO2 u
H?20 coctaBnsaer —686 kkan/monb (Tabn.
14-3). CnepoBaTenbHO, BbIXOA CBOGOAHOIN
3HEeprumn npu rMMKONMTUYECKOM paclienne-
HWW TIOKO3bl Ha [Be MOMEKY/bl flakraTa
(AGO' = - 47,0 kkan/monb) paBeH BCero
nmwe (47/686) <100 = 6,9% TOro Konuye-
CTBA 3HEPruu, KOTOPOe MOXEeT BbICBOOO-
OWUTbCA NMPU NONHOM OKWCNEHUU TNHOKO3bI
no CO2wun H20. bonbwas 4acTb 6uonorun-
YeckU [AOCTYMHON 3Heprumn, 3aKnYeHHOW
B MOJIEKY/Ie T/1H0KO3bl, COXpPaHAeTCa B Mpo-
LyKTax rInMKonusa-fByX MOJieKynax fak-
Tata. OHa MOXeT BbICBOGOANTHLCA TONBKO
B TOM CNy4ae, ecnv npojyKTbl FNKONN3a
NOABEPrHYTCA MOMHOMY OKWUC/IEHUIO [0
CO2un H20 moneKynspHbIM KWUC/IOPOAOM,
urpalwmnm ponb akuenTopa 3/1eKTPOHOB
(06 aToM Mmbl 6ysem nofpo6bHO roBOPUTH
B cneAytouleii rnase). VI Tem He MeHee 3TOT
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aHa3pob6HbLIA rAMKONM3 A0 cTaguum nakrtaTa
HWKAaK HeNb3f CYMTaTb Manoa@PeKTUBHbLIM
npoyeccom, B KOTOPOM 3HEPrus pacxopfyet-
cA HE3AKOHOMHO. HanpoTus, rnmKo-
NN3—YyANBUTENbHbI NO CBOEMY COBEpPL EH-
CTBY npouecc, NOCKONbKY OH obecneynpaeT

BMO3HEPTETUKA N METABO/IM3M

yax M aupehyHAUpPYO W NIA B KPOBb, MOXeET
BO3BpalW aTtbCsd B LWKA; OH mMocTynaeT B ne-
YeHb W 34ecb B NEPNOJ BOCCTAHOBAEHUSA NO-
cne HanNpsXEeHHONW MblWeyHOW pabGoThbl
BHOBb npeBpaljaeTcs B FNOKO3Yy. Y HekKoO-

TOPbIX BNAOB XUBOTHDbIX aHaSpOGHbIﬁ rnn-

aHeprum M3 rnioKkosbl Ges ee KONM3 MrpaeT ypessblyaliHo
B opraHusmMe XWBOTHbIX nak- g

BaXHYl ponb
(oononHeHwne

nony4yeHune
Mbl LI €YHOI AKTUBHOCTMU

15-1).

OKNCNeHuns,
TaT, o6pasyowmniicas B paboTtaro W ux MblLW -

NononHenune 15-1. AHadpobHbLIN rAnkonuns,
KncnopoaHas 3afONXEHHOCTb,
annuraTtopbl U ob6uTatenu 6GonNbWMKUX TFNYy6UH

BONbWMHCTBO MO3BOHOYHbLIX -3T0 NO NPeWMyl,ecTBY a3pobHble opra-
HU3Mbl; TNOKO3a Yy HUX CHayana npaspalw,aeTca B MNpoLecce rAMKonm3sa
BNupyBaT, a 3aTeM 3TOT NnupysBaT npeTepnesaeT NoNHOe okncneHmne go CO,
M H20 nop pelicTBUEM MONEKYNAPHOro Kucnopopa. ¥ 60nbWMHCTBA NO-
[OHOYHbBIX, M B HaCTHOCTU Yy YenoBeka, aHadpO6GHbI FNUMKONN3 BKAOYaeTCs
TONbKO Ha KOPOTKOE BpeMsa NpU HanpsXXeHHOW pab6oTe MblWL, Hanpumep
npu 6ere Ha 100 M, T.e. B Takme MOMEHTbl, KOF4a KNCNOPOJ He ycneBaeT 40-
CTaTOYHO 6GLICTPO NOCTYyNnaTb B TKaHW U He ycneBaeT obecneuynBaTb OKUcCe-
HUue NnupyBaTa M CONPAXEHHbIA C HUM CUHTe3 ATP. MblWw bl NpyW 3TOM WUC-
«TONNMBaY» MMew WMACA B HWX 3anac rAuMKoreHa
aHa3IpobHOro rAMKONM3a, KOHEYHbIM

nonb3yw T B KauyecTBe
W reHepupytw T AIP nocpefcTBom
NPOAYKTOM KOTOpOro saBnfsercs nakrtaTt. MoaTomy npu 6ere Ha KOpoTKue
AVWCTaHUWW B KPOBM B BECbMa 3HAYMTeNbHbIX KONMWYeCTBax HakannuBaeTcs
nakTtaT. MNMo3fHee, B Nepnoj BOCCTAHOBNEHMUA, 3TOT NakKTaT MeANeHHO npe-
Bpal aeTcs B MeyeHn o6paTHO B FNOKO3Y; Ha NPOTAXEHUMN Nepnofja BoccTa-
HOBNleHNA NOTpebNeHMe KNCNOPOAa NOCTENEHHO CHMXaeTcsa A0 Tex Nop, no-
Ka He YCTaHOBWTCA, HakKOHel, HOPManbHafth MWHTEHCUBHOCTb [JblXaHWSA.
N36bITOYHOE KONNYECTBO KMcCnopopa, noTpe6bneHHoe 3a Nepuoyj BOCCTAHO-
BAEHWUSA, CNYXWUT Mepoi KWCNOPOAHOW 3af0N>KEHHOCTMN. 3TO KONUYECTBO
Kncnopopa TpebyeTcs ANA CWHTe3a (B mpouecce AblXaHWA) COOTBETCTBYIO -
wero konumyectsa ATP, KOTOPOro JONAXHO XBaTUTb Ha To, 4To6bl nNonon-
HW ib M3pacXOfOBaHHbIi 3anac rNMKOreHa B MeYEeHN U B MbllLax, T. €. «AUK-
BUAMPOBATb 3a/JO0NXKEHHOCTb», BO3HUKLW YO BCNEeACTBUE YCUNEHHOW pa6oThl
MblW L BO Bpemsa bera.

AHa3po6HbI FTNNKONM3 KaK OfWH M3 UCTOYHWKOB 3HEPTUM ANA Mbllley-
HOTO COKpalweHUs mrpaeT 0co60 BaXHYl ponb B 6enbix MblwLUax. Bonb-
IWWMNHCTBO CKENEeTHbIX MbilWL COAEPXUT Kak 6enble, Tak U KpaCHble BONOKHA,
OAHAaKO eCTb M TaKue MbllW Libl, KOTOPble COCTOAT NOYTU LLEAUKOM U3 OfHUX
TONbKO KPacCHblX WAU OAHUX TONbKO 6GenblX BONOKOH. Y WHAEEK Mbl LW Libl
Kpblna Oenble U netaTb OHW MOTYT AW b HAa OYeHb KOPOTKME PaccTOAHMWA.
Y nowapamn, cnoco6HON K AANTENbHOMY HenpepbiBHOMY 6ery, MbilW bl HOT
COCTOSNT NPEMMYL,eCTBEHHO W3 KPacHbIX BONOKOH. Benble MbilWeYHble BO-
NOKHa, cojgepialyne Mano MUTOXOHAPUIA, OTAMYADO TCA Ype3BblYaliHO BbICO-
KON 4acToTON cokpaweHUin. NcTouHnkom ATP CANyXWT ANA HUX aHas-
po6HbLI rAnkKonNu3, Tak 4YTo pa6oTaTb C MAaKCUMaNbHOW MHTEHCUBHOCTbIO
OHW MOTYT IULW b O4YEHb KOPOTKOE BPeMS, MOCKONbKY MMelO W UACA B HUX 3a-
ManoadekTuBHO. B oTnmume oT 6enbix
COAepXaT MHOFO MUTOXOH-

rNnKoreHa wucnonb3yetTcs

coKpalwal TCA MefNeHHee,

nac
KpPacHble M bl LW bl
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ApWiA 1 MONYyYatoT 3HEPTUIO TN1aBHbIM 06Pa30M 3a CUET OKWUCNEHUS KNeTou-
HOTO «TOM/IMBa» KUCMIOPOLOM; MO3TOMY OHM MOTYT paboTaTb HENpepbIBHO
B TeUYeHWe [/IMTEeNbHOT0 BPEMEHU.

Boo6Lie roBops, y MeKNX XWUBOTHbLIX KUCM0POS JOCTaBAETCS K MblL-
LaM UMPKYNSTOPHbIMW CUCTEMaMU AOCTATOYHO BGbICTPO, TakK YTO HEoGXo-
AVMOCTU B @aHa3pOBHOM UCMO/Ib30BAaHUM MbILIEYHOTO TAIMKOTEHA Y HUX HET.
MTuybl, HaNpuMep, MpW CBOMX MEpPesieTax 4vacTo MOKPbIBAKOT OrPOMHbIE
paccTosHNS € 0YeHb 6OMbBLIOIA CKOPOCTLIO 6€3 KaKoii 6bl TO HU 6bINI0 KUCNO-
pOAHOI 3a40/MKEHHOCTU. KpacHbIM MbIlWILAM MHOTUX Geralwmnx MXu-
BOTHbIX CPEJHEro pasmepa TakXe CBOWCTBEH MO MPeUMyLLecTBY a3poGHbIii
MeTa60nM3M. OHaKO Y KPYMHbIX )XUBOTHbLIX MPW HANPsHKeHHOW 1 ANnTeNb-
HO paGoTe LMPKYNATOPHAss CUCTEMA OKa3blBAeTCsH Y)Xe He B COCTOSHUM
noAAep>XuBaTb MOMHOCTbI a3poGHbIA MeTaboNn3M B MblLaX. DTN XKKU-
BOTHbIE [BUXYTCSH 06bIYHO MEANEHHO, N TONbKO KpaliHne 06CTOATeNbCTBA
BbIHYXJAOT UX K YCW/IEHHOW MbILEYHOW aKTUBHOCTM, MOCKO/bKY 3a
Ka)X[0/ TaKoii BCMbILWKOWA aKTUBHOCTW [O/KEH CMefoBaTb AONTWIA nepnog
BOCCTaHOB/EHUS, HEOGXOAUMBIA AN MoralleHns KUCI0POAHON 3af0/KeH-
HOCTU.

Meg/MTenbHbl W BAMbl, HanpuMep, 6GO/bLWYK YacTb BPEMEHU annura-
TOpbI W APYTUe KPOKOAWbI, 04HAKO 3TV PENTUIUM CNOCO6HbI K MOSTHUEHOC-
HOI aTake M CTO/Ib e GbICTPOMY HAHECEHWHD OMACHbIX YAAapOB MOLLHbIM
XBOCTOM. Takue GypHble BCMbILWIKNA aKTUBHOCTU KOPOTKW; 33 HUMMW HEU3-
MEHHO cfieflyeT fLONTWIA Nepuos BOCCTaHOBEHUS cuil. s GbICTPbIX ABUXKE-
HWIA, KOTAa B HUX BO3HWKaeT HE06X0AMMOCTb, ATP reHepupyeTcs B Gefbix
CKENeTHbIX MbILWLAX 3TUX XMBOTHLIX NyTeM aHa3po6GHOro raMkonusa. Mo-
CKO/IbKY 3anac T/IMKOTeHa B MbIlLAX He OYeHb BENWK, MPU HaMpsKeHHO
pa6oTe MbIWL, OH 6bICTPO UcToLaeTcs. KpoMe TOro, B MbilILax W BO BHe-
KNeTOYHOW XXMAKOCTU NPU TaKUX BCMbILWKAX aKTUBHOCTU B OUYeHb GO/bLIOM
KO/IMYeCTBE HaKamniMBaeTcs NPOAYKT aHaspo6HOro rInKoan3a naktat. B 1o
BpEMsl Kak TPEHMPOBAHHOMY CMOPTCMeHY nocne Gera Ha 100 M gns BoccTa-
HOBNEHUSI HOPMa/IbHOFO COCTOSIHMS AOCTAaTOYHO KakUX-HU6YAb 30 MUH, af-
AUraTopy Noc/e Pe3Koro 6pocka MoXeT NoTpe6oBaThCs MHOrOUacoBOii OT-
AbIX C MOBbIWEHHbIM MOTPe6EHUEM KUCIOPOA], AN TOr0 4TO6bl M3 ero
KPOBM 6bIN BbiBeAEH U36bITOK 1aKTaTa, a B MblLILAX BOCCTAHOBW/CS 3anac
rNMKOreHa.

AHajornyHble Npo6eMbl ONpeAenstoT XxapakTep MeTabonn3Ma u'y gpy-
X KPYMHbIX )XWBOTHBIX, TAaKMX, KakK C/IOHbI U HOCOPOIU, a TakXe y KUTOB,
TIONEHel 1 MPOUUX MOPCKUX MIEKOMUTAKOLWNX, NOAONTY OCTaloWUXcs Nog
BOOW. Y [MHO3aBPOB W APYTrUX FUTAHTCKUX LOUCTOPMUECKUX XXMUBOTHbIX
MCTOYUHMKOM 3HEprun Ans paboTbl MbILIL CAYXWU/, BEPOSTHO, aHa3pOGHbI
FNIMKOMN3, U 3HAUUT, UM TOXe ObINU HEOBXOAWMbI ANNUTENbHbIE MEPUOAbI
BOCCTAHOB/MIEHUS CWJ/, BO BPEMS KOTOPbIX 3TU XXWBOTHblE JIETKO CTAHOBW-
nnch fobbiyeil 60/ee MENKMX XWLLHWKOB, CMOCOGHbIX NyYlle NCMO/b30BaTh
KUCMIOPOA, a MOTOMY W L€ NPUCMOCO6IEHHbIX K AIMTENbHON MblLIEYHOI
aKTUBHOCTU.

Ny60KOBOAHbIE UCCMELOBaHNSA NOKa3anu, YTO Ha OYeHb GOMbLWIWX Fy-
6uHax, TaM, rfe CoAepXaHue KUCMopoda B BoAe 6/M3KO K Hy/o, 06MTaeT
TEM He MeHee MHOTO BW/O0B XUBOTHbIX. Y 3TUX 06uTaTeneil 6oabWwux rny-
6UH MeTa6o/M3M MMeeT Mo NPerMyLLecTBY aHa3poGHbI XxapaKTep; paclye-
naeHne yrnesofoB NPUBOANT Y HUX K 06pa30oBaHMio NakTaTa U HEKOTOPbIX
APYTUX NPoAyKTOB, 60MbLIas YacTb KOTOPbLIX AOMKHA BbIBOAUTLCS U3 Opra-
HM3Ma. Y HEeKOTOPbIX MOPCKWX TMO3BOHOUHBIX [/15 MONMYYEHWUS 3HEPruu
B opme ATP rnokosa c6paxmBaeTcs He 40 NaKTaTa, a 0 aTaHona u CO2<
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15.4. T NNKONU3 BKJIlOYaeT
ABe cTagumn

Mpexpae 4eM 3aHATLCA PACCMOTPEHUEM
OTAENbHbIX (DepMEHTaTUBHLIX 3TamnoB raun-
Konusa, nonpobyeM oXxapakTepu3oBaTb
3TOT npouecc B 60onee obwem nnaHe. Pac-
uenneHne LWECTUYrNepOLHON  MOMeKybl
rNIOKO3bl Ha [Be TpexyrnepofHbie Mone-
Ky/ibl NMpyBaTa COBEPLUAETCA MPU y4yacTum
fecatn (hepmeHTOB. Bce OHWM 6binn Bblfe-
NeHbl B YNCTOM BUfE U3 pPa3HbIX BULOB Op-
raHn3MoB W TLLATENbHO M3Yy4eHbl. [epBble
NATb 3TanoB COCTaBAAT MOATOTOBUTE/Nb-
Hyl0 cTaguo ramkonusa (puc. 15-2). B aTux
(hepMeHTaTUBHbLIX peakuuax rnokosa @oc-
thopunupyetca 3a cyetr ATP cHauvana B no-
NOXeHuu 6, a 3aTeM B NosoXeHun 1c obpa-
3o0BaHueM (pykTO030-1,6-gnchocaTa, Ko-
TOpbI pacwennseTcs Ha fBe MONeKynbl
TPEXYrNepofHOro COefUHEHUSA - TNnLepab-

Cragua 1. dochopunnposaHune

rN0KO3bl W ee MpeBpaLleHune
B ravuepanbgerng-3-ocpar

Fnokosa (1)
MepBas "nycko-

ATP .
Bas" peakums,
| COMpOBOXAAIOLLas
ADP*" ¢q pacxoposaHn
em ATP

@

noko30-6-pocgar

2ATP

dpykT030-6-hochar (1)
BTopasa "nycko-
AN
ATP- Bas” peakuus, co
npoBoXAatoLasncs
pacxopoBaHueM
ATI

®pykT030-1,6-gndochar (1)

ADP <

Inullepanbgerng-3-cocgar(l) +
AnrngpokcunauveTtoHdocdart (1)

2ATP

Fnuuepanbgerng-3-pocar
(2 monekynbl)

YACTb Il. 6uosHepretTuka n metabonmsm

nerng-3-gpochaTa. Takum o6pasom, npo-
OYKTOM NepBoOW CTaguu rNnKonm3a asnset-
ca rnuuepanbgerng-3-gocpar. OTMeTUM,
4YTO Ha aKTMBAUWIO MOJIEKYNbl T[JIIOKO3bI
M NOArOTOBKY €e K pacluenfieHno Ha fiBa
TPexXyrnepofHbIX parMeHTa A0NXHbI 6bITb
3aTpayeHbl ABe monekynsl ATP; Bnocneg-
CTBUU 3TOT «BKNaj» NpUHeECeT BecbMa CO-
NUAHYI0 npubbinb. [flanee, Mbl MNOKaXeM,
4yto W [pyrve TreKco3bl, B YAaCTHOCTU
D-tppykTo3a, D-ranakto3a u D-MaHHO3a,
TOXe MOryT BOB/ieKaTbCA B MOATOTOBU-
TeNbHYIO CTafuio TNKONWU3a, NOCMe TOro
KaKk OHW MOABEPrHYTCA (ochopunnposa-
HuUo. MoAroToBuTENbHAA CTafUA TIUKONN-
3a CNyXwuT, Takum o6pasom, fna TOro,
4yTO6bl NpeBpaTUTb YrNepoAHble LernoyvKu

Puc. 15-2. [lBe cTagnn aHaspobHOro rnmMKonusa.
Lindpbl B CKOBKax 03Ha4yalT YMCNO MOMEKYN,
BCTyNatwLWmnX B JaHHYIO peakuuio.

Cragusa 2: [peBpaleHue rauuepansaerna-3-gocdara B
nakTaTt 1 conpsXXeHHoe o6pasoBaHune ATP

Fnuuepanbgerna-3-gocdat (2)
Pj g1
2NAD+'

3-thocornmuepounndocpat (2)
2ADP MepBas peakuwus,
CONpPOBOXAalo LWasacs
o6pasoBaHuem ATP

3-ochornuuepat (2)

2-pocgornmuepat (2) 2NADH + 2H+

dochoeHonnmpysar(2)
2ADP 'S BTopas peakuus,
conpoBoXparoLascs
o6pasoBaHnem ATP

Mupysat (2)

2 NAD+«

2 NakTar
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BCeX MeTab0oNn3NpyemMbIX rekcos B 0fUH 00-
WMA NPOAYKT - rnuuepansierng-3-gpocdar.

BTopasa cTagusa rnMkonusa, Takxe co-
croAwas 13 nNATM epmMeHTATUBHbLIX peak-
Lumin, npefcTaBnseT coboi, 06pasHo rosops,
BbIMAaTy NPOLEHTOB; Ha 3TON CTagnn 3Hep-
rma, BbiCBOGOXJalOWaacqs npu npespa-
WEeHNUN [BYX MOJEKYN rauuepanbierna-
3-hocthata B [ABe MONEKYNbl nNupysaTa,
3anacaetcd (B pesynbTare COMPSAXEHHOro
(hocOopnMNMpPOBaAHNA  YeTbIpex  MOEKYN
ADP) B Buge u4etblpex Monekyn ATP
(pnc. 15-2). O6wwmii Bbixog ATP B npouecce
rMMKONM3a paBeH, OAHAKO, He YeTbIpeM,
a TO/IbKO ABYM Monekynam ATP B pacuete
Ha OAHY paclienneHHyl MOoJeKyny rno-
KO3bl, MOCKO/bKY ABe MOneKybl ATP 6binu
y)Ke M3pacxofoBaHbl Ha nNepBoi cTaguu
rMNKONN3a.

[NMMKONW3 BKNKOYaeT XUMWUYECKME npe-
BpalleHna Tpex pasHbiX Tunos: 1) pacnag
YyrNepogHoro ckeneta rawKo3bl ¢ 06paso-
BaHVeM nupysarta (MyTb aTOMOB yr/iepoja);
2) ocpopunuposaHne ADP BbICOKO3Hep-
reTuyeckKUmMu HochopmunMpoBaHHbLIMU  CO-
eAnHeHnamMn ¢ obpasosaHuem ATP (nyTb
(hocaTHbIX rpynn) u 3) MNepeHoc BOAO-
pPOAHbLIX aTOMOB WAM 3NEKTPOHOB (MNyTb
nepeHoca 3/1eKTPOHOB). Mbl npocneium Bce
3TV NyTW, Korga nepeingeM K 06CYXAeHUIO
OTAeNbHbIX peakunin rnMKonnsa.

OTMeTUM euwe O0f4HO 06CTOATENLCTBO.
Y nopaBnsilowein 4acTu KNeTok GepMeHThl,
Katanusnpyrolme riaMKoauTUYecKue peak-
LMK, NPUCYTCTBYIOT B PaCTBOPUMOWA opme
B LMTO30/1€, T. €. B FOMOreHHO BOAHON (a-
3e yutonnasmbl (pasg. 2.18). B otanume ot
HUX PepMeHTbI, KaTanusupyowmne Te aTansl
OKWC/IEHWSA YTNEeBOAOB, KOTOpble TpebyloT
NPUCYTCTBUA KUCNOPOLa, JIOKanu3yTcs
B MeMbpaHax: B 3yKapMOTUYECKUX K/eTKax
B MUTOXOHApPManbHbIX MemMbpaHax, a B npo-
KapnoTUYecKux - B nnasmaTuyeckux Mem-
6paHax.

15.5. B xope rnukonusa
obpasyTca (ochopunpoBaHHble
NPOMEXYTOYHbIe MPOAYKTHI

3HaKoMsCb C MOCNe0BaTeIbHOCTbIO K-
KOMUTUYECKUX PeakLuWii, Mbl Mpexae BCEro
LOMKHbI MOAYEPKHYTb TOT BaXKHbIN (HakKT,
UTO BCE [AEBATb MPOMEXYTOUYHbIX MPOAYK-

TOB Ha MyTW OT TJIIOKO3bI
npeacTaBnawT  coboii  ochopunnpo-
BaHHble coeduHeHus (puc. 15-2). ®oc-

(haTHbIE TPYMMbl BbIMNOHAKT, NO-BUAUMO-

My, TpU QyHKLUN.

1 MNpn pH 7 docgatHble rpynnbl non-
HOCTbIO WOHW30BaHbl, M MOTOMY OHU
NpUAaT KaXAoMy M3 MPOMEXYTOYHbIX
NPOAYKTOB FNINKO/IN3a CYMMapHbIA OT-
puuatenbHblid 3apag. MockonbKy Kie-
TOYHble MeM6paHbl 06bIYHO HEMPOHU-
Laembl N9 MOJNIEKYN, HECYLLUX 3NEKTPU-
yeckuii 3apsaf, MPOMEXYTOYHble MNpo-
OYKTbl FINKONIN3a HE MOTYT BbIATM M3
KneTku. I'MoKo3a nonajaet BHYTPb Kiie-
TOK, a NaKTaT Wiu NMPyBaT NOKUAAKT nUX
TONbKO 6narofgaps TOMY, 4TO B Kie-
TOYHbIX Memb6paHax UMelTcA ocobble
TPAHCMOPTHbLIE  CUCTEMbI,  CNOCOGHbIE
MepeHoCUTb MOJIeKY/Ibl  MUMEHHO 3TUX
COEfMHEHWNIA.

2. BTopas yHKUMA hocgaTHbIX rpynn oye-
BUAHA: OHW ABNAIOTCA HEOH6XOAUMBIMM
KOMMOHEHTaMK B rpoLecce (hepmeHTa-
TUBHOTO 3anacaHus MeTabonyecKoii
3Hepruu, NOCKONbKY OHU B KOHLIe KOHL,0B
nepegatotcs Ha ADP c obpa3oBaHuem
ATP.

3. dochaTtHble rpynnbl BbINOMAHAT (QYHK-
LMI0 y3HaBaHWA; 3TO CBA3bIBalOLWKe
rpynnel, 6n1arofaps KOTOPbIM MOJIEKY bl
NMPOMEXYTOYHbIX MPOAYKTOB FINKONN3a
3aHMMalT MpaBuIbHOE MOJIOXKEHUe OT-
HOCUTENIbHO aKTMBHbLIX LEHTPOB CO-
OTBETCTBYIOLWNX (DEPMEHTOB.

MoyTn BCe TMUKONUTUYECKUE (EPMEHTHI
HYXJalTca ANA NPOABNEHUA aKTUBHOCTYU
B MOHax Mg2+.3BeCcTHO, 4TO MOHbI MQ2+
o6pasyloT KOMNAEKCbl € ¢ocdaTHbIMU
rpynnamm  MpoMEXYTOUYHbIX MPOAYKTOB
rMMKONM3a, a TakKe ¢ hochaTHbIMK Tpyr-
namu ADP n ATP (pa3g. 14.8). OTctoga Ha-
npawmnBaeTcs BbIBOA, YTO Cy6CTpaTCBA3bI-
BaloLLMe y4aCTKN MHOTUX FIMKONUTUYECKUX
(hepMeHTOB NPOABAAT CNELUDUYHOCTL He
CTO/MIbKO B OTHOLLIEHUN camux (hochopuimn-
POBaHHbLIX MPOMEXYTOYHbIX TMPOAYKTOB,
CKOJ/IbKO B OTHOLUEHWMW UX KOMMJIEKCOB C NO-
Hamy Mg2+.

[0 nupyBsaTta
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15.6. TllepBasa cTaguMa rnAMKonmsa
3aBepLuaeTCcs pacllensieHnemM
YyrnepogHoOro ckeneta rnKo3bl

Ha puc. 15-3 nokasaHbl O0TfAefbHble (ep-
MeHTaTUBHbIe 3Tanbl NepBOi CTaAUN FNNKO-
Nn3a U CTPYKTYpPHble (OpMY/bl COOTBET-
CTBYIOLWMNX COeAUHEHWNIA. N3 3TON cXembl,
pononHsawwed puc. 15-2, BUAHO, Kakum
o6pasom LiecTUyrnepoHas Lenb rioKo3bl
paclennaeTca Ha fjBe MOJIEKY/bl Tpexyrie-
pPOLHOrO COEfVHEHUA Tnuuepanbaernapoc-
thaTa.

a. ®octhopuanpoBaHne FNHOKO3bI

Ha aTom nepsBoM 3Tame MoOJieKyna
D-rnioKo3bl akTMBUpYeTCs [ANd  y4vacTtus
B MocneAyowux peakumax nytem gochpopu-
nnposaHnda 3a cyet ATP B nonoxeHuu 6
¢ o0b6pasoBaHueEM rnoKo3o-6-gocdara
(puc. 15-3). 3Ta peakuus, KoTopas B ycno-
BUAX KNEeTKN NpoTeKaeT Heob6paTMMo, KaTa-
nusmpyetca (epMEHTOM TFeKCOKMHa30ii

Mg2 +
ATP4 + a-D-rnwkosa
Mg2 +
ADP3- +
+ a-D-rnwoko3o-6-tpocpat2 + H +
AGO = —4,0 kkan/monb.

[eKCOKMHa3a NpUCYTCTBYET MOYTU BO BCEX
KNeTKax-XMUBOTHbIX, PacTUTENIbHbIX U 6akK-
TepuanbHbiX. OHa KaTtanusupyet gochopu-
NMPOBaHME He TONbKO D-rnoKosbl, HO U He-
KOTOPbIX APYTUX OObIYHBIX TeKco3, Hanpu-
mep D-dpykto3bl u D-maHHO3bl. [ekco-
KWHa3y y[anocb BblAeNNTb U3 APOXKEBbIX
KNeTOK B KpUCTaN/IMY4ECKOM BUAE, U ee Tpex-
MepHas CTPYKTypa 6blfia fleTafbHO U3yyeHa
MEeTO[,OM PEHTrEHOCTPYKTYPHOIrO aHanusa.
CBA3blBaHWe TeKCOKMHa3bl C reKco30i npo-
MUCXOAMT MO TWUNY WHAYLMPOBAHHOIO CO-
OTBETCTBMA: MOJieKyna (hepmeHTa npeTep-
nesaet npu 3ToM Trnybokoe KOH®(OpMa-
LWOHHOE u3MeHeHue (cMm. puc. 12 un 13
K fononHeHuto 9-4). ind NposBeHUA aK-
TUBHOCTU FeKCOKMHa3e HeoOXOAMMbBI WOHbI
Mg2+, NOCKO/IbKY MCTUHHbLIM Cy6CTpaToM
4Nna 3TOro (epmeHTa CNyXut He ATP4",
a komnnekc MgATP2~ (pa3g. 14.8).

6CH.OH

a-D-rniokosa

*C=0
H—CI—OH

HO—CI—H
H—(!—OH
H—€—0H
6CH2 -0-porl

D-rntoko30-6-thoctat

docthornokomsomepasa
'CHCH
c=0
HO—(!—H D-thpykT030-6-thocdar
H—€I.—0H
H—€—0H

TI\P/Ig[] ®ochodpyKTOKMHA3M

ADP
cHr—o -fpor
c=0
Hg_Q_H 0-hpykT030-1,6-Anchocthar
|
H —CI—OH
H—€—06H
BCHI- o -10 |*
®pykTo306uctoodar-
anbgonasa
H
cHI- 0 —PQli 1c=0
c=o0 H H
CH20H 3cH2—o0 -POY
Ovrugapo- D-rnullepanbgerna-
KCMaLeToH- 3*hocar
thochart

Puc. 15-3. MocnefoBaTenbHOCTb peakuuid, coc-
TaBNALWMNX NepByto cTagnio ramkonusa. Hassa-
HUA (PepMeHTOB BblfeNeHbl KpacHbIM. Lindpsl yka-
3bIBalOT NOMOXKeEHWe aTOMOB yrnepoga. 1toKo30-
6-thoccaT, GppykT030-6-thochaT n hpykTo30-1,6-
audochaT npeacTaBneHbl 34ecb ANS NPOCTOThbI

B BUAE CTPYKTYP C OTKPbITON Lienblo, XOTS B Aeii-
CTBUTENIBHOCTU OHU CYLLECTBYIOT B KNeTke B BUfe
a-aHOMepHbIX (hOPM C 3aMKHYTbIM KO/bLOM.
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Y pasHbIX OpPraHM3mMOB U B pa3HbIX TKa-
HAX FeKCOKMHa3a npefcTaB/ieHa pasfinyHbI-
Mu n3odopmamm (pasg. 9.23). XoTta Bce 3Tn
M30(hOPMbI KaTaNN3NPYyT O4HY U TY Xe pe-
akuuto (puc. 15-3), OHM pasnuyalTca Me-
XAy c060i Mo CBOMM KUHETUYECKUM CBOIA-
cTBaM. [eKCOKMHas3a MbIWeYHbIX K/eToK
XapakTepu3yeTcs, HanpuMmep, HU3KON Benu-
ynHoWi Km gns ratokosbl (okono 0,1 mM),
no3aToMy oOHa QochopuanpyeT rAOKO3y
KpoBu (4-5 MM) € MaKcuUManbHOW CKo-
pocTblo. MblleyHas TeKCOKMHa3a pesko
UHIrMGUpyeTCca MNPOAYKTOM Katanusupye-
MOV €l peaKkuuu - rNoKo30-6-ochaTom.
370 06CTOATENBCTBO HApAAY C HEKOTOPbI-
MU APYTUMU LaHHbIMU MO3BOMMO CAenatb
BbIBOJ, UYTO TrEKCOKMHas3a  BblIMOMHAET
B MbIWLAX (YHKUUIO PerynatopHoro gep-
MeHTa. [1oKo30-6-hocat aBnseTcs npu
3TOM OJHOBPEMEHHO W MPOAYKTOM peak-
UMK, W annocTepuyeckMM WHIMOGUTOPOM.
Koraa KoHUeHTpauus rarKo3o-6-tpocgarta
B K/I€TKE MOAHMMAETCA BbllLe HOPManbHOTO
YPOBHS, OH BPEMEHHO M 06paTUMO MHIN6U-
pyeT TFeKCOKMHa3dy, TaK 4TO CKOPOCTb €ro
06pasoBaHNa MPUBOANTCA B COOTBETCTBME
CO CKOPOCTbH YTUIM3aLUN.

B neuyeHn npucyTcTByeT Apyras gopma
(hepMeHTa, NoMyyuBLIAs Ha3BaHWe T/IHOKO-
KWHa3bl. KOTOpas He 06HapyXeHa B ApYyrux
TKaHAX. [I0KOKMHAa3a oTnnvaeTca OT U30-
(hepMeHTOB Trpynnbl TEeKCOKMHa3bl Tpems
0CO6EHHOCTAMU: BO-MEPBbIX, OHa CMewym-
(hMYHa TONIbKO B OTHOLWEHWM D-rnwKo3sbl
W He fJeiicTBYeT Ha ApYyrue reKco3sbl; BO-
BTOpbIX, T/IH0K030-6-hocthaT He sABnseTcs
0N HEe UHTMOUTOPOM U, HaKOHel, B-TpeTb-
UX, OHa XapakTepusyetca ropasgo 6onee
BbICOKOI MO CPaBHEHWIO C reKCOKMHa30W Be-
AnuuHoii Km ans raokosbl (okono 10 mM).
[NOKOKMHa3a neyveHW BCTyMaeT B AeiicTBUE
TOMbKO TOrAa, KOrga KOHUEHTpauus rawo-
KO3bl B KPOBM 3aMeTHO BO3pacTaeT, KaK 3To
6bIBaeT, Hanpumep, Mocne npuema MuLLK,
6oratoin yrnesogamu. B 3atux ycnosuax
rMIOKOKMHA3a [eNCTBYET Ha M3ObITOYHYHO
rMIOKO3Y KPOBM W MepeBOAUT ee B /0KO-
30-6-hochat gns 0TNOXEHMSA B 3aMac B BUAE
rINKOTEHa MevyeHn. Y 6O0MbHbIX CaxXapHbIM
[nabeTOM KONMMYEeCTBO T/IIOKOKUHA3bl CHU-
XKEHO, W 3TO MMeeT ANA OpraHu3Ma O4YeHb
cepbe3Hble nocneacteus. pu  caxapHOM
nvabeTe Mo[Kenyao4yHas >enesa He Bbipa-

6aTbiBaeT A0OCTAaTOYHOrO KOMMYECTBA WH-
cynuHa (rn. 25); ypoBeHb F/IOKO3bl B KPOBM
B CBSI3U C 3TUM CWU/IbHO MOBbLILIEH, @ B neye-
HW 13-32 HEAOCTAaTOYHOCTU [/IIOKOKMHA3bI
o6pasyeTcs Mano F/IMKOreHa.

0. B peuypauieHue TraOK030-6-hochaTa
BO (hpykTO 10-6-hochaT

®epmeHT hocorniokomsomepasa (ero
yAanocb BbIfeNUTb B BbICOKOOUMLLEHHOM
BUAE M3 MbILWEYHOW TKaHW) KaTanusmpyet
obpaTMMylo  peakuuio  M30Mepm3aunu
(puc. 15-3), B pe3ynbTaTe KOTOPOW F/HOKO-
30-6-pochaT (anbpo3a) npespaliaercs BO
(hpyKT030-6-hocaT (ketosy). KapboHM/b-
Haa rpynna nepemetyaeTca npyu aTom U3 no-
NoXeHna 1 B MmofioXeHue 2:

Mg2+
oc-D-rnoko30-6-pocar

Mg2+
ac-D-thpykT030-6-chocdat

AG® = + 0,4 Kkan/monb.
MocKobKYy 3Ta peakuus CONpPOBOXAaeT-
€A OTHOCMTE/NbHO HEBOMbLWMNM N3MEHEHNEM
CTaHAapTHON CBOBGOLHOW 3HepPruun, oHa ner-
KO NpoTeKaeT B 060UX HanpasneHuax. doc-
(hornoKonsomepasa HyXAaetcd B MOHax
Mg2+ n obnagaeT cneunuUUHOCTLIO B OT-
HOLLIEeHUN TrNI0KO030-6-hochaTta U GpyKTO-
30-6-pocgpara.

«. PochopunuposluLle
([>pxknHrun)-6-hoch)aTii . 06pasoBaHnEM
<>\ Kim>30-t ,6-gucpochaTa

370 BTOpas W3 [BYX «MYCKOBbIX» peak-
unii - ramkonusa.  PochodpykToKMHa3a
(puc. 15-3), KOTOpPOW AN NPOSABNEHMA aK-
TUBHOCTM TPebYIOTCA MOHLI M Q2+, KaTanu-
3upyeT nepeHoc QocaTtHoW rpynnbl OT
ATP B nonoxenune 1 D-¢ppykT030-6-thoca-
Ta, B pe3ynbTaTe Yero obpasyercs YpyKTO-
30-1,6-gudpocaT:

+ D-pykTo3o-1,6-gucpocthatr + H +
AGO = —3,40 kkan/mons.
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B ycnoBuax KneTku ata peakums npakTnyec-
KW HeobpaTmma.

dochoppyKTOKMHA3HAA peakuus - BTO-
PO BaXHbI «KOHTPO/IbHbIA MYHKT» FANKO-
nm3a. Mopjo6bHO rekcoknHase, ochodpyk-
TOKMHa3a npeacTasnseT coboii peryns-
TOPHbIA epmeHT (rn. 9); cpean U3BECTHbIX
perynaTopHbiX hepmMeHTOB 3TO OAUH U3 Ha-
néonee CcNoxHbIX. PochoPpyKTOKMHa3a -
rNaBHbIN PerynAaToOpHbIA (EPMEHT FINKONN-
3a B MbllLax. Bcakuii pas, korga B KneTke
HaunHaeT uccakatb 3anac ATP uan xe Ha-
Kannueaetca U36bITOK MPOAYKTOB ero pac-
naga, 7.e. ADP n AMP (ocobeHHo AMP),
aKTUBHOCTb (OCHOPPYKTOKMHA3LI BO3pa-
cTaeT. W, HanpoTus, pocdhohpyKTOKMHA3A
MHIMOMpyeTCa, KOrfa B KNeTKe OKa3blBaeTca
poctatoyHo ATP u gpyroro KnetoyHoro
«TOMMMBA», Hanpumep uuTpata wan
XWUPHBbIX KMUCNOT. O perynatopHoMm fei-
CTBUUN POCHOPPYKTOKMHA3LI Mbl eLle Bynem
rOBOPUTbL HUXE.

Pacwennenuc
hpykTo > |,()-aWwlkH haTa

dTa peakumsa katanusmpyetcs (hepMeH-
TOM, KOTOPbI HasbiBaeTca (pyKTO3044-
thocthaTanbhonasoii MAM NpoOCTO anbjona-
30/, ®epMeHT NIerko MOXeT 6bITb BblAeneH
B KPWCTa//IM4eckKOM BUAe W3 3KCTPAKTOB
MbilWL, Kponuka. Katanusupyemas anbfo-
nasoii peakuus npegcrasnser coboli obpa-
TUMYIO anboNbHYI0 KOHJeHcauyuto
(puc. 15-3). dpykT030-1,6-gUdoctar obpa-
TUMO pacliennseTca ¢ obpasoBaHueM [BYX
TpuosoockaTos: rauuepansgerng-3-goc-
thaTa (anbhosbl) U AUTMLPOKCUALETOH{OC-
thata (KeTosbl):

D-dpykT0o30-1,6-gnthocgar

N AurnpgpokcunaueToHocgar +
+ D-rnuuepanbgerng-3-goceart

AGO0' = + 5,73 kKkan/monb

Anbponasa XWBOTHbIX TKaHeil He Tpebyet
MOHOB M @2+, HO Yy MHOTMX MUKPOOPTaHu3-
MOB 3TOT (DEPMEHT COAEPXUT MOHbI Zn2+.
XoTtss AGO anbfona3Hoin peakyun Bbipa-
XaeTca 60MbLIOK NONOXNTENbHON Bennymn-
HOIA, NPV BHYTPUKNETOYHbIX 3Ha4yeHuax pH
N KOHLEHTpaLmMmn aTa peakuns MOXET JIerko

MATU KaK B TOM, Tak 1 B jpYromM Hanpasfne-
HUW. TpoAYyKTbl NPAMON peakuyun 6bICTPO
ypanaioTcs (BOBMeKalwTCA B fanbHelluune
npespaLieHuns).

ﬁ R'uiiiMoitpcepuuii’iiirt T puwuod T d ww T

M3 pByx Tpuosogochatos, obpasyto-
WMXCA B anbA0nasHON peakuuu, TObKO
OfVH, @ UMEHHO ranuepanbaerna-3-ocgat
cnocobeH nopBepraTbCs  pacLyensieHunto
B Mocnedyowmnx peakunax ramkonumsa. Op-
HaKo AurugpokcuauetoHdocdar MOXET
Nerko v obpatnumo npespawatbca B rnuue-
panbaerna-3-docdart nog AeiicTBMEM NATO-
ro (epmeHTa T[/IMKONUTUYECKOTO MNyTH
Tpuosoocatmsomepasbl (puc. 15-3)

OurngpokcunanetoHgocdar v*
D-rnuuepanbgerna-3-tocgar

AGO = +1,83 kKKkan/Monb.

OTMeTUM, 4TO B pe3y/nbTaTe 3TOW peakuum
1-i4, 2-7 1 3- yrnepofHble aTOMbl UCXOAHOM
rMOKO3bl CTAHOBATCA HEOT/IMYUMbIMU CO-
OTBETCTBEHHO OT 6-ro, 5-ro n 4-ro atomosB
(puc. 15-4).

3Toii peakLueii 3aBepluaeTca nepsas cTa-
oua rnukonmsa. Taknm 06pa3om, Ha nepBoi
CTagumn rNMUKONM3a MoJieKyna rekcossl ¢hoc-
thopunmpyetcsa no NonoxeHuam 1u 6, a 3a-
TeM pacuiennseTtca ¢ obpasoBaHWeM B KO-
HEYHOM CueTe ABYX MOJIEKYN rnuuepanbfe-
ruga-3-gocgara. Huxe ™Mbl yBUAUM, 4UTO
M gpyrue rekcossl, Harnpumep D-dhpykTo3a,
D-maHHO3a 1 D-ranakrosa, Takxe MOryT
npespawjaTscs B rauuepanbgerug-3-goc-

thar.

15.7. Ha wuiopoint ctagum
rNMKonmsa 3anacaeTcsl 3Heprus

BTopas ctagua rnukonusa (CM. nocnego-
BaTe/IbHOCTb peakuuii Ha puc. 15-5) BKAtO-
YyaeT peakuun dochopunnposaHns, B Xofe
KOTOpPbIX CBOGOAHAA 3Heprusa, COLepXxa.-
LWaAcA B UCXOAHON MONEKY e TN0KO3bl, Bbl-
cBoboXxJaeTcs U 3anacaeTcs B (popme ATP.
MOCKONbKY M3 O4HOM MONEKyNbl [NHOKO3bI
obpasyloTca ABe MOJIEKY/bl TuLepanbie-
rua-3-gocgara, 06e MONOBUHBLI MOJIEKY/bI
rNIOKO3bl Ha BTOPO CTafuun rAnKonmsa Bo-
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1 S @-(D
2 %ZO

HO--¢-H ®pykT030-1,6-Andochar
H--c—oH
H--c—oH
6 w10
Mpovicxogut ot \ OT KaKoro yrnepogHoro
Anbgonasa aToma T/t0KO3bl
[NOKO3bI: npomcxoanT
1 CH—O-(p) H—m<?=° 4
2 °=0© H—4:—OH
3 CH20H CH2— O—=tp)
JuMrnapokcnaleToH- I nuuepanbaerng-
thocar 3-thocdar
Tpuosodgocgar -
n3omepasa
g MponcxoanT OT YyrnepogHbIX
aTOMOB I/1HOKO3bl: H
4n3 'C—0
I nuuepansaerng-
Sn2 H—C—OH 3-thocthar
6unl 3CH— o0 —(p)

Mocneaytoume peakumm
rAnKonunsa

Puc. 15-4. Cypabba aTOMOB yrnepofa rntoKo3bl
npu o6pasoBaHuK raunuepanbierng-3-gocegara.

A. AnbionasHas u TpuosogocdaTnsomepasHas
peakumun. b. B pesynbTtaTe Tprosodocharnsome-
pa3HOii peakuun ABe NOMOBUHbI UCXOAHOWR Mone-
Kynbl FIOKO3bl NpPeBpalalTcs B AABE MONEKY/b
rnuuepanbaerng-3-gocgara. Kaxablii us tpex
aToMOB yrnepoga rnuuepanbgerug-3-gpocgara Be-
[leT CBOe NMPOUCXOX/AEHNe OT 04HOr0 U3 ABYX
aTOMOB [/II0KO3bl, KaK 3TO MOKa3aHO Ha PUCYH-
ke. Hymepauus aToMoB yrnepoga ravuepanbje-
rma-3-tocthata He coBnagaeT ¢ Hymepauueit ato-
moB yrnepoga D-rnwoko3bl. O6 aToMm cnegyet
MOMHUTbL NPU MHTeprnpeTauun pesynbTaToB 3KCMe-
pUMeHTOB ¢ D-rntoKo30ii, B KOTOPbIX METKY HeceT
TO/MILKO OfjMH W3 ee aTOMOB Yyraepoja.

B/IEKalOTCA B OAHU W Te e peakuuun. MNpe-
BpalleHWe [BYX MOMEKYN raulepanbae-
rng-3-thocara B fBe MOMEKYNbl NupysaTa
conpoBoXpaeTcs 06pa3oBaHWEM YeTbipex
monekyn ATP u3s ADP. OpfHako cym-
MapHbIii Bbixog ATP Ha OfHY paclyenfieH-
HY0 MONEKYNY r110K03bl paBeH BCEro NnLb
[LBYM MOfieKynam, MOCKO/bKY Ha nepBoii
cTagun rnmkonnsa ase monekynol ATP pac-
XofylTCA Ha (ochopunmpoBaHue More-
KY/nbl TEKCO3bl B MOAOXKEHMAX 1 un 6.
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XHD—p0?
H—']C—OH O-rnuuepanspe-
| rma-3-ocdar
"C—H
1
O
NAD+ D-ranliepanbgerung-
dochaTgerngpo -
reHasa
NADH + H+
3CHZ - PO?
3-thoctornunue-
H_CI:_OH poundocear
JC—0—PO3
|
O
ADP
Mg dochornuuyepar -
ATP KUHasa
3CHXO— PO?
H—C—OH  3-tocdo-
rnuuepar
’COO'
dochornunuyepar -
Mg
MyTasa
3CH20H

H—C—O— PO, 2-docgo-

. rnullepat
EHonasa
CH,
é_O_POA? dochoeHoN-
COO- nupysat
ADP
My® nNupysatkunasa
ATP 'S
CH3
(!j:o Mupysat
COO
NADH + H+

JlakTaTtperngpo -

NAD+ S redHasa
CH3
H—C—OH L-nakTtart
COO-

Puc. 15-5. BTopas CTagus rAMKonu3sa.

a. Okucnexune
rauuepanbgerng-3-gpocparta
no 3-gocornuuyepountochaTa

370 nepsas W3 ABYX peakuuil rnkKonmsa,
KOTOpble BeAyT K 3amacaHuio 3Hepruu
B popme ATP (puc. 15-5). depMeHT rnunLe-
panbgernadocaTaerngporeHasa Katannsm-
pyeT obpaTuMylo peakuuto

D-rnuuepanbgerng-3-pocgpar +
+ NAD+ + P, "
N 3-thocthornuueponngocpar +
+ NADH + H+

AGO’= + 15 kkan/monb.

B pesynbTarte 370N CMOXHOW peakuyuun anb-
perngHaa rpynna D-ravuepanbgerung-3-
thocpata okucnseTcs, HO Npu 3Tom o6pa-
3yeTcs He KapboHOBasA KMCNOTa, KaK MOXHO
66110 6bl 0XUAATb, @ CMeWaHHblA aHrng-
pug docdopHoil n 3-hochornmuyepuHoBoi
Kucnot - 3-hocporauyepouncdochaT. Tako-
ro TMNa aHrngpug, HasbiBaeMblil auundgoc-
(haToM, XapakTepn3yeTcsd OYeHb BbICOKUM
3HayeHunem AGO rugponusa (—11,8 kkan/
/Mmonb), T.e. OTHOCUTCA K KaTeropuu
CBEPXBbICOKOIHEPTEeTMYECKMX (hochopunu-
pOBaHHbIX coeauHeHuid (pasg. 14.9). Ans
BTOpOW ocaTHOW rpynnbl 3-pochornuue-
poungocdara, T.e. 4na GochaTHOW rpynnsl
B NONOXeHWW 3, cTaHAapTHas cBoboAHas
3Heprus rmaponusa cocTaBnsieT BCEro
okono 3,2 kKkan/monb. Takum o06pasom,
3HauMTeNbHasa 4acTb CBOOGOAHOW 3Hepruw,
BbICBO6GOXJalOLLEeCA NPWU OKUCNEHWUN afib-
LerngHov rpynnel ravuepansgerng-3-goc-
thata, coxpaHseTca B BbICOKO3Hepretuue-
cKkoll octhaTHoli rpynne auywundocdaTa
(npu C-1).

Ponb akuentopa BO4opoAa B ravuepanb-
pernpdocaraerngporeHasHo  peakuuu
urpaet kKodepmeHt NAD+ (puc. 15-6),
npeAcTaBASOW KA CO60W OKUCNEHHYIO hop-
MY HUKOTWHaAMWAALEHUHAVHYKNeoTHaa, Co-
[ilep>allero BUTaMWH HWKOTUHamug (pasg.
10.6). Mpwn nepexoge NAD+ B BOCCTaHOB-
neHHyt @opmy (o603Havyaetcs NADH;
puc. 15-6) oT anbAerngHON rpynnbl rauue-
panbferng-3-thoctharta B NONOXKeHUE 4 HU-
KOTMHamugHoro konbua NAD+ nepeHo-
cuTcA (epMeHTaTUBHbIM NyTeM TUAPUA-
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. HfYaH

“O— P— O0— CH2 N
\H H/

OH OH
nh?2

N €\ /Y

 F Vv

ne K"c kK
o— P—0—cCH2 n

OH OH
NAD+

Puc. 15-6. A. CTpyKTypa HUKOTUHAMWUAA[EHWH-
LUHYKNeoTnaa B okucneHHolt gopme (NAD).

B. BocctaHoBneHne NAD+ nyTem nepeHoca rug-
pug-noHa (: H") ot cybcTpata RH2 B nonoxeHue
4 HUKOTUHaAMUAHOTO Kosbla. CM. Takxe

puc. 10-7.

Puc. 15-7. A. Cxema, nofcHaoLlWas MexaHusm
neiicTBMS rnuuepanbaerna-3-gocharsernaporeHa-
3bl. Mexgay cy6cTpatom u SH-rpynnoii B akTue-
HOM LeHTpe (hepMeHTa BO3HMKAeT KOBaneHTHas
cBA3b-06pasyerca TuononyaueTanb. ATOT NpomMe-
XYTOUHbI NPOAYKT, NpescTaBnswoWunii coboit
(hepMeHT-cy6CTpaTHBI KOMMNeKE, okUcnseTcs 3a
cueT NAD+, KOTOpbI/ Takxke CBA3aH C aKTUBHbIM
LLeHTPOM (hepmeHTa; B pe3ynbTaTe obpasyeTcs
TNO3(PUP-KOBANEHTHbIA NPOMEXYTOUHBIA Npo-
AYKT, Ha3blBaeMblii aumndepmeHToM. CBA3b MeX-
Ly auunbHOM rpynnoit u TMonosoli rpynnoi
thepMeHTa XapaKTepn3yeTcsi O4eHb BbICOKON CTaH-
napTHoli cBo6GOAHOW 3Heprueid ruagponusa. Ha no-
cnefHeM 3Tane TMO3(UPHan CBA3b NpeTepneBaeT
thocthoponus, B pesynbTate Yero NPOUCXOANT
pereHepaums cBo604HOro epmeHTa 1 obpasyeTcs
auungocdat, coxpaHaowmnin B cebe 3HaUYNTENb-
HY0 4acTb 3HEeprum, BbICBOGOAMBLUENCA NPU OKMC-
NeHUN anbaerngHoi rpynnel. 6. WopgaueTaT sBns-
eTC MOLWHbIM UHTUBUTOPOM FAnLepanbierng-
hocthataerngporeHassl, NOTOMY YTO OH ob6pa3yeT
KOBANIEHTHYI CBS3b C BaXHOW (YHKLMNOHANbHOI
SH-rpynnoii hepmMeHTa 1 TakuM 06pa3om MHaK-
TUBMPYET (PEepMeHT.

HAX rrBONH,
. ~ R + AT + H+
: TLAT SO
|

NAD+ NADH

MOH (:H “), pe3ynbTaToM 4ero okasblBaeTcs
BOCCTAHOBJ/IEHWE B NOJMIOXeHUAX 1un 4. BTo-
poii BOLOPOAHbLIA aToM cyb6cTpaTa nepexo-
AWT npu 3TOM B cpedy B Buiae H +-noHa.
YpaBHeHUe, onucbiBatollee GepMeHTaTUB-
Hoe BoccTaHoBneHne NAD +, oTpaxaeT 370
06CTOSATENLCTBO:

Cy6ctpat + NAD+
OKMCNeHHbI cybeTpaT +
+ NADH + H+.
MexaHu3sM [elCcTBMA TanLepanbherng-

thocthatgerngporeHasbl [OBONbHO C/IOXEH
(puc. 15.7). CHavana cybcTpat B3auMogei-

© — SH CBo60aHbI hepMeHT
. Fnuuepanbgerng-3-gocdart
(R— C— H)
1
(0]

H TuononyaueTtans, obpasyowumiica
/'gsc__|___  npu KoBaNeHTHOM CBSA3blBaHUKN
i cy6cTparta ¢ cynbruapunbHoin
Qjj rpynnoii epmeHTa
NAD+ .

OKUCNUTENbHBIA 3TaH»

NADH + H* A BoccTaHaBneHne NAD +

(8)— S— c— R AunndepmeHT (TMO3hup)
(o]

u» (p\_c__R 3-®octhornuyepounchoedar

A

(e)—SH PereHepauus cBOGOAHOTO
hepmeHTa
(e) SH AKTUBHbI chepMeHT
+

1CHX 00 _ Nopauetar
'I
(D -S —CHZXZOO" HeaKTuUBHbI hepMeHT

+
Hi



452 YACTb Il. 6uosaHepretTuka u meTa6onmsm

cTByeT ¢ SH-rpynmoii octatka uWCTeuHa,
UrpatoLiero BaXHYK poOAb B aKTUBHOM
LeHTpe hepMeHTa. 3aTeM (hepMeHT KaTanu-
3UpyeT NepeHoc rMApuA-uoHa OT KOBaeHT-
HO cBfi3aHHOro cyébctpata Ha NAD +, Tak-
)Ke MNPOYHO CBA3AHHbLIA C €ro akTUBHbIM
LeHTpoMm. B xoge atoro npouecca BO3HU-
KaeT BbICOKO3HEPreTMYeCKUn KOBaneHTHbIN
aunndepMeHTHbIR KOMNaekc. TOT KOMM-
NeKc B3aMMOEeWCTBYeT C HEOPraHM4YecKuM
thocthaTtom, B pesynbTate 4yero obpasyervcs
CBOBGOAHbIN 3-pocornmuepoundocdar
W pereHepupyeT CBOOOAHbLIA  epMeHT.
NADH, o6pa3oBaBLImniica B 3TOW peakyuu,
3aTeM CHOBa MepexoAuT B OKWUCNEHHYIO
opmy (NAD +), TaK UTO OH MOXET y4acT-
BOBaTb B PacLenneHnm MHOTUX MOMeKyn
rNIOKO3bl 40 nupyBarta. Ecnv 6bl Takoro pe-
okucneuns NADH He npoucxoguno, TO
rMMKONM3 BbICTPO npekpawanca 6bl U3-3a
ncyepnaHus 3anaca NAD +, MOCKO/IbKY ero
KOMIMYEeCTBO B KNETKe HeBeuKo.

FnuuepanbgernghocharaerngporeHasa
OblNla BblfleNeHa B KPUCTanM4yeckoMm Bufae
M3 CKeneTHbIX MbIWL, Kponuka. Ee mon.
macca paBHa 140000. Monekyna epMeHTa
COCTOMUT M3 YeTbIpex ULEHTUYHBIX CyObeam-
HUY. Kaxpjas Takas cyObeguHuua npeg-
cTaBnfetT co6oi Of4HY NOoAUNeNnTUAHYIO
uenb, cogepxaulyto okono 330 aMUHOKWKC-
NOTHLIX 0CTaTKoB. [nuuepanbgernadgoc-
(haTAaerngporeHasa MHrnbupyetca mopate-
Tatom (pa3g. 9.12), KoTopblii CBA3bIBaeT
BaXHYIO  (DYHKLMOHanbHyt0o  SH-rpynny
(hepMeHTa M TemM CcaMbiM JMLWIAET €ro
BO3MOXXHOCTM  OCYLLECTBAATL  KaTanius
(puc. 15-7,B). O6Hapy>eHue TOro, 4To Noj-
aueraT nojaBnfeT [IMKONU3, CbIrpano
BaXHYI0O PO/ib B UCTOPUM U3Y4YeHUs (ep-
MEHTHbIX cuctem (pasg. 13.13).

n. I, p&cpTnio,! pyhiiif

im inr

depmeHT ocdoramuepaTknHaza KaTa-
NN3NPYeT MNepeHOC BbICOKO3HEPTeTUYecKoi
tocthaTHOlA rpynnbl OT KapOGOKCWbLHOWA
rpynnel  3-pochornuuepoungocpara Ha
ADP c o6pasoBaHuem ATP u 3-chocdorim-
LepaTa:

3-pocpornuueponngocdar +

g2

M
+ ADP +3-(*)oc¢)ornv|u,epa7 + ATP

AG° = —4,50 kKkan/mons..

JTa peakuma TrAMKONW3a BMecTe C Mpef-
LWeCTBYIOLW e peakuuein obecrneynBaet co-
npsHkeHune aHepruu. Ecnu Hanucatb Noapag
ypaBHEHMA 3TUX [ABYX peakuuid, To cpasy
BUAHO, u4TO  3-hocthornuuepounngocdar
UrpaeT 34ecb POJib O6LLEr0 MPOMEXYTOYHO-
ro npogykta. OH obpasyeTca B MepBoii pe-
akuuu, a BO BTOPOI ero BbICOKO3HEpreTnye-
cKkas ocaTHas rpynna repeHocuTCa Ha
ADP c o6pasoBaHnem ATP:

Fnuuepansgerng-3-gocpar + P; +
+ NAD+ —

3-hochornuueponndocgar +
+ NADH + H+,

3-hocpornuueponngocdar +
+ ADP 3-tochornmuepar + ATP.

CyMMapHOe ypaBHeHUWe ABYyX 3TUX Nocneno-
BaTe/lbHbIX peakunii, COMPSXKEHHbIX Apyr
C Apyrom 6narogaps Hanuuuio o6uero
npomMeXxyToyHoro npogykra (3-gocgornm-
uepoungocgara), MMeeT Cneaylowuii BUA:
Fnuuepansperng-3-gocgpar + P, +

+ ADP + NAD+ #

3-pocpornuuepat + ATP +
+ NADH + H+

AGO = —3,0 kKKkan/monb.
KoHeuHbIli pe3ynbTaT 3TUX [ABYX peakuui,

O6paTI/IMbIX B YCNOBMAX KNETKW, 3aK/-
4yaeTca B TOM, 4YTO 3HepruA, BbICBOGOp,I/IB-

Wwasca MNpW  OKUCNEHUM  anbAeruaHoin
rpynnsl 40 KapGOKCW/bHOI, OKasbiBaeTcs
3amaceHHoil  Gnarogaps  COMPSXKEHHOMY

o6pasoBaHuio ATP n3s ADP un docdara. Ta-
Koe o6pasoBaHne ATP, conpsxxeHHoe
C (DepMEeHTaTUBHbLIM MpEBPaLLEHNEM OfHO-
ro n3 «cybcTpatoB», T.e. OfiHOT0 U3 NpoMe-
XYTOYHbIX MPOAYKTOB MeTabonusama, Ha-
npumep ravuepansierng-3-ocdara, Hasbl-
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BaKT (DOCHOPUINPOBAHNEM HA YpPOBHE Cy6-
cTpaTta. Hwxe Mbl MO3HakoMuMcs U
C ApYyrMmMu npumepamMiyt NPOLLECCOB 3TOrO
TMNa.

B. Il pespalleHne
3-thocpor.uTepanm
A 2-thoctpne iiniepam

depmeHT ochornmueparmyTasa Karta-

nM3npyeT o06paTUMyH peakuuto MepeHoca

thocaTHOW rpynnbl M3 OAHOTO MONOXEHUS

B Apyroe B npegenax Monekynbl cyb6cTpata
Mg2 +

3-hocpornuuepar 2-hocornuuepat

AGO = +1,06 kKkan/monsb.

[nsa aToil peakuuu, B Xo4e KOTOPON ¢hoc-
(haTHaa rpynna nepeHOCUTCA B MONeKyne
ravuepara us nonoXxeHus 3 B NONOXeHWE
2 (puc. 15-5), Heob6xoamm Mg2+. Ha3saHue
MyTasa 4acTo WCMOMb3yT A1 0603HaYe-
HWUSA PepMEeHTOB, KaTanusmpyowWwmx BHYTpU-
MONEeKyNnApHble nepemelieHns  (yHKUKO-
HanbHbIX Tpynm.

n fle.*
A-thocgho.’.Man’'paTa C OOpPY T HHEDI
thocchoeHo. TupyBaTa

iutpamauii'i

37O BTOpas peakuus raukonusa, B pe-
3ynbTate KOTOpoOlii 06pa3yeTcd BbICOKO-
JHepreTnyeckoe (ochopmaMpoBaHHoe CoO-
efnHeHne; (ePMEHT eHonasa Karanmsmpyet
06paTUMyl0 peakuut OTLEeNneHNs BOAbl
oT 2-pochornmuepata ¢ 06pasoBaHUEM
(hocpoeHonnupysaTa (puc. 15-5):

Mgis
2-hocornumuepart
Mg2 +
A ®ocgoeHonnupysar + H20
AGO0' = + 0,44 kKkan/mons.
HecMoTps Ha CpaBHUTENbHO He6OMbLIOE
N3MEHEHWe CTaHAApPTHOI CBOGOAHOI 3Hep-
MM B XOLe [AAHHON peakuuw, BEIMYWHbI
AGO’ rngponusa goctatHbX rpynn MCXoa-
HOro BellecTBa M NPOAYKTa pasnuyaroTcs
OouYeHb cunbHO. Ansa docdornuuepata (HU3-
KO3HEepreTnyeckoro ¢ochopuanpoBaHHoro
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COefJMHEeHUs) 3Ta BeIMYMHA paBHa Npuoau-
3uTenbHO —4,2 KKan, a ana gocgoeHonnu-
pyBaTa (CBEPXBbICOKO3IHEPreTNYeCcKoro goc-
(hOpUNNPOBAHHOIO COEAMHEHMS) OHa coc-
TaBnseT —14,8 kkan (pasg. 14.9). Obuiee
cofepXXaHue aHeprum B 2-thocornmueparte
N ¢ochoeHoNNMpyBaTe NOYTH OAMHAKOBO,
OfHaKO OTLlenseHne MONEKYNbl BOAbl OT
2-hocornumuepaTa BbI3biBAET Mepepacnpe-
[leneHne 3Heprun BHYTPWU MOMEKYNbl. STUM
nepepacnpefefneHneM n 06bACHAETCA TOT
(hakT, 4YTO TUAPONUTUYECKOE OTLLEMNEHMNE
octaTHolA rpynnbl OT MoneKynbl gocgo-
eHONMMpyBaTa COMPOBOXAAETCA ropasfo
60/bLINM CHMXXEHNEM CBOGOAHOI 3HEPTUMU.

EHonasa (mon. macca 85000) 6bia nony-
YeHa B KPUCTaN/IMYecKoM BUAE U3 HECKO/b-
KUX WCTOYHWKOB. [N NpoOsSBAEHUSA ee aK-
TUBHOCTM  HEOOXOAWMbI  MOHbBI  MQg2+
C KOTOpbIMU (hepMeHT 06pa3yeT KOMMJEKC,
npexgae 4eM npucoefunHuTb cyb6cTpat. Ans
€HO/a3bl XapakTepHO MHrMbupoBaHue To-
pungom (F-) B npucytcTBum docdara; uc-
TUHHBIM UHTUOUTOPOM SIBASKOTCA NPU 3TOM
NoHbl (hTopdocaTa, CBA3bIBAKOLWMNE WOHbI
Mg2+.

9. MepeHoc ochaTHON KpynHbI
0T dphoedocHo iniipyiumui HM LW/’

MocnefHUM 3TanoM rANKoNU3a sBnseTca
MepeHoc BbICOKO3HepreTuyeckoi ocdat-
HOM rpynnbl OT octoeHonNMpyBaTa Ha
ADP (puc. 15-5). OTa peakuus, Katanusu-
pyemas nupyBaTKHHa30/, NnpeacTasnseT co-
6011 ewe oguH npumep GochopunnposBaHus
Ha ypoBHe cy6cTpaTa. [MpoAgyKT peakuwm
nupysaT o06pasyeTcs B €HOMbHON (hopMme:

Mg2+
dochoeHonnupysatr + ADP —— +
K+

Mg2 +
-------- * EHonnupysaT + ATP,

K+

0flHaKO 3Ta eHO/bHasA opma 6bICTPO nepe-
XOAUT HedepMeHTaTUBHbLIM MYTEM B KeTo-
thopmy, AomuHupylowyt npum pH 7,0

C —-C0O0O- -SU-*CH3—C—coo0-

| 1
OH 0

SHonnupysat KeToHupyHar

CH2=
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PaBHOBecue 3TOM peakuWn OYeHb CUJILHO
CABMHYTO BMpaBO, W 3TO B COOTBETCTBUM
C 3aKOHOM [eliCTBYIOLMUX MacC «TSHET»
BMPaBO TaKXe U MPeALecTBYIOWYH Nupy-
BaTKMHa3HY0 peakuuto. CymmapHoe ypas-
HeHWe [N NUPYBaTKUHA3HOW  peakuum
U 4ns HedepMeHTaTMBHOro 06pasoBaHUs
KeTonupyBaTa MMeeT BuUf

docthoeHonnupysatr + ADP +
Mg2 +

-------- » KeTtonupysat + ATP

AGO0'= —7,5 kkan/monb.

3Ta cymmapHas peakuus xapakTepusyeTcs
O4YeHb 6OMbLWIONA OTPULATENBHON BenuYn-
Hoii AGO, uTo B 3Ha4YNTeNbHOI Mepe o6yc-
NOBNMNBAETCA CMOHTAHHbLIM NpeBpaLieHnem
€HONbHOW hopMbl NMUpyBaTa B KeTOopMmy.
VI3MeHeHVe cTaH4apTHOW CBOGOAHON 3Hep-
M npu rugponunse ¢ocgoeHonnupysaTa
paBHo —14,8 kkan/monb. MpubnusnTtens-
HO NONMOBMHA 3TOW 3Hepruy 3anacaeTcs
B (opme ATP (AG°® = —7,3 Kkan/monb),
a BTopas nonosuHa (—7,5 kkan/mone) coc-
TaBnseT Ty MOLWLHYIO ABUXYLLYI CWy, KO-
Topas pesko cMeliaeT paBHOBECWE peakuun
BNpaBo. B ycnoBmax KNeTku nupyBaTKMHa3-
Has peakuuWs MpakTUyeckn HeobpaTuma.

MupyBaTkMHasza 6bina nosyyeHa B Kpu-
cTannnyeckom Buae (mon. macca 250000).
[ns nposBneHns ee aKTUBHOCTM Heo6Xo-
AWMblI MOHbI K +, a Takke Mg2+ wunu
Mn2+. ®epMeHT 3TOT NPUHALNEXUT K Ymnc-
Ny BaXHbIX PeErynaTopHbIX (epMeHTOB, U
0 ero geiicTBMM Mbl ewe 6yaeM roBopuUThb
HUXe.

1 o, i "wWKIEY ouoyow wo
il wi'm

BaxHas ponb nupysaTa B KaTabonusme
yrneBoA0B ONpefenserca Tem, 4To 3TO CO-
eAVHeHVEe NeXUT B TOUKe MepeceyveHns pas-
NNYHLIX  KaTabonnyeckux nyTeid. [pu
a3p06HbBIX YCNOBUAX B XUBOTHbIX TKaHAX
NpoAYyKTOM FINKONW3a ABNAETCA MupyBar,
a NADH, o6pa3oBaBLlIuniics B Xofe oKucne-
HUA rauuepanbaerng-3-gocdara, peokuc-
nqaetca (7. e. cHoBa npespalyaetcd 8 NAD +)
3a cYeT MoneKynapHoro kucnopoga (rn. 17).
WHaye o6CTOUT Aeno B aHa3pobHbIX ycno-

BUAX, HaNpuUMep B HanpsXXeHHO paboTatlo-
WMX CKeNeTHbIX MbllLAX WM B KneTKax
MONOYHOKMCAbIX bGakTepuii. B 3Tmx ycno-
BUAX o06pasoBaBWMWiiCA NpW  [NWKONN3e
NADH peokucnsetcs He 3a CYeT KMC/IOPO-
fa (KOTopblil OTCYTCTBYET), @ 3@ CYeT Nupy-
BaTa, BOCCTaHaB/MBANOLLIEroca Mpu 3TOM
B flaKTaT. DNEKTPOHbI, MepeLlegLine cHava-
na oT ravuepanbferng-3-pocgara Ha
NAD +, nepeHocatca B ¢popme NADH Ha
nupysat. BoccTaHOB/eHME nupyBaTta KaTa-
NM3npyeTcs GepMeHTOM naKkTaTAernapore-
Ha3oii\ B pesynbTaTe nakTaTAaerngporeHas-
HO peakuumn obpasyetca L-nsomep nakta-
Ta:

MupyBar + NADH +
5 L-naktat + NAD+

AGO = —6,0 kKKkan/monb.
PaBHOBecKe 3TOl peakUUu CUIbHO CABUHY-
TO BMpaBO, O YEM CBUAETENbCTBYET 60/b-
Wwaa oTpuuarensHas senuumHa AGO. MNpu
OKWC/IEHMN [BYX MOJMIeKYN Trvuepanbpe-
rma-3-thocara, 06pasyoLMXCs U3 KaKA0M
MONEKY/bl TNHOKO3bI, paCX0AYOTCA fBE MO-
nekynsl NAD + v cMHTe3npyloTca 4Be MO-
nekynol NADH. T[loatomy pereHepauus
aByx wmonekyn NAD+ B pe3ynbTate
BOCCTAHOB/IEHNA [BYX MONEKyn mnupysara
[0 nakTtaTa o3Ha4aeT, YT0 NAD MoxeT uc-
nofb3oBaTbCA B MpPOLECCe  TIMKONN3a
MHOTOKpaTHO.

Mbl yxe 3HaeM (pasg. 9.23), uTo nakrat-
fernpporeHasa npefcraBneHa B 60nbLuei
4acTV TKaHel NATbI0 pasInYyHbIMU n30dop-
MaMu, OT/iMYaloWmnMnUca 4pyr ot gpyra no
TakuM npu3Hakam, Kak BennumHa Km fang
nupysara, Yncno 060poToB UM ex 1 cTe-
NeHb anjocTepMyeckoro WHrMbnpoBaHus
nupysaToMm. W3otepmMeHT, MNpUCYTCTBYIO-
Wwuidi B TKaHu cepgua (ero o6o3HavaT H4),
COCTOMUT U3 YeTbIPeX MAEHTUYHbIX Monunen-
TUAHBIX Leneid, npuHagnexawmx K H-tuny.
OH xapakTepu3yeTcsi HU3KOW BeMYMHOIA
KM ans nupyBata M CWAbHO BbIPaXEHHOM
CNoCcO6HOCTbIO MHrMbMpoBaThbCA nNuUpyBa-
ToM. [lpyras nsomepHaa hopma atoro gep-
MeHTa, CoflepXallascs B MblLLUEYHON TKaHW
(ee obo3HauvaoT M4), xapakTepusyetcs 6o-
Nee BbICOKOW BennunHoii Km fnsa nupysarta,
He MHrMbmpyeTca MUPyBaTOM ¥ MO CBOEN
KaTaJIMTUYECKON aKTUBHOCTW MPEBOCXOAUT
n30epMeHT, BbIJENEHHbIA M3 cepaua.

H +



M. 15 rnmkonns uyeHTpanbHb’
MpeanpvHMManocb  HeMano  MOMbITOK
C Lenbl0 HailTu Hagnexaiiee 06bACHEHMe
(hYHKUUM 1 ponun M3oopMm NnakTaThernapo-
reHasbl B Pas/fIMYHbIX TKaHAX, OCOOEHHO
B TKaHW cepAaua, CKeNeTHbIX MblliLax u ne-
YyeHW. TeM He MeHee B 3TOM BOMpPOCe W Ceii-
yac elwe MHOFo NPOTMBOPEYUIA ¥ CNOPOB.
Ponb  m3oopm  nakTaTAerngporeHasbl
1 ABYX reHOB, OTBETCTBEHHbIX 3a WX CUHTE3,
0CTaeTcs HeACHOW. Bbin 06HapyXeH /10-
60onbITHBIA (hakT: y OfHOro wu3 obcne-
LYeMbIX, 64-NeTHEro My>X4unHbl, MOAHOCTbIO
oTCcyTCTBOBaNa (BCMEACTBME FEHETUYECKOro
fedekTa) naktaTherngporeHasa «cepaeyHo-
ro» TMNa; NpuM 3TOM Y HEro He 0TMe4Yanochb
HU HapyleHuii cepAevHoli [eATenbHOCTH,
HU Kakux-nnbo HapylleHnin meTabonunsma,
3T0 HaBOAMT Ha MbIC/b, YTO, 6bITb MOXET,
He BCe KJIeTOYHble (DePMeHTbl UM He BCe
6enkn [encTBUTENbHO Heo6X0AUMbI; BO3-
MOXHO, CPeAN HUX eCTb U PyJUMEHTapHbIe,
KOTOpble Tenepb YXXe He WCMob3ykTcs,

. MOonHbIA 6GanaHC TAWKO.L LU

Mbl MOXeM Tenepb COCTaBUTb MOJHbIN
6anaHc rnMkKonnsa, B KOTopom OyayT yu-
TeHbl : 1) cyabba yrnepoaHoro ckeneta rnto-
KO3bl, 2) MyTb 3N1EKTPOHOB B OKUC/IUTENIbHO-
BOCCTAHOBUTE/IbHLIX peakumsax u 3) pacxof
ADP wu ¢octata B npouecce rnmkKonmsa
n Bbixod ATP B pacyeTe Ha OfHY pacLien-
NEeHHYI0 MOJNieKyny TnoKo3bl. B nesoli ua-
CTV NPVBEEHHOTO HWKE YPaBHEHUSA YKa-
3aHbl  BCE  BeLlecTBa,  WCMOMb3yeMble
B npouecce rnmkonusa, T1.e. ATP, P; ADP,
NAD , NADH u H+ (cm. puc. 154
n 15-5), a B nNpaBoil 4YacTu-BCe MPOAYKTHI
rAnKonm3a (HAaNOMHUM, Y4TO U3 KaXOWh MO-
NeKynbl FNOKO3bl 06pasytoTcs fABe Mose-
Kynbl ravuepansgerng-3-ocgara):

[nwokos3a + 2ATP + 2P, + 2NAD+ +
+ 2NADH + 2H+ + 4ADP -*
-> 2laktat“ + 2H + + 4ATP +
+ 2H,0 + 2NADH + 2H+ +

+ 2NAD+ + 2ADP.

Ecnn Mbl Tenepb BblYEepPKHEM B MpaBoii W
B JIEBO/ 4acTsIX YpaBHEHWS OLHU U Te Xe
uUfieHbl, TO NOYYUM CYyMMapHOE ypaBHeHUe
aHaspo6HOro rAMKONM3a, NpoTeKaloLlero
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B CKENETHbIX MbllWLUaxX B YC/N0BUAX aHa3po-
6uosa u npn MOJTIOYHOKWNC/IOM 6pO)KeHI/IVII

+ 2ADP

+ 2H+ +

Fnwoko3a + 2P,
-* 21akTat’
+ 2ATP + 2H20,

B pesynbTaTte 3TOrO npouecca oAHa Mo-
nekyna D-rnokosbl npespaljaeTcd B ABe
MONieKynbl nakTata (NyTb yrnepoga). [se
monekynol ADP un gBe monekynbl hocgarta
npespalaroTca B ABe MoJsiekynbl ATP (nyTb
thocatHbIX rpynn). YeTbipe anekTpoHa (B
(opme [BYX TUAPWUL-WOHOB) MNeEpeHoCcATCA
c nomolybto AByx monekyn NAD + ot AByx
MO/eKyn ravuepanbgerng-3-pochara Ha
[lBe MOJIeKyNbl nupysaTa ¢ 06pa3oBaHUEM
[BYX MONekyn naktata (MyTb 3/1eKTPOHOB).
Mpouecc rnnkonn3sa BKAOYaeT gBa OKUCIN-
TEeNbHO-BOCCTAHOBUTE/IbHBIX 3Tana, 04HaKo
CYMMapHOro W3MeHeHWs CTeneHn OKwucne-
HWA yrnepoja B pe3ynbtaTe 3TOro npouecca
He nMpomcxoauT. B aToM MOXHO ybeauTses,
CpaBHMB aMNUpPUYECKNe POPMY bl FHOKO3bI
(C6H 120 6) n MOJ/IOYHOW KUCNOThI
(C3H60 3). Jlerko BuAeTb, 4YTO COOTHOLWe-
Hue atomoB C, H n O B mMosiekynax [ByX
3TUX COeAWHEHWI OfWHAKOBO W, CNnejoBa-
Te/IbHO,- MpeBpaLyeHne rnKo3bl B MO0Y-
HYI0 KUC/IOTY He COMPOBOX[AEeTCA OKuchne-
Huem yrnepofga. Tem He MeHee Tnpu
aHaspobHOM T[NIMKONMN3E Kakaf-TO 4acTb
3Heprumn, 3akMlYeHHOW B MONEKyne FA-
KO3bl, BCE )X W3B/iIeKaeTCs; 3TON 3Heprum
[OCTaTO4HO AN TOro, 4YTobbl obecneynTb
CYMMapHbIii BbIXOL [ABYX Monekyn ATP
B pacuyeTe Ha KaXAyto paclienneHHylo Mo-
NeKyny roKo3bl.

B a3pobHbIX ycnosuax MNpofyKTOM rnu-
KONIMTUYECKOTO  paclienneHns  raiKo3bl
OKa3blBaeTCa He naKtaT, a nupysart. B aTux
ycnoeuax NADH, o6pa3oBaBliuiica B pe-
3yfnbTaTe OKUCNEHUA ABYX MOJIEKYN raunue-
panbgerng-3-hocara, BHOBb OKMCAAeTCA
He 3a cuyeT nupysata. CymMMapHOe ypaBHe-
HWe TNMKONM3a B 3TOM CAy4vae MMeeT Bup

Fnwoko3a + 2P, + 2ADP + 2NAD + « »
-+ 2Mwnpysar~ + 2ATP +

+ 2NADH f 2H+ + 2H20.
[ee monekynsl NADH, o6pasoBaBlinecs
npw rNMKoNn3e B LMTO30/€, B a3POOHbIX YC-
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NOBUSIX BHOBb OKUCNAKTCA so NAD +, OT-
[laBas CBOW 3NeKTPOHblI B Lenb MepeHoca
3/1eKTPOHOB, KOTOpas B 3YyKapuOTUYECKUX
KNeTkKax HaxoAuTcs B MUTOXOHAPUAX. 34echb
3NeKTPOHbI NepesatTca B KOHEYHOM CyeTe
Ha Kucnopog, BocctaHasnunsasa ero go H20:

2NADH - 2H+ + 02 -*

= 2NAD+ + 2HZ20.

15.8. TyTn, Bepyuwme

OT T/IMKOreHa N ApYrux
yrneBofoB, K UeHTpaibHOMY
rMUKONMUTUYECKOMY MNYTH

He Tonbko D-rnoKko3a, HO U MHOTUE ApY-
rMe yrneBofbl BOBJEKAalOTCH Mocfie psga
npeBpalleHunii B FNUKOMN3, BbICBO6OXAas

Puc. 15-8. BoBneueHne rNMKOreHa U pasinyHbIX

6nosHepreTnka M metabonusm

3aK/II0YEHHYIO B HUX 3Hepruio. Cpean atux
YrNeBOAOB [/laBHYH PpONMb urpawT 3a-
nacHble Monmcaxapuibl - TIMKOTEH U Kpax-
man, fgucaxapupbl-manbTo3a, NakTo3a
M caxapo3a M MOHOcCaxapupabl-ppyKTo3a,
MaHHO3a M ranakTosa. [yTu, No KOTOpbIM
3TU pas3finyHble Yrnesofbl BCTYNalwT Ha
nyTb FNWKONM3a, MoOKas3aHbl Ha pwuc. 15-8.

D-rniKo3Hble efuHMLbl GOKOBLIX Lenei
rMMKOreHa U Kpaxmana BOB/eKalTCs B -
KONW3 B pe3ynbTaTe MOC/e[0BaTENbHOIO
feiicTBna ABYX (hepMeHTOB - FAnMKoreH-goc-
thopunasel (Mnu dgocdopunasbl  Kpaxmana
y pacTeHwuid) u pocornokomyTassl. [anko-
reH-gocopunasa, LWMPOKO pacnpocTpa-
HeHHas B XXMBOTHbIX K/IETKax, KaTanusu-
pyeT un306paXKeHHYK HUXe 06yl peak-
uu, B KoTopoi (InokKo3a), O3Hayaer
60KOBYIO Lenb raMkoreHa (Mnu kpaxmana),

CHTOH
reKco3 B NepBylo CTafuio MUKOAN3a.
hol -4 H
IH \1
KO H H/
,/0H
FnukoreH " oH
D-ranakTosa
Pr
®ocdopunasa
UDP-ranakTto3a
Y CHIOH
Fnkxo30-4-thocdar -L'DP-rntoko3sa
e — Y
H
ATP dochornkxo- KOH HO.)_'I_
TeKCOKMHa3a MyTasa hoV _ ~ OH
H H
HOCH2 a CH20H [noko30- M-MaHHOo3a
6-thocdar
FeKcoKunHasa
OH H MauHo30-6-(octar
D-thpykTo3a ®pyKTO30-
B-bocdpar docthomaHHO—
ATP | ®pyKTOKMNHAa3a nsomepasa

®pykT030-1 -hocthat

®pykTo30¢hochaT-
anbgonasa

P pyKT030-1,6-41-

thocar

nnuepanbaerng + QUrngpoKcuaneToH-
thoctar
\Tpuosodocdar-
Munsomepasa

ATP ~ Tpuoso-
VknHasa

Fnuuepansgerna-

{-tpocchar
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cocTosAWwyo M3 N D-rnoKo3HbIX efuHuL,
coefnHeHHbIX a(l ->4)-ceazamu, a (Inio-
Ko3a™ _!-Ty >xe 60KOBYIO LeMb, HO TOJb-
KO YKOPOYEHHYIO Ha OAHO 3BEHO B pe-
3ynbTaTe OTLWeNJeHns 0T ee KOHLa OAHOro
ocTaTKa T/0KO03bl (CTPYKTYpY T[/IMKOreHa
M Kpaxmana cM. Ha pwuc. 11-15):

(Fmokosa),, + P( -+ (Cniokosa), 1 +

+ a-O-rnwkoso-1-gocdar

AGO = + 0,73 KKkan/monb.

B ycnoBuax KneTku, Nnpu 0THOCUTENBbHO Bbl-
COKOW KOHLeHTpauumn docdara, rInKoreH-
thocopunasHas peakums UAET  TO/bKO
B CTOPOHY pacnaja rimkoreHa n o6pasosa-
HUA TNOKo30-1-hocaTta. B 31O peakymm
KOHUeBas a (1 -+ 4)-rnmkosngHas CBS3b Ha
Hepeayuupylowem KoHue 60KOBOIW uenu

Puc. 15-9. YpaneHue KOHLEBOro ocTaTka r/toKo-
3bl Ha HepeayLupyloLeM KOHLe OfHON 13 Leneit
rAnKoreHa nog feiicTBuem ramkoreH-gocgopuna-
3bl. ATOT NpoLEecC MHOTFOKpPaTHO NOBTOpPSAeTCH, U
OCTaTKW FN0KO3bl OTWENNATCA OAUH 3a APYTrUM
[0 Tex Mop, Noka KOHLEBbIM He OKaXeTcs oc-
TaTOK, YeTBEPThbI/i MO CYETY OT TOYKM BETBNEHMA
(cm. TekcT). O6paTnTe BHUMaHWE Ha YCNOBHOE
0603HayYeHNe TNAPOKCUIbHBIX TPYNN 0CTaTKOB
rNOKO3bl; BOLOPO/JHbIE aTOMbl, NPUCOEANHEHHbIE
K MWPaHO3HbIM KO/MbLLaM, He NOoKa3aHbl.

Hepeayuupytolunii KoHel,
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rMMKoreHa npetepnesaet hochoponuns: nog
fencTBuem docdarta 0T Lenu OTLWennseTcs
KOHL,eBO/ O0CTATOK F/I0KO3bl C 06pa3oBa-
Huem a-b-rnwko3o-1-gocgarta. Bbokoas
Lenb rAMKOreHa CTaHOBUTCHA B pesynbTrarte
3TOW peakuuu KOpoye Ha OAHY TNHOKO3HYIO
eanHuuy (puc. 15-9). TnukoreH-gochopu-
nasa aTakyeT HepegyuupyloLwme KoHUbl 60-
KOBbIX Lieneil rIMKoreHa MHOrOKpaTHoO, A0
Tex NoOp Nnoka OHa He AOWAeT 40 TOYKW, OT-
CTOAWElN Ha YeTbipe FNHOKO3Hble efuHULbI
oT a (1 -* 6)-ceasm (puc. 11-15). 3gecb ee
[encTBne npekpaiiaeTcs.

[ns Toro utobbl paclenneHne ramkore-
Ha nof geincTBuem rnumkoreH-gocgopmnasbl
MOF/10 MNPOAO/KATLCA, Ha nonucaxapup
[OMKeH npeaBapuTeNbHO NOLENCTBOBATb
opyroii depmeHt, @ (1 -* 6)-rnoKo3mgasa.
JTOT (hepMeHT KaTtanusnpyeT ABe peakuuu.
B nepBoil U3 HUX OH OTwWennseT OT uenu
TPU TNIOKO3HbIX OCTaTKa U3 YMOMAHYTbIX
yeTblpex W MepPeHOCUT MX Ha KOHel, Kakoii-
HUbYab 4PYrOi BHewwHed 60KoBOW uenu. Bo
BTOPOI peakuuun, Katanusupyemoin a (1 *
-* 6)-rnoKo3maason, oTwennserca  ye-
TBEPTbI T[IOKO3HbIA 0CTaTOK, MpUcoegu-
HEHHbI B TOuke BeTBNeHMa a(l
“m6>cBA3blo.  ugponms  a(l -» 6)-cBAsn
B TOYKe BETB/IEHMS MPMBOAMT K 06pasoBa-
HUIO OAHOI Monekynbl D-rnwKosbl u 0T-

Hepefyumpytolumii KoHeL,

rnoko3o-1-hocat

Ta e Uenb, YyKOpoueHHas

Ha OAWH ocTaToK
(Fnko3za)n
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KpblBaeT 4ns geicTena ramkoreH-gpocdopu-
Nnasbl HOBbI/ Y4YacTOK Lenu, COCTOAWNA ©3
0CTaTKOB [/1H0KO3bl, COeAMHEHHbIX a (1 ->
-» 4)-cBA3AMUA.

noko30-1-hochaT - KOHEYHbI NMPOAYKT
peakuuu, Katanu3upyemoin ramkoreH-oc-
thopunasoit  (hocthopunasoih  Kpaxmana),
npesBpallaeTca B T/1HOK030-6-hochatr nog
pelictBuem tepmeHTa ocdorntokomMyTasbl.
3T0T pepMeHT (OH 6blN BblIAENEH B YACTOM
BUAE N3 MHOTUX UCTOYHWNKOB) KaTanusmpyet
0bpaTuMyl0 peakuuio:

[noko3o- 1-gocar »

noko30-6-ocdar

AGO = —1,74 kKKan/monb.

6CH2— O —PO3~

H OH

Puc. 15-10. a-0-rntoko30-1,6-gudocdar-oguH
13 KO(haKTOPOB, HEOGXOAUMBIX ANs AelicTBUS (hoc-
thornoKomyTasbl.

Ona peiictBusa docorntokomyTtasbl Heob6-
X04MM B KauecTBe KoakTopa rnoko3o- 1,6-
andgocdat (puc. 15-10). Ponb aToro Kodak-
TOpa CTaHeT ACHON, ec/in Y4ecTb MPOMEeXy-
TOYHble 3Tanbl feicTBua (epmeHTa. U3
NPUBEAEHHON HMXE MOCnef0BaTeNbHOCTH
peakuwii BUAHO, 4YTO (hepMeHT npebbiBaeT
nonepeMeHHO B 04HOI U3 ABYX hopMm-thoc-
thopunupoBaHHOW ” HedochOpMANPOBaH-
HOl, unn fedocthopuInpoBaHHOIA:

dochodepmeHT +
+ T nwoko3o-1-gocar »
OedocthodepmeHT +
+ [noko3o-1,6-gudochar
Fnokoso-1,6-gudochar +
+ [JedoctodepmeHT
dochodepmeHT +

+ [nmokoso-6-pocar

CymMMapHOe YypaBHEHME:
Fnoko3o-1-thocgar »
Fnoko3o0-6-pocar

dochornokomyTasa npumMeyvaTenbHa
M elle B OAHOM OTHOLUEHWW: 3TOT (epMeHT
ABNSETCA npeAcTaBuTeneM  OOGLIMPHOrO
Knacca (epMeHTOB, Y KOTOPbIX B aKTUBHOM
LeHTpe NPUCYTCTBYeT OCTATOK CepuHa, He-
06X0ANMBIN A5 KaTanMTUYeCKO aKTUBHO-
CTW. VIMEHHO 3TOT OCTaTOK CepuHa Yyua-
CTBYeT BO B3aMMOZAeNCTBUU C F10KO30- 1,6-
gudochaTtom - ero rmgpokKcuiibHas rpynna
aTepuduumpyetcad (HoCHOpPHOA KMNCNOTOIA.
depMeHTbl CepuHOBOro Knacca (puc. 9-12),
K KOTOPbIM NPUHAANEXMUT 1 (HOoChOrnKo-
MyTa3a, Heo6paTUMO UHINOUPYIOTCA HEKO-
TOPbIMY OpraHnyeckumu hocgatamu, Taku-
MW, KaK, Hanpumep, gumsonponuagropdoc-
that. Mpu 3TOM WMHIMOWUTOPBLI B3aMMOAEiA-
CTBYIOT C FMAPOKCU/BbHOI rpynmnoi ynoms-
HYTOro ocTaTKa CepuHa, B pe3yfbTare 4ero
obpasyetca  (ochopunupoBaHHOe  Mpo-
N3BOJHOE (hepMeHTa, NNWEHHOE KaTanuTu-
yeckoil akTuBHOCTKM (puc. 9-10).

15.9. B rnukonums moryrt
BOB/IEKaTbCA U ApPYyrue npocTble
caxapa

B )XMBOTHOM OpraHuM3me ramMKonn3y nog-
BEpraeTcs He TO/IbKO T/1H0K03a, HO U gpyrue
MOHOCaxapufbl, KOTOpble MOCAe COOTBeT-
CTBYIOLMX NPEeBPaLLeHNA TOXe MOryT pac-
WennATbCA U BbICBO6OXAATb 3aK/OUYEHHYO
B HUX 3Hepruto (puc. 15-8).

D-thpykTO3a, NpucCyTCTBYHOLLAA B CBO-
604HOM BuAe BO MHOrMX ppyKTax u obpa-
3yl anca B TOHKOM KULIEYHWKe W3 caxa-
po3bl (Ha3biBaemoW TakXe TPOCTHWUKOBbIM
WNN CBEK/TIOBUYHBIM CaxapoMm), MOXeT ¢oc-
thopnnnpoBaTbCA B MPUCYTCTBUWN TEKCOKM-
Hasbl, KOTOpasa felicTByeT Ha 60/bLIOE YKC-
N0 PasNUYHbIX FeKCOo3:

D-hpykTo3a + ATP ---meees >
Mg2 +
""" —» D-(bpyKkT030-6-thocthat +

+ ADP + H+.

TaKoB rnaBHbIl NyTh BKHOUEHUS PPYKTO3b
B I/IMKO/IN3 B MbILLEYHOW TKaHU U B NOYKaX.
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OH H

Puc. 15-11. ocD-thpykT030-1-hochar-npomexy-
TOYHbIA NPOAYKT Ha NyTU MpeBpalieHns GpyKTo-
3bl B rnnuepanbgerngdocadar.

B neuyeHw, ofHako, A8 3TOrO CyuiecTByeT
gpyroii  nyTb. [pucyTcTBytowWwas 34echb
(hPYKTOKMHA3a KaTtanusmpyeT ¢ochopunmn-
poBaHue ()PyKTO3bl He Mo 6-my, a no 1-my
atomy yrnepoga (puc. 15-11):

D-¢ppykTo3za + ATP - >
Mg2 +
...... —a O-(pykT0o30-1-hochar +

+ ADP + H+.

3aTem nog geiicTBuem anbgonasbl QpyKTO-
30-1-pochaT pacuiennsetrca ¢ obpasosa-
Huem D-ravuepanbgernga n gnruapokcua-
ueTtoHpochara:

0-¢pyKTO30-1-hocar

N D-ranuepansbgerng +
+ [AurngpokcuaueTtoHgocdar.

OurngpokcmauetoHdocdar sBAseTcs, Kak
N3BECTHO, OAHUM U3 MPOMEXYTOUHbIX NpPO-
LYKTOB  TNMKONW3a, MNpeBpauiatrolimmcs
B ravuepanbgerng-3-gpocgar. Apyroin npo-
OYKT  1300paKeHHON  Bbllle  peakuuw,
D-rnuuepanbgerng, gocpopunupyerca nog
[eincTBMEM (hepMeHTa TPMO30KMHA3bl 3a
cyet ATP, yTO TakXe MPMBOAUT K rnuvue-
panbgerng-3-gocgarty:

D-rnuuepanbgerng + A TP -3 »
Mg2 +
-------- * D-rnuuepanbgerng-3-pocgpar +

+ ADP + H+.

Takum 06pa3om, B MeYeHW W3 MOJEKYIbI
D-tbpyKTO3bl 06pasytoTca fBe MOJEKY/bl
rnvuepansgerng-3-qocgara.

D-ranakTosa, obpasytolasacs B pesyb-
Tate rugponunsa fucaxapupa naktosbl (Mo-
NIOYHOrO caxapa) cHavana gochopunupyert-
cano 1-my atomy yrnepoga nog gecterem
(hepmeHTa ranakToOKuWHa3bl 3a cyeT ATP:

ATP + D-ranaktosa--—-- —>

Mg2 +
______ —» D-ranaktoso-1-ooctpat +

+ ADP + H+.

MpopykT 3Toi peakumun, D-ranakTo3o-1-
thocdart, npespaliaetca B cBoi C4-anumep,
T.e. B O-rntoko3o-1-poctart. MNpeBpalLeHue
OCYLLECTBNAEGTCA B HECKONbKO  3Tarnos
(puc. 15-12). B atux peakuuax npuHumaet
yyacTue ypuguHgngocpar (UDP), dyHk-
LUMOHMPYIOWMNIA B KayecTBe MepeHOCUMKa
reKCo3HbIX rpynn Hanopobue KoepmeHTa.
B neyeHn uyenoseka ranaktoso-1l-gocdar
B3aumogeicteyetr ¢ UDP-rnokosoit, uTo
npusoAnT K obpasosaHuio UDP-D-ranak-
TO3bl W rAOKO30-1-thoctaTa. ATy peakuuto
Katanusupyet ¢epmeHT [HOPrawokosa:
a-D-ranakto3o-1-toctar ypuanamnTpaHc-
(hepasa. OCTATOK ranakto3bl B MONEKYNe
UDP-D-ranakto3bl npetepnesaeTr 3aTem
Katanusupyemyto gepmeHTom MOPraoko-
3a-anumepasoin  (puc. 15-12) anumepwusa-
LU0 Npu 4-Mm yrnepogHOM aTomMe, B pe3sy/ib-
TaTe 4yero o6pasyetrcs UDP-D-rnokosa.
1l Praoko3a-nupogocopunasa Kartanu-
3npyer pacwenneHune UDP-rnokosbl
c o6pasoBaHuem O-rnwkoso-1-gocdara,
KOTOpbIVi Noj felicTBneM (ochornoKomy-
Tasbl NpespaliaeTcs B rNOK030-6-hocdart.
3Ta nocnepoBaTenbHOCTb peakuuili 0TBeT-
CTBEHHA He TONIbKO 3a rnpespalieHne D-ra-
NaKTo3bl B D-rN0K03Yy; OHa Xe UCMnonb3yeT-
€A U Ans 06paTHOro npouecca-Ansa CUHTe-
3a D-ranakTo3bl B MONOYHbIX Xenesax (rae
D-ranakto3a Heobxofuma Ans obpasosa-
HUA  NaKTO3bl, WM MONOYHOrO caxapa).
BaxxHaa ponb UDP B KauecTBe nepeHocuu-
Ka FWKO3UNbHbIX FPYMn BbifiBNeHa 6naro-
fapsa paboTam apreHTUHCKOro 6umoxumuka
Nywnca Nenyapa. Mo3Xe Mbl NO3HaKOMUMCA
C APYrMmMu meTabonnyeckumm nyTamu, rge
NMPOMEXYTOUYHLIMU  MPOAYKTaMMN  CayxaT
Takxxe UDP-npous3BofAHbIE caxapos.

Mpwv 0AHON N3 caMbiX 06bIYHBIX OPM Ta-
KOro BPOX/[EHHOro HapylweHus obMeHa,



460 YACTb II.

MonHas nocnefoBaTeNbHOCTb
peakumit

6nosHepreTnka M metabonumsm

Peakuus, KaTanusupyemas

UDP rntoko3a-4-anumepasoii

CH,OH

CHIOH

Non

Tll

D-ranakTto30-1-gocdar

LP-rnokosa TOPrnwokosa: a-D-
ranaktoso-1-gocdar
FN0Ko30- «S YPUAUIUATpaHcdepasa

1-chocepar

UDP-D-ranakrosa

nt
<

| Hbl/C CH
o |
! -Cx /CH
0—P—0—P—0- O
I
O O—CHr n UDP-ranakTo3a
N|_ |/H
OH OH

LI PrnwoKosa-

UDPrnto - 4-3numepasa
Ko3a-4-anu (NAD)
mepasa CHjoH
UDP-D-rntoko3sa
0
A
PP, 1LLPratoko3a- (!
nupodocthopunasa HN CH
UTpA MPobockop
0-rnoko3o-1-gocdat (; I'I’CCI CH
-P—0- O N
1
dochornokomyTasa O—CH2 O UDP-rntokosa
D-rntoko30-6-thocar
AW |/H
OH OH

Puc. 15-12. A. MyTb npespatieHns D-ranaktosbl
B D-rntoko3y. b. Bonee nogpo6Hoe n3zobpaxe-
Hue 1HOPrntoKosa- 4-anumepasHoil peakyun

(Ha puc. A 3TOT 3Tan BblAeNeH PaMKOWA).

NAD, KoTOpblii HE06X0AUM (hepMeHTY, KaTannusu-
pytouiemy B3ammonpespatwieHme UDP-rnoKosbl 1
UDP-ranakTto3ssl, No-suagnMomy, npuHMmMaeTt fsa
BO/OPO/Ja OT YeTBEPTOro yrnepogHoro atoma
ocTaTKa rMoKo3bl, a 3aTeM BO3BpallaeT ux

c o6pa3oBaHuWeM anumepa no 4yeTBepToMy aTomy
yrnepoga.

HepgocTtatoyHocTb (hepmeHTa MOPraoKo3a:
a-0-ranakto3o-1-hochart-ypuannnntpaHcpepassbl
00ycnoBAnBaeT ranakToO3eMunIo - HacneiCTBEHHOE
3ab0/1eBaHMe YenoBeKa, NPOABNAIOLLEECH B PAHHEM
fetctse. [MOCKONbKY MpeBpalleHne ranakTossl B
rNIOKO3Y MpW 3TOM HapyLleHo, ranakrosa u ra-
nakTo30-1-gocgar, obpasyowmecs npu nepesapu-
BaHWM NaKTO3bl, HAKanMBatTCA B TKAHAX, Bbl3bl-
Bas MOBPEX/EHNA MO3ra W NneyeHu, a TakKxe
NoOMyTHeHMe XpycTanuka (katapakty). Cso6ogHas
ranakTosa 06Hapy>XNBaeTCA B 3HAUYNUTENbHbIX KO-
nnyecTBax Takxe u B Kposu. OfHa u3 6onee
Nnerkmx HopM ranakTo3eMumn Bbi3biBaeTCA HeAocC-
TaTOYHOCTbIO ranakTOKWHa3sbl.

KaK rasaktosemus, B OpraHu3me 4esioBeka
BC/1eACTBME FEHETNYECKON aHOManumn oTcyT-
cTByeT pepMeHT LT OPratokosa: a-D-ranak-
T030-1-thocar ypuannunTpaHchepasa.
MpespaweHne D-ranaktossl B D-rnokosy
OKa3blBAeTCA B TaKOM Clyyae HeBO3-
MOXHbIM. W3-3a HapyleHns cnocobHoCTH
opraHunsma metabonusnposatb D-ranakTo-
3y u 0-ranaktoso-1l-tocdar aTu coeguHe-
HUA HaKannBalTCA B KPOBU W B TKaHAX.
Mpwn 3TOM neyeHb U HEKOTOPbIE ApYyrue op-
raHbl YBe/NMUMBAIOTCA, YXY[LIaeTCa 3peHune
13-3a NOMYTHEHUA XpyCcTanuka (KaTapakTa)
N 3afilepXuBaeTca YMCTBEHHOe pa3BuTHe.
MMOCKONbKY rfaBHbIM WCTOYHUKOM D-ra-
NaKTo3bl CAYXWT f1akT03a MOJiIOKa, 3TO
BPOX/[EHHOe HapyweHue o6meHa npo-
AB/AeTCA B fleTCKOM Bo3pacTe. MposasneHus
ranakTo3eMumm MOryT 6biTb CYLLECTBEHHO
CMATYeHbl, eCNN YCTPaHUTbL U3 paLmoHa Mo-
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NOKO W MOJIOYHble TMPOAYKTbI. [pyrue
(hopMbl ranakToseMun HabnwogarTcs npu
reHeTUYecKUx aHomanuax, obycnosnmeato-
WMX HeLOCTATOYHOCTb raflakToOKNUHa3bl Uan
[TOPrnoko3sa- 4-anumMepasbl.

D-maHHO3a, KoTopas ob6pa3yetca npu
nepesapuBaHuy PasNYHbLIX nNoaucaxapu-
[OB U TNKONPOTEWHOB, COAepXaLiuxca
B nuie, gocopunmpyercs no nosioXeHnto
6 nog geincTemem dpepMeHTa reKCOKMHasbl:

........ > D-mMaHH030-6-thochaT +
+ ADP + H+.

3arem docdhomaHHOM3OMEpa3a KaTanusu-
pyet usomepusauunto D-maHHO30-6-(poca-
Ta ¢ o6paszoBaHnem D-thpykT030-6-thocha-
Ta, KOTOPbIV NPUHAANEXUT K Yucny npome-
XYTOUYHbIX NPOAYKTOB FNMKOMN3A:
D-maHHO030-6-(pocthat A D-hpykT030-6-

thocpar.

Ha puc. 15-8 nsobpaxkeHbl BCe 3TU NyTw,
Mo KOTOPbIM pas3/inyHble caxapa Hanpa-
BAAIOTCA Ha LEHTPaNbHbIA TFNMKONUTUYe-
CKUIA NyTb.

15.10. Auncaxapupgbl AOMKHbI
npeABapuTenbHO MOABEPTrHYTHCA
rMApoNn3y JO MOHOCaxapupaos

[Owncaxapugbl camu no cebe He cNOCOOHBI
BKMtOYaTbCA B FAUKONn3. Ecnu, Hanpumep,
BBECTU WX HEMOCPELCTBEHHO B KPOBb, TO
OHW He ByAYT yTuAusmposatbcsa. [Ns Toro
4yTO6bI OpraHM3M MOr MCMNOJIb30BaTb COAEp-
Xaujmecs B Mulle gucaxapufbl, OHW [0N-
XHbl CHayana MnoABeprHyTbCca (epmeHTa-
TUBHOMY TMAPONMN3Y B KNETKaX, BbICTUNAKD-
WMX TOHKUIA KULWEYHWK, T.€.  [JOSKHbI
pacLennTbCs A0 TeX FeKCO3HbIX eAuHUL, 13
KOTOPbIX OHW COCTOST: >

ManbTo3a 4
ManbTasa

+ HO - > D-rnokosa +
+ D-rniokosa
NlakTo3a +
JlakTasa
+ H;0 —- * D-ranaktosa +

+ D-i ntoko3a

Caxaposa +

Caxapasa
+ H20 -——-- —* D-(pykTo3a +

+ D-rnwokosa
O6pasoBaBLUMeCHd MPOCTble caxapa BCachbl-
BalOTCA 3aTeM B KPOBb W MOCTYMatT B Me-
YeHb, re OHU hocopunmpyloTca n npespa-
WarTca B MNPOMEXYTOYHble MPOAYKTHI
rMWKONM3a, Kak OMUCaHOo BblLle.

HenepeHocumocTb nakTo3bl (pasg. 11.5

M 24.1,a) y HEKOTOpPbIX TFPynn HaceneHus
(ucKnoYeHne B 3TOM CMbICNe COCTABMAKT
Xutenn CeepHoli EBponbl M HEKOTOPbIX
paiioHOB AQpuKK) CBA3aHa C MOMHLIM WN
YaCTUYHLIM UCYE3HOBEHMEM Y B3POC/bIX
nofeit nakTasHoOM akTUMBHOCTU B K/eTKax
KULLIEYHOro anuTenuna. Y Takux nofei nak-
TO3a B KULIEYHWMKE MOSHOCTbIO HE Mepe.a-
pYBAETCA U He BCACbLIBAETCH, YTO BbI3biBaeT
Yy HUX NOHOCbI. Tlpo6aema 3Ta He CAULIKOM
cepbe3Ha, MOCKO/MbKY B Tex paioHax, rpe
pacnpocTpaHeHa HEeMnepeHoCMMOCTb Nak-
TO3bl, B3pOCAbIEe NOAW HE YNoTpebnawoT
B nuwy monoka. Kakoin-nnbo cBasn mexagy
HernepeHoCMMOCTbIO NaKTO3bl U ranakTose-
MUeii He O0OHapy>XeHO; HernepeHOCHMOCTb
NaKTo3bl BCTPeYaeTcs OYeHb 4acTo, Torja’
KaK ranaktosemus - 3abonesaHve KpaliHe
pegkoe.

15.1L BoBfe4YeHMe 0OCTaTKOB
r.HOKO3bl B npouecc rauMkKo.nmna
perynupyeTtcs

CKOpOCTY TNaBHbIX KaTabo/nmyecknx pe-
akuuii, obecrneuymBalWMX pacuieneHue
FMOKO3bl U U3BNEYEHNE XUMUYECKOW 3Hep-
rum B popme ATP, B KaXAblli faHHbIA MO-
MEHT PErynupyoTca B COOTBETCTBUMU C MNO-
TpebHOCTAMM KneTkn B ATP He3aBUCMMO
OT TOro, Kak 6yger 3atem 3atoT ATP wuc-
N0Nb30BaTbCA-B OMOCUHTETUYECKUX peak-
umax, AN akTUBHOrO nepeHoca BeLecTB
UIn 4NA MexaHU4eckoi paboTbl B COKpaTu-
TeNbHbIX CTPYKTypax. [lockofibKy nmnpo-
LYKTbl  pacliensieHus Tr/KOo3bl  UrparT
BaXHYI0O POSib U B KayeCTBE MNpefLecTBeH-
HWKOB, UM KakK MPOMEXYTOUYHble MPOAYKTbI
LpYrux meTabonnyeckmx MpoLeccoB, pery-
NATOpHbIE hepmMeHTbl kKaTabonn3ma yrneso-
[lOB pacno3HalT Takxe COOTBeTCTBYHOLWUe
CUTHanbl [pYyrux MeTabonmyecknx nyTein
N OTBEYAKT HAa 3TV CUTHanbl. Tenepb Mbl
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NO3HAKOMUMCA C TemMu pPerynaTopHbIMM
(hepmeHTamu, KOTOpble PeryampytT CKo-
pOCTb paclienneHns yrneBofoB Ha FMKO-
ANTUYECKOM NyTW.

PaccMoTpuM npexjie BCEro, Kak perynu-
pyeTca camMO BCTYMeHWe OCTaTKOB T[/0-
KO3bl Ha NyTb FNMKoONn3a. BoeneuyeHwve rnto-
KO3HbIX OCTaTKOB B MpoOLecc TrAnKonusa
obecneynBaloT AiBe BaXHble peakuuu, u obe
3T peakUun KOHTPONUPYIOTCA peryns-
TOpHbIMKU (hepmeHTamu. lMepBas Takas pe-
aKLumMA-3TO KaTtanusnpyemoe rekKCOKMHasoin
thochopmnmpoBaHme CBOBOAHON THOKO3bI
B NOM0XeHUN 6 3a cyeT ATP. B HekoTopbIX
TKaHAX, HanpuMep B CKENeTHbIX MblLILaXx,
reKCoKMHasa (PYHKLMOHMPYET Kak anfocTe-
puyecknii epMeHT M UHrMbupyetca npo-
OYKTOM  peakuuu r1oKo3o-6-dochaTom,
KaK 3TO MoKasaHo Ha puc. 15-13. Bcskuit
pas, Korga KOHLEHTpauua rnkoso-6-goc-
(haTa B K/IeTKe CM/IbHO BO3pacTaeT, T.€. KOr-
fa oH obpasyeTcd 6bICTpee, 4yemM noTpeb-
NnAeTcsA, HacTynaer WHrnéuposaHwue - rek-
COKMHa3a Moj fAelicTBMEM T[/OK030-6-(hoc-
(haTa BbIK/IlOYaeTCs U ganbHelwero gocdo-
pPUIMPOBAaHUA TNHOKO3bl HE MPOUCXOANT [0
Tex nop, noka n3bbITOK rNOKo30-6-poctha-
Ta He 6yJeT MCNOMb30BaH. B neueHun, ogHa-
Ko, mpeobnagaet Apyroin (GepmeHT-rik-
KOKWHa3a, KOTOpblIii He MHInbupyeTca rto-
K030-6-pocthaTtom (pa3g. 15.6,a). MoaTomy
B MeYeHMN, CMOCOBHOW XpaHUTbL BoMbLlIne KO-
NnYecTBa rMUKOreHa, n3bbiITOYHAasA r1OKO3a
KpoBM MOXeT dochopunmposaTbcs ¢ obpa-
30BaHMEM [/1l0K030-6-hocdharta, KOTOPbIA
3aTemM uepe3 rnwkKo3o-1-thoctatr npespa-
aeTcs B rNIMKOreH, T.e. B 3anacHoOi nonu-
caxapug. MNMpy NOBLIWEHUN KOHLEHTpaLuu
rMIOKO3bl B KPOBU TOPMOH WHCY/WH, Bblfe-
NAEeMbI NOJXKENYL0YHON XKene3ol B KPOBb,
CTUMYNIMPYET CUHTE3 TIOKOKWHA3bl. [pn
fnabeTe M BO BpemMA ron0f4aHWA T[NHOKO-
KWHa3Haf aKTUBHOCTb MOHWXeHa.

Bo BTOpO# peakuyuu, MOCTaBASOLWEN
rMIOKO3Hble OCTaTKM NS mpouecca rIuMKo-
nu3a, cybcTpaTtoM CAYXWT FAUKOreH. 3Ta
peakuns KatanusupyeTca rAnkoreH-gocgo-
punasoi, KoTopas Takxe npeAcTaBnseT co-
601 perynaTopHblii (hepMeHT. Kak B neyeHu,
TaK U B MbILWLAX TAUKOreH-gochopunasa
3aHUMaeT CTpaTernyeckm BaXHYH MNO3u-
L0 MeXAY pe3epByapoM TONAMBa-rAnMKo-
FeEHOM W TAWKOAUTUYECKON CUCTEMOW, Ha-

Puc. 15-13. MexaHu3Mm, C NOMOLLbIO KOTOPOro
perynupyeTtcs BKNOUEHMe OCTaTKOB FHOKO3bI

B Mpouecc rMMKoNM3a 1 paclienneHme nx Ha aTom
nyTn. PerynaTopHoe MHrménposaHme 0603Ha4YeHO
KpacHbIMW NPepbIBUCTBIMU CTPenKaMu, yKasblBato-
WMMKU Ha 6n1oKMpyeMblid 3Tan (KpacHas nonocka
nonepek CTpenku, NokasblBatolieii HanpasneHue
peakuuu); perynaTopHoe cTUMynmpoBaHue 060-
3HAYEHO KPACHbIMU XUPHbIMW CTpPenkKamu, napan-
NeNbHbLIMU CTPenKaMm, nokasbliBaloLWmMM Hanpasie-
Hue peakuyuun. M1d-raokoso-1-gochar; N6 d -
rnKo3o-6-ochar; 6d - hpykKT030-6-hochar;
AP -hpykTo30-1,6-gudochar; TP-Tpnosodoc-
that; 3®r-3-hochornuuepar; 2®r-2-pocdo-
rnuuepat; ®EM-dochoeHonnupysart.

3HayeHMe KOTOPOW COCTOMT B UCMO/b30Ba-
HWW TonnmBa. B cKeneTHbIX MblwLax 370T
(hepMeHT NpUCyTCTBYET B fBYX (hOopmMax-B
KaTaIMTUYeCKn aKTUBHONM octhopunnpo-
BaHHOI hopme (hoctopunasza a) U B 3Ha4K-
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Puc. 15-14. Perynsums akTUBHOCTU FNINKOreH-
thocthopunasbl. Monekyna 3atoro hepMmeHTa coc-
TOWUT U3 ABYX CybbeAnHUL. B Kaxfoi u3 HUX
MMeeTCs BaXHbIA ANA KaTanMTU4ecKoh aKTUBHO-
CTW 0CcTaToK cepuHa. Mo rMAPOKCUNbLHON rpynne
3TOro octatka cepuHa o6e cyb6beguHULbLI epMeH-
Ta ochopunupytoTcs Noj AeiicTBMEM KUHA3bI
thocthopunasbl, B pesynbTaTe 4ero obpasyercs
(ocdopunasa a. ITa peakyms cTUMynupyerca
noHamu Ca2+. flepocopmunupoBaHue pocgopu-
nasbl a nogasnserca noHamm Ca2+ u AMP.
dochopunaza b MOXeT aKTUBMPOBATLCA TakKxe

B pe3ynbTaTe HEKOBaNEHTHOro cBA3blBaHUA AMP
B a/i/INCTEPUYECKNX Y4acTKax MOeKynbl ()epMeH-
Ta. KoH(opMaLOHHbIE U3MEHEHNA, KOTOpble npe-
TepneBaeT (hepMeHT, NpefcTaBfeHbl 34eCb B CXe-
mMaTU4YeCKoM BUfe.

TeNbHO MeHee aKTWBHON fetochopuanpo-
BaHHOW topme (choctopunasa b). Pochopu-
na3a a 6bifia NonyyeHa B KPUCTaNINyeckom
Buae (mon. macca 190000). Ee monekynsbl
COCTOAT M3 ABYX WAEHTUYHbIX CYObefuHUL,
KaXfas W3 KOTOPbIX COAEPXWUT  Cylie-
CTBEHHbIV AN KaTaNiUTUYeCKOW aKTUBHOCTU
ocTaToK cepuHa B (ochopuanpoBaHHON
thopme (puc. 15-14). CkopocTb npeBpaLie-
HWS  CTPYKTYPHbIX  efUHWL,  FANKOreHa
B rNM0K030-1-thochaT perynmpyercs B Mbl LU -
Lax COOTHOLIEHWEM aKTWBHON docdopu-
nasbl @ U MeHee akTUBHON tocdopunasel b.

B3anmonpespaweHnsa fAByX 3Tux (opm
rankoreH-ocopmnnasbl MPOUCXOLAT NOA
feicTBreM cneynpuyHbiX (HepmMeHTOB, Ka-
TaAN3NPYyHLLKUX MPOLECC KOBANIEHTHON MO-
avukaunm  (pasg. 9.22)  docdopmnassbl.
docthopunasa a npespaLLaeTca B MeHee ak-
TUBHYHO (hoctopunasy b nog peicTeuem
(hepMeHTa, HasbiBaeMoro cocaTasoin doc-
thopunasbl a; 3TOT (DEPMEHT, KaTanusupys
TMAPONUTUYECKNIA pa3pblB CBA3EN, yganseT
13 Monekynbl ocdopunassl a GocgarHble
rpynnbl, Heo6X0AWMble [N KaTanimTuye-
CKOWi akTMBHOCTKM (puc. 15-14). doctopuna-
3a b BHOBb NMpeBpaLiaeTca B aKTUBHYHO (oc-
thopunasy a nof fJeicTBuem (epmeHTa,
Ha3blBaeMOro KuHasoit ocopunassbl b; OH
KaTanm3npyeT peakuuio, B X0Ae KOTOPOI
ATP thocopunupyet ocTaTKu cepuHa B ak-
TMBHOM LieHTpe MonieKy bl hocthopunassl b,
4TO M NMPUBOAMT K 06pa3oBaHuMto (octopu-
nasbl a. Takum obpasom, 6narogapsa Aei-
CTBUIO [BYX (hepMeHTOB, pocaTtasbl (oc-
thopunasbel a M KuHasbl ¢ochopunasbl b,
COOTHOLUEHWEe aKTMBHON hocdopunasbl a
1 CPaBHUTENbHO Mano akTUBHOI hochopm-
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(akTuBHaA ¢gopma)
2HD \ ADP
doccaTtasa caz* y KwnHasa
doccopunassl AMP tl docdopunassl
/\ KoBaneHTHas

/ATP mogudukauyus
f

CH2

A nnoctepuyeckue dochopunasa b

y4yacTku Y (HeakTMBHaa opma)
He 3ano/IHeHbI
nr
AMP W  AMP
J  HekoBaneHTHas
1 ' MognduKauus
OH OH
1
CH2 CH2
/
AMP AMP

doccopunasa b

C annoctepu- (akTuBHasa topma)

4ecKumu y4yacT-
Kamu cBs3aH
AMP

nasbl b B KneTke MOXeT W3MeHATbLCA.

B MbllLax AeiicTByeT BTOPOI MeXaHW3M
perynaunm rankKoreH-gpocqopunasHoii ak-
TUBHOCTW. ®ocdopuniasa b, CPaBHUTENLHO
Mano akTueHasg hopma, MOXeT CTaHOBUTb-
ca 60nee aKTUBHOW B pe3y/nbTaTe HeKOBa-
NEHTHOTO CBA3bIBAHUA C aNNoOCTEPUYECKUM
MOAYNATOPOM 3TOro (PepMEeHTa, KOTOPbIM
asndetca AMP; KoHueHTpauua xe AMP
B MbllILaxX BO3pacTaeT No Mepe pacnaja
ATP B COKpaTUTENbHbIX cucTemax
(puc. 15-14, cm. Takxe pasf. 14.17). AKTu-
Bauun ochopunasbl b nog peliicTBrem
AMP npenstctByeT ATP, BbicTynawowuii
B poNu oTpuuatensHoro mogynatopa. Ta-
Kum 06pasom, aKTMBHOCTb Qochopunasbl
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b onpepensercs cooTHoweHuem AMP
n ATP. B oTanumne oT pocthopunassl b goc-
thopunasa a He akTuBupyetcd AMP; noaTto-
My Qoctopunaly a HasbiBalT WHOrga
AMP-He3aBucumoii opmoii, a ochopu-
nasy b- AMP-3aBucumoii. MiTak, ecTb fBa
MeXaHu3Ma perynaymm, KoTopbiM nofyun-
HSieTC TNMKOTeH-hocgopunasa CKeneTHOM
MblWUbl: 1) KOBaneHTHas MOAUGUKaLNA
nocpescTBoM (HochopunMpoBaHUa Uan fe-
thochopmunmpoBaHUa OCTATKOB CepuHa B aK-
TUBHOM LLEeHTpe epMeHTa 1 2) annoctepu-
Yyeckas perynauuma gocgopunasbl h nytem
HeKOBaJIeHTHOro cBA3blBaHMA ¢ AMP wunu
ATP. B nokosweics MbillLe Mo4TM BCH
thochopunaza HaxoguTca B HEAKTUBHOIN,
unn b-thopme, NOCKOMbKY B TaKON MbllLe
KoHUeHTpauna ATP ropasgo Bbile, Yem
KOHUeHTpauus AMP.

15.12. B (aMMOHPEBPULLCHUM
thocopu.n 5M 4 n ocopH.iaim h
»fl >N»|M IOK'll 1 KoHeyHOM

cyeTe ropmoHamu

Bblle Mbl BUgenu, 4To B3aMMONpeBpa-
WweHns ¢ocgopunasbl a n gochopunassl b
B MbllLAX OCYLWeECTBAATCA MO4 Aei-
CTBMEM ABYX (hepMeHTOB-(poctatasbl ¢oc-
(hopunasbl a v KnHasbl gochopunassl b. X
COBMECTHOE [ieiicTBUE W onpejenset B UTO-
re COoTHowWeHne doctopunas a n b, a cne-
[,0BaTeNbHO, U CKOPOCTb pacliensieHns rau-
KoreHa ¢ o6pa3oBaHuem rnKo3o-1-gpocda-
Ta. EcTeCcTBeHHO 3a4aTb BOMPOC: & YeM Xe
B CBO OYepedb PerynmpyeTrcs akTMBHOCTb
(ocdaTasbl gochopunassl U KuHasbl hoc-
thopunasbl ?

Mo3gHee Mbl OTBETUM Ha 3TOT BaXKHbIN
Bonpoc 6onee nogpo6Ho (rn. 25), ceitvac xe
CKa)KeM TO/IbKO, YTO €C/iM OPraHM3M OKas3bl-
BaeTCsA BHE3anHO B KPUTUYECKOW cuTyauuw,
ro MO3roBOe BELLECTBO Hafno4yeyHMKa Bbl-
fenseT B KPOBb FOPMOH aApeHanuH, Ko-
TOPbIA CNYXWUT MONEKYNAPHLIM CUTHANOM
N5 nevyeHn u Mbiwy,. Mog BAUAHWEM 3TOrO
CUTHana neyeHb BK/OYAET CBOK F/INKOMeH-
thocopunasy, B pesynbTaTe 4ero MnoOBbI-
LWaeTcqd ypoBeHb [F/IOKO3bl B KPOBWU, T.e.
MbIWW bl NOMYYalOT TONANBO. DTOT Xe CUr-
Han BK/OYaeT B CKeNeTHbIX MbllWLaXx
pacuienfieHne raMkoreHa ¢ obpasoBaHuem
nakTaTta, 6narogaps 4emy YycuavBaeTcs

o6bpasoBaHue ATP, Tpebytouierocs ang
NpeofoNeHNs KPUTUYECKON cuTyaummn. Ye-
pe3 ANMHHbIV pAj nocnefoBaTe/lbHbIX peak-
UM (MX Mbl PACCMOTPUM NO3Xe) afpeHanunH
B KOHLIE KOHLLOB CTUMYNMPYeT aKTWBHOCTb
KnHasbl hocthopunasbl b, Tak 4To OTHOLIE-
Hue hocdopunasbl a K pocgopunase b pe-
3Ko Bo3pacTtaeT. Korga HanpseHue CHU-
MaeTca W afpeHanuH nepecTaeT BblAeNATb-
€Al B KPOBb, aKTMBHOCTb KWHa3bl hocdopu-
na3bl b BO3BpaliaeTca K CBOEMY WCXOAHO-
My, 60nee Ha3KOMYy, YPOBHIO; COOTBET-
CTBEHHO BO3BpallaeTcqd K HOPMe Takxe
N OTHOWeEHWe docdopunasbl a K pochopu-
nase b (rn. 25).

B neueHn rnmkoreH-hochopuiasa Takxe
npucyTCcTBYeT B a- A b-hopme; B npuHLUMNe
(hepMeHTbl neveHU PYHKLUOHUPYIOT NoL06-
HO MbILIEYHbIM, OT KOTOPbIX OHW, BNPOYEM,
HECKO/IbKO OT/INYatoTCs N0 CBOEeW CTPYKTY-
pe v per ynaTopHbiM cBoiicTBaM. Pacuienne-
HWe FMKOreHa B NMeYeHN NMeeT NHOe Ha3Ha-
YeHWe, HeXenu B MbllLAX; 3TOT npouecc
CNY>XWUT UCTOYHUKOM CBOGOLHOW r1HOKO3bI
Kposu. Mopa pelictBuem docgopunasbl ne-
YeHN ob6pasyeTcs rnwKo3o-1-hocdar, Ko-
TOPbI 3aTeM npeBpalLaeTcs B FHOK030-6-
thoctat, ABNAOWMIACA yXe Hemocpea-
CTBEHHbIM MpeALwecTBEHHNKOM CBO6GOAHOM
rnOKo3bl. Peakuyus, B xofe KOTOpoi o6pa-
3yetca D-rnokKosa KpoBu, KaTanusupyertcs
(hepMeHTOM T/Il0K030-6-hocaTasoit:

D-rnwoko3o-6-tpochar + H20 -»
-f D-rnokosa + P,.

TaknuMm 06pa3om, Bbi3blBaemMas B MeYeHU
feicTBueM afjpeHannHa cTuMynauus o6pa-
30BaHMA ocgopunasbl a U3 hochopunassl
b NpuBOAMT K MOBLILWEHUIO KOHLEHTpaLmm
rNOKO3bl B KPOBU U TEM CamMbiM NOArOTaB-
NVBaeT OPraHM3M K NpeofoNeHunto KpuTtuye-
CKOW cuTyauun. O pacnage v CUHTe3e rnau-
KOreHa 1 0 perynauum 3TMX NpoLeccoB Mbl
ewe 6yaem rosopuTb 6onee nogpobHO
(rn. 20 n 25).

15.13. Cama nocnenoBa KMbMOCTb
i IMKONMUTNYECKNX peakuui
perynupyetcs Ha fABy\

rnaBHbIX nanax

CKOpOoCTb [/IMKOMM3a PErynupyeTcs He
TO/IbKO 3a CUET BOBJIEUEHMS B 3TOT MpoLecc
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CcBOOOAHON [NIOKO3bl  WAM  XKe MNOKO-
3WUNbHbBIX OCTATKOB FNIMKOTeHa, Kak 370 onu-
caHo BbiWe; 6M0NOTMYECKOMY KOHTPOO
NOAYMHAETCA WM cama NOoC/ef0BaTeNIbHOCTb
peakuuin Ha NyTM OT i/OKOY0-6-ocda ia
po nupysata. B atoii nocneposaTensHoe!!!
MMeKTCs ABa FNaBHbIX Perynmpyembix aTa-
na: OAWH W3 HWX KaTanusupyeTca ocdo-

(hpyKTOKMMA30ii, a APYron NUPYBLUNKTL-
30iA.

dochohpyKIoKmHasa (PPK) 3aTO
CNOXHbIA  annocTepuyecknii  (HepMeHT,

ynpaBifeMblii MHOTUMU MONOXUTENbHbIMU
noTpuLaTenbHbIMKM MoaynaTopamu. Mexa-
HU3MaM ero perynaumu (y pasHbiX K/eTok
pasfMYHbIM) NOCBALEHbI AECATKN HAayUHbIX
cTateii. B CKeNeTHbIX MbILWLAX aKTUBHOCTb
hochohpyKroknuHasbl onpenensercad KoH-
LeHTpauuammn cybcTpaTtos 3T0ro epmeHTa
(ATP u ¢pykroso-6-tpocara) u ero npo-
nyktos (ADP u ¢pykT030- 1.6-gudocdara):
BCE 3TV COEfIMHEHNA UTPalOT POab annocrte-
pryeckux perynatopos. OueHb BaXKHbl Tak-
Xe B KayecTse perynatopos AMP, uutpar,
MoHbl Mg21, (hocaT ¥ HeKOTOPbIe Apyrue
MeTabonnTbl, NPUCYTCTBYIOLLNE B MblLUEY-
HOW rkaHu (Tabn. 15-1). OfHaKoO, XOTS pery-
naymm @ PK 3aBUCU To1 CNOXKHOTO B3aUMO-
feicTBua paga akTopos, rnaBHbIMKU OTPU-
LaTefibHbIMY MOAYNATOpPamMmM 3TOro ep-
MeHTa ABNAl0 rea ATP n unTpar, a caMbiMu
aKTUBHBLIMWU MOJIOXUTENIbHBIMU MOAY/ATO-
pamn AMP un ¢pykT030-1,6-gudocdar.
Bcakuidi pas. Korga npu O4YeHb aKTUBHOM
MbILIEYHOM  COKpaLeHUW  KOHLeHTpauus
ATP napgaeT, a aHepruu TpebyeTca 6onbLue,
hochohpyKTOKMHA3HAA aKTUBHOCTb YCUIU-
BaeTCs. flaXe ecnu KOHLEHTpauusa (pykro-
30-6-thocata oyeHb HM3Ka (06 aTOM cBuge-
TeNbCTBYeT TOT (HaKT, 4YTO 3aBMCUMOCTb

Tw'vuna /mw/ HekoTpblC annocyepnyeckue
aKTWBa O Pbl M UW UBHTOPM

hochohpyK (OKMHA3LI

Nknwa iopii \1bia fin |Upii

AMP nn-’
dp'klow-1,6-gHocha i Unipai

noP M /1

doctpar K' Ca’'

CKOpPOCTU  peakuum OT  KOHLeHTpauuu
onucbiBaeTca runep6onoit; puc. 15-15, A).
Henn, ogHako, ypoBeHb ATP B KneTke yxe
BbICOK MO CpaBHeHUO C ypoBHem ADP
n AMP, To Kaxylieecsa CpoAcTBO (ocgo-
(DPYKTOKMHA3bl K  (PPYKT030-6-hochaty
CUNIbHO CHMXaeTca (Ha 3TO YyKasblBaeT S-
obpasHaa hopma KpuBoi Ha puc. 15-15, A).
B sTom cnyuyae octhodpyKTOoKMHas3a 6ygeT
Ka ianu3mposaTb peakuuio NUWb Npu cpas-
HUTENbHO BbICOKOW KOHLEHTpauun QpykTo-
30-6-hocata. LiuTpaT, 0ANH U3 MPOMEXY-
TOYHbIX NPOAYKTOB LMKMa NTMMOHHOW Kuc-
NoTbl, ycunusaeT WHrubuposaHue docho-
(OPYKTOKMHA3bl BbICOKMMU KOHLIEHTpauunsa-
mu ATP. B TO Xe Bpems MOBbILLIEHNE KOH-
ueHTpauum AMP, o6pasyloleroca B pe-
3ynbTaTe  afleHWNarkMHasHom  peakuuu
B COKpawatouweica wbiwue (cm. puc.
14-17), CNyXuUT O04YeHb MOLWHbIM CTUMY-
NMpyloWwmuM  MOAYNATOPOM U MNPOTUBO-
LecTByeT  MHrubupylowemy  BAUSAHUIO
ATP Ha (hocthohpyKTOKMHA3HYIO peakuuto
(puc. 15-155). B pesynbTaTe BCEX 3TUX
CNOXHbIX  anjocTepuyeckux B3auMopei-
CTBUIA CKOPOCTb peakuuu, KaTanusmpyemoin
thochohpyKTOKMHA30M, BO3pacTaeT MHOrAA
B COTHM pas Mnpu nepexode CKeneTHoOM
MbILWWLbl U3 COCTOAHUA MOKOA K COCTOAHWUIO
MaKCMMa/ibHON aKTUBHOCTMU.

BTopbIM perynmpyemMbiM 3Tanom rnKo-
nn3a ABNAETCA MUpyBaTKUHA3HAH peakuus.
MupyBaTKMHa3a  Takxe npuHagnexuT
K uyucny annoctepuyeckux (epmMeHTOB.
ATOT (hepMeHT BCTpeyaeTcs MO MeHblUeid
mMepe B Tpex u3zodopmax (pasg. 9.23), Ko-
TOpble OT/IMYAIOTCA APYT OT fpyra Mo pac-
npegeneHnto B TKaHAX W Mo peakLun Ha pas-
NINYHbIE MOAYNATOPbI. 1py BLICOKUX KOH-
ueHTpaumax ATP Kaxyuieeca CpPOACTBO
nUpyBaTKMHasbl K (hOC(OEHONNUpyBaTy
CPaBHUTENIbHO HEBE/IMKO W COOTBETCTBEHHO
HeBe/NMKa CKOPOCTb MUPYBATKWHA3HOMN pe-
aKkuMn npu 06bIYHbIX KOHLEHTpaumsax oc-
(oeHonnupysara. NMupysaTKnHasy UHrMou-
pytoT Takxe aueTun-CoA 1 BbICOKOMOJIEKY-
NAPHbIE  XWPHbIE  KUCNOThI -COEMHEHNS,
urpawlumne BaXxHyH po/ib B KayecTse TOM-
NvBa ANA UMKNa NMMOHHOW KucnoTbl. Ta-
KUM 06pa3om, Korga B K/eTKe YyXe Benuka
KOHUeHTpauma ATP nan Korga B Heil yxe
[locTaTovHO TONAMBA ANA Npouecca fblXa-
HUA, o6ecneymBaloLLero KAeTKy 3Hepruei,
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Hwuskaa [ ATP]

A

rNUKONN3 UHrnbupyeTcs 3a cyet 60 hoc-
hohpyKTOKMHA3bLI, NM60 NUpyBaTKMHa3sbl (B
3aBMCUMMOCTM OT ycnosuid). B To e Bpems
NnpY HU3KNX KOHLEeHTpaunax ATP Kaxyuiee-
€1 CPOACTBO NMpYyBaTKMHa3bl K hOCHOEHON-
nupyBaTy BO3pacTaeT, WM 3TO MO0O3BONAET
(hepMeHTY MepeHoCUTb (hoctaTHble TPYnMbl
oT (hocthoeHonnupysata Ha ADP pgaxe npu
OTHOCWUTENbHO HWU3KON KOHUeHTpauumn oc-
thoeHonnupysata. HekoTopble amUHOKMC-
NOTbl Takxe [eNCTBYIOT Kak MOAYNATOPSI
NUPYBaTKNHA3HOW aKTUBHOCTU, T[fiaBHbIM
o6pa3om B MeyeHu.

Bo Bcex kfieTkax riMKonm3 perynmpyercs
C 0YeHb BbICOKOWM 3(M(eKTUBHOCTbIO, Hano-
MUHal el felicTBME KOMMbIOTEPaA, @ NOTO-
MY W3MEeHeHWS KOHLEHTpauuu pasfnyHbIX
MeTaboNTOB MOTYT BAUATL Ha ero obuLyto
cKopoCTb. CTOMb CNOXHasA perynaumns He
JO/MKHa Bbl3blBaTb Y HAac yAwWBAeHWe, nNo-
CKONbKY T[/INKONN3 - fpeBHelWwmnii katabo-
NNYECKNA MYTb, 3aHUMAIO LW NI LeHTpanbHoe
MecTo B MeTabonmime.

15.14. Kakum 06pa3om MOXHO
BbISAIBUTL PEry/inpyemMble 3aTanbl
rMNKON3a B WHTAKTHbIX
KneTkax ?

PasnuyHble perynaTopHble 3dekTbl Ha
TakMX annocTepuyeckux GepmeHTax, Kak
hochopyKTOKMHA3a, JIeTKO MOXHO Ha-
6nofatb B npobupke B OMbiTax C 0YU-
WEeHHbIMW  (hepMEHTHLIMW  NpenapataMmu.
Bo3HMKaeT, 04HaKO, eCTeCTBEHHbI/ BONPOC:
OTKyfia, B CYWHOCTW, Ham W3BECTHO, 4TO

Bbicokaas [AMP]

Puc. 15-15. HekoTopble hakTopbl, OT KOTOPbIX
3aBUCUT annoctepuyeckas perynauuns gochodpyk-
TOKMHa3bl MblwL,. A. BavsaHue KoHueHTpauumn
ATP 1 hpykT030-6-hocdaTta Ha CKOPOCTb (hoc-
o pyKTOKMHA3HOW peakuun. Mpn HU3KNX KOH-
LueHTpaumax ATP BennuuHa Km g ochodpyKToKn-
Hasbl ANA GpPyKT030-6-hocthata CPaBHUTENbHO He-
Be/IMKa, U MOTOMY 3TOT (DePMeHT [axe npu OT-
HOCUTENbHO HU3KMUX KOHLEHTpaLuax (pyKTo30-6-
thocdaTa MOXeT HYHKLUOHUPOBATL C 60NbLION
CKOpOCTbIo. MpKn BLICOKUX KOHUEeHTpaumax ATP
KM thepmeHTa gnsa ppykTo3o-6-thochara pe3ko
BO3pacTaeT, 0 YeM CBUAeTeNbCTBYeT S-06pasHas
thopma kpuBoii. b. BnusHue AMP, untparta u
(hpyKT030-1,6-AndochaTa. P pykKTo30-1,6-gudoc-
(hat ABNAETCA MOLHbIM aKTMBaTOPOM, HO ANf
MaKcUManbHOW cTumynauuu emy Tpebyercs npu-
cytcTBue AMP. LLnTpaT Xe AeliCTBYeT Kak MOLL-
HbIA MHTMGUTOP.

3pecb npeAcTaBneHbl NLb HEMHOTME U3 Tex
CNOXHbIX B3aMMOAeWCTBUIA, KOTOPbIe MOTYT
UMeTb MeCTO MeXAy MHOrOYWUCIEHHbIMW annocTe-
puyeckMmun mogynsatopamu pochopyKTOKMHASDI.

hochohpyKTOKMHA3HAA peakuusa npepcra-
BNseT co60W OAMH M3 T[NaBHbIX perynu-
pyeMbIX 3TanoB rNKONN3a B WHTAKTHbIX
KneTkax? MonyynTb OTBET Ha 3TOT BOMPOC
NO3BONAOT W3MepeHWns, MoKasbiBalLine,
KaK B MHTaKTHbIX K/eTKaxX WAN TKaHAX W3-
MEHAITCA KOHLEHTpauuu pasnuyHbiX npo-
MEXYTOUYHbIX MPOAYKTOB r/AMKONM3a npu
M3MEHEHUN CKOPOCTWM 3TOro  Mnpouecca.
ObpaTtumcs BHOBb K puc. 15-13. MpepcTa-
BUM cebe, 4TO Mbl UMeeM AeNo C NOKOsLLei-
CS MbILWLEA M YTO FINKONMN3 Ha BCEM MyTK
0T rNKo30-6-hocharta 40O NupysaTa npo-
TeKaeT B Hell C MOCTOAHHON CKOPOCTbHO, TakK
YTO W KOHLEHTpaLUM BCEX ero MpoMexy-
TOYHbIX MPOAYKTOB TOXE MOCTOAAHHLI, T.e.
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nojfep>XXvneaeTca cTaLMoHapHOe COCTOAHME.
Monpobyem Tenepb BHe3anHO WHIM6UPO-
BaTb (POCHOMPYKTOKMHAZHYIO  peakuuio.
Mpn 3TOM pe3Ko NOBLICMTCA KOHLEHTpaLms
ee cyb6cTtpata, T.e. ¢pykT030-6-hochaTa,
KOTOpbIA CTaHeT Hakan/JMBaTbCsA, U MOHU-
3UTCA KOHLUEHTpaLMsa NpojyKTta aToro gep-
MeHTa, (PpYyKT030-1,6-aucocdara, a TaKxke
BCEX NOCNefyHLWMNX NPOMEXYTOUHbIX MPo-
[OYKTOB FIMKONM3a, MOCKOMbKY WX NpeBpa-
weHne B nupysBaT 6yaeT NpogoMKaTbCs
C TOW e CKOpPOCTbIO, YTO M paHblue. JTan,
Ha KOTOPOM MNPOUCXOAMT MpeBpaleHue
(hpyKTO30-6-hochata BO PpyKT030-1,6-AU-
thochar u 0 KOTOPOM W3BECTHO, YTO KOH-
LeHTpauus nepBoro M3 3TMX BeLecTB BO3-
pacTaeT, a BTOPOr0-CHWXaeTcsa, ecnm goc-
(MOMPYKTOKMHA3A WHTMOUPYETCH, MOXET
CNYXUTb KOHKPETHbIM MPUMEPOM MNYHKTa
nepekpecTa. lMyHKT nepekpecTta sBnseTcs
TeM MeCTOM, B KOTOPOM OCYLlecTBAseTcs
perynaumna AaHHOW (epMeHTHOR cucTeMbl
npv ee nepexofax U3 COCTOAHMA NOKOA B CO-
CTOSIHWE aKTMBHOCTK 1 06paTHo. Puc. 15-16
MOSCHAET POSib MYHKTa Mepekpecta C no-
MOLLbIO aHANOTMM Ha MOJenun rmapasnnye-
CKOW cucTembl. M3mepss KOHLEHTpauum
pasINYHbIX MPOMEXYTOYHbIX MNPOAYKTOB
Kakoro-nm6o metabonnMyeckoro Nyt v Bbl-
ACHASA, KaK M3MEHAIOTCA 3T KOHLEHTpaLum
B OTBET Ha W3MeHeHWe 0O6Lel CKopoCTH
LaHHOTro MeTabonnyeckoro Nyt B UHTAKT-
HOM TKaHW, Mbl MOXEM TakuMm Crnoco6om
yCTaHOBUTb, Kake UMEHHO 13 peakLuuii 3To-
ro Metabonmyeckoro nyTn perynupyroTcs.
C NOMOLLbI 3TOr0 METOAMYECKOrO MOAXO-
fa 6bIN0 YyCTaHOB/EHO, YTO NaBHbIM pery-
NATOPHbIM 3TANOM [/IMKONN3a B CKENETHbIX
MbILLLLAX, MO3Te U NPOYNX TKaHAX ABNAETCH
hochohpyKTOKMHA3HAA peakuna. Ans Toro
4yTOObI ONPEeAeNnTb N CPaBHUTb KOHLEHTpa-
LMK BCEX MPOMEXYTOYHbIX NPOLYKTOB flaH-
HOro MyTW B MOKOAWMUXCA U B CTUMYNUPO-
BaHHbIX KNeTKax, Monb3ylTCA CAeayoLwmnm
cnocobom. Knetku maum TKkaHu 6bICTPO 3a-
MOPaXMWBalT B >KWAKOM a30Te U TeMm
caMblM MOJABAAT B HUX (hepMeHTaTuB-
HYI0 aKTUBHOCTb (3TOT MeTOj NONAy4Yusa Ha-
3BaHMe «@MuKcauus  3aMOpaXuBaHMeM»).
3aTeM U3 3aMOPOXEHHOW TKaHW 3KcTparu-
pYyOT NPOMEXYTOYHbIE MPOAYKTbI C MO-
MOLLbI0 KaKOro-HMbyfab KUCNOro peakTusa,
KOTOPbIN Bbl3blBaeT feHaTypaLuo U MHaK-
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nyTb

A PaboTawwas mbiua
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B Mbiwua B COCTOAHMYK MOKOA

r—

O 6D AP

El E2 o®PK E4 E5 |
MHIM6UpoBaHa ]

J Mupysat

MyHKT
nepekpecra

Puc. 15-16. TmppaBnnyeckas MofeNb, MOACHAIO-
as poNb NyHKTa NepekpecTa B perynsayuu rnu-
KONW3a, NpoTeKaloLero B Mbilwe. V3mepeHue
KOHLeHTpaLuuii nocnefoBaTeNbHbIX NPOMEXYTOY-
HbIX MPOAYKTOB FMKONM3a B aKTUBHOW MHTaKT-
HOl Mblw e {A) 1 B MblLLe, Haxoaswwelics B coc-
TossHUM nokos (B), N03BONSAET BbIABUTb Perynu-
pyemblii aTan aToro npouecca. FyHKT nepekpe-
CTa-3To peakuusa, Kkatanusupyemas GepmMeHTOM,
NS KOTOPOro MpW nepexofe MbllLibl U3 aKTUB-
HOTO COCTOSHWUSA B COCTOSIHME MOKOS KOHLeHTpa-
ums cybeTpaTta Bo3pacTaeT, a KOHLeHTpaLmus npo-
AyKTa (NpoAyKTOB) CHMXaeTca. B gaHHOM cnydae
NYHKTOM MepeKpecTa CNYXWUT peakuus, KaTanmaun-
pyemas (ochoppykTokmHasoih (PPK), oT KoTo-
poii 3aBMCUT CKOPOCTb 06pa3oBaHMs NupyBsata.
I-rnokosa; F6®-rnokoso-6-octar; 6P -
hpyKTO30-6-hochat; AP - hpykTO30-1,6-Andoc-
tat; TP-Tpuosodocgar; 3PI - 3-pochornuue-
paT. 34ecb NoKasaHbl He BCE MPOMEXYTOUHbIE
NPOAYKTbl FANKONMN3a.
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TUBaLMIO (DEPMEHTOB, U ONPEAEensaoT KOH-
LeHTpaLumn aTUX NPOMEXYTOUYHbIX NPOAYK-
TOB B TKaHeBblX 3KCTpakTax.

B nto60ii faHHbIAi MOMEHT BPEMEHU Mpu
[aHHbIX YCNOBMAX CKOPOCTb paclienseHns
rNIOKO3bl (WAW TNIMKOTeHa) A0 nupysata
onpegensetca TONbKO OAHOW U3 peryns-
TOPHbIX peakuunii rnukonusa. lMoyemy dxe
B TaKOM CNy4ae B [NMKONN3E perynnpyercs
He OfHa peakuus, a Hecko/ibko? O6bAC-
HAeTCA 3TO Tem, 4TO MeTab0/U3M - OYeHb
CNOXHbIN npouecc. Mpn onpefeneHHbIX Me-
TaboNMYeCKNX CUTYaLMAX KNeTKe BbIrOfHee
perynnpoBaTb CKOPOCTb FIMKO/IN3A 3a CYeT
CKOPOCTW BOBNEYEHUSA B IMTMKONN3 OCTaTKOB
FNOKO3bl, T.€. Yepe3 FeKCOKWHA3HYl Wu
rMnKoreH-gocopmnasHyo peakuyuio. B
Apyrux ycnosuax 6onee BbITOAHOW ANA
KNeTKW MOXeT 0Ka3aTbCs perynauyus uepes
hochohpyKTOKMHA3HYO UM nupysar-
KWHasHyl peakuunio. lMockonbky MmeTabo-
NNYecKNe akKTUBHOCTU M YHKLMK, a TakKxe
«TOM/NVBHbIE CMECW» B Pas3NMYHbIX TKaHAX
M KNeTKax He COBCEM OAMHAKOBbI, MMINKOMN3
Mpy pasHblX MeTabonnYecKnx ycnoBmuax Mmo-
XET perynmpoBatbCs B HUX Yepe3 pasHble
perynaTtopHble MyHKTbl. Hanuume HecKonb-
KUX PerynaTopHbiX MYHKTOB Ha LEeHTpanb-
HOM FAIMKONIMTMYECKOM NyTW obecneumBaeT
KneTke 60MblWY0 MeTabonnyeckyw runé-
KOCTb.

BaxHO umeTb B BUAY U fBa Apyrux o06-
CTOATENbCTBA, Kacaloluxca — perynsyuun
rnmKonunsa n soobue nob6oro metabonunye-
cKoro nyTu. 1) Perynupyemble aTanbl Kako-
ro-nm6o meTabonnMyeckoro nyTW npu BHY-
TPUKNETOYHbIX YCNOBUAX 00ObIYHO Heobpa-
TUMbl. ®ocdopunasa, rekcokmHasa, gocgo-
(hPYKTOKMHA3a W MupyBaTKMHa3a-BCce 3Tu
(hepMeHTbl KaTannm3npyrT peakumm, conpo-
BOXJAIOLLMECA B YCNOBUAX KNETKU 3Hayu-
TeNbHbIM YyMEHbLUEeHVEeM CBOBGOLHON 3Hep-
MM 1 NOTOMY MNpPaKTUYeckn HeobpaTuMble.
2) Moyt BCE Jpyrue, T.e. Heperynu-
pyemble, pepMeHTaTUBHbIE 3Tanbl FNKONN-
3a HaX0AATCA B COCTOAHUM PaBHOBECUSA MK
6113k K Hemy. O4HaKO, NOCKO/bKY TNKO-
N3 BKNIOYaeT HeobpaTuMMble 3Tanbl, BeCb
3TOT MpoLecC B LieSIOM TakXe JO/KeH 6bITb
HeobpaTum. B MHTAKTHOW KneTke MHOrue
OTAEeNbHble ()epMeHTaTUBHbIE peakyum mMo-
ryT 6biTb 6/1M3KM K paBHOBECWIO, OfHAKO
B LLEIOM HW CaMy XXMBble OPraHu3Mbl, HU UX

MeTabonnyeckune (*)yHKLI.VIVI HUKOrga He Ha-
X0AATCA B COCTOAHUMM paBHOBECUA.

15.15. CnupToBOe 6pOXeHUe
oT/IM4yaeTcsa OT rnMKonmsa
TO/IbKO Ha MocnefHux aTtanax

Y LPOXOKEW Uy APYrMX MUKPOOPraHu3-
MOB, COpaXuBalOLWMX FNOKO3Y He [0 Nnak-
Tata, a 0 ataHona u CO2, nyTb hepmeHTa-
TUBHOTO pacllenneHns rnKo3bl coBnagaeT
C ONMCAHHbIM Bbille 418 aHa3pobHOro rau-
KOMM3a Ha BCEM MPOTSHKEHWUM, 33 UCKIoYe-
HWeM 3Tana, Katanu3Mpyemoro nakratje-
rmaporeHasoi. B [poXOKeBbIX — KneTkax,
KOTOpble He cofepxxaT (DepMeHTa, aHano-
FTMYHOrO NakTaTAerngporeHase MbllevyHOW
TKaHW, 3TOT 3Tan 3aMeHeH ABYMS LPYrUMu
peakumammu (puc. 15-17). B nepBoil M3 HUX
NMPOAYKT pacliensieHns raKo3bl nupyBsat
TepseT CBOK KapbOKCWMAbHYIO rpynny nog
fencTBuem nupysaTaekapbokcunasbl. 3Ta
peakuns npegctaBnset coboil npocTtoe fe-
KapboKCUNMPOBaHWe; peanbHOr0 OKWcie-
HWA nupyBata NpW 3TOM HE MPOUCXOAWT;

0=C-{83
H

CHs

c=0 MupysaT

iocr

H20 —-
MupysaTt gekapbo-
COjj« A~ Kcunasa
CH3
C_H

1
o

AueTanbaerung

H+ + NADH
AnKoronbaernapo—

NAD reHasa

CH,
CH2 3raHon

OH

Puc. 15-17. KoHeuHble aTanbl CNUPTOBOro 6poxe-
HuSl.
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B kneTke na peakuus Heobpatuma. Ons
MPOABMEHNS KaTaIMTUYECKOW aKTUBHOCTU
nupysatgekapbokcunase Tpebyetca Mg2 *.
C MONeKynoin 3Toro hepmMeHTa NPOYHO CBA-
3aH KOhepMeHT TuamuHnupodocgaT (0 ero
(DYHKUWM B KayecTBe MepeHocuuKa auetasnb-
JervfHolX rpynn  Mbl  YyXe TOBOPWUIK
B pa3g. 10.4).

Ha nocnegHem atane cnupToBOro 6poxe-
HWA aueTanbfernj BOCCTaHaBNWBAETCA A0
aTaHona 3a cyet NADH, o6pa3soBaBLuerocs
npy OKUCNEHUN Tnuuepanbaerng-3-pocga-
ra: aTa peakuusa Katanm3npyertcsa ankorosb-
JernaporeHason :

C%~c—H T NADH +#m|r

Q

0» )"
JTaHon

+ KAMN*

Takum 06pa3oM, KOHEYHbIMW MPOSYyKTa-
MW CNUPTOBOro BPOXEHUA ABNAOTCA 3Ta-
Hon n CO2, a He nakTat. CymmapHoe ypas-
HEHWe CNUPTOBOro OPOXEHWA WMEEeT BU[

nwoko3a + 2P, + 2ADP ->
291taHon + 2CO, + 2ATP +
+ 2HZ20.

OTMeTUM, 4YTO CyMMapHOe OTHOLIEHMe
aTOMOB BOJOpOfa K aToMaM yrjiepofga He
n3MeHseTcs, Korga monekyna D-rnwkosbi
(H/C = 12/6 = 2) cbpaxuBaetca [0 [ABYX
MONeKyn aTaHona u Asyx monekyn CO,
(H/'C = 12/6 = 2). N BOOGLLE NpK BCEX aHa3-
pO6HbIX 6poXeHUAX oTHoweHne H/C B uc-
XOAHbIX BELecTBax U B NpPOAyKTax OKasbl-
BaeTCH OAMHAKOBbIM.

MupyBaTtekapbokcunasa  COAepXu res
B KNeTKaxX MUBHBLIX APOXOKEA n apyrux Mmu-
KPOOPraHM3moB, OCYLLECTBAALWMNX CAuUp-
TOBOE 6pOXeHME. B XXMBOTHbIX TKaHAX 3TOT
(hepMeHT OTCyTCTBYeT. JIMWeHbl nupyBaT-
fLekapbokcunasbl TakKxe OpraHu3mbl, 0Cy-
LLeCTBNAOLIME MOSIOYHOKMC0E BPOXKEHME,
Hanpumep MOJIOYHOKUC/bIE 6GaKTepuu

BuoxnMna cnupToBOro GpPOXeHUs Nulb
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HeaaBHO M3ydYeHa HaCTOJ/IbKO  Xopouwo,
4YTO0Bbl MOXHO 6bINO npeactaBuTb 3TOT

npouecc B BMAe psfa MocnefoBaTeslbHbIX
(hepMeHTaTUBHbIX peakLunil. YTo e KacaeT-
€S BUHOAENUS ¥ NMBOBAPEHUS, TO 3TO BECh-
Ma ApPEeBHME NCKYCCTBA, OCBOEHHbIE NOAbMY
3a COTHM NeT 40 TOro, Kak pogmniacb cama
Hayka xumus. Bonee Toro, camu cTapuMHHbIE
peuenTbl MPUTrOTOBAEHUA MWBA W BUHA Cbl-
rpanu B CBOE BPEMS BaXHYK pOb, Nocny-
XXWB K/KUYOM K HEKOTOpPbIM (yHAaMeH-
TalbHbIM OTKPbLITUAIM Ha 3ape pa3BUTUA
6uonorun n 6uoxumun. Tak, B 1856 r. Slyu
MacTep BMepBble y6eauTeNbHO MNoOKasan,
4yTo cbpaxuBaHue caxapa B CMAWUPr BbI3bl-
BAeTCA MMUKpOOpraHuMaMamu, a He KakuMu-
TO MarnyeckuMu BAUAHUAMMU. DpaHLy3CKue
BUHOLeNbl npurnacunu Mactepa Ans Toro,
4yTo6bl OH MOMOr WM BbISICHUTb, MOYEMY
B WHblE TOAbl BMHO He yjaeTcs M npespa-
Lwaetcs B ykcyc. MacTep B CBOMX 3Kcnepu-
MeHTax, CTaBLIMX KnacCuyecknmm, nokasan,
4YTo B CTEPW/IbHLIX pacTBoOpax T[/HOKO3bI
OpPOXXEeHUs He MPOUCXOAUT, TOTAa Kak B pac-
TBOpax, COMpuKacakwWwmnxcs ¢ Henpopuib-
TPOBaHHbIM BO3YyXOM, O6pOXeHue ugerT,
N NpUUYUHA 3TOrO 3aKN4YaeTcs B TOM, 4TO
B pacTBOop nonagalwT M3 BO3jyxa CMopbl
LPOXOKEN 1 ApYyrnx MUKPOOpPraHuM3moB. U3
HafeTa Ha rpo3AbsfX CBEXECPE3aHHOro BU-
Horpafa MacTep BbIAeNNA KYNbTYpPbl APOX-
el v foKasan, YTo MMEHHO APOXKU OTBET-
CTBEHHbl 3a OpoXeHue, npoucxopsiee
B COKe, OTXXaTOM M3 pa3faBfieHHOro BWMHO-
rpaga. OH BbIACHU TakXe, 4TO npeBpaLle-
HVe CMUPTa B YKCYCHYH KUCNOTY Bbl3biBaeT-
ca ApYyrMMu BuAaMuM MUKPOOPTraHW3MOB-
YKCYCHOKMCAbIMU ~ 6aKTepuaMu; 3T as-
po6Hble OpPraHM3mMbl OKUCAAKT 3TaHON
c 06pa3oBaHUEM YKCYCHOI KucnoTtbl. Mpu
NWBOBAapeHUN, KOTOpOe TakKXe npuHaane-
XUT K Yyncny ApeBHERWNX UCKYCCTB, MOMM-
MO peakLuil cnMpToBOro 6poXeHus npoTe-
KaeT ewe v psag Apyrux epmMeHTaTuBHbIX
npoueccos (gononHeHue 15-2).

AdononHeHnne 15-2. MNMueoBapeHue

MWBO M3roToBNAETCS CMMPTOBLIM GPOXEHMEM YI/IEBOJOB, COLEPXKALLUX-
cs B 3epHe (06bIYHO Ans NuBa GepyT AYMeHb). DTW YrneBofbl, Mpejcra-
BfiEHbl F1aBHbIM 06pa3oM MmonaucaxapuiamMmu U HefoCTYNHbI AeliCTBUIO Tn-

1
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KONUTUYECKUX (hEPMEHTOB APOXOKEN, COPaXKMBAIOLLNX TONLKO AMucaxapuibl
N MOHOCaxapuibl. M03TOMY 13 SUMEHA CHayasia roToBAT conog. Ana atoro
AYMEeHb MPopaLLMBalOT, YTOObI B CEMeHax 06pa3oBanncb epMeHTbl, Heob-
XOfAMMble ANA pacwenneHns noancaxapuaos KNeTOUYHbIX CTEHOK, a TakKxe
Kpaxmana ¥ Npoymx 3anacHbix nonucaxapupos. B onpegeneHHblii MOMEHT
fanbHeiiwee npopawnBaHue NoAaBNAT HarpesaHueM. MONyYeHHbIN Ta-
KUM NyTem NpoAykKT, CONOJA, COAEPXUT Cpeamn npovmx GepMeHTOB oC-amuia-
3y ¥ ManbTasy, KOoTopble paclennaoT Kpaxman [0 ManbTo3bl, FHOKO3b
W LpYrUX NPOCTbIX caxapoB. [MPUCYTCTBYIOT B CON0A4e Takxe (DepMeHTbI,
cneunduueckn pacliennsouime R-cBas3n Lennoaossbl U Apyrux noamucaxa-
PULOB KNETOYHbIX CTEHOK CEMEHHbIX 0060/104eK AYMeHs. OTu 060/104KM
LOMKHBI ObITb paspyLUeHbl, 44 TOro 4Tobbl a-amMmuaasa Morna noAercTeo-
BaTb Ha Kpaxmas, cojepxaluiica B 3epHe.

Cnepytouwmnin atan —3To NpUroToBAEHUE U3 CON0AA MUBHOTO Cycna, KoTo-
poe U CNYXWT NUTaTenbHOW Cpefoii ANA APOXOKEBbIX KNeTOK, OCYLLecT-
BNAKOLWMNX CNUPTOBOE OpoXKeHue. [nd NONMy4YyeHUs cycna Conoj [pobar
M CMEeWMBAKT C BOAON (3aTUpatoT). DTO faeT BO3IMOXHOCTb (hepMeHTaM,
06pas3oBaBWIMMCS B MpoLecce NPUroTOBAEHUS CON0Aa, MOAEACTBOBAaTbL Ha
nonucaxapupbl 3epHa WU pacwennTb UX A0 ManbTO3bl, FHOKO3bl U NPOYMX
NpOCTbIX CaxapoB, pacTBOPUMbIX B BOAHON cpefe. [ocne 3aBeplieHuns Ta-
KOro pepMeHTaTMBHOIO ocaxapuBaHus 3aTop QUILTPYIOT U XWULKOE CYC/0
KUMATAT € XMefem [fNd  apomaTtu3auuu. 3artem CYCn0 OxnaxpgawoT
M aspupytoT.

B nogroToBneHHOe TakuM 06pa3om cycnio 406aBNAOT APOXIKEBbIE KNeT-
Ku. B a3po6HOM cycne APOXKM pacTyT U pa3MHOXAlTCA OYeHb BbICTPO,
M3BNeKas HeoOXOAMMYIO WM 3HEPIUI0 W3 HEKOTOPbIX MPUCYTCTBYHOLUX
B CyC/le caxapoB. Ha 3Toil cTaguu cnupT He o6pasyeTcs, NOTOMY YTO APOX-
XW, pacnonaras AOCTaTOYHLIM KOMMYECTBOM KUC0POAa, OKUCNAT obpa-
30BaBLUMIiCA B MpoLecce FMKONM3a MUpyBaT Yepe3 LUUKA NMMOHHONA Kuc-
notbl o CO2un H20. A3pobHbIi MeTabonnsm Apoxokel 06ycnoBnnBaeT
OYeHb ObICTPbI POCT KNETOK, Perynupyercs e 3ToT MeTabonusm poba-
BNEHNEM HYXHOro Ko/sn4yectsa kucnopoga. Mocne ucyepnaHna Bcero pac-
TBOPEHHOI0 KUCIOPOAa B YaHE C CYC/IOM [POXOKEBble KNETKU Kak (haKy/ib-
TaTUBHble aHaspobbl (pa3g. 13.1) mnepeknOYalTCA Ha aHaspobHoe
NCMnonb30BaHMe caxapoB. HaumHasa c 3TOro MOMeHTa APOXOKW COpaxmnsaroT
cogepxalimecs B cycnie caxapa ¢ o6pasoBaHunem ataHona n CO2. Mpouecc
OpOXKeHNA perynupyetcs KOHUeHTpauueil 06pa3oBaBLIErocs 3TaHONa,
a TaKxXe BeIMYNHOW pH 1 KoNMyecTBOM HecbpoxxeHHoOro caxapa. B onpege-
NEeHHbIA MOMEHT 6pOXeHWe OCTaHaBNMBAIOT, YAANAOT LPOXXKU, U MONO-
[l0e, UK 3e/1eHoe, NUBO NOCTYNaeT Ha AobpaxusaHue. CBeTN0e NUBO, KOTO-
poe cTano Tenepb O0YeHb MONYNAPHLIM, COAEPXMUT MeHbLIe caxapa
M ankorons, yem o6blyHOE, OAHAKO MO CBOEMY apoMaTty OHO He OT/InyaeTcs
0T 06blYHBIX COPTOB.

Ha nocnefHux atanax npowecca NMBOBaPEHUA Perynmpyercs KoIn4ecTso
neHbl, KOTOPY o6pasyeT NMBO U KOTopas 06ycnoBieHa MPUCYTCTBUEM
B MWBE PacTBOPEHHbIX 6eK0B. O6bIYHO 3TO CBOWNCTBO MWBA 3aBUCUT OT feli-
CTBUA NPOTEO/IUTUYECKUX (EPMEHTOB, NOABAAIOLLMXCA B MPOLECCe NPUro-
TOBNeHUA conoga. Ecnu atn ghepmeHTbl AeiCTBYIOT Ha 6enku nuBa CAWLL-
KOM [0Nro, TO rWBO 6yAeT Mano MeHUTbLCHA; eCNU >Xe OHW, HanpoTuBs,
[eACTBYIOT HeJOCTaTOYHO A0/T0, TO MWBO B XONI04HOM COCTOSHUU He 6y-
AeT Npo3payHbIM. VIHOrfa Ans nonyyeHus HyXHOro KOJiM4ecTsa MeHbl K nu-
BY 106aB/IAOT NPOTEONUTUYECKNE (DEPMEHTBI U3 APYTUX UCTOYHUKOB. Bax-
HYl0O pofib B OMNpejeneHWy apomaTa MuBa WrpaeT AuMeTuncynboug,
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NPUCYTCTBYIOLW WA B MUBE B CNELOBbIX KONMYeCTBaX. B BbICOKOW KOHLEHTpa-
LMK 3TO BeLLeCTBO MMEET 0YeHb HENPUATHBIN BKYC, O{HAKO MpK NMOSIHOM €ro
OTCYTCTBMM NIETKOE MUBO KaXXeTCA NMPECHbIM U 6e3BKYCHbIM. LUMeTUNCYNb-
dhung obpasyeTca nog genctesmeMm hepmMeHTOB, NOSABASOLWMXCA B npouecce
NPUroTOBNEHUS CONOAA; KOHLUEHTPALUNIO €ro NPUXOANTCS OYEHb TLLATEMb-

HO KOHTPO/NpPOBaThb.

Mbl BUAUM, TaKUM 06pa3oM, YTO MHOTWE BaXKHbIe CTOPOHbI MpoLecca nu-
BOBApEHUs elle He 40 KOHLA ACHbI 6UOXMMUKY U 3[4eCb NO-MPEXHEMY T/aB-
HYIO pO/ib UTPaeT MacTepcTBO NMBOBapa. BbiTb MOXET, 3TO U XOPOLLO, YTO
OPEBHEe WCKYCCTBO MPOZAO/KAeT 0CTaBaTbCA WUCKYCCTBOM!

KpaTkoe cofepXXaHue rnaBbl

nukonus, B Xofle KOTOPOro MoO/eKyna
D-rnoKosbl npespaiiaetca B fABE MOne-
Kynbl nupysata, ABNAetca AN 60NbLIUH-
CTBa OPraHM3MOB OfHWUM W3 LLeHTPanbHbIX
MeTabonmyecknx nyTeid, UCNONb3YEMbIX 411
noNnyyYeHnss XMMUYECKON aHeprum B dopme
ATP. MNMpn aHa3po6HbIX yCNOBUAX MUPYyBaT
B 6O0/blueid 4acTM >KMBOTHBIX U pacTu-
TeNbHbIX TKaHeih BOcCTaHaBnMBaeTca [0
flaKTaTa, a B POX>KeBbIX KNeTKax B npotec-
Ce CNMPTOBOrO OPOXEeHUs MnpeBpaLiaeTcs
B 9TaHon n CO:2. CymmapHOe ypaBHeHUe
ONA aHaspobHOro rnMKonuW3a B MblLILAX
U 4na MONOYHOKMUCNOTo GpPOXKEeHUsA, Bbl3bl-
BAeMOro HeKOTOPbIMU BUAAMU MUKPOOPTra-
HU3MOB, MMeeT BUf
Fnwoko3a + 2ADP + 2P, ->

+ 2H+ + 2ATP +
+ 2H20.

-> 2JlakTat ~

Mpouecc CNMPTOBOr0 GPOXEHWS OMUCHI-
BaeTCA CYMMapHbIM YpaBHEHUEM

[nwoko3a + 2ADP + 2P, >

-* 23TaHon + 2C02 + 2ATP +
+ 2H20 .

B a3po6HbIX KNeTkax nupysaT He BOCCTaHa-
BNMBaeTCA A0 NnakTtaTta (UM Jo 3TaHona wu
CO2), a okucnsetcs B auetun-CoA n CO2.
Takum ob6pas3om, rnnKoIn3 y MHOrnx opra-
HW3MOB COCTaBNsfeT 0653aTelbHYI0 NEPBYIO
cTaguio  aspobHoro katabonmsma ro-
KO3bl.

MpeBpaleHne rNOKo3bl B NMpyBaT KaTa-
nm3npyeTca fecAaTblo  depmeHTaMu, fei-
CTBYIOLWMMM NoOcCfefoBaTeNlbHO. 3TO npe-
BpalleHne cnaraetca w3 AByX CTaguii. Ha
NepBOi M3 HUX, COCTOSALEN M3 nATM dep-

MeHTaTUBHbIX peakuuii, D-rntoko3sa docdo-
punupyetcs 3a cyet ATP n pacwennserca
B KOHEYHOM CYeTe Ha fiBe MOfieKynbl D -rnu-
uepanbgerng-3-gocdata. Ha BTOpoOli CcTa-
Ouwn rnnuepansaerng-3-pocar okucnseTca
3a cyeT NAD + v npucoefnHaeT HeopraHu-
yeckuii pocat ¢ obpasoBaHmem 3-gocdo-
rnuuepoungocdara.  BblcOKoaHepreTuye-
ckas (ocatHaa rpynna 3-gocgorauue-
poungocgarta nepegaetca 3atem Ha ADP,
B pe3ynbTaTe 4Yero o6pasywTtca ATP
n 3-dochornuuepar, KoTopblii npetepne-
BaeT M30Mepu3aumio ¥ npespaLiaeTcs
B 2-hocpornuuepar. Katanmsmpyemas eHo-
nasoii  geruppatauusa  2-dochornuuepaTa
NpuBOAUT K (HOCKOEHONNUpYyBaTy, a 3TOT
nocneaHuin otgaeT cBok pocgaTHyo rpyn-
ny ADP u npeBpalyaetca B CBOGOAHbIA nu-
pysaT. Ha nepBoit ctagum rnumkonusa wc-
nonb3ytoTca Ase Monekynol ATP, HO Ha
BTOpoOli cTagnn n3 ADP o6pa3ytoTca YeTbl-
pe monekynsl ATP, Tak 4TO B UTOre Ha Ka-
XAYI0 pacliennieHHy MONEKYNY TN KO3bl
obpasylTcs fABe Monekynsl ATP. B xu-
BOTHbIX TKaHAX B OTCYTCTBME Kucnopoga
NADH, o6pasytouwmiica npu OKUCAEHWN
rnuuepansgerni-3-hocgara, BHOBb OKUC-
naetcad B8 NAD +, BoccTaHaBnuBaf npu
3TOM nupysaT [0 NakKTaTa; Katanusmpyer
3Ty peakuuto nakTatgermjporeHasa.
OcTaTky T/HOKO3bl, W3 KOTOPbIX MO-
CTPOEHbl TNMKOTEH W Kpaxman, npe.spa-
warTca B T1OK030-6-pocthar nop Aen-
CTBMEM TNMKOreH-thochopunasbl mam ¢oc-
(hopunasbl Kpaxmana v (ochornaoKomy-
Tasbl. [ipyrue rekcosbl, a UMeHHO pyKTO3a,
MaHHO3a W ranaktosa Takxe dochopunu-
pyloTca W npesBpawialoTcas B MPOMEXY-
TOYHbIE MPOAYKTHI FNKONN3a. BoBneueHune
rNOKO3bl B MpoLecc ramkonusa npu ydya-
CTUN hepMeHTa FeKCOKMHa3bl perynmpyertcs
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rnoKo3o0-6-gocdaTom, KOTOpbIA wrpaeT
ponb oTpuuaTenbHoro mogynartopa. num-
KoreH-toctopmnasa, KaTtanmsaumpytouias
npespaLleHne rMOKO3HbIX eUHNL, TNMKore-
Ha B T[10K030-1-pocthaT, NPUHALNEXUT
K Yncny perynaTopHbiX hepMeHTOB U CyLe-
CTBYeT B [BYX (hopmax: 60nee aKTUBHON
(bocthopunasa a) n meHee akTUBHOM (choc-
thopunasa b); cTumynupyoLlee feicTBue Ha
thocgopunasy b okasbiBaeT AMP. Ponb
rNaBHOro pPerynaTopHoro gepmeHTa B Mo-
CnefoBaTeNbHOCTW  peakuuin  rAMkonusa
nrpaet PochoPpyKTOKMHA3a, KOTOPYH WH-
rméupytoT ATP u uutpat u cTtumynupyet
AMP. BTOpbIM perynaTopHbiM MYHKTOM
rMMKONN3a ABNAETCA NMUPYBaTKMHA3HAA pe-
akuma.  llocnefoBaTenbHOCTb  peakuuit
CNUPTOBOro 6POXEHWUA WAEHTUYHA mnocre-
[0BaTeNbHOCTU peakL il TMMKOoAn3a Ha BCex
3Tanax BNAoTb f0 o6pa3oBaHua NupyBsarta,
O/IHAKO Mpu CMMPTOBOM BPOXEHUM Nupysat
He BOCCTaHaB/MBaeTCA 0 NaKTaTa, a feKap-
6okcunupyetca ¢ obpasoBaHUEM aLeTanb-
Jernga, KOTopblil 3aTeM BOCCTaHaBNMBaeT-
cq fo ataHona 3a cyeT NADH B peakuuu,
KaTannmsnpyemo  ankoronbAernpporeHa-
300.
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Bonpocbl u 3agauu

1 YpaBHeHMe A-bl NepBOi cTafnu rankonnT. Ha-
nUWNUTe YypaBHEHWS XWMMUYyeckoro 6GanaHca
ANA nocnefoBaTeNbHOCTU peakuuii, B XoAe Ko-
TOPbIX MNPOUCXOAWT pacTenneHune D-rnio-
KO3bl Ha fBe Monekynbl D-ranuepanbaerng-3-
thoctata (nepBas cTagua raukonwusa). Ansa
KaXforo ypaBHEHWA yKaXuTe W3MeHeHue
cTaHgapTHOW cBO6GOAHONW 3Heprum. Hanuwute
TakXe CymMMapHOe ypaBHeHWe MepBOi CTaguu
rNUKONM3a U YKaXun je CyMMapHOe U3MeHeHue
cTaHgapTHOW CBOGOLHON 3Hepruu, cooTBET-
CTBYHOLLee 3TON cTaguu.

2. BTopas cTagus riuko.niw B CKeNeTHbIX Mbl-

wuax. B pa6oTatoweid ckeneTHOW MbllLe npn
aHa3pobBHbIX YCNOBUAX rnuuepanbAaerng-3-
thochaT npespauiaeTcs B naktaT (BTOpas cra-
Ans rnvukonusa). HanuwmnTe ypaBHEHUS XUMU-
yeckoro 6anaHca ANs nocnefoBaTenbHOCTU
peakuuii B 3TOM npouecce ¢ ykasaHuem mame-
HEHUS CTaHLapTHOW CBOGOAHON 3Hepruu Ans
KaX A0l M3 peakumwit. Hanuwute TakXe CyMm-
MapHoe ypaBHeHWe ANA BTOPOW CTagun rnum-
KONM3a UM YKaxXuTe CyYyMMapHOe W3MeHeHue
cTaHgapTHOW CBOGOAHOW 3Hepruu ANs 3TOW
cTaguu.

B cnepmaTo3omngax. KoH-
UeHTpauma GPyKTO3bl B CnepmMe Yenoseka
n 6blka paBHa npubnusnTenbHo 12 mM.
B cnepmaTtosongax B pe3ynbTaTe aHaspobHO
ro pacuienneHms pykto3bl o6pasyetca ATP,
HEOGXOAUMbBIV AN ABMXKEHUA (GUEHUI) Xry-
Tuka. [naBHbI KaTabonuyecknii nyTb oOT
hPYKTO3bl K NakTaTy B 3TUX KneTkax BefeT
B 06x04 ¢ochoppyKTOKMHA3HOW peakyumn
rnMKonmsa: Ha aTom NyTu ucnonb3yerca dep-
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MEeHT, pacuwennswouwunii dpykrtoso-1-pochar
Ha aBa TPeXyrnepoaHsblx coefijuHeHUNs
(puc. 15-8). HanuwwnTte ypaBHeHUa Ansa nocne-

[0BaTeNIbHOCTN COOTBETCTBYHOLWMUX XUMUYe-
CKMX npeBpaleHnii. HannwmnTe TakxXe CyMm-
MapHoe ypaBHeHMe aHa3po6HOro katabonms-
Ma (GpyKTo3bl (npeBpaw,eHns ee B nakTar)
B crnepmarosounjax.

4. MyTb aToMOB yrnepoga npu 6poxkeHun. OnbiT
C BbITECHEHMEM paAWOoakTUBHON MeTKM npo-
BOAMTCA Ha [IPOX>XEBOM 3KCTpaKTe B CTPOro
aHaspobHbIX ycnosuax, obecneynBarowmnx
cnuptoBoe 6poxeHne. Hebonbwoe Konuye-
CTBO MEYEHHOro pajio0aKTUBHbLIM Yrnepoaom
cybcTpaTa (MMNynbCcHas MeTKa) UHKY6upyrT
C APOX>KEBbIM 3KCTPAKTOM B TeYeHUe Bpeme-
HU, AOCTATOYHOTO ANA TOro, YTO6bI KaxXAblii
M3 NPOMEXYTOUYHbIX NPOAYKTOB AAaHHOro0 Me-
TabonMyecKOro NyTn ycnen BKAUYNTL MeETKY.
3aTeM MeTKy «MNpOTrOHAKT» N0 BCeMY NyTw,
no6aBnan M36bITOK Heme4yeHoOro cyb6cTparta.
3710 fenatoT 44 TOro, yTo6bl NPeAOTBPATUTL
yyacTue MeYyeHbIX NPOAYKTOB B 06paTHbIX pe-
aKuMax nm oTBNleYeHMe UX Ha Apyrue metabo-
Nnnyeckme nyTu.

a) B kakom nonoxeHunm o6HapyxuBaeTcs
MeTka B MpoAykKTe 6GpoXeHWsa-aTaHone,
ecnn cybcTpaTtom CAyXUT [NOKO3a, Me-
yeHHasa 14C no nonoxeHwuw 1? Mouemy?

6) B KaKOM NONOXEHWM JONXHA HAXOAUTbCSH
MeTKa B MWCXO[HON MONeKyne TF/tKO3bl
ANA TOro, 4tobbl BCA pPafMOaKTUBHOCTb
14C ob6Hapyxwusanacb B Buge 14CO 2, Bbl-
fensoueiics Npu cNUpPTOBOM 6GPOXEHUN?
MoscHUTe cBOW OTBeT.

3afava 4
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5. CoOTHOWEHNE MEeXX Ay KNHET MHECKUMU Xapak-
TepucTukamn gepMeHTOB U UX pusnonoruye-
CKUMU (YHKUMAMU. KOHLEHTpaLus [t Ko3bl
B K/JeTKax MeKonuTallWmnx HeBenukKa no
CpaBHEHWIO C ee KOHLeHTpauueid B nnasme
KpoBu. O6bACHAETCA 3TO TeM, 4TO nocTynne-
HUe rN KOo3bl B KNeTKW perynupyeTcsa, U rnto-

Ko03a 6bICTPO hochopunupyeTcs B pe3ynbrarte
peakuun ¢ ATP

Mnwokosa + ATP -+ Inwkoso-6-pochar +

+ ADP + H+.

B opraHn3me MnekonutawlWwmnx aTy peakyuio
KaTann3mpyw T ABa pa3HblX pepMeHTa, 3aMeT-
HO pasaunyaloWmMxcs nNo CBOWM cBOWCTBaM.
B CKeneTHbIX MbllWLaXx NPUCYTCTBYeT TONbKO
OfMH W3 HUX- FTeKCOKMHasa. ITOT (epMeHT
NHrMb6upyeTcs rnwkKoso-6-hoctharom u Xxa-
pakTepusyetcs BenmuyunHoi Km 0,1 mM. B ne-
YeHW NOMWMO FeKCOKMHAa3bl COAEPXUTCA Tak-
Xe U TN KoKMHa3a, KoTopas 3fjecb npeobna-
faeT. FNOKOKMHA3a xapakKTepu3yeTca ropas-
no 6onbwelt BennymHoh Km (10,0 MM) n He
MHrMbupyeTcs rnokKo3o-6-pochatom. Kakoe
3HauyeHWe MMeeT pasnuuune B BennuynHe Km gns
reKCOKMHa3sbl MbllWL U FNIOKOKMHA3bI MeYyeHn?
Kak AOMKHbI CKa3blBaTbCA pasnnyua B CBOW-
CTBax 3TUX [ABYX (GepMeHTOB (BennumHa Km
N CNOCO6HOCTb MHIM6GMPOBATLCA FNHOKO30-6-
thochaTtom) Ha MX (M3NONOTUYECKON ponu
B MbllWLax M B MevyeHn?

Ponb nakTaTfgerngporedasbl. Mpu HanpsaxeH-
HOll pa6oTe MblleYHasn TKaHb noTpe6nseT ro-
pa3fo 6onbwe ATP, yeM B COCTOAHWM NOKOSA.
B 6enblX CKeneTHbIX Mblllax, Hanpumep
B MblLILaX HOT Y KPO/IMKa UNU MblLLaX Kpbl-
na y uHAenkun, no4ytn Becb atoT ATP obpa-
3yeTcd B Mpouecce aHaspobHOro rnMKonusa.
Ha puc. 15-5 BuagHo, 4to ATP o6pasyeTcsa Ha
BTOPOI CTafgun rANKonm3a B xohe ABYX tep-
MEeHTATWBHbIX  peakuuit, KaTanusmpyemblXx
dhochornnuepaTkuHasol M NUPYBATKUHA30.
MpepgctaBum cebe, 4TO B CKENETHON MblwLe
OTCYTCTBYeT JfaKTaTgerugporeHasa. Morna
6bl MbllLlla B3TOM C/iy4yae HanpsXXeHHO pabo-
TaTb, T.e. ¢ 60NbW O CKOPOCTbIO TeHEpUpo-
BaTb ATP nyTem rankonunsa? AprymeHTupyii-
Te CBOV OTBeT. YUTuTe, 4TO NakTaTgermjpore-
Ha3Hasa peakuusa He TpebyeT yyactua ATP. OT
ACHOr0 MOHMMaHWA OTBeTa Ha 3TOT BOMPOC
3aBUCUT NpaBUNbHOE NpPeACTaBNeHNE O FNUKO-
NNTUYECKOM LUKNe B LENOM.

ApceHaTHOe oTpaBneHue. B CTPYyKTypHOM
N XUMWYECKOM OTHOLWEHWMN apceHaT CXOfeH
¢ ¢octparom (P,-), moatomy MHOrue dep-
MEHTbI, HyXpatuwmueca B ¢ocgaTte, UCNONb-
3yl T Takxe u apceHat. OJHaKO opraHuyeckue
NPON3BOAHbIE MbllbAKOBOW KUCNOTbl MeHee
cTabuibHbI, 4Yem COOTBETCTByKW LW WEe Mpo-
M3BOAHble hocthopHOW KucnoTbl. Hanpuwmep,
auunapceHaTbl Nlerko pasnaratTcsa 6e3 yua-
CTMA KaTanms3aTtopoB:

R—C—O0—As—O- + Hro >R—C—O- + HOASsty-

B oTnnyme oT HMX auundoctaTtel, Hanpumep
3-thocornuueponndoceart, 60nee ycTo4mnBbI
W nopBepralTCcA B KNeTKe MNpeBpaljeHUam

+
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TONbKO nopj AehcTBUEM

hepMeHTOB.

a) Kak nosnuser 3ameHa (ocdarta apceHa-
TOM Ha CyMMapHYl peakuuto, KaTanusun-
pyemyt rauuepanbgerng-3-gochargerns-
poreHasoin?

6) KakoBbl nocnefcTBua 3aMmeHbl GochaTa
apceHatoM? [lna 60NbWMHCTBA OpPraHm3-
MOB apceHaT KpailiHe TOKCW4YeH. Yem 3To
obbsAcHAeTCA?

MoTpebHoCcTb B octhaTe nNpu CNUPTOBOM

6po>keHun. B 1905 r. FapaeH n MoHr nposenn

paf pa6oT No CMMPTOBOMY 6pOXeEHWUIO, CTaB-

WNX Knaccuyeckumu. W3yyaa cbpaxusaHue

D-rnoko3bl Ao 3taHona u CO2 nop Aei-

CTBMEM 3KCTPaAKTOB MUBHbIX APOXXei, nccne-

foBaTenn yctaHoBuAwu cnegywowee. 1) Ana

cbpaxuBaHWs HeOOGXOAMM HEOpraHUYeckui
ochaT; no ncyepnaHum 3anaca pocdarta 6po-

XeHue npekpaujaetcs ewe Ao Toro, Kak éyger

mcnonb3oBaHa BCA rntokosa. 2) Mpu 6poxe-

HWW B 3TUX YCNOBUAX HaKaNNMBal TCA 3TAHON,

CO2wu rekcosogudochar. 3) Ecnm 3amMeHuUThH

thochaT Ha apceHaT, To rekcosoaudocgar He

HakKannuBaeTCs, HO GPOXeHMe NPOAONXKAETCA

[0 Tex Nop, NOKa BCA FNIOKO3a He NpeBpaTuT-

cqa B ataHon n CO2.

a) Moyemy npu ncyepnaHum 3anaca gpocgdara

6poxeHne npekpawjaerca?

Moyemy HakannmsawTCcd 3TaHon n CO2?

Heob6xoaumo nu npespaljeHne nupysata

B 3TaHon u COj? TMouyemy? YkKaxuTe,

Kakoi rekcosoguntocthaT HakannueaeTcs.

Moyemy OH HakannusaeTca?

B) NMouemy 3ameHa @(ochara Ha apceHaTt
npejoTepaliaeT HakKOMJeHWe TreKco3oau-
thocdata, HO B TO Xe Bpemsa obecneym-
BaeT 3aBepllieHMe OGPOXeHMA, T.e. NONHOe
npespal,eHne rnwKosbl B 3taHon n CO2
(cm. n, 7)?

O6MeH rauuepona. Fauyepon, o6pasytowuiics

npu paclwenneHnn XuWpos, npespaljaeTcs

B pesynbTaTe ABYX hepMeHTATUBHbIX peakuui

B NMPOMEXYTOYHbI NPOAYKT rnukKonusa-gu-

rmgpokcuayetoHdocdar. Bbickaxute csou

npefnonoXeHWs 0 BO3MOXHOW nocnepoBa-

TenbHOCTW peakuuil B npouecce o6MeHa rnu-

uepona. Ha Kakmx MW3BEeCTHbIX (HepMeHTa-

TUBHbIX peakLunMax OCHOBaHbl BalWun Npefnono-

XeHna? Hanuwunte cyMmapHoe YypaBHeHue

npespaweHns rauuepona B NupysaT MCXOAS

M3 CBOUX NpPeACTaBNeHWUA.

COOTBETCTBYHO L NX

6

=
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10. N3mepeHne BHYTPUKNETOYHbIX KOHUEHTpa-
unii meTabonuToOB. M3MepeHne KOHUeEHTpa-
LUMA NPOMEXYTOUYHBIX NPOAYKTOB MeTabo-
nmsMa B XKUBOM KNeTKe  CONPSAXeHo
C 60NbWMMN IKCMEPUMEHTANbHBIMUN TPY[HO-
cTAMU. T1OCKONbKY KNETOYHble (EepMeHTbl
KaTanm3mpyrw T 6bICTPO NpoTeKato W e Mmerta-
6onmyeckue npespaweHns, opHa U3 06bl-
YHbIX Mpo6nemM nNpuM BCAKOM 3KCNEpUMEH-
TalbHOM BMelWaTeNbCTBEe B XW3Hb KNETKU
cBA3aHa C TeM, YTO faHHble, NONyYeHHble Ny-
TeM n3MepeHWit, oTpaxat T He (uauonorn-
Yyeckue, a PaBHOBECHbIe KOHLeHTpayuy mMeta-
60nnTOB. Mo3aTOMYy Nto6asa aKCnepuMeHTanb-
Haf MeTofuKa 6yAeT HafeXHON NUWb B TOM
cNnyvae, ecn C ee NOMOLWbIO YyAAaCTCA MIHO-
BEHHO NOAaBUTb BCe PEepMeHTATUBHbIE peak-
LMW B MHTAKTHON TKaHW U TeM camblM npe-
[OTBPaTUTL fanbHelilne npeBpaLjeHns npo-
MeXYTOUYHbIX  MPOAYKTOB MeTabonmama.
STOW Lenn MOXHO AOCTUYL NyTeM GbiCTPOro
cXaTua TKaHW MexAay 60NbW UMK antoMu-
HUEBLIMU NNACTUHAMMN, OXNaXGEHHbIMU XUA-
KUM a3oTomM (—190°C); Takoii npuem HOCUT
Ha3BaHMe «(hUKcayuus 3aMopaxuMBaHUEM>».
Mocne 3amopaxunBaHWsd, MTHOBEHHO NojaB-
napuero geiictene hepmeHTOB, TKaHb pac-
TMPaKT B MOPOLWOK U (DeEPMEHTbl MHAKTUBU-
Pyl T MyTeM OCaXeHWA XNOPHOW KUCNOTOM.
OcafoK yfandwT UeHTpUdyrnposaHuem,
a npo3payHyl HafoCcafOuMHYI XUAKOCTb
aHanM3nNpyl T Ha coAepXaHue B Hell meTa6o-
NINTOB C NOMOLW b CNEeLNPUUYECKUX hepMeH-
TaTUBHbIX TeCcTOB. VICTUHHYIO KOHLeHTpa-
UuIo faHHOro metabonuTta B KNeTKe onpefe-
NAT pacyeTHbIM NyTeM, y4yuTbiBas obliee
cojfiepxaHue BOAbl B TKaHW W [laHHble M3Me-
peHWii o6bemMa BHEKNeTOYHOr0 MpoOCTpPaH-
cTBa, B 1abn. lnpuBeAeHbl Kaxylunecs BHY-
TPUKNETOYHble KOHLEeHTpauun cyb6cTpaTos
N NPOAYKTOB peakuuu tochopunnpoBaHus
hpyKTO030-6-hocaTa, KaTanmaupyemoi dep-

Tab6nuua 117)

Kaxyuiasacs KOHUeHTpa-
uns, MM (MKmMoOnb/MA
BHYTPUKNeTOYHOW H20)

MeTtabonut

®pykTo30-6-hocthar 0,087
®pykT030-1,6-gndoc- 0,022
thar

ATP 11,52

ADP 1,32

11 Mo Williamson, J. Biol. Chem., 240, 2308, 1965.
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rA. 15 TJINKONWU3-UEHTPANIbHBIV MYTb KATABOJIN3MA TJIKOKO3bI

MeHTOM (GOoCPOoPpPYKTOKMHA30A B M301MpoO-

BaHHOW TKaHW ceppAua KpbiChbl.

a) Mo gaHHbIM Tabn. 1BbIYMCANTE OTHOLW e-
HWe AelCTBYHLWUX Macc Q,qnﬂ ocpo-
hPYKTOKMHA3HOI peakyunm npu Gpusnono-
TMYECKUX YCNOBUAX

n [PpykTO30-1,6-gutochaTt] [ADP]

[®pykTO30-6-hocthaTt] [ATP]

Beanunna AGO ana dpchoPpyKTOKMHAS-

HOW peakuyum paBHa —3,4 Kkan/monb.

Mcxoas M3 3TOr0 BbIYMCANTE KOHCTAHTY

paBHOBeCUS ANs 3TOW peakuuu.

B) CpaBHUTE BENUYNHDI QVI Ks\ Haxogunr-
cA M faHHaa (Gu3nonornyeckas peak-
Lna B COCTOAHUU paBHOBecuA? YTo roso-
pUT 3TOT 3KCNepUMeHT 0 ponu Gocdo-
MPYKTOKMHa3bl B KayecTBe Pperynatop-
HOro (epmeHTa?

Perynaups  docotpyKTOKMHA3bL  Mpuse-

[eHHbIi Ha pucyHKe rpaduk onucbiBaeT 3a-

BUCUMOCTb MexfJy KOHLUeHTpauueid ATP

N aKTUBHOCTbI (POCHOBPYKTOKMHASZLI, KOTO-

pas npejcTaBnfeT cob60il annocTepuyeckui

hepMeHT. Mpu faHHOW KOHLEHTpaunum Gppyk-

T030-6-hochaTta aKTUBHOCTb ochodpyk-

TOKWHa3bl C MOBbIWEHNEM KOHLEHTpauuu

ATP cHayana Bo3pacTaeT, HO B KaK0OW-To MO-

MEeHT HacTynaeT nepenom-ganbHelilwee no-

BbllWeHNe KOHLeHTpaunun ATP Bbl3blBaeT yxe

MHrMbupoBaHue hepmeHTa.

6

-

Kak mMoxeT ATP 6biTb ©

cybcTpatom, W UHru6mutopom ocdo-

hpYyKTOKMHA3bl. Kak peryampyercsa ak-

TUBHOCTb 3TOro (hepmMeHTa C MOMOL,biO

ATP?

Kakum o6pa3om perynupyercsa rnmkonns

B 3aBMCUMOCTM OT ypoBHA ATP?

B) WHrnounpytouwee geiictene ATP Ha doc-
hodhpyKTOKMHA3y nposasnsetca cnabee
npu BbICOKOW KOHUeHTpauum ADP. Kak
MOXHO O6BACHWUTbL 3TOT (akT?

PepMeHTaTVBHAA aKTUBHOCTL U (M3K0No-

rMieckast (PyHKUMA. rankoren-pochopunasa

M3 CKeNeTHbIX Mbll L XapakTepusyeTtcs ro-

pa3fo 60nee BbICOKOW BenmuynHoil Krax, yem

ToT Xe (PepMeHT M3 TKaHW nevyeHwu.

a) O6bacHuTe,

6

-

13.
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a) Kakyto Gusnonornyeckyro GyHKLUIO Bbl-
nonHaeT rnumkoreH-pochopunasa B cKe-
NeTHON MblWLe U B TKaAHW NeyvyeHn?

6) Mouyemy BennumHa Fmax ANA MblWEYHO-
ro epmeHTa foNXKHa 6bITb 60nblle, YeMm
ans (GepmeHTa M3 neyeHun?

depMeHTHAA HeAOCTAaTOYHOCTL MpU yrie-

BO,IJ,HOMO6M€H€. Huxe onucaHbl YeTbipe KAu-

HUYeckMx cnyyas. HaszoBuTe A[NA KaxnAoro

cnyyas AedekTHbIi (GepmMeHT u paite co-

OTBeTCTBYlO U MEe peKOMeHAauumn, BoiGpas nx

M3 NPUNOXEHHOTO MepevyHs. Y KaxwuTe, Ha

4yemM OCHOBaHO Bale peweHne. OTBETbTE Ha

BOMPOCHl, NPUBEAEHHbIE B ONUCAHUN KaX[o0-

ro u3 yYyeTbipex Cny4aes.

Cny'-|a|7| 1 BonbHoii He nepeHocuT Monoka.
Kak TONbKO OH ero BbiNbeT, Y Hero cpasy
e HaynHat TCA pBoTa U NoHoc. MposefeH
TeCT Ha TONepPaHTHOCTb K nakTo3e. (Mcnbi-
Tyemblii nonyyaeT nMpu 3TOM OMNpefeneH-
HOe KO/IMYeCcTBO NakKTO3bl, MOCNE YEro y He-
ro yepes COOTBETCTBYO L ME NMPOMEXYTKMN
BPEMEHN M3MEPSAIOT KOHLEHTpPALWUIo TNt -
KO3bl ¥ FaNakTo3bl B Mna3me KpoBu. B Hop-
Me ypoBeHb 3TWX caxapoB Bo3pacTaeT [0
MaKCMMyMa NPpUMMeEpHO Yepes 4ac, a 3aTeMm
CHMXaeTcs.) ¥ 60NbHOro B 3TOM TecTe
KOHUEeHTpaumua TrnoKo3bl W ranakTosbl
B KPOBW He BO3pacTana, a ocTaBanacb no-
CTOSAHHOW. OGbACHWTE, nouyemy Yy 3740-
pOBbIX NtOAe KOHUEHTpauusa [t Ko3bl
W ranakTosbl B KPOBM CHayana pacTerT,
a 3aTeM CHuxaeTca. MNMoyemy y 60nbHOTO
TaKUX W3MEHeHWA He NpoucxoamT?

Cnyanl 2Y 60NbHOTO C yMCTBEHHOI 0TCTa-
NOCTbI0O MOMOKO Bbl3blBaeT PBOTY U MOHOC.
B KpOBM KOHLUEHTpauus rnKo3bl HW3Ka,
a KOHUEeHTpauua pefyunpylowmnx caxapos
3HAYUTEeNbHO Bbllle HOPMbI. B Moye o6Ha-
pyXuBaeTca ranaktosa. Uem ob6bacHseTcs
BbICOKAfA KOHUEHTpauua peayunpytoLwmx
caxapoB B KpoBu? lNMoyemy B Mouye 06Ha-
pyXuBaeTcd ranakrtosa?

Cnyqaﬁ 3. BonbHOW cTpagaeT oT Cyfopor
B MblLWLAaX NPU HanpsHXKeHHOW Puanyeckoi
pa6oTe, HO B OCTaNlbHOM 4YyBCTBYeT cebd
340pOBbIM. Buoncua MbIWeEYHON TKaHW
BbIIBUNA, 4YTO KOHLEHTpauusa rankoreHa
B MbllLax 3TOro 60N1bHOr0 ropasfo Bhille
HOpMbl. MMoYyemMy HakannuBaeTcs TFNUKO-
reH?

Cﬂyhlaﬁ 4 BonbHas BAnaa, anatudHasa. Me-
YeHb yBeNMYeHa; Npu 6uoncum nevyeHn o6-
HapyXeH 60NblWONA M36bITOK TNUKOTeHa.
KoHUeHTpaunsa rnoKo3bl B KPOBW HUXE
HOPMbl. B 4eM MpUYNHA NMOHUXEHHOW KOH-
LeHTpaLunyM rnoKo3bl B KPOBM 3TON 60Nb-
HOW?
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14. Ta>KeCcTb KNMHWYECKUX CUMNTOMOB, 06ycno-

BNEHHbIX (hepMeHTHO Hef0CTaTOYHOCTHIO.
KnnHnyeckne CMMNTOMbI ABYX (POPM ranak-
TO3eMWUU, OAHA N3 KOTOPbIX 06ycnoBaeHa He-
[OCTAaTOYHOCTbLIO rafakTOKMHa3bl, a gpyras
- ranaktoso-l-poctar - ypugnununtpaHcde-
pasbl, pe3ko pasnuyalTcas NO CBOEN TaAxe-
cTh. 1 B TOM 1 B APYTOM C/ly4yae MOJJIOKO Bbl-
3blBaeT y 60MbHbIX KULIeEYHble paccTpoiicTBa,
HO npu HefoCTaTOYHOCTHU ra-
nakto3so-1-dochar -ypuannuntpaHchepasbl
HapywarTca TakxXe QYHKLUM MevyeHun, noyek
cefle3eHKM M Mo3ra, a 3aTeM HacTynaet
cMepTb. Kakue npofyKTbl HakannueawTca
B KPOBW M B TKaHAX MNpU HeEAOCTaTOYHOCTH
KaX4oro n3 aTux AByx pepmeHToB? OLeHuUTe
CPaBHMUTENbHY TOKCUYHOCTb 3TUX MPOAYK-
TOB Ha OCHOBEe MpPUBeAEHHbIX Bbille AaHHbIX.
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UMK NTUMOHHOW KWUCNOTHI

B npegbigylieii rnaBe Mbl MO3HAKOMM-
NNCb C TeM, KakK 3Heprus, ussfekaemas npu
pacLienyieHMmn raKo3bl B OTCYTCTBUE KUC-
nopopja, 3anacaetca B popme ATP. OfHako
MOYTW BCE XXMBOTHbIE N PACTUTENbHbIE KMET-
K/ B HOpMe a3pob6Hbl U CBOE OpraHu4yeckoe
«TOM/IMBO» OKUCNSAKT NONHOCTbIO A0 ABYO-
Kucu yrnepoga u Bofbl. B aTux ycnosusax
nupysat, obpasywLwuiica npu pacLenne-
HUW TNHOKO3bl, He BOCCTaHaBNWBaeTCA A0
nakrtata wam po ataHona um CO2, Kak
B aHa3poOHbIX yCNoBUAX. BMeCTO 3TOro oH
okmucnsetca fo CO2u H20 BaspobHoli cTa-
aun katabonnsma, KOTOPYH OBMOXMMUKM
Ha3blBalOT fblXaHWeM. [0BOPA O AbIXaHuw,
Mbl 0ObIYHO UMEEM B BUAY €ro hn3nonoru-
YecKuili UM MaKpPOCKOMUYECKWIA acnekT, T.e.
nogpasymesaeM nojg 3TUM TepMUHOM MpoO-
yecc nornoweHns O2 u BbigeneHns CO2
B Nlerkux. buoxumuku xe u yutonoru
BKNMafblBalOT B 3TOT TEPMWUH  ApYyroi
CMbIC/I: OHWM paccmaTpuBalT fblXaHuWe Ha
MWUKPOCKOMWYECKOM YPOBHe, T.e. WHTepe-
CYIOTCA MONEKYNAPHBIMU  MeXaHW3MamMu
npoueccos notpe6neHns O2 n obpas3osa-
Hna CO2 B KfeTKax.

B KNeTOYHOM fbIXaHUM pasnuyarT Tpu
rnasHble cTaguyM (OHM MNOKasaHbl  Ha
puc. 16-1). Ha nepBoii cTagnuu opraHuye-
CKWe COefjMHeHus, nrparoLme ponb KNeTou-

Puc. 16-1. Ctaguu KNnetoyHoro fbixaHuda. CTa-
ova 1: mobunusauyma auetun-CoA n3 rnKosbl,
JKUPHBIX KMCNOT M HEKOTOPbIX aMUHOKMUCOT.
CTagus 2: UWKN NUMOHHOW Kucnotbl. CTa-

s 3: MepeHoc 3NeKTPOHOB U OKUCIUTENIbHOE
(ocopunnposaHmne. Ha Kaxayo napy atomos
BOAOPOAA, NOCTYNaloLWYy B Lenb NepeHoca afek-
TpoHoB B Buae NADH, o6pasytTcs Tpu mMone-
Kynbl ATP.

HOTO TOMJIMBA, T.€. YINEBOAbI, XXUPHbIE KUC-
NOTbl W HEKOTOPble aMWHOKUC/IOTbI, OKUC-
nAlTCS A0 ABYXYTNEPOAHbIX (parmeH-
TOB - aUETUbHbLIX FPynn, BXOAAWMUX B CO-
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cTaB auetunkodepmeHta A. Ha BTOpoit
CTagMn 3TW aueTW/bHble TPYMMbl BKIO-
4atTCA B LMK IMMOHHOW KMCNOThI, s KOTO-
pPOM OHW (hepMeHTaTUBHbLIM NyTeM paclye-
nasTca ¢ o6bpasoBaHMEM BbICOKO3Hepre-
TUYecKMx aToMOB BOAOPOAA M BbICBOGO-
xgeHvnem CO2, koTopas npegcTasnser
c060M KOHEYHbI NPOAYKT OKUCAEHUA opra-
Huuyeckoro Tonnuea. Ha TpeTbelt cTaguu

aToMbl BOAOPOJA pas3fensaiTcs Ha Mnpo-
ToHbl (H+) n 6oraTble 3Hepruein anek-
TPOHbI, KOTOpble MNepejawTca Mo  Lenu

NnepeHOCYNKOB 3NEKTPOHOB, UKW AblXaTefb-
HOW Uenu, Ha MONEKYNAPHbIA KUCMOPOA
N BoccTtaHaBnueawT ero B H20. [lepeHoc
3NEKTPOHOB COMPOBOXAAeTCA BblAe/IeHNEM
60/bLIOr0 KOAMYecTBa 3Hepruu, 3anacae-
moi1 B popme ATP B npouecce, NONyUYMBLIEM
Ha3BaHWe OKUCNUTeNsHoro gocopunmposa-
Hua. [bixaHue - npouecc ropasgo 6onee
CNOXHbIA, YeM TNNKOAM3; 6bIN0 Yy[AYHO
CKa3aHo, YTO [blXaHWe OTHOCUTCH K TNNKO-
N3y TakK, Kak COBpPEMEHHas peakKTUBHas
Typ6uHa K 04HOLMNNHLPOBOMY MOPLLUHEBO-
My [BUraTento.

B 3TOi rnaBe Mbl paCCMOTPUM OTKPbIThI
KpebcoM LMKN NUMOHHOWR KWUCNOTHI, Ha3bl-
BaeMbll TakXe LMKIOM TprKapb6OHOBbIX
KNCNOT. OTO 0OWMIA KOHEYHbIA NyTb ANA
OKWUCMEeHUS aLeTUNbHbIX FPYNn, B KOTOpble
npespauiaetca B npouecce kKatabonmima
60Mbliasg YacTb OpraHN4YecKUX MOonekys,
Urparoumx pofib KAeTOYHOro Tonnauea-
YrNeBofoB, XUPHbIX KUCNOT U aMUHOKMUC-
NnoT.

16.1. Mpu OKUCNEHUWN TOKO3bI
o C02um H20 BbicBO6GOXAaeTCA
3HauYMTEeNbHO 6OMbLUE 3HEPruu,
yeM NpU rNNKOIN3e

Bbiwe (gononHeHue 15-1) mbl roBopunu
0 TOM, YTO MPWU pacLenneHnn rarKo3sbl 4o
nakrtata B npouecce rankonnsa BblCBO6O-
XOaeTca Wb 04YeHb HeboNbLasA YacTb XU-
MWYECKOW aHepruu, KotTopas NoTeHUNanbHO
MOXeT OblTb U3B/IeYEHA U3 MOMIEKY bl T/H0-
Ko3bl. [opa3fo 6o0fble 3Heprum u3se-
KaeTca, Korga MoJsieKyna r/It0KO3bl OKUC-
nseTcsa nonHocTteio o CO2um H20, B yem
MOXHO y6eanTbCs, CPaBHWUB BeNUYMNHbI W3-
MeHeHUWs cTaHAapTHOW CBOBGOAHON 3HEPrun
ONA 3TUX ABYX peakuwuii:

Uncno aromos

BOZOPOJa,
NPUCOEANHEHHbIX
K yrnepoay
MeTtaH H--c-w1
MeTaHon H— C—OH
H

dopmanbgerny H—C—H

(0]
MypasbunHas
Kucnota H 'CI_OH
6]
[Byokuch
yrnepoga Co,

Puc. 16-2. MocneposaTefbHble 3Tanbl OKUCNEHUA
meTaHa fo C 02 Mo mepe TOro Kak 4eTbipe
aToMa BOAOPOfJa OfMH 3a JPYruM OTLWennATCcs
OT yrnepoja, CKa4koo6pa3HO CHMXaeTCA U KOMun-
YecTBO JOCTYNHOI cBO6OAHOI 3Heprun. B npoc-
TbIX OpPraHWYecKnx COefMHEHUAX OTHOLLUEHME Yuc-
Na CBA3aHHbIX C yrnepojomM aTOMOB BOJOpPOAa

K Yncny aToMoB yrniepoga npubnnm3nTensHo npo-
nopuynoHanbHO CTaHAapTHOW CBOGOAHOW 3Heprum
OKMUC/IEHUs AaHHOro coeauHeHnus go C 02

nwokosa -* 2flaktat + 2H+
AG®' = —47,0 kkan/Mmonb,
nwokosa + 602 -* 6CO2 + 6H20
AGQO' = —686 Kkan/Monb.

Korpa B KfieTkax pacuienfieHne riaoKo3sbl
npoTekaeT aHa3pobHO, NPOAYKT 3TOro pac-
L enneHuns, nakraT, COAepXuUT B cebe npu-
6n1m3nTenbHo 93% TOW 3Heprum, Kotopas
Oblna 3aknl0yYeHa B WCXOLHOW Monekyne
rNoKo3bl. OBbACHAETCA 3TO TEM, 4YTO MO-
NnoyHas KMCNoTa-coeAMHEHUE NOYTU CTONb
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Xe C/0XHOe, KaK rnoKos3a, a TakXe TeMm,
YTO peanbHOro OKWCNEeHUA Mpu FANKONU3e
He npomcxoanT. KonmyectBo CBOGOAHOIA
3Hepruu, BblenatoLLeecs nNpyu NOJHOM Cro-
paHuyM Kakoro-Hubyab OpraHuW4yeckoro co-
efiMHeHNs, NpubAN3NTENbHO MNPOMNoOpLMO-
Ha/lbHO BESIMYMHE OTHOLLUEHUA MeXAy u4uc-
NIOM aTOMOB BOJ0pPOfa, CBA3AHHbIX C yre-
pOAOM, N 06 MM YNCAOM YIEPOAHbIX aTo-
MOB, KaK 3TO BWMAHO M3 OYeHb MPOCTOro
npumMepa, NpuBeAeHHOro Ha puc. 16-2. Bea
6uonornyeckn goctynHasa csobofHas aHep-
rms BbICBOOOXJAETCH U3 TNHOKO3bl UAN U3
LpYyroro opraHu4yeckoro TOonnuBa NUlLbL B
TOM Cnyvae, eCNu BCe BOLOPOSHbIE aTOMBbI,
CBfi3aHHble C aTOMamu yrnepoga fAaHHON
MONeKynbl, OyAyT yfaneHbl W 3aMeHeHbl
Kucnopogom ¢ o6bpasosaHnem CO2.

16.2. TMupyBaT [O0/MKEH cHavyana
okucnntecas po audetun-CoA wn CO,

Yrnesofbl, >XWUPHbIE KWUCNOTbl W 60/b-
LIMHCTBO aMWUHOKUCNOT OKUCAAKTCA B KO-
HEYHOM cueTe Yepe3 UWMKN NMMOHHON Kuc-
notel fo COj u H20. OgHako, npexgie Yem
3TW nuTaTeNbHble BewlecTBa 6yayT BOBe-
YeHbl B LMK/, WX YINePOAHbI/i CKeneT [0N-
XeH O6bITb paspyllieH, a ero (QparMeHTbl
LOMKHbI  MpeBpaTUTLCA B aleTWUIbHbIe
rpynnbl auetun-CoA, NoTOMY 4YTO MMEHHO
B 3TON (hOpPMe UWKA NIMMOHHON KWCAOTbI
npuMHMMaeT 60MblWYI YacTb NoCTynakoLle-
ro B Hero «tonausa». O TOM, KaK W3
XWUPHBbIX KUCMOT U aMWHOKMCNoT o6pa-
3yl0TCA aueTu/bHbIe TPYNNbl A5 3TOr0 Lu-
Kna, Mbl y3Haem u3 rn. 18 n 19. 3gecb ke
Mbl PACCMOTPUM MNPOLIECC, B pe3y/bTaTe Ko-
TOpOro nupysat, 06pa3oBaBLINIiCA NpU U-
LPONUTUYECKOM PacLLenieHnn [oKo3bI,
okucnsetrca fo auetun-CoA u CO2 npu
yyactum Habopa (¢epmeHTOB, 06beau-
HEHHbIX CTPYKTYPHO B TaK Ha3blBaeMblil nn-
pyBaTAernaporeHasHblii Komnaekc. 3ta My-
NbTU(EpMeHrHaa cuctema, Haxopaswiaacs
Yy 3YKapuoTUYeCKUX K/ETOK B MUTOXOH-
opuax, a y NpoKapuoTUYecKux- B LUTO-
nnasme, KatanusmpyeT crefyloLwylo CyM-
MapHYI0 peakuuto:

Mupysat 4 NAD+ + CoA-SH
-» Auetun-CoA 4 NADH + CO2

AGO0 = —8,0 kkan/monb.
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B xofe 37Ol JOBOMbHO CMOXHOW peakuynm
NMPONCXOAMT OKUCIMTENbHOE Aekapbokcum-
poBaHWe nupysaTta- npouecc Aernapuposa-
HWA, B pe3ynbTaTe KOTOPOro KapboKcuib-
Hag rpynna nupysata yfJansetca B Bufe
Mosnekynbl CO2, a ero aueTuibHag rpynna
BK/to4yaeTca B coctaB auetun-CoA. OfuH
aToMm BOAOpOAa, OTWeNNAeMblil OT NUpyBsa-
Ta, 06Hapyxwuaetca B coctaBe NADH,
a fpyroii-s suge H +. 3aTem o6pasoBas-
wwniica Takum nytem NADH nepegaeT cBom
3N1eKTPOHbI B Lenb MepeHoca 3/1eKTPOHOB
(puc. 16-1), NnOo KOTOPOI OHWM B KOHEYHOM
CyeTe nepefalwTCs Ha MONEKYNSPHbIA Kuc-
nopog.

B ob6begMHEHHOM npolecce fermapupo-
BaHUA W [eKap6oKCUIMpOBaHUA MNupyBsaTa
fo auetun-CoA yyacTBYWOT nocnefo.a-
TENbHO TPW pa3HblX hepMeHTa: nupysaTfe-
rmgporedasa (EJ  agurugponvnown-aleTun-
TpaHciepasa (E2) u gurngponunoungerni-
poreHasza (E3), a Takxe nNATb KO(hepMeH-
TOB, WNWN MPOCTETUYECKUX TPYMM - TUaAMUH-
nupoproethaT (TPP), dhnaBUHafEHUHANHYK-
Aeotug (FAD), kopepmeHT A (CoA),
HUKOTUHaMuaageHuHannykneoTns (NAD +)
W nunoesas kucnoTa. Bce atn  dep-
MEHTbI U KOPEPMEHTbl O00beAUHEHbI B
MY/IbTU(EPMEHTHYIO CUCTEMY, KOTOPYIO
BNepBble BbIAENUIN U NOAPO6GHO uUccnefo-
Banun Jlectep Pug c cotpyfHukamu um3 Te-
XaccKoro yHmeepcuteTa. YeTbipe BUTaMUHa
U3 yncna Tex, B KOTOPbIX HYXJaeTca opra-
HWU3M Yenoseka, fABNATCA HEO6XOAUMbBIMU
KOMMOHEHTaMWN UMEHHO 3TON CUCTeMbI. 3TK
BUTaMWUHbI: TuaMuH (B TPP), pubodnasuH
(8 FAD), naHToTeHoBas kucnota (B CoA)
n  HukoTuHamug (B8 NAD+). Kpowme
TOro, [Ans  peakuum Tpebyetca  ewe
n nunoesas kucnoTa (puc. 16-3); oHa urpaet
ponb Heo6XxoAMMOro BUTaMWHa, Unu ak-
TOpa pPoOCTa Y HEKOTOPbIX MWUKPOOPTraHu3-
MOB, TOTrJa KakK BbICLUME >XWBOTHbIE CMO-
COOHbl €e CMHTe3npoBaTb W3 Nerko fo-
CTYMHbIX NpefLWecTBEHHNKOB. MupysaTtje-
FMAPOreHasHbl KOMMNEKC, BblAENEHHbIR 13
kneTok E. coli, npeacTtaBnset coboi vyacTtu-
Ly fuameTpoM OKONo 45 HM, T.e. HecKo/b-
Ko 60MblWY N0 CBOMM pasMmepam, Yem pu-
6ocoma. MonekynapHas macca 3Tol Kpyn-
HOM MyNbTU(HEPMEHTHOW CUCTEMbI MpPEBbI-
waet 6m06. B ueHTpe Komnmnsekca, cocTa-
BNAS Kak 6bl €ro «agpo», K KOTOpPOMY
NPUKpennaTCca Apyrne gepmeHTsl, pacno-
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naraeTca QUrugponunoun-aLeTunTpaHcge-
pasa (Mon. macca 200 O00). Ee monekyna co-
CTOUT M3 24 cybbefNHUL, - NOANNENTUAHbIX
Lienen, B KaXKA0M U3 KOTOPbIX K BYM Cheuu-
(hMYecKUM ocTaTKaM /M3WHaA B aKTUBHOM
LUeHTpe CcyObefuHULbl MPUCOEAUHEHbI [Be
NUMOUNBHBLIE TPYNMbI (MPUCOEANHEHME NPO-
nexoguT nytem o6pasoBaHWA MEeNTUAHOWN
CBA3N MeXAy Kapb60OKCUMbHOW rpynnoi nu-
MoeBOW KMCNOTbI U e-aMUHOTPYNMoi ocTaT-
Ka nusunHa; puc. 16-3). K gurugponunonn-
aueTunTpaHciepase MNpPUCoeAnHeHbl 0YeHb

H pUN
CH,
< |1 f ” S_|
H, CH, [Avrugpo -
JMMonNbHast
%H K rpynna
CH, CH,
CH, CIH,
COOH COOH
JInnoesast kucnota  JurugponunoeHas
(okucnenHas thopma) Kucnota
(BOCCTaHOB/NEHHASA
(.iH‘ -SH bopma)
CH,
CH—S—C—CH;
(!H, 8\ OCTaToK /IM3nHa
CH, CH,
CH,
CH, / \ y \ N/ C\ C/ \ MonvnenTuaHas
Lienb AUrnapo -
COOH H A NNANOUA-aLETN -
ALeTUNMNOeBas KMCNOTa TpaHchepasbl
KPpynHble  MONEKY/bI nupyeargernapore-
Ha3bl W gurnagponnnonnpgernaporeHassl.
ﬂMpyBaT,u,erM,qporeHasa COAEPXUT CBA-

3aHHbI TMaMuHnupodocdaT, a JUTMAPOIN-
nomngerngporeHasa- cBA3aHHbIN FAD.
INNONNAN3NHOBBIE TPYMMbl LEeHTPanbHOro
(hepMeHTa NUpyBaTAernAporeHasHoro Kom-
nnekca, uMMewwWwme ANAUHY OKOO 1,4 HM,
(DYHKLMOHUPYIOT KaK «MOBOPOTHbIE KPOHLL-
TeliHbl», MepeHocALLMe aToMbl BOAOPOAA
N aueTubHbIe TPYNMNbl OT O4HOW DEepMeHT-
HOIl MONeKyNibl KOMMAeKca K gpyroin. K nu-
pyBaThernaporeHasHoMy KOMMaeKcy npu-
COeAMHEHbl elle U ABa APYrux (epMeHTa,
perynupyrouwme nupysatierngporeHasHyto
peakuuto (0 HuUx 6YyAeT CKasaHO HUXe).

Ha puc. 16-4 npeacrtaBfieHa B CXematuye-
CKOM BUAe KaTanusmpyemas nupysatieru-
LpOoreHasHbIM  KOMMIEKCOM nocfiefoBa-
TEeNbHOCTb peakuuil, B X04e KOTOpbIX
ocylecTBnseTca fLekapbokcunnpoBaHue

BNO3HEPTETUKA n meta6onusm

M JernapupoBaHune nupyearta. dTa nocnego-
BaTe/IbHOCTb BKAlOYaeT MATb cTaguii. Ha
cTagun 1 nupysaT TepsieT CBOKWO Kap6OK-
CUNbHYIO TPYNny B pe3y/nbTaTe B3auMogei-
CTBMA C TMamuHnupodochaTom, npucoesm-
HeHHbIM K nupyBatgerngporeHase (Ej);
B pe3y/nbTaTe 3TON peakuun obpasyertcs ru-
LPOKCU3ATU/IbHOE NMPOW3BOLHOE TWAMUHMU-
pothochata ¢ rnApoKCU3ITUNLHOI TFpynnoi
npy TMaszonbHOM Konbue (pasg. 10.4). Mu-
pyBaTeruaporeHasa Katanusupyet Takxe
CTaAulo 2 -nepeHoc aToMOB BOAOPOAA

Puc. 16-3. J/lunoesas Kucnota u ee akTUBHaA
thopma, npeAcTaBnfloLLan coboii NpocTeTUYecKyto
rpynny gurugponvnounn-aletuntpaHcdepassl. Jin-
noesas KWCnoTa U MNOUNbHAA rpynna MoryT
CYyLLecTBOBaTb B OKUCNEHHOW (gUCynbhuakoii),
BOCCTAHOB/IEHHOW (AUTWONOBOI) W aLeTUNMPOBaAH-
HOIl hopmax. Mo3ToMy nunounbHas rpynna aei-
CTBYeT U KakK MepeHOCYMK BOJOPOAA, W Kak mepe-
HOCYMK aueTWUAbHbIX rpynn. JlnnonnansnHosas
rpynna, umerowwas ganHy okono 14 HM, feiAcTBy-
eT KaK «MOBOPOTHbIN KPOHLITEH». OHa nepeHo-
CUT aToMbl BOAOPOAA OT MUpyBaTAerngporeHassl
Ha AUrugponMnonnaerufporeHasy, a Takxe ate-
TunbHyto rpynny Ha CoA-SH.

JINNoeBY0 KUCNOTY Ha3blBalOT WHOTAA MCEBAO-
BUTaMUHOM.

M aueTUNbHOM rpynnbl OT TMaMUHNUpPOQoC-
(haTa Ha OKMC/NeHHY0 (hopMYy NUNOUNNN3N-
HOBBIX NPOCTETUYECKUX TPYMMN LeHTpanbHO-
ro (hepMeHTa KOMMJeKca, AUTULPONINMONA-
auetTunTpaHcepasbl, € ob6pasoBaHueM
6-aueTunTUO3aMpa BOCCTAHOB/IEHHbIX /N-
nounbHbLIX rpynn. Ha ctagun 3 mosekyna
CoA-SH B3anmofeicTBYeT C aueTUNbHbIM
NMPOW3BOAHBLIM aurngponunounn-aueTun-
TpaHcepasbl, 4To NpUBOAUT K ob6pasoBa-
Huto auetnn-S-CoA 1 K NONHOCTLIO BOCCTa-
HOB/IEHHOW, WM ANTWONOBOW, opMe Nn-
nounbHbIX rpynn. Ha ctagum 4 Ha 3ty
BOCCTAHOB/NEHHYIO (hOPMY AUTUAPOANNONII-
aueTmnTpaHcdepasbl BO3AeWCTBYET AWUTU-
AponunonngerniporeHasa, Kataausupyro-
Wwas nepeHoc aToMOB BOAOPOJa OT BOCCTa-
HOBNEHHbLIX NUNOWMbHBLIX rpynn Ha FAD,
KOTOpbIA WrpaeT pPoAb NPOCTETUYECKOW
rpynnel  AUTUAPONUNOUNLETNAPOTreHasbl.
Ha cTtaguu 5 (3akn0UYUTeNbHOW B 3TOW Mo-
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Cragus
1 CH —c—coo* + H+ + (§3}-TPP — » (E"b-TPP-CHOH—CH3 + CO2
o
2. (e))—TPP— CHOH—CH3+ s * (EN)—TPP +
S SH
|
cn,—C
I
0
(E,}-p + COA-SH - »Ej)-p "~ + COA—S— C-CH3
S SH SH SH 0
CH3—C
I
o
4 © — + (E3)— FAD *(§ ) ~ + —fadh?
SH SH S s

5. (9)-*-FADH2 +NAD+-—--*(E"—FAD + NADH + H+

CymmapHas
peakuns CH)}— C—COO- + CoA-SH

(0]

Puc. 16-4. CTagum OKUCNUTENbHOTO AeKapbokcu-
nuposaHua nupysata o auetun-CoA-npouecca,
KaTanusMpyemoro nupysaTAernjporeHasHbim
KOMMAeKcoM. [1ns TOoro 4tobbl MOXHO 6bIN0 fer-
4e npocnefuTb CyAbby nupysaTa, ero npespatie-
HWA BblfjeNleHbl KpacHbIM LBeToM. CTPyKTypa Tu-
aMmuHnupodocdaTa 1 ero a-rugpoKCU3TUALHOIO
Npoun3BOAHOro nokasaHa Ha puc. 10-2. E, -nupy-
Bataernjporexasa; TPP - TmamuHnupodocdar;
TPP C'HOH-CH,-a-rufpoKcnMatuiTmaMmmnHnm-
podocat; E2-gurngponunonn-aneTuntpaHchepa-
3a; E3- gurngponunounngernaporeHasa.

Cnef0BaTeNIbHOCTM  peakuuil) BOCCTaHO-
BfieHHas FAD-rpynna gurungponunounge-
rugporeHassl nepegaet sofopos Ha NAD +
c o6pasoBaHnem NADH. BaxHelwyto
ponb B paccmaTpuBaeMoM  npouecce
urpaloT  AMNOUNIU3UHOBLIE 60KoBble
rpynnsl  AUTMAPONUNOUN-ALETUNTPAHCHE-
pasbl, nepejatrouime OoT OfHOro (epmeHTa
K APYromMy aTombl BOLOPOAA W aueTUNbHYI0
rpynny. Bce atv hepmMeHTbl U KOPEPMeHTbI
CTPYKTYPHO OpraHn30BaHbl B €fUHbIA KOM-
nnekc, 6narofaps Yemy NpoCTernyeckme
rpynnbl CONVXKEHbBI 1 MPOMEXYTOUYHbIE NPo-

+ NAD+

CH.,_ C—S—CoA + CO2+ NADH

o]

LYKTbl peakuun 6bICTPO B3aMMOAENCTBYIOT
Apyr ¢ gpyrom. Ecnn 6bl 3T 04YeHb Kpyn-
Hble (DepMEeHTHble MOJSieKynbl 6blin pa3ob-
LeHbl M CBO6OAHO Mepemellannchb B LUTO-
30/1e, TO UM npuwnock 6bl B npouecce gud-
(hysun npeofonesBaTb HemMasble PacCTOAHUA,
npexge 4Yem OHW MOrAN 6bl CTONKHYTHCS
W BCTYNWTb BO B3aumogeiicteume. Ha
puc. 16-5 npuBefeHa 3NEKTPOHHAA MUKPO-
thoTorpagmus  NMpyBaTAErMApoOreHasHoro
KOMMekca.

HepoctaTtok BuTamuHa B j, unu tnammHa
(pa3g. 10.4), obycnoenuBaeT 3aboneBaHue,
M3BECTHOe nof HasBaHuem 6Gepu-6epu. Te-
nepb Ham HCHO, 4YTO B OpPraHUM3Me XW-
BOTHbIX, NLWEHHbIX TMAMUHA, 0Ka3blBaeTcs
HEBO3MOXXHbIM HOPMAaNbHOE OKUC/IEHWE NU-
pyBata. OCO6EHHO CW/bHO BAMSAET Takoe
HapyLlleHne Ha MO3r, KOTOPbIA 06bIYHO NO-
Ny4yaeT BCHO HEOOXOLMMYIO 3HEpPruto nyTem
a3p06HOro OKWCNEeHWUA FAOKO3bl U AN KO-
TOPOro MO3TOMY OKWCNeHWe nupyBaTa-
XW3HEHHO Heob6xoguMbIi mpouecc. Xapak-
TepHbIn  gna  6Gepm-6epn  NONMHEBPUT
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150 HM 1
Puc. 16-5. 3nekTpoHHas mMukpodoTtorpadusa nu-
pyBaTAernaporeHasHoro Komnnekca, BblfeneHHo-
ro u3 knetok E. coli. BUgHO, 4TO YacTuubl
KOMMNeKca COCTOAT U3 Cy6beanHuL,.

1 obliee HapylleHne (QYHKUWIA gBuraTenb-
HOW HepBHOI cuctembl (rn. 10) obycno-
B/IeHbl HapylleHnem (YHKUUW nupysaTie-
ruaporeHassbl.

BaXHO OTMeTUTb, YTO MpoLecc, KaTanu-
3Upyemblii NUPYBaTAErMApPOreHasHbIM KOM-
MMIEKCOM, B XXWBOTHbIX TKaHAX HeobpaTtum.
370 NOATBEPXAEHO W3OTOMHLIM METOAOM,
npu NOMOLM KOTOPOro 6bIN0 MOKa3aHo,
yTo paguoaktmneHaa CO2 He npucoeguHA-
nacb BHOBb K aueTtun-CoA, T.e. o6pasoBa-
HWS NupyBaTa, MEYeHHOro no Kap6oKcub-
HOW rpynmne, He MPOWUCXOAWNO.

HwXe Mbl YBUAUM, 4TO perynaumns akTme-
HOCTW  NUPYBaTAEerniporeHasHoro Kom-
nnekca cocTaBnseT O4WH U3 BaXHbIX ane-
MEeHTOB B GMOMOrMYECKOM KOHTPOME AblXa-
HUA.

16.3. LLMKA NWMOHHOIA KWUCNOTbI-
3TO He JSINHEWHbIN,
a 3aMKHYTbIli NyTb

Tenepb, KOrga Mbl 3HaeMm, Kakum o06pa-
30M U3 nupyBsaTta o6pasyetca aueTun-CoA,
Mbl MOXEM CUMTaTb Cebsi 4OCTATOUHO MOA-
rOTOBMEHHbIMW W K PacCMOTPEHUIO LuKna
JIMMOHHOW KUcnoThbl. [lns Hauana Leseco-
06pa3HO NONbLITATLCA MONYUYNUTh O HEM HEKOe
o6ulee npeAcTBAeHME. TMKONU3 BKIOYAET
NIMHelHY0 Nocnef0BaTeNbHOCTL epMeHTa-
TUBHbIX peakuuii, Torga Kak (epMmeHTHas
CUCTEMA, OCYLLEeCTBNAIOLLAA LUKA JIMMOH-
HOW KUCNOThbl, paboTaeT MHaye, B LUKINYe-

BMOSHEPITETUKA U METABOJ/IN3M

CKOM pexume. Linkn (puc. 16-6) HaumHaeT-
ca ¢ TOro, 4to auetmn-CoA oTfaeT CBOI
aueTUNbHYI TPYNMy YeTbiPexXyrnepogHoMy
COeAMHEHNIO - OKcanoaueTaTy, B pe3y/bTa-
Te yero obpasyeTca LeECTUYrnepojHoe co-
eAVHeHne -uMTpaT. 3ateM LMTpaT npespa-
WwaeTcs B M30UMTPaAT, Takxe LIecTUyrie-
pOAHOE COeiMHEHWE, KOTOPOE Aerngpupyet-
ca ¢ ytpatoit CO2 1 npespawiaeTca Taknum
nyTeM B NATUYrNepoAgHOe COefUHeHMe-a-
KeTornytapat. OT a-keTtornyrapara OTLe-
nnsetca CO2 (BTopas No cyeTy MoOneKkyna
[BYOKWCK yrnepopa), ¥ NOABAAETCH 4YeTbl-
pexyrnepojHoe coefuHeHune -CyKunHaT. A3
CyKLUMHaTa B pasynbrare Tpex (epmeHTa-
TUBHbIX peakuuii o6pasyeTca yYeTbipexyrne-
POAHbIA OKcanoaueTaT, C KOTOPOro M Ha-
yancsa ymkn. Kaxgblii 060poT LMKna conpo-
BOXJaeTcs, TaknMm 06pa3om, pereHepayueii
okcanoauerarta; 06pa3oBaBLUMACA OKcanoa-
LeTaT MOXeT Ternepb BCTYNWUTb BO B3auMo-
[eiicTBMe C HOBOW MoJieKynoi auetnn-CoA,
T.e. HayaTb HOBbIi 060pOT  UMKNa.
B kaxabli 060p0OT UMKNa BCTynaeT-B (hop-
Me auetun-CoA - ofHa aueTunbHas rpynna
(nBa aToMa yrnepoga), ¥ npu Kaxanom 060-
poTe M3 UMKNa BbIBOAATCA [BE MOJMIEKY/IbI

[3{ Mupysar
yco2

AueTtun-Co A

Puc. 16-6. Cxema LMKNa NUMOHHOW KWUCNOTbI.

B KpacHbIX pamMKax ykas3aHO 4MCN0 aTOMOB yrie-
poja B COOTBETCTBYIOLLUX MPOMEXYTOUHbIX NPO-
AykTax. YeTblpe aTtoma yrnepoga cykunHun-CoA
COfepXaTtcs B CYKUUHUbHOW rpynne, T.e. B TOW
4yacTu MONIEKY/bl, U3 KOTOPOil 06pasyeTcs CBOGOA-
HbIli CyKLMHAT.
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CO2. Ha o6pa3oBaHue LUTpaTa B KaXaoMm
o6opoTe UMKNa pacxogyetca OfHa MOMeKy-
Na okcanoauertarta, OAHAaKO B pe3ynbTaTe
psfa peakuuit aTOT OKcanoaueTaT pereHe-
pupyeT. Takum 06pa3om, B LUWUK/IEe NUMOH-
HOM KMCNOTbl OKcanoaueTaT He pacxogyeT-
ca. TeopeTUyeckn OAHON MOJNEKY/bl OKcCa-
noaueTata MOXeT OKa3aTbCA [OCTAaTOYHO
[15 OKUCNeHUs no60oro ymcna aueTubHbIX

rpynn.

16.4. Kak pogunacb cama MbIC/b
0 CYLLECTBOBaAHUWN ULMNKNa
NIMMOHHOW KWUCNOTbI?

3TO 3aKOHHbIA BOMPOC, MOCKOJIbKY MO-
LOOHBI LUWKN-C OKWUCNEHUEM [BYXYyrie-
POLHbIX aueTunbHbIX rpynn Ao CO2 yepes
LWeCTUYrNepofHY0 JNIMMOHHYIO KWUCNOTY -
MOXET NOKa3aTbCH MW3MIUWHE C/IOXKHBIM 1,
cnefoBartesibHO, MPOTUBOPEYaW UM NPUHLM-
ny MakCUManbHOW 3KOHOMMWM, 3a/10XKEHHO-
MY B 6MOXMMMWYECKYH NIOTUKY XXMBOI KNeT-
KW.

Bnepsble npenonoXxeHne o CyLLecTBoBa-
HUW TaKoro umkna Ans OKUC/EHUs nupyBsa-
Ta B XXMBOTHbIX TKaHAX OblI0 BblCKa3aHO
B 1937 r. FaHcom Kpe6com. OTa nges poam-
Nnacb y Hero, Korfa oH uccnefoan BausHue
aHWOHOB Pa3fINYHbIX OpPraHNYeckKUx KuUcnoT
Ha CKOpPOCTb MOr/IOWeHNA KUcnopoga cyc-
NeH3NAMU U3MeSIbYeHHbIX TPYAHbIX MbILUL,
rony6s, B KOTOPbIX MPOUCXOAWUNIO OKMUCIe-
HWe nupysaTa. [pyfHble MbIlWLbl OTAMYa-
I0TCS Upe3BblYaiiHO BbICOKON WHTEHCKB-
HOCTbIO AblXaHUA, YTO AenaeT UX 0COBEHHO
YAO0OHBIM 006bEKTOM A5 U3YUYEHUS OKMCAU-
TeNbHOW  akTuBHOCTW. Hesagonro o
onucelBaeMbix paboT Kpebca AnbbepT
CeHT-Abépabn B BeHrpum o6Hapyxun, 4to
HEKOTOpble YeTblpexyrnepofHole Ankap6o-
HOBble OpraHW4yeckue KUCNOTbl, MPUCYT-
CTBYIOLLME B XMUBOTHbIX TKaHAX (AHTapHas,
tbymapoBasi, a6noyHas U LaBeneBoyKcyc-
Hasd), CMOCOGHbI YycuaMBaTb MNOrIOWEHNE
KUCNopoda MbIWEYHON TKaHblo. Kpebe
noATeepaun ato HabnjeHwe n nokasan,
YTO MepeymncrieHHble OpraHMyYecKue KUCnoThbl
CTUMYNUPYIOT TaKXe OKUCNeHne nupyBsaTa.
Kpome TOoro, oH Hawen, 4To OKUCNeHME Nu-
pyBaTa MbILLIEYHON TKAHbK CTUMYNMpPYeTCS
LWecTUYrnepoaHbIMu TPUKApO6OHOBLIMK
KMUCNOTaMM - TMMOHHOW,  LUC-aKOHW T 0BOA

coo-
U

HO-C-COO-

&0 (iOO-

CH, CykuuHar

wnTPar a-KetornyTtapar

00- CH,
CH, COoO0-
C—COO'  «Mc-AKoHUTAT mim ManoHaTHb I
6ok
CH CO0-
CH  dymapar
P
coo- 00-
CHr
H—C—CO0" COO-
[ZEL] a -C— .
H04<{—H uuTpar ’C H L-manat
H,
cocr
cocr
CH, COO-
H a-KetornyTapat C=0 Okcano-
ﬁ ' | aterar
C=0 CIH,
COO-

Puc. 16-7. MpupogHble TpUKapboHOBbIE U AUKap-
60HOBbIE KMCNOTbI, CNOCO6HbIE CTUMYNNPOBATb
OKWCNeHne nupyBaTa B CYCMEH3UAX MbllUeYHOiA
TKaHW. [lpyrue BCTpeyvatollmecs B nNpupoje opra-
HWYECKMEe KUCMOTbI, HaNnpUMep BUHHOKaMeHHas,
LaBefeBas W KeToaaunuHoBas, Takoi cnoco6-
HOCTbIO He 06/n1afalT. AKTUBHbIE KMCNOTbI NpU-
BeJeHbl 3/jeCb B TOW NOCneAoBaTeNbHOCTHU, B Ka-
KON OHW MOABAAIOTCA B LMKNE TMMOHHOW Kuc-
NnoTbl. Ha KaXAaom aTane nNpoucxXoAuT TONbKO
OfJHO XMMUYecKoe n3MeHeHne. OTMeYeH aTan, WH-
rméupyemMblii ManoHaToM: B MPUCYTCTBUM Mano-
HaTa LuMTpaT okucnseTcsa Ao CyKLMHaTa, KOTOpbIii
Hakannmsaertcs.

M U30MMMOHHON, a TaKXe MATUYTIEPOLHON
a-KeTornytapoBoil kucnotoil. CTpykTypa
BCeX I3TUX KWUCNOT TMpefcTaBfeHa Ha
puc. 16-7. NcnbiTaHbl 6bIIM U HEKOTOpPbIE
pyrue BCcTpeyvaloLmecs B Mpupojie opraHu-
yecKune KMCNOTbl, HO HX OAHA U3 HUX He 06-
HapyXwuna nofo6Hoi akTuBHOCTM. O6pa-
wan Ha cebs BHMMaHME cam XapakTep
CTUMYNNPYIOLLErO AeNCTBUS aKTUBHbIX KUC-
NoT: Aaxe Manoro KonuuecTtsa No6oi u3
HMX 6bIN0 4OCTATOYHO ANA TOTO, YTO6bI BbI-
3BaTb OKWUC/IEHWE BO MHOro pa3 60/bluero
Ko/MnyecTBa nupysarta.

Opyroe BaxHoe HabntogeHne Kpebea Ka-
canocb Aeictena ManoHaTa (puc. 16-8),
O[lHOTO W3 KOHKYPEHTHbIX WHrM6UTOPOB
cyKkuunHaTaernaporeHassl (pasg. 9.13). Bbl-
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ACHWIOCb, YTO MafOHAT UHTMBMpPYeT aspob-
Hoe noTpeb6fieHne nupyBaTa CYCMEH3USAMM
N3MeNbYeHHOW MbILLEYHOW TKaHW He3aBUCH-
MO OT TOr0, Kakasi N3 akTUBHbIX KNCNOT f0-
6aBneHa K cycrneHsuu. 3To CBUAETENbCTBO-
Basio 0 TOM, YTO CYKLMHAT U CyKLMHaTAErn-
LporeHasa coCTaBnAlT Heobxogmmoe 3Be-
HO B Lenn (hepMeHTaTUBHbIX peakLuin, u3
KOTOPbLIX claraeTcs OKWCAeHWe MupyBaTa.
Kpebc Hawen fganee, 4to ecanm UHrMbupo-
BaTb Ma/jioHaTOM a3pobHoe noTpebreHue
nupyBaTa CyCrneH3nel MbILlLIEeYHOW TKaHK, TO
B CyCMeHAupYOLein cpefe 6ynyT Hakaniu-
BaTbCA LMTpaT, a-Ketornyrtapat U CyKuu-
Hat. OTclofa cnefoBano, YTo B HOpMe, T.e€.
B OTCYTCTBME MajioHaTa, LMTpaT U a-KeTo-
rnytapaT npeBpawjalTCa B CyKLMHAT.

C0OO0-
goor CH2
CH, CH2
1
COO CoOo

MasnoHat CykuuHar

Puc. 16-8. ManoHaT-0AWH W3 KOHKYPEHTHbIX WH-
rméuTopoB CyKuMHaTAernaporeHasbl (CM. Takxe
puc. 19-12). O6paTuTe BHUMaHNe Ha CXOACTBO
CTPYKTYpbl ManoHaTa W CyKLMHaTa.

Mcxoas M3 aTUX OCHOBHbIX AaHHbIX U U3
HEKOTOpbIX ApYrux HabnogeHuin, Kpebe
npuwen K BbIBOLY, YTO BCE MEPeYUC/eHHble
BblLLIE aKTUBHbIE TPU- N fUKapHOOHOBbLIE KUC-
NOTbl MOXHO PacnonOXWUTb B HEKOW N0OTrun-
YeCKOM XMMWUYECKON MOCNefoBaTenbHOCTH,
KaXAblii 3Tan KOTOPOW npeAcTasBnseT co-
60/ MPOCTOE XMMMYECKOe NpeBpalLeHne, Ka-
Tanusnpyemoe O4HUM cneunduuHbiMm dep-
MeHTOM (puc. 16-7). [anee, MOCKOJNbKY
MHKybauua nupysaTa W OKcanoaueTaTa
C M3MEeNbYEHHOW MbILIEYHOW TKaHbiO Mpu-
BOAMNA K HaKOMNeHW uuTpata B Cpefe,
Kpeb6c cpenan BbiBOA, Y4TO 3Ta NocnefoBa-
TeNbHOCTb ABMAETCA He NUHEWHOW, a LNKAn-
YeCKOil, T.e. YTO ee Hayano CMbIKaeTCcs C ee
KoHuom (puc. 16-9). HepocTtawolwmm 3Be-
HOM, 3amblKal WM LUUKA, LOMKHA 6bina
CNYXWUTb peakuus

Mupysatr + Okcanoauertat -»
“* Lwntpar + CO2.

yac-AKoHUTaT

W3ouutpar

V®

a-Ketornytapat

CyKuuHar

ManoHaTHbIii 610k

dymapat

Puc. 16-9. 3amblikaHue LuKna B NepBoii U3 npea-
NOXEHHbIX cxeM. Korga Kpe6c o6Hapyxun, 4to
nupyBaT U oKcanoaleTaT B3auMOAEACTBYIOT C 06-
pasoBaHMeM uuTpaTa (peakuuu Ha KpacHOM (hOHe),
TO CTaNo ACHO, YTO NOCNeAoBaTeNbHOCTb peak-
LWiA UMeeT uuknuyeckunii xapaktep. O6paTuTe
BHWMaHMe, YTO CyKLWHAT HakannMBaeTcs npu ma-
noHaTHOM 6n0Ke, Korja nupysaT M okcanoaueTtaT
OKMCNATCA Yepe3 LuTpar.

OnucaHHble BbIWE MPOCTbie 3KCMEpU-
MEHTbI, @ TaKXe /IOrMYeckne paccyXpaeHuns
nossonunm Kpebcy BbicKasaTb Npeanono-
XKEHWE, YTO LMKN, KOTOPbI OH Ha3Ban Uu-
KNOM  AMMOHHOM  KWCNOTHI,  ABAseTCA
rNaBHbIM NYTeM OKWUC/IEHUS YI/1eBOJ0B
B MbllLe. 3a rogbl, npowejwine co Bpe-
MEHU OTKPbITUS 3TOFO LMK, BbIACHWUIOCH,
YTO OH CYLLECTBYET He TO/IbKO B MbILWILAX.
LLIMKn NUMMOHHOW  KUCNOTbl  06GHapyXXeH
NPakTUYeCKN BO BCEX TKaHAX BbICLUUX XKU-
BOTHbIX U PacTEHWA U Yy MHOTUX a3p06HbIX
MWKPOOPraHW3MoB. 3a 3TO Ba)KHOe OTKpPbI-
Tne Kpebe 6bin ygoctoeH B 1953 r. Hobe-
NEBCKOW MNpemMuun, KOTOPYH OH pasfenunn
¢ ®puuem SinnmMaHom, «oTuom» ATP-uu-
kna (pasg. 14.7).

LLMKn NMMOHHOW KWUCNOTbl Ha3biBalT
TaKXXe UWKNOM TPUKapOOHOBLIX KWUCNOT
37O BTOpPOE Has3BaHWe MOSBM/IOCH B CBA3K
C TEM, UTO B TEYEHWNE HECKONIbKNX NET mocne
TOro, kKak Kpebc mocTtynmpoBan CyuiecTBO-
BaHWe LKA, He ObI/I0 MOMHOM YBEPEHHOCTU
B TOM, Kakasi MMEHHO M3 TpUKapb6OHOBbIX
KWCNOT (TMMOHHAa UAW, Hanpumep, U30Mun-
MOHHas) ABNSETCA MNEPBbIM MNPOAYKTOM
KOHJEHcauMmn nupyBsaTa C 0OKcanoaleTaToM.
JTa HeonpeaeneHHOCTb, Kak Mbl YBUAWUM
HWXe, Tenepb ycTpaHeHa. B HacToswee Bpe-
M$ TOYHO M3BECTHO, YTO MEPBOW U3 TpUKap-
6OHOBbLIX KWUC/MOT 06pa3yeTcsa WMMEHHO -
MOHHas kucnota. lMo3aTomy nydlle BCero
HasblBaTb AaHHbIA MeTabonmyeckunii nyTb
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Puc. 16-10. doTorpadus capa MaHca Kpebea,
cAlenaHHas o cny4ar ero BOCbMUAECATUIETUA

B aBrycte 1980 r. Kpe6c poagunca B FepmaHumn

1 TaMm Xe Monyyunn MefuLUHCKOe obpasoBaHue.

C 1926 no 1930 r. pabotan B BepanHe ¢ OTTO
Bap6yprom, KoTopblii caM 6bl1 O4HUM U3 OCHOBO-
NONOXHWKOB COBPEMEHHOW 6uoxumun. B 1932 r.,
BbIMO/HAR 06A3aHHOCTWN acCUCTEHTa Ha MeAWNLUH-
CKOM thakynbTeTe ®Ppelibyprckoro yHuBepcutera,
Kpe6c COBMECTHO C OfJHUM M3 CTY/IeHTOB (a-
KynbTeTa KypTom XeHcelinaiitom paspa6oTan
cXemy MOCTY/IMPOBAHHOTO UMW LiUKNa MOYEBUHBI
(rn. 19). B 1933 r. Kpebc amurpupoBan B AHMNUIO
1 Hayan pabotatb B KeM6pMAXKCKOM YyHUBEPCK-
TeTe. Mo3xe oH nepewen B LWeddunacknit
YHWUBEPCUTET, r4e UM 1 6bina BbIMONHEHA 60/1b-
lwas 4YacTb paboT No LMKNY NUMOHHON KUCNOTbI.
B 1954 r. OH BO3rnaBun GMOXUMUYECKNIA (aKyb-
TeT B Okcopgae. Mocne yxoga ¢ 3Toro nocra

B 1967 r. Kpe6c BHOBb LLeNMKOM NOCBATUN cebA
nccnepoBatenbCckoil paboTe Ha MeAWLMHCKOM (ha-
KynbTete B Okchope. OH 3aHANCA U3YyUEHUEM
OVUHAMUKKU v perynauun metabonusma v pabotan
3[leCb O4eHb aKTUBHO BMECTE C HECKONbKUMU
COTPYAHMKAMMN BNNOTb A0 CBOEW CMEPTW B HONG-
pe 1981 r. Kpe6bc yacTo BbiCTynan ¢ NeKLunamMu

B YHMBEPCUTETax BCEro Mupa, U NeKummn ero
nonb3oBanuch 60bLOK NONYNAPHOCTbIO. OTKPbI-
Te LuKNa IMMOHHOW KUCNOTbl CUUTAeTCH OAHUM
13 BaXHeNLWNUX B UCTOpUKN GUoxumun metabo-
nmsma.

UMKAOM NIMMOHHOW KUCAOTbI WAX NPOCTO
umknom Kpeb6ea.

KO pkuH KeHHeam n AnbbepT JIeHUHOXep
nokasanu no3fAHee, YTO BCE peakuuu uukna
NUMOHHON KUCNOTbl MPOTEKAT B MUTO-
XOHAPUAX XUBOTHbIX KNeTok. B unsonupo-
BaHHbIX MUTOXOHAPUAX MEYEHW KPbIChI
(pa3g. 2.8) 6bInM 06HapyXeHbl He TObKO
BCe (DEPMEHTBbI U KO(epMeHTbl UMKna un-
MOHHO KWUCNOTHI; 3[eCb e, KaK BbICHU-
NoCb, NOKanM3oBaHbl Bce GepMeHTbl 1 6en-

BHynpeHHAs MembpaHa

AKoOHUTa3a
CyKuunHaTgerngporeHasa

Llenn nepeHoca 31eKTPOHOB

MaTpuke
LinTpaTt-cnHTa3a
MN3ounTtpatperngporeHasa
a-KeTornyTapaTtgerngporeHasHblii Komnnekc
CykumHun-Co A-cuHTteTasa

hymapasa
ManatgerngporeHasa
MupyBaTAerugporeHasHblii Komnnekc

Puc. 16-11. Jlokanusayus epMeHTOB LMKNa Nn-
MOHHOW KWNCNOTbl B MUTOXOHAPUSX.

K1, KOTOpble TpebywTca ANA nocnefHei
cTaguun AblxaHusa, T.e. 4N MepeHoca afek-
TPOHOB W OKWUCAUTENbHOIO hocgopunmpo-
BaHUA. MMO3TOMY MUTOXOHAPUU C MOJHbLIM
NMPaBOM Ha3blBalOT «CWUIOBbIMU CTaHLUSA-
MU» KneTkn. Ha puc. 16-11 nokasaHo, Kak
pasmelleHbl B MUTOXOHAPUAX (DEPMEHTHI,
KaTanmsnpylolime peakumym uUMKIa NUMOH-
HOW KWCNOTHI.

16.5. LLMKA NMMOHHOIA KWUCNOThI
BK/IlOYaeT BOCEMb CTaguii

PaccmoTpuM Tenepb BOCeMb NOCnefoBa-
TeNbHbIX CTaguii UWKNa NUMOHHOW Kuc-
NoThbl, yaenssa oco6oe BHUMaHME TeEM XUMU-
YeCKUM MpeBpaLieHnsM, B pe3yfibTaTe KO-
TOpbIX aueTunbHaa rpynna aueTun-CoA
nepecTpavBaeTcs U B KOHEYHOM CYeTe pac-
nagaetca ¢ o6pasosaHnem CO2 n aToMOB
BOAOPO/a, yNaBnuBaeMbIX B popMe BOCCTA-
HOB/IEHHbIX  KohepMeHTOB NADH n
FADH2.Ha puc. 16-12 n 16-13 npuBegeHsbl
cbanaHcMpoBaHHble YypaBHEHWA peakunii
LMKNa W nokasaHa CTPYKTypa MpoMexy-
TOYHbIX MPOAYKTOB.
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a. KoHpeHcaunsa aueTmun-CoA
C OoKcanoaueTaTOM NpuUBOAUT
K o6pasoBaHnil uuTpaTa

MepBas peakuus unkna, katanusmpyemas
UUTpaT-CUHTAa30i, npeacTaBnseTr coboi
KOHAeHcauuio auetmn-CoA un okcanoaueTta-
Ta, B pe3ynbTaTe KOTOpoil o6pa3yeTca uu-
Tpat (puc. 16-12). B 3Toi peakuyun Mme-
TanbHbIA yrnepog aueTUNbHOW rpynnbl
auetnn-CoA cBA3bIBaeTCA C KAPpOOHUMBHON
rpynnoi okcanoaueTara; OLHOBPEMEHHO
pacuiennsetcs TMO3MpHasa CBA3b U BbICBO-
6oxpgaetca KogepmeHT A:

Auetun-S-CoA + Okcanoauerar +

Lintpar-cuHTasa

+ H20 -+ LUunTtpar +
+ COA-SH + H+

AGO = —7,7 kKkan/monsb.

PaBHOBecue 3TOl peakuuu B KMeTKe NO
60nblUeidl YacTu CUIbHO CABWHYTO BMPaBo,
0 YeM CBMAETENbLCTBYET XapakTepusytoLas
ee 0Oonbwas oTpuuLaTENbHas  BeMYMHA
CTaHAapTHOW CBOGOAHOW 3Hepruu rugpo-
nusa. BbicBob6oamswnitics CoA-SH moxeT
Tenepb NPUHATL y4yacTue B OKUCAUTENIbHOM
[eKkapboKCUIMPOBaHUM HOBOW MOJIEKYbI
nupysaTta n o6pa3oBaTb HOBYK MOJMIEKYNy
auetmn-CoA, cnocobHyt0 BCTYNUTb B LMK
MonaralT, 4YTO MPOMEXYTOUYHLIM NPOAYK-
TOM B LUUTPaT-CMHTa3HOW peakuuu sBnseT-
ca untpun-CoA. OH o6pasyeTcd B aKTUB-
HOM LeHTpe hepmMeHTa 1 6bICTPO TUAPONN-
3yeTcs, nocne 4yero coboaHblii CoA-SH
M uuTpaT OTAENATCA OT aKTUBHOIO LEH-
Tpa.

Liutpar-cuHTasa NpuHagnexuT K uucny
perynaTopHbiX PEPMEHTOB; B KNeTKaxX MHO-
rmx TWUMOB KaTanu3npyemas ew peakuus
NMMUTUPYET OOLYI0 CKOPOCTb LUKNa nun-
MOHHOI KWCNOTbI.

6. LluTpaT npespauwaeTcs
B M30UMTpPaT uYepe3 LUC-aKOHNTAT

®epMeHT  aKkoHMTasa  Katanusupyet
06paTUMOoe MnpeBpalleHMe LMTpaTa B U30-
uaTpaT. B KauecTBe MPOMEXYTOYHOrO

npoAykTa (B HOpMe He 0TAeNsoLlerocs oT
aKTUBHOTO LeHTpa (epmeHTa) o6GpasyeTcs

HD -
LinTpat-
CMHTa3a

HO—

+H,0

AKoHuTa3sa
Fe2+

C—S—CoA Auetun-CoA
|

CH3

+

?
C—COO-

OkcanoaveraT
CH,

COO-

COA-SH + H+

C00-
&,
C—COO0- LinTpat
CH2
CIOO—
-H,0
COO-
C!HZ

| coo-

«uc-AKoHuTaT
(cBA3aHHbIN €
(hepmMeHTOM)

CH

|
Coo-

H,0||+H,0

H—

HO—C—H

MN3ountpargernapo-
reHasa
Mg2+

COO-

|
CH2

C—COO-
I N3ouutpat

|
Coo-

aNAD” (NADP+)

>NADH (NADPH)

CH2 a-KeTornyrapat

c=o0
|
Ccoo-

Puc. 16-12. MepBble YeTbipe peakuun Lukna nu-
MOHHOM KMCNOTbl. MpuUBeAeHbl YpaBHEHUs MOHO-
ro XMMUYEcKoro GanaHca.
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COO-
CIHZ
CH2 a-KeTtornyTapart
c=0
CIOO-
,CoA-SH
a-KeTornyTtapar-

LernaporeHasHblii
KOMMeKc

Mg2+
C0O-
CIHZ
CH2 CykunHun-Co A
C—S- -CoA

Cykuuuun-Co A- -GDP + P,
CUHTeTasa *GTP
*CoA-SH
COoo’
(,!HZ CyKumnHat
|
CH2
COO-
-E—FAD
- E—FADHs

CyKuwnHate-
rngpopeHasa

COO-
| dymapar
CH ymap

1
HC

|
coo-

®ymapaza “H-0lITH.0
coo"
Ho -d—H
CIHZ L-manat
COo0—~
NAD+
NADH + H

L-manar -
fernaporeHasa

COO’

|
c=0
| Okcanoavetat
CH2

COO-

Puc. 16-13. OcTa/bHble peakuuu LuKNa NTMMOH-
HOIl KNCNOTbI (NpefLuecTBytoLMe CTagnn CM. Ha
puc. 16-12).

npv aToM TpukKapb6oHoBas "MC-aKOHUTOBASA
kucnota (puc. 16-12). AKoHuTas3a KaTanu-
3upyeT o6patumoe npucoeguHeHme H20 no
[BOWHOW cBf3M i"uc-akoHMTaTa (KOTOPbI
npucoesuHeH K (hepMeHTy) ABYMS pasHbIMU
cnocobamun: B OfHOM Ciyvae obpasyeTcs
uMTpaT, a B Apyrom-usouuTpar:
-H 2

LUunTpat _ [t/mc-AkoHuTart]
H 20
+ H,0
M3ouuTpar
-H 20

XoTa B paBHOBecHoli cmecu npu pH 7,4
n 25°C cofepxxaHue wnsoumTpaTta cocTa-
BNndeT MeHee 10%, B K/eTKe 3Ta peakuus
NMPOTEKaeT c/fieBa Hanpaso, NOCKO/IbKY Npo-
OYKT peakuuu, usoumtpat, 6bICTPO BOBAE-
KaeTcs B nocnefytouimne ctagum unkna. Ako-
HWTa3a-f0BOMbHO CAOXHbIV hepmMeHT. OH
COLlePXXUT >Kene3o U KucnoTonabusbHble
aToOMbl Cepbl, CrPYNMNUPOBaHHbIE B TaK Ha-
3blBaeMblii Xene3o-CcepHbIii LeHTp
(pa3g. 17.8). ToyHas (pyHKUMA 3TOro Xene-
30-CEPHOTO UeHTpa (KOTOpbIA npepcTa-
BnseT coboi, kKak nonaratT, npocTeTuye-
CKYI0 rpynny epmMeHTa) Nnoka He M3BEeCTHa.

B. M3ouuTpaT gerugpupyeTtcs
c obpasoBaHuem
cu-keTornytapata n C02

Ha cnepytouleil ctaguu unkna nsoumntpat
ferngpupyetcs c obpasoBaHMeM a-KeTorny-
TapaTta u CO2 (puc. 16-12) nog pelicTBuem
n3ounTpaTaernaporeHassbl. CyuiecTByeT
fiBa TMna MsoumTpaTAernjporeHasbl: OfuH
MCMoMb3yeT B KaYeCcTBE aKLenTopa 3/eKTpo-
HOB NAD +, a pgpyroii-NADP+.
B ocTanbHOM e CyMMapHble peakuuu, Ka-
Tanusnpyemblie u3oUUTPaTAerMaporeHasa-
MW 3TUX ABYX TUMOB, UAEHTUYHbI:

M3ouutpatr + NAD+ (NADP+) ->
-* a-Kertornytapat + CO2 +
+ NADH (NADPH) + H+

AGO0' = —5,0 kkan/mons.

B mMutoxoHfpuax cofepxatca usouunTpat-
perngporeHassl 06oux Tunos, NAD-3aBu-
cumas u NADP-3aBucvMmas; nepsblid TUN
BCTpPeYaeTca TO/MIbKO B MWUTOXOHAPUSAX,
a BTOPOW 06Hapy>XMBaeTCA Kak B MUTOXOH-
ApusAX, Tak U B UMTO30/e. B uukie NUMOH-
HO KWCNOTbI, OYEBMAHO, MPUHUMAIOT yua-
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cTne o06a MUTOXOHAPUANbHLIX (epMeHTa,
Ho npeo6nagaet NAD-3aBucumas usouu-
TpaTgerngporeHasa. [na ee AeiicTBua He-
06x0aMMbl MOHBI Mg24 unm Mn2*, a Tak-
e ee MONOXUTeNbHbIA mMoaynatop ADP,
B OTCYTCTBME KOTOPOTo (DepMeHT npakTuye-
CKW He MposBnAdeT aKTUBHOCTWU. Hanuuwue
B MUTOXOHAPMAX u3ouUTpaTaerugpore-
Ha3bl 4BYX TUMOB, BO3MOXHO, CBA3aHO C pe-
rynayuein uukna.

r. n-KerornyrapaT OKucnseTcs
fo cykuumHuTa um CO02

Ha cnegytoweil ctagum UmMKna npomcxo-
OUT OKMCNIUTENbHOE fekapboKcunmposaHue
a-Ketornytaparta C 0o6pasoBaHMeM CYKLW-
nun-CoA n CO2 (puc. 16-13), kaTanmsmpye-
moe a.-KeTornyTapaTAeri)poreHasmbim
KOMMNNEKCOM. Peakuus ONUCbIBAETCA Yypas-
HeHnem

a-Ketornytapatr + NAD4 + CoA *»
** CykuymHun-CoA + CO2 + NADH.

O6paTuTe BHMMaHWe, 4TO 3Ta peakuus
NpakTUYeCcKN WAEeHTUYHA NUpyBaTAErnapo-
reHasHoW peakuuu, 0 KOTOPOW Mbl FOBOPY-
NN BbiWwe; B 060UX cny4vasx peyb upget o6
OKMC/IEHUN a-KeTOKMUCNOTbl, CONPOBOXjato-
wemca yTpatoil Kap6OKCWABbHOW rpynnbl
B Buge CO2. N no cTpyKType, U No (yHK-
L a-KetorfnyTapaTAermapoTeHasHblii
KOMM/IEKC OYeHb HanmoMWHaeT nupysaTje-
rmaporeHasHblli Komnaekc. OH COCTOWT W3
rpex (hepMeHTOB, aHallOrTUYHbIX Tpem dep-
MEeHTaM  HUpyBaTAerniporeHasHon  cu-
CTEMbI, W BKNOYaeT TakKXe CBA3aHHbIe
C (hepMeHTaMU KO(aKTOPbl: TUaMUHNUPO-
tocatr, Mg2+, kogepmeHT A, NAD +,
FAD u nunoesyto kucnoty. EcTb, ogHako,
N BaXXHOe pasfinuyue: a-Ketornyrtapartgéru-
fporenasHas CcuUCTeMa HEe WMeeT CTOo/b
CNOXHOr0 MexaHuW3Ma perynsuum, Kakoi
XapakTepeH A4 nupyBaTAernaporeHasHo-
ro Kommnnekca.

4. lMpespauieHne cykuymHun-CoA
B CyKUMHAT

CykumHmun-CoA, npoayKT npeabiayuei
CTafun HWKNa, npefcTaBnseT coboli BbICO-
KO3HepreTUyeckoe coefuHeHue. [uaponus
ero TMO3(MPHON CBA3W, FaK Xe Kak 1 rngpo-

nun3 auetnn-CoA, xapakTtepusyetcs 60/b-
WOV OTpMLATENbHON BENUYUHOW W3MeHe-
HWA CTaH4apTHON CBOBGOAHON 3Hepruu.

Cykununn-S-CoA + H O *m
-» CykuyumHat + COA-SH + H'
ACO' =s —8,0 KKan/Mmonb.

B kneTke, 0AHaKo, OTWeNneHWe ocTaTka
COA npoucxoauT He MyTeM MNpOCTOro ru-
[Lponun3a, NOTOMY 4TO TakKoW MyTb O3Hayan
6bl pacTpauuMBaHWe CBOOGOAHOW 3Hepruu
BNYCTY0. Pa3pbiB TMO3I(UPHOWA CBA3K 34ecb
COMPSXKEH C peakumeil, B Xof4e KOTOPOI npo-
MCXOAMT 3anacaHue aHepruun c gochopmnu-
poBaHueM ryaHosnHaudgocgara (GDP) po
ryaHosuHtpudocgara (Cil P» (puc. 16-13):

CykumHun-S-CoA 4 P, +
M inm

+ GDP -» CykumHat + GTP +
+ CoA-SH
AGO' = —0.7 KKan Mofb.

YyacTBylOWMA B 3TON peakumn GepmeHT
cyKunHnn-CoA—cuHTteTasa Karanmsumpyer
obpa3oBaHume  cB06OAHOrO CyKLMHaTa
N OfHOBPEMEHHO C 3TUM - o6pa3oBaHue
KOHL,eBOI BbICOKO3HEPreTnYeckon docdar-
Holi rpynnel GTP u3 GDP n P, 3a cueT cBo-
60[HOI 3Hepruii, BbIcBOBOXAarOLLECA MpK
pacuwenneHuy cykumHun-CoA. Y aToil peak-
LuMKn,  CONpoBOXAarolieica  3anacaHuem
3Heprun, ecTb MNPOMEXYTOYHbIA 3Tan, BO
BpEMS KOTOPOro npoucxoaut dochopunu-
poBaHMe caMOil MOfieKy/abl (hepmeHTa Mo
OAHOMY W3 TUCTUAMHOBbLIX OCTAaTKOB B €ro
aKTUBHOM LeHTpe. VIMeHHO 6orartas 3Hep-
rmeil ocgaTHaa rpynna, Yy4acTBylowias
B 3TOM (hOoCHOpUNNpPOBaHUU, U MEPEHOCUT-
cd Ha GDP c obpasoBaHmem GTP. Conps-
XXeHHoe obpasoBaHne GTP 3a cueT aHeprum,
BbIAENAOLWEACA Npu OKMCAM TelbHOM oc-
(hopunmpoBaHUmM a-kKetornyrtaparta. Mpea-
CTaBnseT coboii ewe oanH npumep ocgo-
punupoBaHMs  Ha  YpoBHe  cybcTparTa.
BCNOMHMM, 4YTO Ham yXKe 3HaKOM OfVH Npwu-
Mep  dochopunnposaHns  3Toro  Tuna,
a MMEHHO COMpsXKeHHbIi cuHTe3 ATP 3a
CYET 3Hepruu, BbifenstoLeincs npm okucne-
HUM ravuepansferng-3-gocdata B Xofe
rnukonusa (pasg. 15.7.6). Mopo6Hble peak-
UMM MPUHATO HasblBaTb (ochopunnpoBa-
HWeM Ha ypoBHe cy6cTparta, MOTOMY 4TO UC-



[Tl 16 yMKN NUMOHHOW KWUCNOTbI 489

TOYHUKOM HEO6X0AMMON 3IHEPTUM CAYXMUT
N5 HAX OKUCMIEHWe OfLHOr0 W3 opraHuue-
ckmx cybeTpatoB. O6beAnHAS peakunn 3To-
ro Tuna nofj o6wum HasBaHWEM, Mbl Tem
caMbiM 0T/M4aeM WX OT OKUCIUTENBHOIO
thocchopu. LLpOBANYSA. COMpPSXXEHHOTO C Nepe-
HOCOM 3N1eKTPOHOB (ero HasbiBalT TaKxe
thocchoprAMpoBLULLEM B AbIXaTeNbHON Menw:
rn. 17).

GTP, o6pasoBaBwuiics noj AeicTBuem
CYKUMHUN-COA CMHTeTaubl. MOXET 3aTeM
nepefaBaTb CBOK KOHLUEBYH (octaTHyto
rpynny Ha ADP ¢ o6pa3oBaHuem ATP; aTa
obpaTumas peakuus KaTanuaupyetca Hy-
K.reosug-gudpocaT-knuasoin (pasa. 14.18)

My<

GTP + ADP p GDP f ATP

AGO0 = 0,0 kkan/monb.

e. JerngpuposaHue cywmuHaTa
c obpasoBaHuem gymapuTa

Ha cnegytoulei cTaguu uukna
(puc. 16-13) cykyuHat, 06pa3oBaBlLniica U3
cykumHmun-CoA, Oerungpupyetca ¢ ob6paso-
BaHMeM \nwpaTa. 3Ta peakuna Katannsu-
pyetca (naBOMpPOTEUHOM CYKLMHATAErun-
[poreHasoli, MofieKyna KOTOpPOro cogep-
XWUT KOBANEHTHO CBfA3aHHbIA (nasuHage-
HUHOVHYKNeOTWA. 3Ta  MPOCTETMYecKas
rpynna, cnocobHass BOCCTaHaB/NUBATLCA,
CMY>XUT akuenTopoMm BoAOpoja B clieayto-
wen peakymnm (E o3HavaeT 3gecb ep-
MEHTHbI/ 6enoK):

FAD
FADH2.

CykumHat + E
-> ®ymapar + E

CykumHaTgerngporeHasa npoyHo cBA3aHa
C BHYTPEHHEA MWUTOXOHAPWANbHON MeM-
6paHoli. MonekynsipHaa macca (epmeHTa,
BbIJE/IEHHOr0 W3 MUTOXOHAPWUIA 6blubero
cepfua, pasHa npubnusmtensHo 100000
OfHa MONeKyna aToro hepmMeHTa CoAepXuT
OfMH O0CTaToK KOBaJeHTHO CBA3aHHOIO
FAD 1 p[ABa >ene3o-CepHbiX LeHTpa;
B OAHOM M3 3TUX LEHTPOB HaxofAaTca [Ba
atoMa efesa, a B [pYyroMm YeTblpe.
B cykuuHataerngporeHasHol peakuum atu
aToOMbl >Kenesa W3MEHAT CBOK BaleHT-
HocTb [Fe(ll) — Fe(lll)], n 3TO no3Bonser

cuYMTaTh, YTO OHM Y4YacTBYHT B MepeHOCce
anekTpoHos (rn. 17).

ManoHaT $BNAeTcs KOHKYPEHTHbIM WH-
rméuTopom CYKUMHaTAernaporeHassl
(pa3g. 9.13 v puc. 16-7); Bbllle Mbl OTMeYa-
NN, 4TO M3yYeHMe ero JeincTBUA B HEMAsON
Mepe Crnoco6CTBOBaNO BbIACHEHUIO 06Lel
CXEMbl LMKMa NUMOHHON KUCMOTHI.

SK. ®dymapaT rugpaTupyeTcs
c o6pa3oBaHMeM MaHaTa

Ob6paTtumas  rugpatauma  dymapara,
BC/leACTBME KOTOpOW o6pasyetca L-manat
(puc. 16-13)

®ymapar + H20 < L-manar
AGO ~ 0 Kkan/monb,
Katanusupyerca thymapaT-ruapaTasoi.

370T (hepmeHT, 60/1ee M3BECTHbIA MOf Ha-
3BaHueM (hymapasa, 6bin BblfeneH B Kpu-
CTaN/IM4eckom BuUAe M3 cepiua CBUHbU. Py-
mMapasa BblCOKOCMeunduuHa, oHa ruapatu-
pyeT TO/IbKO TPaHC-hopMy [BOWHON CBA3N
thymapara u He felicTByeT Ha ero i/uc-gpop-
My, @ TakXXe HU Ha LMC-, H1 Ha BA/3fKc-hopmy
MOHOKap6OHOBbIX HEHACbILLEHHbIX KUCMOT.
B o6paTHoit peakuun (L-manat ->
-> dymapat) (ymapasa npossaseT cneuu-
(DMYHOCTb B OTHOLUEHWWN OMTUYECKUX W30-
MepoB; OHa Hecrnocob6Ha KaTanu3nposaTtb
pernpgpatauymto D-manata. MonekynsapHas
macca dymapasbl paBHa NpubAN3NTENbHO
200 000. Monekyna (pepmMeHTa COCTOUT U3
YyeTbipex CyObeAuHUL, (4YeTbipex nonauHen-
TUAHbIX Leneid). KodepmeHT ansa gymapasbl
He TpebyeTcs.

3. ManaT perugpupyeTcs
c obpasoBaHMeM oKcanoaueTaTa

Ha nocnefHeil cTagum LMKNa TMMOHHOW
kucnotel NAD-3aBucumasa L-manatgeru-
fjporeHasa, cofiep>kallasaca B MaTpuKce Mu-
TOXOHAPWIA, KaTanusupyet Aerngpuposa-
Hue L-manata ¢ o6pasoBaHMeM OKcanoate-
Tata (puc. 16-13):

L-manat + NAD+

# Okcanoauerar + NADH + H’
AGO = +7,1 kkan/monsb.
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PaBHOBecue 3TON peakuWu npu CTaH-
LapTHbIX ycnoBuax (T.e. MpPU KOHLEHTpa-
UMax BCeX KOMMNOHeHTOB 1M wu pH 7,0)
CUNLHO CABWHYTO BEBO. TeM He MeHee
B MHTAKTHbIX KMeTKax peakuus ngeT cnesa
HanpaBo, MOTOMY 4YTO MPOAYKT 3TO peak-
umMmn, oOKcanoaueTaT, ObICTpO ypganseTcs
(pacxopyeTcs B LWTpaT-CUHTa3HON peak-
LUnn) 1 ero peanbHas KOHUEHTpaUus B KneT-
Ke 0CTaeTCsi BCE BpeM$ KpailHe HMW3KOM,
MeHbwe 10~6 M.

16.6. Obuwasa xapakKTepucTtmka
umkna

MTaK, Mbl 3aKOHYWAW OMucaHwe OfHOrO
060poTa UMKIa NMMOHHON KncnoTel. OfHa
aueTunbHasa rpynna, cogepxalas gsa ato-
Ma yrnepofa, BCTynaeT B LUK/, COEAUHAACH
C oKcanoauertatoMm. [lBa atoma yrnepoga
0CBOOOXAAOTCA MO 3aBEPLIEHUM LMKNa
B BU[e [BYOKWCYU Yrniepofa. B KoHue LuMKna
pereHepupyeTr ofHa MONEKyna okcanoate-
Tata. OT 4eTblpex MPOMEXYTOUHbLIX MpO-
OYKTOB LUMKNa B (epMeHTaTUBHbLIX peak-
UMAX AernapupoBaHna OTAENATCA YeTbipe
napbl aTomM0B BOAOpOAa. M3 HUX Tpu napsl
MCNONMb3YyTCA ONA BOCCTAaHOBNEHMUSA Tpex
monekyn NAD+ B NADH, a ogHa- gnd
BoccTaHoB/feHUAa FAD cykuuHaTaernapore-
Ha3bl B FADH,. YeTbipe napbl 3N1eKTPOHOB
0T 3TUX BOAOPOAHLIX aTOMOB MepefalTCcA
B LieMb MepeHoca 3/1eKTPOHOB U B KOHEYHOM
CuyeTe BOCCTaHaBNMBAOT fBe Monekynsl O 2
c obpasoBaHMeM 4YeTbipex Monekyn H20.
OTMeTuM, YTO ABa YrnepofHbIX aToma, no-
asnawowmecs B Buge CO2, at0 He Te
aTOMbl, KOTOpble BCTYNMWUIW B LUUKN B BUAe
aueTUNbHOW rpynnbl. [And Toro u4To6bI
yrnepofHbie aTtoMbl, BCTYMUBLUME B LMUKN
B COCTaBe aLeTW/bHOW Tpynnbl, BblAenu-
Nncb, HakoHel, B Buge CO2, TpebytoTcs f0-
NoJIHNTENbHbIE 060pPOTHI LUMKNa, Kak 3To
BUAHO M3 puc. 16-12 n 16-13.

B kayecTBe No60YHOro NPOAYyKTa LMKNa
obpasyetca ogHa monekyna ATP, cuHTe3u-
pyemas u3 ADP u doctata yepes GTP, uc-
TOYHUKOM KOTOPOr0O CAYXUT CYKLUUHWUN-
CoA-cnHTeTasHaa peakuus. B cnepytouweii
rnaee Mbl MO3HAKOMWUMCH C TEM, KaKum
06pa3omM ueTbipe Mapbl 371eKTPOHOB, OTAe-
NUBLIMECA OT 4YeTblpex nap BOLOPOAHbIX
aTOMOB B peakumnax gernipuposaHus, nepe-
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fJaloTcsa Mo Lenu nepeHoca 3/1eKTPOHOB Ha
MONIEKYNAPHBbIA KNCNOPOoA ¢ 06pasoBaHveM
H20. Xota B Kaxgom o6opoTe UuUMKNa
Kpebca obpa3yeTcs TONbKO OfHa MOneKyna
ATP, ueTblpe peakuun [ernapupoBaHng,
KOTOpble BK/lOYaeT 3TOT LMKA, cOo3fakoT
MOLLHbIA  NOTOK BbICOKOIHEPreTUYECKNX
3N1eKTPOHOB; 3TW 3/IEKTPOHbLI MOCTynawT
B 4blXaTeNbHYIO Lenb 1 Takum nytem obec-
MeynmBalT B KOHEYHOM cuyeTe o6pazoBaHue
6onbworo ymucna monekyn ATP B npouecce
OKWCNUTENIbHOTO hochopunnpoBaHna

(rn. 17).

16.7. B 4yem cmbiCn UUKNa
NMMOHHOM KMWCNIOThbI ?

Tenepb Mbl MOXEM 3aJaTb OfWNH BaXKHbIi
Bonpoc. Moyemy, cOGCTBEHHO, ANA OKKUCIe-
HWUA NPOCTON ABYXYr/NepPOAHONW aLeTu/bHOM
rpynnbl TpebyeTcsa CTO/b CAOXHbIA LMKN
C nocnepoBaTefibHbIM 06pa3oBaHMeM  Lie-
CTU-, NATU- N YETbIPEXYT/IEPOSHbLIX NpOMe-
XXYTOYHbIX MPoAYyKTOB? OTBET Ha 3TOT BO-
npoc cneayeTt UckaTb B HEKOTOPbIX 3aKOHO-
MEPHOCTAX OpPraHN4Yeckoin xmmun. Moneky-
Na YKCYCHOW KWCNOTbl NpU CBOWMX MasblX
pa3Mepax U OTHOCMTENbLHO MPOCTOM CTpOe-
HUWM OT/IMYAeTCA TEM He MeHee OfHOW 0CO-
6EHHOCTbIO, KOTOpPas COCTOUT B TOM, 4TO ee
MeTWNbHas rpynna BecbMa yCcTon4YMBa K Xu-
MUYECKOMY OKMCeHuto. [na npamoro
OKMCNeHunsa auetaTa 40 ABYX Mosiekyn CO2
He0bX0AUMbI OYEHb XKECTKME YC/0BUSA, CO-
BEPLUEHHO HEconoCTaBMMble C TEMU, Kakue
CyLlecTBYIOT B K/ieTkax. >XuBble K/I€TKM
B MpOLIECCE 3BOMOLMN HAyUYUIUCb WUCMOMb-
30BaTb XOTS M 06XOAHbINA, HO 3aTO 6Gonee
Nerkuii nyTb, AN KOTOPOro He TpebyeTcs
CTONb BbICOKOW CBOOGOLHOI 3HEPrum akTu-
Bauun. KneTkum Hayyumnucb nNpuCcoeanHATb
aueTat K Apyromy coeguHeHuto (okcanoa-
uetaTty) v nosyyatb Takum o6pas3om npo-
OYKT (UMTpaT), KOTOPbIA ropasgo nerue,
yem caMm aueTaT, MoAfaeTcs Aernpuposa-
HUK 1 fekapbokcunupoBaHuto. A xoTs He-
KOTOpble MeTabonmyeckne peakuum, B 4acT-
HocTM umkn Kpebca, KaxyTcs Ham Ha
nepBbIii B3rNsg ropasgo 60/1ee CNOXHbIMU,
4yeM 3TO Heo6XOAMMO, TEM He MeHee Mpu-
CTanbHOE M3y4YeHMe TaKUX CayvaeB C TOUKM
3pEHUA MPUHLMNOB, 3aN0XEHHbIX B Mexa-
HM3Max OpraHW4yeckux peakuuil, nokasbl-
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BaeT, YTO B KaX/OM U3 HUX M36paH Hambo-
nee NErkuit B XMMUYECKOM CMbICNE MyTb,
obecrneunBalOLWMii  AaHHOe MNpeBpaLieHue.

16.8. T1puMeHeHne U «u OHHbIX
MeTOAOB B W3YyYeHUN MNUK. M
NIMMOHHOW KWCAO0TbI

BnepBsble NpeAnoioXeHre 0 CyLLecTBOBa-
HUM UWKNA NIMMOHHOW KUCNOTbl GbINO Bbl-
CKa3aHO Ha OCHOBaHWM 3KCMNEepUMEeHTOB
C CYCMEH3UAMU WM3MEbYEHHON MbILUEYHOM
TKaHW. MMoapo6HO XOf MpeBpalleHWid Gbin
BbISICHEH MO3Xe C MOMOLbI0 BbICOKOOUU-
LEHHbIX MpenapaToB OTAE/bHbIX (epMeH-
TOB Uukna. MpeacTosno yCTaHOBUTh, Aeid-
CTBUTENBHO NN 3TN (DEPMEHTHI (YYHKLMOHK-
PYIOT B UHTAKTHbIX KJeTKax M [OCTaTo4Ha
NI CKOPOCTb 06paLleHns BELLECTB B LMKIe
JMMOHHOW KUCNOTbl, 4YTOGbI C €ro mno-
MOLL b0 MOXHO 6bI10 060CHOBATb CyMMap-
HYIO CKOPOCTb OKWC/IEHUSI TNIIOKO3bl B XU-
BOTHbIX TKaHsX. [71s monyyeHus oTBeTa Ha
3ru BONpOCHl 6bIM NPesnpUHSTbLI UCCeA0-
BaHWA C MeYeHbIMU MeTaboNnMTamMu, Taku-
MW, KakK MupyBaT WM auletaT, Y KOTOPbIX
onpefeneHHble aTOMbl Yr1epoja B MOJIEKy-
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ne 6bIAM MomeyeHbl M3oTonamm 13C unu
14C, C nomMoLbi0 M30TOMHbLIX METOLOB BO
MHOTUX CTPOrMX 3KCNEPUMEHTAxX ObiNn Mo-
NnyyeHbl y6eanTenbHble JOKa3aTeNbCTBa Kak
CaMoro CyLwecTBOBaHMA LMKNa NIMMOHHON
KWUCMIOTbl B MHTaKTHbLIX K/eTKax, Tak u ero
BbICOKOW aKTWBHOCTH.

HekoTopble  paHHWE  3KCMNEPUMEHTbI
C NPUMEHEHWEM W30TOMOB fanu, OAHAaKo,
HEOXW[aHHble pe3ynbTaTbl, NOPOAMBLIME
CepbesHylo MoSeMUKY O MyTAX U MeXaHW3-
MaxX OTAeNbHbIX peakuuii LuuKna NMMOHHOW
KNUCNOTbl. 3TW pesynbTaTbl CBUAETENLCTBO-
Ba/n, Kasanocb Obl, 0 TOM, YTO NMMOHHaA
KMCNoTa He ABNSeTCA NepBOW TpuKap6oHO-
BOW KMWCNOTOW, 06pasytoeiica B umkne. Co-
OTBETCTBEHHO W LMK/ CTanu HasblBaTb He

LUMKIOM JIMMOHHOM KWCNOTbI, a LMWK/IOM
TPUKApGOHOBLIX  KUCNOT  (COKpaLLeHHO
LTK). TMo3gHee, 04HaKo, 6GbiNO TBEPAO

yCTaHOB/IEHO, YTO B KayecTBe Nepsoro npo-
LyKTa KOHAeHcauum o6pa3yetcd WMMEHHO
NMMOHHaa kucnota. MogpobHoOCTH, Kacalo-
ueca aToro anusofa M3 UCTOPUM OTKPbI-
TWSA LMK TMMOHHOW KUCNOTbl, Mbl NPUBO-
AWM B fonofiHeHun 16-1.

[OononHeHune 16-1. [eAcCTBUTENbHO N1 MEPBOWA
M3 TPUKap6OHOBLIX KMUCNOT 06pasyeTcs B LuMK/e

NIMMOHHAsA Kucnorta?

Kak TonbKO cTanu JOCTYMNHbI cTabunbHbIl nsoton yrnepoga 13C u pa-

LWOAKTUBHbIE U30TONbl 3TOr0 anemeHta 1!1C u 14C, uccneposartenn cpasy
XKe BOCMO/b30BaNnCb UMW ANS TOTO, 4TO6bI MPOCNEANTL MYyTb aTOMOB Yyrne-
poja B LUMKNe NMMOHHON KUCNOTbl. B 04HOM M3 Takmx 3KCNepMMEHTOB, Mo-
NOXWBLUEM Hayano AUCKYCCUW O PO INMOHHOW KUCMOThI, aueTtaT, Me-
YeHHbI Mo yrnepogy kap6okcmnbHOW rpynnbl (CHAOO ), uHKy6upoBsa-
NN B a3P0O6HbLIX YCMOBUAX C CycneH3neild TkaHW. [MOCKONbKy aueTaT
B XXMBOTHbIX TKaHAX npesBpaliaetca (hepMeHTaTUBHbIM MyTeM B aueTus-
CoA (pa3f. 18.2), Takas nMocTaHOBKa OMbITa faBana BO3MOXHOCTb npoche-
OUTb NyTb KapbOKCUMbHOTO yrnepoda aueTwnbHON rpynnbl aueTun-CoA
B peakumax umukna. Mocne nHkyb6auny n3 npenapara TKaHW BbIAENNN a-Ke-
TOrNyTapoBYO KUCNOTY. Ee nofABeprnn paclenneHnto B 06bIYHbIX XUMUYe-
CKUX peakumsax, YTobbl yCTaAHOBUTbL MONOXEHWE METKW, NMepBOHaYarbHO Ha-
X0AuBLLElCA B KapbOKCUIBHOM rpynne aueTaTa. B pesynbTaTte KOHAeHca-
LMY HEMEYEHOrO OKcasoaleTarta C aLeTtaTom, MeYeHHbIM No Kapb6oKCcusb-
HOW rpynne, fo/KeH 6bln 06pa3oBaTbCA LMTPaT, MEYEHHbI TONbKO MO
OLHOW M3 ABYX CBOMX MNepPBMYHbIX KapboKcuabHbIX rpynn (puc. 1). Mo-
CKONbKY MONEKyna NMMOHHOI KMCNOTbl He 06n1agaeT aCMMMeTpHeid, T. e. He
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COZlEPXXUT acCMMMEeTPUYECKOro Yrnepo4HOro atoma, fiBe ee KOHLEeBble Kap-
GOKCUNbHbIE TPYMMbI XWUMUYECKN Hepasnuuumbl. CnefoBaTeNnbHO, OAHA Mo-
NIOBMHA MEeYeHbIX MOJIEKYN LMTpaTa, 06pa3oBaBLUMNXCA U3 MEYEHOrO aleTa-
Ta, [JO/MKHA 6bifa, Kas3anocb, fAaTb a-KeTorfyTapart, Hecyluii MeTKy
B a-Kap6oKCUALHOW rpynne, a Apyras NojoBUHA - a-KeTOrnyTapar ¢ MeT-
KOii B y-KapGOKCWUbHOW rpynmne; UHbIMU Cl0OBaMu, JO/KeH 6bln1 06paso-
BaThbCA a-KeTOr/NyTapaT, HeCyLuii MeTKy B 06eMX Kap6OoKCU/IbHbIX Fpymnnax.

*coo-
<b,
HO- -COO- .
MeueHblii LnTpaT
CH,
C00-
HO—CH CH,

Puc. 1 BkKnoyeHne MeyeHOro atoma yrnepoga
COO- @UeTUNbHOM rpynnbl B a-KeTOrNyTapoByH KUCNO-
Ty B LUMKNe NUMOHHOI KUcnoTbl. Monekyna nu-
MOHHOW KWCNOTbl, 06pasytoleiica B LUTpaT-CUH-
o<| 0- *C(30- Ta3HOI peakuun, He COAEPXMUT XUPanbHOro LieHT-
pa (T.e. acuMMeTpuyeckoro atoma yrnepoga). lo-

y yH, Crepyet oxugats (It=O 3TOMY CNejoBao OKMAATS, 4TO U3 Hee BYAyT
aCH, 06pasoBaHms «CH. noflyuaTbCsl ABA PasHbIX BUAa MeueHOi a-KeTo-
ABYX hOPM MeueHoro TNYTapoBoVi KMCAOTbI, KaK MOKA3AHO Ha PUCYHKE.
ac=0 a*KeTornyTapata y™, B AefcTBUTENbHOCTM e 06pasyeTcs Auilb TOT
| BMA, K KOTOPOMY BefileT NyTb 1, T.e. a-KeTo-
COO- COO"  rnytapat, MeueHHbIi N0 Y-KapGOKCUALHOI Fpyn-
ObpasyeTcs TOMbKO ne. YrnepoAHble aToMbl aLeTUAbHOW Fpynnbl,
3TOT MPOAYKT BK/IOUNBLLEICA B LMKN, BblAENEHBI KPACHbIM.

OAHaKo, BOMPEKN OXMAAHWIO, 0Ka3anocCb, YTO BbIfENEHHbI U3 TKaHEBOW
CyCNeH3nn a-KeTorfnyTapar COAEPXWUT MeTKy TONbKO B OAHON Yy-Kap6ok-
cunbHoW rpynne (puc. 1). Ha ocHOBaHMM 3TOr0 6bIN0O CAENaHO 3aK/oYeHwe,
4YTO HM cCama IMMOHHAA KUCN0Ta, HU Kakoe-nnbo Apyroe CoefjuHeHne ¢ CUM-
MeTPUYECKUMU MONEKYNAMUN HE MOXET ObITb MPOMEXYTOUYHbBIM MPOLYKTOM
Ha NyTW OT aueTarta K a-Ketornyraparty. bbiio BbICKa3aHO MpeAnonoxeHune,
4yTO MepBbIM NPOAYKTOM KOHAeHcaLun aleTata c oKcanoaLeTaTom ABNAeT-
CA He NMMOHHAA, a Kakasa-To acMMMeTpuyeckas TpMKapboHOBas KUCNOTa,
no-BMAUMOMY tyuc-aKkOHMTOBAA MAWM M30AUMOHHaA. 3-3a 3Toro 66110 M3-
MEHEHO W Ha3BaHWe LMKNa-ero crain HasbiBaTb LMK/IOM TPUKApOOHOBbIX
KNCOT.

OpHako B 1948 r. A. OrcToH, 6MoxumMnk n3 OKCHOpPACKOro yHUBEpCUTe-
Ta, yKasan, 4To X0TA MO/eKyfna MMMOHHOW KUCAOTbl U HE COAEPXUT acuMm-
MEeTPMYecKOro aTtoma yrnepoja, oHa TeEM He MeHee MOXeT BecTu Ceba Kak
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aCMMMETPUYECKOe COefIMHEHNE, ECNN aTaKYOW NIt ee (hepMeHT UMeeT acuM-
MeTPUYECKNIA aKTUBHbIA LeHTP. OTCTOH MPeAnonoXun, 4to B aKTUBHOM
LeHTpe akoHUTasbl (hepMeHTa, AeCTBYIOLLEN0 HA HOBOOGPa30BaHHbIN LUW-
TpaT) MMerTCA TPXU TOYKM ANS CBA3bIBAHWA MONEKYNbl LMTpaTa U 4To 3Ta
MOJNieKyna MPUCOeANHAETCA K aKTUBHOMY LEHTpY (epMeHTa cneuudguye-
CKMM 06pa3oM B Tpex 3TUX TOYKax cpasy. Kak BUAHO U3 puc. 2, npucoeu-
HeHWe MONeKynbl LMTpaTa K TPeM TOYKaM MOXeT peann3oBaTbCs TO/bKO
OLHVWM-eAUHCTBEHHbLIM MYTEM, U 3TO 06BLACHAET HaM, NMOYeMy MeTKa 06Ha-
PY>XWBaeTCs TONbKO B OAHOW M3 ABYX KapBOKCWbHbLIX Tpynmn a-KeTornyTta-

paTa.

CH,CO0-

| ATakyemas
cBS3b

HO | CH.COO-

3Ta CBA3b MOXET 3aHsATb
MpaBWNbHOE NONOXKeHVE
-1 (hepMeHT ee aTakyet

B OTacBfisb He MOXeT 3aHsT £
npaBWIbHOE MONOXeHNe
M NOTOMY He aTakyeTcs )
(2
AKTVBHBIV LEHTP C
/KoMMneMeHTapHbIMM

CBA3bIBAOLWMN
TOYKamu

Puc. 2. JIUMOHHAsA KMCNOTa OTHOCUTCA K NPOXU-
panbHbIM COeAMHEHMAM. DTO ee CBONCTBO MpoLye
BCEro 06bLACHWUTL, NpefcTaBus cebe, YTO MoONEKyna
NUMOHHON KUCNOTbl NPUCOEANHAETCH K aKTUBHO-
MY LeHTpY hepMeHTa akoHMUTa3bl cneyntnyeckum
o6pa3om B Tpex Toukax. XOTd B 3TOii mMonekyne
HeT aCMMMETPUYECKOro atoma yrinepoja, Tpu pas-
JINYHBIX 3aMecTUTEeNA NPU ee LeHTPanbHOM yrie-
pOAHOM aTOMe MOTYT MPUCOEAUHATLCA K KOMMe-
MEeHTapHbIM Fpynnam akTUBHOMO LEHTpa (pepmeH-
Ta TONbKO OAHUM-€ANHCTBEHHbLIM CMOCO6OM.

A. CTpyKTypa AMMOHHOI KucnoTbl. 6. CxemaTu-
yeckoe M306paxKeHne MONeKybl TMMOHHON Kucno-
Tbl: X= - OH,Y = - COO", Z=

= —CH2COO~. B. lNpaBuibHas KoMnaemeHTap-
Has «NOArOHKa» MONeKybl MIMMOHHON KMCNOTbI

K CBA3bIBalOLEMY YYacTKy (aKTUBHOMY LEHTPY)
aKoHuUTasbl. CyllecTBYeT TONbKO OfMH CNoco6
NPUCOeANHEHNA TPeX cneuynpuyecknx rpynn am-
MOHHOW KMCNOTbI K TPEM CBf3bIBAIOLLUM TOYKaM
aKTWBHOIO LieHTpa akoHUTasbl. [103TOMY aKOHU-
Tasa MOXEeT B3aWMO/eiicTBOBaTb TONbKO C OAHOIA
13 ABYX rpynmn, a UMeHHo ¢ rpynnoi-CH2COO _.

OpraHnyeckune cCoeiUHEHMNA, He UMetoLL e B cBoell MOeKYyie XnpaabHOro
LUEeHTpa, HO NOTeHUMNanbHO CMoco6HbIe B3aVIMO,lJ,eVICTBOBaTb C aCuMmMeTpun-
YECKMMUN aKTUBHbIMUW LEHTPaAMMU (*)EpMeHTa KaK aCUMMETpUYeCKne coeamnHe-
HUA, Ha3blBaOTCA NPOXUPasibHbIMW.

16.9. lNpeBpaweHre nupysaTta
B auetun-CoA perynumpyertcs

M3 rn. 15 mbl 3HaeM, YTO CKOpPOCTb [/inN-
KONn3a perynMpyercsd Ha [BYX YPOBHSX.
B nepByto ouyepedb perynupyercs, Kak Mbl
BUAENN, caMa nojava «TONAuBa» ANA ran-
Konn3a. B aToli perynayum yyacTBylOT fiBa
perynaTopHbiX (epmMeHTa, KOHTPONUpPYIO-
WKUX BXOXAEHME THOKO3bl B MOCNefoBa-
TENbHOCTb  TNIMKONNTUYECKUX  peakuuii,—
reKcokuHasa, Katanusupytouias gocgopu-
nuposaHue D-rnoko3bl ¢ o6paszoBaHueM
rNKo30-6-pocgarta, U rankoreH-gpochopm-
nasa, KatanuMampyrouias nepeblii 3Tan obpa-
30BaHMA T/1I0K030-6-(hocdaTta U3 rnmkore-
Ha. CKOpPOCTb LMKIa NMMOHHOW KUCAOTbI

perynupyeTtca TakxXe Mpexje BCero 3a cyet
CKOpoCTM o06pasoBaHusA «TonnuBa» ANA
3TOr0 UMKIa. DTUM «TOMNAUBOM» SABNAETCH
auetun-CoA, obpasyloLwminca npu okucne-
HUW nupyBaTa W XUPHbIX KucnoT (rn. 18).
Ha puc. 16-14 nokasaHo, KakK peakuus
o6pasosaHua auetun-CoA, kaTanusupye-
mMasg nupysaTAernfporeHasHbiM KOMIIeK-
COM, PETYNINPYETCA B XXMBOTHbIX TKaHAX Mpu
MOMOLLM KOBaNeHTHON Mogudukauum aTo-
ro komnnekca (pass. 9.22). Korga KoHLUeH-
Tpauma ATP B MUTOXOHAPUAX OTHOCUTENL-
HO Benuka u korpa auetun-CoA, a Takxe
NMPOMeXYyTO4YHble MPOAYKTLI LUukna Kpebca
MMEITCS B ;0CTATOYHOM KONmyecTBe, obec-
neynBaloLLEeM Y0B/IETBOPEHNE JHEPrETMYe-
CKUX HYXJ KNeTKW, ganbHeliwee o6pasosa-
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Hue auetun-CoA  npuocTaHaBIMBaeTCA.
B 3Tux ycnosusx, KOTOpble CyXaT CUrHa-
noM AnA  Takoil npuocTaHoBku, ATP

ABNAETCA MONOXUTENbHBIM MOAYNATOPOM,
aKTVBMPYIOW MM BCMOMOraTenbHbll  ep-
MEHT - KWHas3y nupyBaT AerngporeHassl.
3T10T hepmeHT ncnonblyet ATP ana dgoc-
(hopunmMpoBaHMa ocTaTka cepuHa B aKTUB-
HOM LEHTpe MOJIeKY/bl NUpyBaTAerngpore-
Hasbl, B pe3ynbTaTe u4ero ob6pasyeTcs
HeakTMBHas ¢opma epMeHTa-hocdonm-
pyBatgermgporeHasa (puc. 16-14). benn,
0fHaKo, motpebHocTb B ATP Bo3pacTaet
1 ypoBeHb ATP COOTBETCTBEHHO CHMXaeT-
cq, TO HeakTMBHaa, (ochopunnpoBaHHas,
hopma nupysBaTAerniporeHasbl  MOXeT
6bITb BHOBb aKTMBMPOBAHA. DTO NPOMCXO-
OVT B pe3ynbTaTe r’MAPONNTUYECKOTO OTLLe-
MNeHns OT MOJEKY/Nbl nupyBsaTAernapore-
Hasbl MHIMOUpytoWweit dochaTHOW rpynnsbl.
KaTtanusupyeT 3Ty peakuuto gpyroin dep-
MeHT - (pochaTasa occonupysaTaernapo-
reHasbl. CTumynupylolee feictsme Ha
3TOT (DEPMEHT OKa3blBAET MOBbILLIEHNE KOH-
LeHTpauum noHos Ca2+, nrparwmux posb
BaXHOro MeTabonMyeckoro rnocCpefHUKa;
KOHLUEHTpauusa noHos Ca2+ yBennmumsaeTcs
BCAKMWI pas3, Korga BO3HMKaeT NOTPe6HOCTb
B ATP. KwuHasa nupysaTgerngporeHassl
n ¢ochataza Qochonupysargerngpore-
Ha3bl NPUCYTCTBYIOT B NuUpyBsaTAerugpore-
Ha3HOM KOMMJeKce. 3TOT KOMMEKC, Cnefo-
BaTeNbHO, MNpefcTaBnAeT Cco60K O4eHb
CNOXHYI, He3aBUCUMYIO W CaMOperysnu-
pyloLwytcs cuctemy.
MupyBaTaernaporeHasHblii KOMMNAeKe pe-
ryNMpYeTcs TakxKe MyTem aniocTepuyeckoi

Puc. 16-14. Perynauus nupyBaTfernaporeHasHoit
peakunu nyTemM KOBaNeHTHOro B3aumMonpespaLye-
HWA aKTUBHOMW W HeaKTWBHON (opm (hepmeHTa.
MoHbl Ca2+ cnoco6cTBYOT 06pa3oBaHuNi0 aKTUB-
HOll hopMbl pepMeHTa, cTUMynupys docdaTasy
ochonmpyBaTaerngporeHasbl.

mogynaumn. CunbHOe MHIMbuMpytoulee fei-
CTBME OKa3blBAalOT Ha Hero (nomumo ATP)
auetun-CoA n NADH, KoTopble aBs0TCA
npoayKTaMu nupyBaTAeruaporeHasHol pe-
aKUUy v B TO Xe Bpems UrpatT posb anno-
CTEPUYECKUX WHTMOBUTOPOB 3TON CUCTEMBI.
AnnocTepnmyeckoe UHrM6MpoBaHMe OKKUChe-
HWA NUpyBaTa Pe3Ko ycuanmeaeTcsa B NPUCYT-
CTBUWN BbICOKOMONEKYAPHBIX XUPHbLIX KUC-
NOT; no3xe Mbl y3Haem (rn. 18), uTo
XUPHbIE KUCNOTbI TOXE CNYXaT WUCTOYHU-
KoM auetun-CoA. Takum o6pa3om, KaTanu-
TWYyeckas aKTMBHOCTb MNuUpyBaTAerngpore-
Ha3HOro KOMMJeKCa BbIK/IIOYAETCA B TeX
cnyyvasax, Korfa B KneTkax MMeeTcsd focTa-
TOYHO TOMAWBA B BUAE XUPHBLIX KUCMOT
n auetun-CoA unm Korja B HUX MNOBbI-
WwarTcA KoHueHTpauua ATP 1 OTHOLWeEHKe
NADH/NAD +.

16.10. LMKN NUMOHHOMA KWCNOTbI
perynupyeTtcs

lMo3HakoMuMcA Terepb C Tem, KakuM
o6pa3om perynupyerca cam LUK NUMOH-
HO Kucnotbl (puc. 16-15). B 601bWIMHCTBE
CnyyaeB CKOPOCTb (PYHKLMOHUPOBaHWUA Me-
TaboMYeCKNX LUKIOB ONpeaenseTca ux Ha-
Ya/fbHbIMMW 3Tanamu. MonarawT, YTO TakK Xxe
06CTOMT feno n B cnyyae Lukna NTMMOHHON
Kucnotbel. O6LWasa CKOpOCTb ero (MyHKLuo-
HUPOBAHUA BO MHOTUX TKaHAX OMpefenser-
C NepBOW peakuuei:
Auetnn-CoA + Okcanoauerar -»
-» Uutpatr + COoA.

PasymeeTcsi, CKOpPOCTb LUTPaT-CUHTA3HOM
peakuuu perynupyetcs KoHUeHTpauuei ee

AKTUBHasA

nupyBaTAernaporeHasa
(BedoctopunupoBaHHas)

ATP
docdaTasa .y KuHasa
doco NupyBsaTgernapo-| NADH!! nupysataerugpo-
reHasbl /1 reHasbol
ADP
HeakTnBHaa
nupyBaTAermaporeHasa

(thocdopununposaHHas)
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Mupysar
KoHueHTpauus £ — NADH
okcanoauerara - ..4+ Auetun-Co A
rnaBHbIi (hakTop, Co>11 CyKumHun-Co A
onpegensatoLwmin  NADH
CKOPOCTb Auetut-Co Aljh1oA -np

o6pas3oBaHns LuTpaTa

Okcanoauerart \

N3ountpar
Manar
ad[ﬂ.y"coZ
a-Kesmornytapar
dymapar
Cco, j
CyKumHat CykunHun-Co A -------, J

Puc. 16-15. Perynsuus yukna NUMOHHON KKC/O-
Tbl NPU OKUCNEHUWN MUPYBaTa B XXWBOTHBIX KeT-
kax. ATP, NADH, auetun-CoA n Ca2+ KOHTpoO-
NMpyT CKOpocTb 06pa3oBaHus aueTun-CoA un3
nupyBsaTa; CKOPOCTb e PYHKLUOHUPOBAHUSA LUK~
Na IMMOHHOI KMCNOTbl B LieNIOM perynupyercs
KOHLeHTpaLmeii okcanoaleraTa, a Takxe akTuUB-
HOCTbIO LWUTpaT-CMHTa3bl U M3ouMTpaTaernapore-
Hasbl.

cybcTpaTtoB, B Y4aCTHOCTM KOHLeHTpaunei
auetun-CoA, a OHa B CBOIO Ouepefb 3aBU-
CUT OT aKTUBHOCTU NUpPYyBaTAErnaporeHas-
HOro Kommnnekca. Perynupyetca 3Ta peak-
UMA TakXKe KOHLEeHTpauuein BTOpOro cy6-
cTpata-oKcanoaueraTa, BO3MOXHO fJaxe,
YTO 3TOT (PAKTOP MUrpaeT rnaBHy pPosib, Mo-
CKONIbKY  KOHLUeHTpauusa okcanoauertaTa
B MUTOXOHAPUAX OYEHb HU3KA U 3aBUCUT OT
mMeTabonuuecknx ycnoeuii. Ha akTMBHOCTb
UMTpaT-CUHTa3bl BNAET TaKXKe KOHLieHTpa-
una cykumHun-CoA, ogHoro u3 6onee nosg-
HUX MPOMEXYTOUYHbIX MNPOAYKTOB LWKNA.
Kak To/bKO KOHUeHTpauunsa cykuuHun-CoA
NpeBbIllaeT HOPMa/bHbIA CTauWOHapHbIi
YPOBeHb, UMTPaT-CMHTAa3a CPasy e NHrMou-
pyetcsd, NOCKOMbKY CYKUMHWUN-COA MOHU-
XaeT ee cpoacTBo K auetun-CoA. XupHble
KNUCNOTbI, CAy>auine npejlecTBeHHUKaMu
auetun-CoA, ToXe WHIMOGMpPYOT uUMUTpar-
CMHTa3y MNOCPEeACTBOM  a/IoCTepUYecKnx
3(h(eKTOB. B HEKOTOPBIX K/IETKaX po/b WH-
rMoUTOPOB UUTPAT-CUHTA3bl WUrparwT Uu-
Tpat 1 NADH.

Y 6onblueii YacTW KNeToK OKWCNeHue
n3oumntpata o a-ketornytapata un CO2
KOTOPOEe MOXET MNpOMCXO0AUTb nofg Aei-
CTBMEM [BYX pasHbIX usouutpargerugpore-

Ha3, perynupyetcs, no-suAnUMOMY, MyTem
annoctepuyeckoii ctumynauun NAD-3aBu-
CMMOro (hepmeHTa, Bbi3biBaeMoii ADP. B 1o
xe Bpema NADH un NADPH pgeiictBytoT
KaK oTpuuatesibHble MOAYNATOPbI M30UU-
TpaTAerngporeHasHon akTMBHOCTU. WHru-
6UTOPOM aKTMBHOCTW a-KeTornyTapaTgeru-
LpOreHasHoro KoOMMaekca CnyxXuT npoayKT
peakuumn cykumHun-CoA. Takmm obpasom,
B LMK/e TMMOHHOW KMCNOTbl PerynmpyoTcs
Mo MeHblUeli Mepe Tpu CTaguu, U TOMbKO
B CBOMX fleTanfax ata perynauma y pasHbix
TUMNOB K/ETOK HeCKONbKO pasnnyaercs.

CKOpOCTb MMKONM3a B HOPMa/bHbIX YyC-
NOBMAX COrnacoBaHa CoO CKOPOCTbIO (DYHK-
LMOHNPOBAHNA LMK TUMOHHOW KNCNOTbI:
B K/IeTKe [10 NMMpyBaTta pacLlennsaercs poBHO
CTO/IbKO T/I0KO3bl, CKO/IbKO HE0BX04MMO
ANnd TOro, 4tobbl 06ecnevnTb LMK NUMOH-
HOM KNCNOTbl «TONANBOM», T. €. aLleTU/bHbI-
My rpynnamu auetun-CoA. Hu nupysart, HU
naktat, HU auetun-CoA 06bIYHO HE Haka-
nAMBaloTCA B a3pobHbIX KneTkax B 60/b-
WNX KONMYECTBax; UX KOHLEHTpauuu nog-
[epXnBalTCA Ha HEKoeM MOCTOAHHOM
YPOBHE, COOTBETCTBYHOLEM ANHAMUYECKO-
My paBHOBecuio. COrnacoBaHHOCTb MeXay
CKOPOCTbIO TNIMKONN3a U CKOPOCTbIO (DYHK-
LMOHMPOBAHUA LMKNA TUMOHHOW KWCAOTbI
06bACHAETCA He TONMbKO TeM, 4TO MepBbIin
npoLecc MHrMGUpyeTca BbICOKUMU KOHLEH-
Tpaunamu ATP n NADH, T.e. KOMNOHEH-
Tamu, O06WUMKU ANA  TANKONMTUYECKON
W fOblXaTeNbHOW CTaAuiA OKWUCNEHWA T/10-
KO3bl; ONpe/eNieHHY0 po/b B 3TOW cornaco-
BAHHOCTW WIpaeT TakKXe W KOHLeHTpauus
unTpata. NMpoayKT MNepBOi cTaguu LuKna
NMMOHHOW KWCNOTbI - LMUTparT - ABngeTca
annocTepuyeckumMm UHrubuTopom gocgo-
(hPYKTOKMHa3bl, KaTtanmsupytouieii B npo-
Liecce ranKonusa peakuuo ochopuanpo-
BaHWS (pyKT030-6-hochata (pasg. 15.13
n puc. 15.15).

16.11. TTpomMeXxyTo4uHble MPOAYKTbI
LUKAa NIMMOHHON KWUCAOThI
NCNOMb3YIOTCA TakXe U B APYTrUx
MeTaboNnnyeckKnx peakumsx,

a ybbllb MX NOCTOSAHHO
BOCMOJIHAETCA

LMKn NTMMOHHON KUCNOTHI-3TO OAWH U3
ampubonuyeckux nytein (pasg. 13.7). OH
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MCMOJIb3YeTCAa He TONIbKO AN OKUCIUTENb-
Horo katabonusma, T.e. 4na paclenneHuns
Yr/1IeBOS0B, XWUPHbLIX KUCNOT U aMUHOKWUC-
NOT, HO MOXET CMYXWTb TakKXe NepBoil cTa-
AVei MHOTUX GMOCUHTETUYECKUX MYTeR, Ans
KOTOPbIX OH ABNAETCA WCTOYHUKOM Mpej-
LWecTBEHHNKOB. [lo4 BO3felicTBMEM psja
BaXXHbIX BCMOMOraTe/ibHbIX PEPMEHTOB He-
KOTOpbIE MPOMEXYTOYHbIE MPOAYKTbl LU-
Kna AUMOHHOW KWCNOTbl, FNaBHbIM 06pa-
30M a-KeTtornyrtapar, CYKUMHAT U oKcanoa-
uetat, MOryT yjAanatbCca U3 LMKNa
W WUCMONb30BaTbCA B KauvyecTBe npefLle-
CTBEHHUKOB aMuHokucnot (rn. 22). Cko-
pocTb (YHKUMOHWPOBAHUA LMWUKNa NUMOH-
HOM KWCNOTbI MpU 3TOM, Kas3anocb Obl,
[LOMKHA CHMXATbCA, MOCKONbKY TakoW OT-
TOK NMPOMEXYTOYHbIX NPOLYKTOB U3 LMKNa
[OMKEH MOHMXAaTb WX  KOHLEHTpauuto
B KNeTke. B geiicCTBUTENbHOCTU Xe 3TOro He
NPOMCXOAUT, TaK KakK YyObib MNPOMEXY-
TOYHbIX MPOAYKTOB LMKNa BOCMONHAETCA
6narofaps feiicTBuio fpyroro Habopa ep-
MEHTOB. [1pn HOpPMaNbHbLIX YCNOBUAX peak-
Lun, OTBNEKalOLWMe NPOMeXyTo4YHble Npo-
OYKTbl U3 UWKMIa, W peakuuun, BOCMOJHAN-
wue ux ybblnb, HaxofATCA B COCTOAHUU
OVHaMWYeCcKOro paBHOBECUSA, TaK UYTO KOH-
LeHTpauusa 3Tux NpPoAYKTOB B MWUTOXOH-
Lpuax octaetca 6onee UM MeHee NOCTOAH-
HOIA.

CneunanbHble (epMeHTaTUBHbIE peak-
umn, obecneymBarolime MNONOSIHEHWE Myna
NMPOMEXYTOUYHbIX MPOAYKTOB LMK TMMOH-
HOW KMCNOTbI, HOCAT Ha3BaHWe aHannepoTu-
yeckux («MONONHAKWMX») peakumin. Ha-
nbonee BaxHad peakuus Takoro poja
B XXUBOTHbIX TKAHAX-3TO (hepMeHTaTUBHOE
Kap6okcmnuposaHue nupysaTa 3a cyer CO2
c o6pa3oBaHumeM oKcanoauerarta
(puc. 16-16); katanusupyeTt 3Ty o06patu-
MYI0 peakuuto hepMeHT nupysaTKapboKCu-
nasa

Mupysatr + CO2 + ATP +
Mg2 +
+ H20 -

Okcanoauetrat + ADP + P, +
+ 2H+

AGO0 = —0,5 KKkan/monb.

Ecnn gna umkna NMMOHHOW KUCNOTbI He
XBaTaeT OKcanoauetata WIN KaKOro-Hu-

6nosHepretTnka n metabonnsm

ATP
+
CO,
+
CHs

C=0

coo-
+

H2

MupyBaTkapbom
Auetun-CoA| «kcunasa

Mg2+

Mupysar

coo
CH2
I
c=0
COO-
+
ADP
+
Pi
+
2H+

Okcanoaverar

Puc. 16-16. MupyBaTkapbokcunasHaa peakuusa v
ee CTUMYNALNSA MONOXUTENbHLIM MOLYNATOPOM
auetun-CoA. Bknwouuswasnca C 02 nokasaHa

Ha KpacHOM (hoHe.

6yAb APYroro NMpoMeXyTOYHOro NpoAyKTa
LUuKna, TO KapboKcunuposaHue nupyBsaTa
CTUMYNUpPYeTCA W 3amac oKcasoateTaTa
pacTteT. Ana hepMeHTaTUBHOIO npucoeau-
HeHUs Kap6OKCUAbHOW Tpynnbl K MOMEKye
nupysaTa TpebyeTtca aHeprus. VICTOYHMKOM
€e CNY)XUT CONpshKeHHoe C [aHHOW peak-
umein pacwenneHne ATP fo ADP n docda-
Ta. [MOCKOMbKY CyMMapHas peakums conpo-
BOX/aeTCa MW b HE3HAYUTENbHbIM U3MeHe-
HWeM CTaHAapTHOW CBOBOAHON 3Hepruu,
Mbl MOXEM 3aK/loUYuTb, 4YTO CBOGOAHAA
3Heprud, Heobxogmmas Ana NPUCoefUHeHUs
KapboKCMNbHOW rpynnbl K nupysaTy, Npu-
MepHO paBHa CBOGOLHON 3Hepruu, Bblae-
nawwencs npu rugponnse ATP.
MupyBaTKap6oKCKIa3a - O4eHb COXHbI
(hepMeHT. Ero monekynspHas macca paBHa
npn6nusntensHo 650000. Monekyna gep-
MEeHTa COLEpPXUT YeTbipe MNpocTeTUyeckue
rpynnbl. Kaxgas U3 HUX COCTOUT U3 OfHOM
MOMeKynbl BUTaMnHa 6uoTwuHa (pasg. 10.9),
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KOBaNeHTHO CBA3aHHOIO (nenTugHow
CBA3bI0) C 8-aMMHOrpynnoi ocoboro ocraT-
Ka NMM3MHa, HaXOoAsALWeroca B akTUBHOM LieH-
Tpe (puc. 16-17). CBob6ogHasa CO2, npeguie-
CTBEHHUK HOBON Kap6OKCWIbHOW rpynmbl
oKcasioalerTaTa, CHayana aKTUBUPYeTCH ny-
TEM MPUCOEAUHEHUS K OfHOMY M3 aTOMOB
a3oTa B MoJfiekyne 6uotuHa. dTa aKTuBa-
Lmns, cBa3aHHasa ¢ pacxogosaHuem ATP, co-
CTaB/fAeT MepByl0 CTafuI0 peakuuu, KaTa-
nusmpyemoil nupysaTkap6okcunasoi (E
03Ha4aeT 34ecb PepmMeHT):

ATP + CO2 + E-6uotuH + H20
ADP + P, + E-6notnH-COO" +
+ 2H +.

Ha BTOpOVI ctagum, I'IpOTeKaIOUJ,eVI TaKxXe

B aKTUBHOM LEHTpPE (*JepMEHTa, HOBasa Kap-

60KCKbHasA rpynna, KOBa/leHTHO CBA3aH-
depmeHT

HN c=0
\
CH

CH2 oOcraTtok nusuua 8
aKTUBHOM LieHTpe

cH2 thepmeHTa
CH2
|
CH2
NH
oo
CHr
CH,
CH2
CH2 BunoTtuHunbHasn
rpynna
_____Nv
S V=0
\ /
\ LT
COO-

Puc. 16-17. lNMpocTeTnyeckaa rpynna nupysaTkap-
6okcunasbl. KapbokcunbHas rpynna 6uMoTnHa 06-
pasyeT NenTUAHYH CBA3b C E-amuHorpynnoii oc-
TaTKa /IM31Ha, BXOAALLEro B COCTaB aKTUBHOIO
ueHTpa epmeHTa. C 02 akTnBMpyeTcs, obpasys
N-Kap60KCMNPOM3BOAHOE GUOTUHMUNBLHOW NpocTe-
TUYeCKOi rpynnbl. 3aTeM 3Ta Kap6oKcunbHas
rpynna-HenocpeCcTBeHHbI goHop C 02 gns nu-
pyBaTa- NepeHOCUTCA Ha NuUpysaT

5950

Has C MpOCTeTUYEeCKOW rpynnoi epmeHTa,
MepeHoCUTCA Ha nupysaT c obpasoBaHueM
okcanoaueTtata (puc. 16-16):

E-6MoTMH-COO ~ + Mupysat”
=i E-6uoTuH + OkKcanoaueTarT.

MupyBaTkap6okcunasa NpUHaANexXuT
K perynatopHbiM QepmeHTam. B oTCcyT-
cTBue auetun-CoA, KOTOPbIA CAYXWT Ans
Hee MOJNIOXUTENbHbLIM MOAYNATOPOM, CKO-
pOCTb KaTanusMpyemon el MpsAMOi peak-
uun, npuBoAAlieii K o06pa3oBaHWIO OKca-
noaueTarta, O4YeHb HeBenuka (puc. 16-16).
MN36bITOK Xe auetnn-CoA, NocTaBNALWEr0
«TONANBO» ANA LMKNA NMMOHHON KNUCNOTHI,
CTUMYNUpyeT NupyBaTKapboKcMnasHyo pe-
akuuio; B pesynbTaTe 3Toro o6pasyetcs
6oNblue oKcanoaleTata U LMKN UCMONb3yeT
6onbwe aueTnn-CoA B LUTPAT-CUHTA3HON
peakuuu.

MupysaTkapbokcmnasHas peakuuna —
rnasHas# aHannepoTuyeckas peakuus B ne-
YeHW M noykax. B muokapfe v B MbllLax
npoTeKalT [Apyrue aHaniepoTUyeckme pe-
akumu. OfiHa M3 TakMX peakuuii Katanmsu-
pyetca octoeHoNnMpyBaTkap6OKCUKNHA-
3oi (rn. 20)

®ochoeHonnupysar + CO2 +

Mn2+

+ GDP ->m Ockcanoayetrar + GTP.

B 37Ol peakuum NpoMcxofuT paclienneHue
thocgoeHonnupysata - CBepPXBbICOKO3HEpP-
reTnyeckoro ochopuanpoBaHHOro coeau-
HeHWs, 06pasylolLerocs B NpoLecce rnmKo-
nu3a. BbicBO6OXaaemas 3Heprus Mcnosib-
3yeTcs ANnA KapbokcmnmpoBaHua ¢ o6paso-
BaHWEM OKcajoaueTata, a e€e 0cCTaTokK
3anacaetcs B ¢opme GTP.

16.12. T'AnoKcunaTHbIA UUKA-
0A4Ha U3 MoaguMKauuin umkna
NIUMOHHOM KWUCNOThI

Y pacTeHWil M HEKOTOPbIX MUKpOOpra-
HW3MOB, Hanpumep y E. coli, auetunbHble
rPynnbl 4acTo CMYXaT He TO/bKO BbICOKO-
3HEPreTMUeCKUM «TOMMMBOM», HO U UCTOY-
HWKOM MeTab0MMTOB, U3 KOTOPLIX CTPOSATCS
YINIepOfHbIE CKeNeTbl YrneBofoB. B Takux
KneTkax fefcTBYHOT [Ba BapuaHTa UWK/Ia
JIMMOHHOW KucnoTbl: 1) 06bIYHAsA Nocneno-
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BaTe/IbHOCTb peakuuii, B Xo4e KOTOPOi npo-
ncxogut okucneHue auetun-CoA pgo CO2,
CBOICTBEHHAs GONbLWINHCTBY TKaHed, n 2)
ocobas ee wmoaupuKaums, HasblBaemas
rMMOKCUNaTHBIM LKUKAOM (puc. 16-18). Cym-
MapHoe YypaBHeHWe [ANA T[AUOKCUIAaTHOro
LUKNa, KOTOpbIi TOXe MOXHO paccMaTpu-
BaTb KakK aHannepoTU4eckuii nyTb, UMeeT
BUA

2AueTun-8-CoA + NAD+ + 2H20 -+

-> CykuuHat + 2CoA-SH +
+ NADH + 3H +.

Auetun-Co A
-5 COA-SH
[, 1" Uutpat"un
OkcanoauetaT CUHTe3a Lintpat

AKOHUTasza

Manatgerngpo-
reHasa

Maouutpar
M3ouyutpar-A
nnasa y

Manat- t/
cuMHTasa [auokcunat

CyKuunHat

H+ + CoA-SH Auetun-CoA+ H O

B ravokcunatHom uukne auetun-CoA
B3aMMO[eNCTBYeT C OKcanoaleTaTom, B pe-
3ynbTate  4yero  obpasyetcd umTpar
(puc. 16-18). OfHaKO pacluensieHne n3oun-
Tpata NMPOMCXOAUT He B 0ObIYHOW K30LK-
TpaTAerngpoHeHasHol peakuumn, Kak B LU-
Kne NWMOHHOW KWCAOTbl, @ 0CO6GbIM ny-
TemM-nofg feiicTBueM QepmeHTa u30UMn-
TpaT-nmasbel ¢ o6pa3oBaHMeM CyKuMHaTa
n ramokcunaTa. O6pa3oBaBLIMACA FNOKCK-
nat fanee KOHAeHcupyeTcs ¢ Apyroii mone-
Kynow auetun-CoA, 4To nNpuBogmMT K obpa-
30BaHWI0 ManaTa; 3Ta peakuus Katannsu-
pyeTca MmanaT-cuHTasoi (puc. 16-19). 3a-
TeM Manat OKWUCnseTcs LO OKcanoauertaTa,
KOTOPbIA MOXeT KOHAEHCMPOBATLCA C HO-
BOV Monekynoi auetun-CoA, HauuHas Tem
caMbIM HOBbIVi 060pOT UMKna. Mpu Kaxgom
060poTe TIMOKCUNIATHOTO LUWKNa B Hero
BCTynalT [ABe MOJeKynbl auetnn-CoA
1 obpasyeTca OfjHa MOjeKyna CyKuuHaTa,
KOoTOpas 3aTeM WCMONb3yeTca B npoLeccax
6uocmHTesa. CyKuMHAT MOXEeT rmpe.Bpa-
warbca yepes pymapar U ManaTt B OKcasnoa-
LetaTt, u3 KoToporo o6pasyetca dochoe-

YACTb n. 6uosHepretTuka mu metabonusm

HONNUpyBaT NyTeM 06paleHns onucaHHoW
Bbile hocdoeHoNNMpyBaTKapbOKCMKNHAS-
HOW peakuun. ®ochoeHoNNMpyBaT UCNOSb-
3yeTcA B KayecTBe MpefLllecTBEHHUKa Mpu
6uocuHTese rnoKosbl (rn. 20). Y XUBOTHBIX
FMMOKCUNATHBIA LUMKN OTCYTCTBYET; U3oLuu-
TpaT-CMHTa3bl U ManaT-1nasbl B XUBOTHbIX
KneTkax HeT. B opraHusme >XMBOTHbIX Cy-
WecTBYIOT ApYrMe NyTW ANA CUHTe3a yrie-
BOLOB M3 MPOCTbIX MpPefLIecTBEHHUKOB
(rn. 20). B npopacTatolinx cemeHax rinok-
CUNaTHbIA UMK, HanpoTuB, (YHKLMWOHM-
pyeT OYeHb aKTMBHO: TakUM NyTem U3 aLe-
TUAbHBLIX Tpynn  (MCTOYHWKOM KOTOPbIX

Puc. 16-18. I'nuokcunaTtHblii LUK, KpacHbIM
Bblfle/IEHbl peakuun, Katanmsmpyemble n3oynTpaT-
NMa30ii (ee Ha3bIBAKOT TaKXe M30LMTPaTa30in)

1 ManaT-CMHTa30ii. Bce ocTanbHble peakuun Te
Xe, UTO W B LMKIE NTMMOHHON KUCNOTbI.

CNYXaT XWUPHble KUCMOTbI, BXOAALLME B CO-
CTaB 3amacHbIX TpuaLnnranyeponos) obpa-
3yeTca rKo3a. PepMeHTbl U3ouMTpaTt-
nMasa M ManaT-CMHTasa Haxogatcs B
pacTUTENbHbIX KMeTKax B 0COGbIX LMUTO-
nnasmMaTuyeckmx OpraHensiax - rmnoKcmco-
Max.

16.13. BTOpuYHbIE NyTwU
KaTtabonmsma rnoKo3sbl:
neHTo3odochaTHbIN NyTb

Bonblwaa yacTb rAIOKO3bI pacliennserca
B XXWBOTHbIX TKaHAX MO FMUKONUTUYECKOMY
nyTu c obpasoBaHueM nupysarta. B cBow
ouepedb 6onblWwas yacTb nNupyBaTa OKMC-
NfeTca 4epe3 UWKA NUMOHHOW KUCMOThI.
[NaBHbIA CMbICN pacLienneHns rnoKosbl
B MpoLiecce rnmkonunsa saknwoyvaerca B obec-
neyeHnn KnetTku aHeprveit B opme ATP.
Hapagy C 3Tum CyLecTBYIOT, OAHaKo,
W 4pyrue, BTOpPOCTeNeHHble, NyTW KaTabo-
nu3Ma rNKOo3bl, WMelouinMe cneuunanbHoe
HaszHayeHue. OTW NyTW COCTaBNAKT YacTb
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Puc. 16-19. Peakumu, CBOWCTBEHHbIE TONLKO [NN-
oKcumnatHomy uukny. A. lNMpespallieHne nsoumnTpa-
Ta B CyKUumHaT u rnmokcunat. b. KongeHcauus
ranokcunata u auetun-CoA, B pesynbTate KoTo-
poit o6pasyetcs manart.

BTOPMYHOro MeTabonusama [FIlOKO3bl, Ha
HWX BblpabaTbiBaloTCA 0CO6ble MPOAYKTHI,
B KOTOPbIX HYXJaeTca KneTka. B atom pas-
[iefne 1 B CrefytoleM Mbl KOPOTKO OXapak-
Tepusyem fBa Takux MyTu.
MeHToO30(ocaTHbI NyThb, Ha3biBAEMbIA
TakKxe ocornoKoHaTHbIM nyTem

5

(puc. 16-20), nocTaBnseT B XUBOTHbIX TKa-
HAX fABa cneumanbHbiX npogykta: NADH
n puboso-5-pocthar. HanomHum, uyTO
NADH sdBndeTca Og4HUM M3 MEpPeHOCYNKOB
XMMMWNYECKON 3HePrnn 1 4TO OH NepejaeT aTy
3Hepruto B opme BOCCTAHOBNTENbHOI Cno-
cobHocTun (pasg. 13.9). OcobeHHO BaxHa
aTa PYHKUMA B TEX TKaHAX, B KOTOPbIX NpPO-
TeKaeT aKTUBHbIA 6GMOCUHTE3 XUPHbIX KKC-
NOT W CTEPOM0B M3 ManbiX MOMEKyN-npea-
LIEeCTBEHHNKOB, B 4YaCTHOCTU B MOJ/IOYHOW
Xenese, XXMPOBOW TKaHW, KOPe HajnoyYeyHu-
KOB 1 neyeHW. MNpn 6GUOCKMHTE3E XXMPHbIX
KMCNOT BOCCTAHOBMTE/NbHAA CMOCOGHOCTb
B (hpopme NADH TpebyeTcs Ans BOCCTaHOB-
NeHWs [BOWHbLIX CBA3EA B MOJeKynax,
urpaluwmx B aTOM npouecce posb Npome-
XKYTOUHbIX MPOAYKTOB. B TKaHAX, B KO-
TOPbIX GMOCUMHTE3 XKMPHBIX KUCNOT Bblpa-
XeH cnabo, Hanpumep B CKeNeTHbIX MbIL-
Lax, neHTo30qocMaTHbIiA NyTb NPaKTUYECKN
oTcyTCcTBYeT. [Apyras yHKUWA 3TOr0 NyTw
3aknoyvaeTcad B 06pasoBaHuMM mneHTO3 (B
yacTHocTn, D-pubo3sbl), KOTOpble MCMONb-
3yl0TCA ANS CUHTe3a HYKMEMHOBbIX Ku-
cnor.

MepBoii peakuymeil NeHTO30(h0oCHATHOrO
nyT¥ aBnsetca gepmeHTaTUBHOE Aerngpu-
poBaHue rnKo3o-6-octharta Ao 6-pocgo-
rNIOKOHaTa, KaTanusnpyemoe rNHOK030-6-
thocthaT-gerngporenasoii (puc. 16-20). Ak-
LenTopoM 3/IEKTPOHOB CAYXWUT MNpU 3TOM
NADP+. B kayecTBe nepsoro npogykra
o6pasyeTca 6-ochorNtoKOHO-b-N1aKTOH, T1-
ApONM3yloWKiAcs 3aTeM L0 CBOOGOAHOW KuC-
NoTbl MOA AeliCTBMEM CMeLMpUYecKoi nak-
ToHasbl (puc. 16-20). PaBHOBecue cymmap-
HOM peakuMn CWUbHO CMELLEHO B CTOPOHY
obpasosaHus NADPH. Ha cnegytouwei
cTaguun 6-ochornoKoHaT nojsBepraeTcs
LernapmpoBaHuio  u faekapbokcunmposa-
HUIO nof peiicTBueM 6-¢hocchornoKoHAT ge-
rMaporeHasbl. 3Ta  peakuums MNPUBOAWUT
K o06pa3oBaHWi0 KeToneHTo3bl D-pubyno-
30-5-hochaTa (puc. 16-20) n euwie OAHON
monekynsl NADPH. ®ocdoneHTo3o0u3ome-
pasa kaTanusmpyeT npespawieHune D-pnby-
noso-5-thocara B ero anbgonsomep, D-pu-
6030-5-thocthat (puc. 16-20), KOTOPbLIA MO-
XeT WUCMnonb3oBaTbCA NPU OGUOCUHTE3E pU-
6OHYK/IE0TUA0B U [e30KCUPUBOHYKIeoTH-
[0B. B HekoTOpbIX KneTkax NeHTo30¢oc-
(haTHbIA NYTb Ha 3TOM KOHYaeTcs, U Torga
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Puc. 16-20. MeHTOo30(oCHaTHLIA NyTb.

€ro CyMmapHoe ypaBHeHue MoXeT ObITb 3a-
MUCcaHo B ChefyloLEM BUAE:

Fnoko3o-6-wocpar + 2NADP+ +
+ H20 -

-» 0-pn6o3o-5-hocpar + CO2 +
+ 2NADPH + 2H +.

B wntore o6pasywtca NADPH, koTtopblii
ncnonb3yetcs AN peakuuii BOCCTAHOBU-
TeflbHOro  6GuocuMHTE3a B LUTOMNasMe,
n 0-pub6o3o-5-thocat, urpawwmii ponb
npejliecTBeHHNKa Mpu CUHTE3e HYKNEoTH-
[0B.

MeHTO30oChaTHbIA NyTb AKTUBHO pe-
ann3yetcd W B 3pUTPOLUTAX YesoBeka.
O6pasywwuiica NADPH npepgoxpaHseT
HeHacblLeHHbIe XUPHbIE KUCMIOTbI, BXOAA-
Wmne B COCTaB KNeTOYHOW MembpaHbl, OT
aHOMa/bHbIX B3aWMOAENCTBUIA C KMCIOPO-
LOM, N OH e CrocobCTBYeT MNOALEPXKAHUIO
HOpPMaNbHOW CTENneHW OKMCEHUS aToMOB
xenesa remornobuHa (Fe2+). CyuwecrtsyeT
rpynna HacnefiCTBeHHbIX 60ne3Heli yenose-
Ka, NpyY KOTOPbIX aKTUBHOCTb T/10K030-6-
ocar-gerngporeHassl M HeKOTOPbIX
Apyrux QepMeHTOB MeHTo30(oc(aTHOro
nyTW MOHWXEHa nnu BoO6LLEe OTCYTCTBYET.
Y Takux 60/bHbIX HabnofaeTca natonorun-
YeCKWMii TemMONin3-paspylueHne 3pUTPOLMN-
TOB C BblfefleHNEeM W3 HUX (Yepe3 nospe-
XAEHHYIO MeMbpaHy) remornobuHa, u4To
NPUBOAUT K Pa3BuUTUIO aHeMuun. COCTOSHME
pe3ko yxyflaeTca Mof BAUAHWEM HEKO-
TOPbIX /IEKAPCTBEHHbIX MNpenapaTos, 0CO-
6eHHO MoA BAWAHMEM MPOTUBOMANAPUIAHO-
ro npenapata npumaxuHa. B Adpuke
1 A3UN OT 3TUX HacnefCTBEHHbIX 60ne3Hein
CTpajalT MHOrMe MWNNOHBI NHOAEN.

Hw>Xe Mbl pacCMOTPUM [pYyrue acnekrhbl
neHTosoocatHoro nyTtu (rn. 23).

16.14. BTOpWYHBbIA NyTb,

no KOTOPOMY MNpPOUCXOAUT
npeBpalleHne T KO3bl

B F/IIOKYPOHOBYIO W acKop6WHOBYIO
KNCO0Thbl

Mo Apyromy BTOPMYHOMY MyTWU KaTa6o-
NN3Ma FKO3bl B XXMBOTHBIX TKaHsAX 06pa-
3yl0TCS [iBa CMeunanm3MpoBaHHbIX NMPOAYK-
Ta: D-rNioKypoHaT, BaXHasi pofib KOTOPOTro
CBsi3aHa C 06e3BpeXMBAHNEM U BbIBEEHUEM
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M3 OpraHn3ma 4Yy>KepofHbIX OpraHuyeckmx
BeLLLeCTB, M ‘b-ackopbuHoBas kucnoTa (BuTa-
muH C) (puc. 16-21). B 3TomM cnydae
D-rntoko3o-1-thocar cHavana B3anmopei-
ctByeT ¢ UTP u npespawaetrcd B8 UDP-
rnoKo3y. 3aTem r/HOKO3Has 4yacTb MoOne-
Kynbl UDP-rnwoko3sbl nojsepraercs gep-
MEHTAaTUBHOMY [AernipupoBaHuto ¢ obpa-
3oBaHvem UDP-D-rniokypoHaTa. 3Ta peak-
LMs npecTaBnseT coboi ewe o4MH npumep
ncnonb3osaHns UDP-npons3BoAHbIX B' Ka-
YecTBEe MNPOMEXYTOUHbLIX MPOAYKTOB Mpu
(hepMeHTaTUBHBIX MNpeBpaLleHNaX caxapos
(pa3g. 15.9). UDP-D-rniokypoHat cnoco6-

D -rnioko3o-1-¢pocchat

UTP-.

HjO + ZNALT -v

501

CTBYET 06€3BPEXMNBAHNI0 HEKOTOPbLIX Yy>XKe-
POAHbIX BELLECTB MM NEKAPCTBEHHbIX Mpe-
napatos (Hanpumep, (eHona) WU TakuMm
obpa3om ycunuBaeT WX BbiBefeHWe 4Yepes
noykn (puc. 16-21). Kpome Ttoro, UDP-
FMIOKYPOHAT CNYXWUT NpefwecTBeHHVKOM
D-rnoKypoHaTHbIX 0CTaTKOB B MO/eKy/ax

TaKNUX KUCNbIX nonncaxapmnpos, Kak ruany-

poHOBasi Kucnota v renapuH (pasg. 11.12).

D-rniokKypoHat urpaeT Takxe posib Npo-
MEXYTOYHOr0o MpoAyKTa B mpouecce npe-
BpaleHns D-rnokosbl B L-ackopO6uHOBYHO
Kucnoty. OH BOCCTaHaBNMBAETCA 3a CYeT
NADPH pgo wecTtnyrnepoaHoi caxapHol

Puc. 16-21. BTOPWYHbIA NyTb MpeBpaLieHuns rnto-
KO3bl -4yepe3 UDP-rnoKypoHOBY KWUCNOTY.

UDP-rnoKosa

UDP rnwko3ogerngporeHasa

3H+ + 2NADH *

coo’

UDP-D-rntokKypoHart

L -rynoHart

H2D A AnbpoHonakToHasa

[ op— 1
|
HOCH
D-rnkxypoHaT |
P HOCH
L -rynoHonakToH
HC ----mmm-
|
HOCH
CH2H
IniokypoHaTpeAyKTasa
(chopma, B KOTOpOI1 cheHoN NADP * 2H F'ynoHonakToHoKcuaasa
BbIBOAWUTCA W3 OpraHusma
A P ) coo- 0=c—
| |
HOCH HOC
1
HOCH HOC
| | L -ackop6uHoBas
HEOH HCI— Kucnorta
HOCH HOCH
|
CH20H CH20H

L -rynoHar
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KUCNOTbI - brynoHaTa, KoTopas 3aTem rnpe-
BpallaeTcs B COOTBETCTBYIOLUIA NaKTOH.
L-rynoHonakToH pernapupyetcs go L-
ackop6MHOBOI KMCNOTbI, UM BUTamuHa C,
npyv ydyacTum (raBonpoTeMHa TynOHONAK-
TOH - OKcuaasbl. VIMEHHO 3TUM MyTeM CUH-
TesupyeTcs L-ackop6aT B pacTEHUSAX U Y Tex
XWBOTHBIX, KOTOpPble CMOCO6HbLI 06ecrnevu-
BaTb ce6s 3TUM BMTaMUHOM. B opraHusme
uenoBeKa, MOPCKOW CBUHKM, 06e3bsiH, HEKO-
TOPbIX BUAOB MTUL, U MHAMICKOW nnofosg-
HOI neTyueid MbllLW BUTAMUH C He CUHTE3M-
pyeTcs; 3TU BWAbI JO/MKHbI NOJy4YaTb €ro
B rOTOBOM BUAE, C muuieil. Yenosek, mMop-
ckas CBMHKAa W pasHble BUAbl 06e3bsH He
CUHTE3UPYKT BUTaMMH C NOTOMY, 4TO
Yy HUX OTCYTCTBYeT (JepMeHT TyNOHONaK-
TOH -0Kcufasa. MOXHO fymMaTh, YTO HeKor-
[a BCE OpraHW3Mbl pacnonaranM Hab6opom
(hepMeHTOB, HEOOXOAWMbIX [/1f CUHTe3a
ackop6aTa, HO 3aTeM Kakue-TO BUAbI yTpa-
TUAU 3Ty CNOCOBGHOCTb K CUHTE3y BClef-
CTBME MyTaLuW, KOTOpasi, 0jHaKo, He OKas3a-
nacb Ans  HWX NeTanbHOW, MOCKOMbKY
06bIUHYI0 NWLLY JAHHOTO BUAA COCTaBASAMM
6oraTble BUTaMUHOM C pacTeHwus.

[ons rnoKo3bl, 0TBNEKaeMoi Ha 3ToT
BTOPUUHBI/ NyTb, OYEHb HEBENWKa N0 CpPaB-
HEHWI0 C 6O/bLIMM ee KONMYECTBOM, paclle-
MAsieMbiM B MPOLECCE TIMKONMM3A U Yepes
UMK NIMMOHHOW KucnoTel. OfHAKo mnpo-
OYKTbl TakKMX BTOPUUHBLIX MYTeA XWU3HEHHO
Heo6X04MMbl OpraHu3My.

KpaTkoe cogepXaHue rnasbl

KneTtouHoe fAbiXxaHWe BK/AO4YaeT Tpu cTa-
gun: 1) okncnuTenbHoe obpa3oBaHue ale-
Tmn-CoA 13 nupysarta, XWUPHbIX KUCNOT
U aMWHOKWUCNOT, 2) pacuiensieHne ae-
TUNbHbIX OCTATKOB B LMKIE MMMOHHOW KuC-
NoTbl, B pe3ynbTaTe KOTOporo o6pasytTcs
CO2uatombl Bogopoaa, v 3) nepeHoc anek-
TPOHOB Ha MOJIEKYNSPHbIA KUCNOPOA, CO-
NPSXXEHHbIA C OKUCANTENbHBIM hocdopunu-
posaHvem ADP go ATP. lMpu okncnuTens-
HOM KaTabonmsme Tr/110KO3bl Bblfjensercs
ropasfo 60/blie 3HepruM, 4em Mnpu aHas-
po6HOM ravkonuse. B aspobHbIX yCnoBMAX
KOHEeYHbIi MPOAYKT rAnKonuWsa npupysat
nofBepraetcd cHavana JAernapvpoBaHuio
n fekapbokcMnmpoBaHuto ¢ obpasoBaHuem
auetun-CoA un CO,. Kartanusumpyet 3ToT

YACTb a, BUOSHEPTETUKA n METABOJ/IN3M

npouecc nupyBaTAerniporeHasHbli  KoM-
M/eKc, COCTOALMNIA U3 Tpex nocnepoBaTefib-
HO feicTBylOWMX (epmeHTOB. Liukn nu-
MOHHO KMCNOTbl MPOTEKaeT B MUTOXOH-
opnax. OH HauuMHaeTca peakuueld, B KOTO-
PO uUMTpaT-CMHTa3a KaTanm3npyeT KOH-
peHcaunio auetmn-CoA u okcanoaueTaTa,
B pesynbTaTe 4ero obpasyeTcd uuTpart.
B npucyTcTBMM aKoHuUTasbl LuTpat B obpa-
TUMOIN peakuuWn npesBpawaeTcs B W30UU-
TpaT, KOTOPbIN 3aTeM [erngpupyercs
c obpaszoBaHMeM a-ketornytapata u CO2
¢ nomouibto NAD- n NADP-3aBUCMMBbIX
nsouuTpatgerngporeHas. B pesynbrare fe-
rMapupoBaHns 1 fekapboKcuanpoBaHus a-
KeTornyTtapata o06pasylTcs  CYKUWUHWUI-
CoA n CO2. CykymHun-CoA B3aumopei-
CTBYeT Npu yyacTuu CYKUuHunN-CoA - CuH-
Teta3bl ¢ GDP v ¢octatom, B pesynbrarte
yero o06pasyeTcs CBOGOAHbLINA CyKUMHAT,
a Takxe GTP, koTopblii 3aTem mnepefaet
CBOK KOHLeBYK (pochaTHyl0 rpynny Ha
ADP. CyKumHaT okucngetrca fo ymaparta
nog AeiicTBMEM OLHOrO W3 (riaBMHCOAEp-
Xawmx PEepmMeHToB - CyKLMHaTAernapore-
Hasbl. Pymapar obpatumo rugpatupyercs
thymapasoil c o6pa3oBaHuem L-manarta, Ko-
TOpblil 3aTem okucnsetca NAD-3aBUCMMOIA
L-manatgerugporeHasoin. B pesynbTate
OKWC/IeHWUA Manara pereHepupyert ofHa Mo-
NeKkyna okcasnoaueTaTta. 3Ta MOAeKyna mMo-
XeT Tenepb COEAMHUTLCS C HOBOW MOJEKY-
noii auetun-CoA M TeM camMbiM HauaTb
HOBbI 060POT LMKNa. ONbITbl C U30TOMHOIA
MeTKOW, B KOTOPbIX M30TOMaMu yrinepopa
6bINN MOMEYEHbI MOMIEKY bl «TONNBA» UK
NPOMeXYTOUYHble NPOAYKTbI, Y6eanTenbHo
[0Kasanu, 4To UUKA NMMOHHOWR KUCAOThI
npeAcTaBnseT coboii rnaBHbIA NyTb OKUC/E-
HWUSA YINeBOLO0B B XXWBOTHLIX KneTkax. O6-
was CKOpoCTb (PYHKLMOHUPOBaHWUA LMKNa
B NMeYeHn onpefenseTca CKOpPOCTbI0 NpesBpa-
weHns nupysata B auetun-CoA, a Takxe
CKOPOCTbIO peakuun, B X0Ae KOTOPOW M3
aueTun-CoA obpasyetca umTpar. Ta peak-
LMsA KaTanm3npyeTca LMTpaT-CMHTa30i, an-
NnocTepuyeckUM (GepmMeHTOM, Ha KOTOpbIi
0Ka3blBalOT MHIMOMpYloLLee AelicTBME CyK-
UMHUN-COA 1 HEKOTOpPbIe Apyrue BeLLecTBa,
urpawLme ponb OTpULATENbHBIX MOAYNA-
TOpOB.

lMpoMeXxKyToYHble MPOAYKTbI LUKNa n-
MOHHOM KWCNOTbl WCMOMb3YIOTCA Takxke
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B KayecTBe nNpeflwecTBEHHUKOB npu 6uo-
CUHTe3e aMWHOKWCNOT U Apyrux 6uomone-
Kyn. Ix y6binb BOCMmonHseTca 6Gnarogaps
aHannepoTuyeckum peakuuam. Cpeam atux
peakuuii rnaBHyl po/b UrpaeT COMPOBOX-
jarolasca pacxogosaHuem ATP peakuuns
KapboKcunnposaHna nupysarta, B pesynbra-
Te KOTOpOW o06pasyeTca okcanoaueTar.
B pacTeHVsX M HEKOTOPbIX MUKPOOPraHu3-
Max, A1 KOTOPbIX €4WHCTBEHHbIM UCTOYHM-
KOM Yyrnepofa npu CUHTe3e YriieBofoB cny-
XWUT aueTaT, [eACTBYeT [/IMOKCUNATHbIA
LMK, NpeicTaBnAloWwmini coboin moanduka-
LMI0 LMKNa NMMOHHOM KMCNOTbl. OTOT NyTb
obecneumnsaeT obpasoBaHue n3 aueTnn-CoA
CYKLMHATa U HEKOTOPbLIX APYrUX NPOMexy-
TOYHBLIX NPOAYKTOB ANA HYXA 6uocuHTesa.

FNoKO03a MOXEeT BCTYyNaTb BO BTOPUYHbIE
KaTabonmyeckne peakummn, B pe3ynbTaTe Ko-
TOpbIX 06pasyloTCca cheymanbHble Mpo-
JykTbl.  TeHTO30(hocthaTHbIA  NyTb, Ha-
YMHaKOLWMIACA C AerMapupoBaHUA TIHOKO-
30-6-thocthata, moctaBnseTr pm6030-5-doc-
tat 1 NADPH. Peakuun neHto3odocgar-
HOro nyTW, NpPUBOAALLME K 3TUM MPOAYK-
TaM, MpoTeKkalwT B pPacTBOPUMON uyacTu
umMTonnasmel - uuTo3one. Pubosogochathsl
CnyXaT npejllecTBeHHUKaMy Npu CUHTE3e
HYKNeoTMA0B W  HYK/IEWHOBBIX  KWUCIOT,
a NADPH wucnonb3yeTcs B KayecTBe r/aB-
HOro BOCCTaHOBUTENA npu 6UoCKMHTE3e Ka-
Knx 60raTbiXx BOAOPOAOM COEAUHEHWUN, Kak
XUpHbIE KUCNoTbl U xonectepon. W3 rnio-
Ko3bl 06pasyetca u UDP-D-rnokypoHar,
KOTOpPbI CNOCOBCTBYeT 06e3BpeXMBaHNIO
HEKOTOPbIX YYXXepOLHbIX BELLECTB B Opra-
HU3Me, a TaKxXe ABMAeTCA MpeaLlecTBeHH!-
KOM L-ackop6WHOBOA KWCNOTblI (BUTaMUHA
C).
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Bonpocbl M 3agauu

J. BanaHc UMK.W NUMOHHOW KuCnoThl. B umkne
NUMOHHOW KUCNOTbI NNA pacTenneHns ate-
Inn-CoA wucnonb3ywTca BOCEMb (epMeH-
TOB: LWTpaT-CMHrasa, akoHuTasa, MU3OLUK-
TpaTAerujporeHasa; a-kerornyrapatjerup-
poreHasa. CykKuHHuUn-CoA-cuHrteTasa, CyKum-
HaTjer naporeHasa, pymapasa M manatge-
ingpcm eHasa,

a) HaHHwWwwUre ypaBHeHMe XMMuU4yeckoro 6a-
NnaHca Nnns  peakuuin, Katanusupyembix
KaXAblM M3 yTtux (DepMeHTOB.

6) Kakoil kodakTop (MAM KodakKTopbl) He-
06X0AMM NS KaXAOW M3 3TUX peakumin?

B) Ana Kaxporo u3 PepMeHTOB YKaxuTe,
K KakoMy W13 NepevyncneHHbIX HUXE Tu-
NoB NPUHafNexuT Katanusupyemas um
peakuusa: KoHfeHcauua (obpasoBaHue
yTnepoj-yrnepoaHoit ceasu); gernpparta-
uma (oTwenneHune BOAbI); Truapartayuns
(npucoeanHeHne BOAbI): fekapbokcunu-
posaHue (oTwenneHne CO,); okwucne-
HUe BOCCTaHOB/eHWe; (ochopunnposa-
Hue Ha ypoBHe cyb6cTpaTa; M3omepusa-
Lus.

i) Hanuwwnte cymmapHoe ypaBHeHWEe XUMU-
yeckoto 6anaHca fnA npesBpaljeHuns ae-
mn-CoA B ABYOKWUCb Yyrnepoga.

2. PacnosHaBaHWe OKUCAMTENbIl0-BOCATHOBU-
Te./bHbIX peakynit B npoueccax MeTabonns-
Ma. bnoxummunyeckasd ctpaTer® XuBbiX Op-
laHn3mMoB 3ak/noy4aeTcs B MOCTaguiiHOM
OKWCNEHWW oOpraHuyeckux coepgmHenunin [Jo
[ByOKMCKH yrnepoga u BoAbl. bnarogapsa co-
NpsXXEeHWI0 3TUX peakyuil ¢ Apyrumu peak-
LMAMKN 3HAYMTeNbHas Yaem, 3HEpruum, BbiC-
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Bo6GOXJalo W eiica npyu oKMCNeHUMU, 3anacaeT-
ca B popme ATP. BaxHO ymeTb pacno3Ha-
BaThb OKMUCNUTENbHO-BOCCTAHOBUTENbHbIE
npoueccbl B MeTa6onname, UCXOA[S W3 Ha-
610 fjaeMblX  XWMUYECKWX  NpeBpaljeHunii.
BoccTaHOBNEHMe KaKO-1Mn60 opraHuyeckoi
MONeKynbl MPOMCXOAWT B pe3ynbTaTe run-
ApupoBaHus  (NpucoefuHeHus  BoAoOpoAa
H-H) no aBoiiHoi cBa3u (1) mam no npoc-
TOW CBA3W-B 3TOM C/ly4ae C ee pa3pbiBOM
(2). OkncneHne xe, Hao60pOT, NPOUCXOAUT
B pe3ynbTaTe perumgpuposaHus (oTwenne-
Hue Bogopoga H-H). B 6umoxumuuyeckux
OKWCANTENbHO-BOCCTAHOBUTENbHBIX peak-
umMax (cm. Huxe, n. 3) GYHKUUIO fernppupo-
BaHWA-TUAPUPOBAHUA OPraHWYeCKUX Morne-
Kyn BbINOMHAT B MPUCYTCTBUU COOTBET-
CTBYOWMNX (epMEHTOB COMPAXEHHbIe napsbl

OH OH o
r) CH—C—
H Ye -H

FnuuepnHoBas Kucnota

OH OH OH
.1 11
) CH,—c —cH, -

H
Fnuuepon

H
V f«
H
Tonyon

BMOSHEPTETUKA N METABOJ/IN3M

BeH3oliHas kucnoTa

OH OH o}
S
4CH,—C—C
H YH
Fnnuepanbgerng
OH O OH
| 1
CH,- -C—CH,
AvnrngpokcuaseToH
[---\ °
- <
4— X O—H

KOG EPMEHTOB: NAD+-NADH "
FAD-FADH?2.
o BoCCTaHOB- 0*"H BoccTaHOB- O—H
1 NleHve I |  neHwe
CH3 -C- -H + H—H CH3—C*-"H mCH3—C—H 1)
OkucneHve OkucneHne |
AueTtanbgerug H
OraHon
o BoccraHos- 0 BoccraHoB- O f
| neHunen NleHve [ /
CH3—C + H—H CHsrCA H — CH3—C—H+0 @)
OkucneHue OkucneHne
O—H L Y H
YKcycHas Kucnota H AueTanberug
YKaxute, 4YTO0 WMEHHO NpPOMCXOoAUT 1 OL-l - H
(oKucneHne nMnNuM BOCCTAHOB/EHME) B Ka- *q C—CH,—CH,—C \C:C
XOOM M3 NPUBEAEHHBIX HUXe meTabonu- -O/ ‘(4) O—C/
YeCKUX npeBpaweHuii. Hanuwwnte ypas- '
0
HEeHUs Xxumuyeckoro 6anaHca, Ao6asus CyKuuHat ®ymapar
H-H.
O
o 1
1 3) CH—C CH,—C +
a) CH3—OH H—c —H ) Y / ' H+ Co,
MeTaHon dopmanbaerug c—0
0
1 ? MuposuHorpaaHas YKcycHas Kucnora
6) H—C—H n Cx Kucnota
OH 3. HUKOTMHaAMUAHble KOepMEHT bl-NepeHo-
dopmanbgerug MypaBbiHas KUC0Ta CUYNKN BOAOPOAA B 0GPaTMUMbIX OKUCAUTENb-
HO-BOCCTAHOBUTENbHbIX peakuuax (rn. 10).
o HuKoTUHaAMUNHbIe KOepMeHTbl MoryT
1 BCTynaTb B 06paTuMble OKUCAUTENbHO-BOC-
0—C~0 H—C\ /H CTAaHOBUTENbHbIE peakyln co CheynduyHbl -
[iByoKuCb 0 Mu cy6cTpaTtamMu B MPUCYTCTBUM COOTBET-
yrnepoja MypaBbuHas Kucnota CTBYOWMNX JerugporeHas. B okucnnTenbHo-
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BOCCTAaHOBUTENbHON peakyunm yyacTByeT HU-
KOTUHaAMuUHOE KONbLO KO epmeHTa;
ocTanlbHad 4YacTb ero MOJeKyNnbl UrpaeT
ponb CBA3bIBAaOLWeEA rpynnbl, KOTOPY Yy3-
HaeT COOTBETCTBY L as fernaporeHasa.
dopmanbHO UCTOYHUKOM Bogopoga (H-H;
cM. n. 2) cuutaetca NADH + H+. Korga
KOo(hepMeHT  oKucnfaercs, 0lHOBPEMEHHO
[OMKeH BoccTaHaBnuWBaTbca cyb6eTpaT*

Cy6ctpar + NADH + H+
Okwucn. Boccr.

N Cybctpatr + NAD +
Boccr. Okwcn.

YKaxute Ans Kaxpfoh M3 NMpuBefeHHbIX HWU-
Xe peakuwit, 4yto npoucxoauT c cyb6beTpa-
TOM, T.e. OKWCNAeTCA AU OH, BOCCTaHaBAW-
BaeTCA MM CTeMeHb ero OKUCNeHUs ocTaeT-
CcA HEeW3MeHHOW (cm. n. 2). Ans Tex peakuwui,

B KOTOpPbIX MNPOUCXOAWT OKUCNEHUE WUNn

BOCCTaHOBNEHMNE cybcTpaTa, HanuwmnTte

ypaBHEHUs XuMuUyeckoro 6GanaHca, Yykasas

Tpebyemble konuyectea NAD+, NADH,

H4 n H20. 3agaya COCTOMUT B TOM, 4TOObI

pacnosHaTb, HYXE€H N1 ANs TON wWau WHOMN

peakumu OKWCANTENbHO-BOCCTAHOBUTENb-
HbIl KO(EpPMEHT.

(o]
CH—&

a) CHXH2H

/

B) g‘Haji C— CH2— T — »CH3— Cl/lchj+C02

0~

AueTtoauerar AueToH

4. CTumynuposaHue noTpebneHus kucnopoga

okcanoauyeTaToM UM ManaTom. B Hauvane

30-x ropoB Anbb6epT CeHr-Abépabn co06-

wun o6 mHTepecHom HabnwgeHun. OH fo-

6aBnAn K AbllWaW UM CYCNeH3NaM W3MeNb-

YeHHOW rpyfHOW MbllW bl rony6s okcanoaue-

TaT uAM mManat M o6HapyXwun, 4To noTpe-

6neHne Kucnopoga nNpu 3TOM ycunuBaeTcs.

Mpn n3mepeHnn Konmuyectsa notpebnsgemo-

ro kucnopoga 6bl10 BbIABEHO O4HO YAUBK-

TenbHoe 06CTOATENbLCTBO; KONMYECTBO MNoO-

Tpe6neHHOro kucnopofa B 7 pas npesbllla-

no TO, Kakoe Tpe6oBanocb ANA MNONHOTO

oKucneHus pobaBneHHOro okKcanoaleTtarta
nnn manaTta [O ABYOKWUCWM yrnepoja u BO-

Obl.

a) Moyemy fobGaBneHWe okcanoauerata uau
Manata ycunueaeT noTpebreHne Kucno-
popa?

6) Moyemy KONMYecTBO NornoLweHHoOro
Kucnopoja BO MHOro pa3 TnpeBbllWaeT
TO, KoTopoe TpebyeTca [AfA MNONHOTO
OKMcneHus p[ob6aBNneHHOro okcanoaueTa-
Ta unum manarta?

5. Yucno mMonekyn okcanoauerarta B MUTO-

XOHApPUU. B nocnepHeil peakuuu uukna nu-

“\ MOHHOW KUCNOTbl MPOUCXOAUT AErMAPUPO-
H
3TaHon AueTanbgerug BaHwe manara, B pesynbrare uero perewe-
pupyeT okcanoaueTtaT, Heo6XO0AMUMbLIA Ans
OH
?2H /°
6) 2°03P0—cH2— C— C 20%0— CH2— C— C. + HPO,'
0PO03 H

H
3-thocornuuepounndocdar

o o- o)
a) CH3—C—¢C CH3— +co2
% H
Mupysart AueTanbperung
- 0]
F) CH*—C-AC CH3— + co02
¢} 0-
Mupysat Auertart
OH
|
A\ 00C CH, coo -00c— CHr— C— COO-
H
Oke.apoaueTar Manat

rouuyepanbperna-3-gocgar

B3aumopgeiictens ¢ auetun-CoA B uuTpaT-
CUHTA3HON peakuuu

L-manat + NAD+ -> Okcanoauervat +
+ NADH + H+

\G°' = +7,1 KKan/mons.

a) BbluncnuTte KOHCTAHTY paBHOBecua AnNA
3Tol peakumm npu 25'C.

6) Mockonbky BennymHa AOOQ0 oTHoOCUTCSH
K CTaHAapTHOMY 3HauvyeHutio pH, T, e
pH 7, KoHCcTaHTa paBHOBecusd, BblYUC-
NeHHas, Kak B M. «a», paBHa

[OkcanoayetaTt] [NADH]
[L-manaT] [NAD +]

Keq

Kak nokasblBalT W3MepeHWUsd, KOHLEeH-
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rpaunma L-manaTa B MUKOXOHAPUAX
neyeHW KpbiCbl cocTaBnas! npun6nusm-
TenbHo 0,20 MM, a OTHOWEHNE KOHLEH-
Tpauuit NAD *'NADH pasHo 10. Bbi-
YMCNNTEe KOHLEHTpauul oKcanoauertaTa
B MUTOXOHAPMAX MNEYEHU KPbICbl npn
pH 7.

B) MUTOXOHAPUM M3 MEYEHU KPbICbl WMEKT
hopMy LWApPUKOB AMWaMeTPOM  OKO/0
2 MKM. YT06bl NpaBMNIbHO OLEHWUTb KOH-
LeHTpaLuo oKcanoauetatra B MMUTOXOH-
LPUAX, OMpPeAennTe YUCNO ero MOJeKyn,
npuxopaujeecd Ha OAHY MMWUTOXOHAPUIO.

M3yueHne npouecca AbiIXxaHus B U30AUPO-

BaHHbIX MWTOXOHAPUAX. MOXHO U3yyaTb

KNeTouyHoe AblXxaHuWe Ha npenapaTtax M3onu-

pOBaHHbIX MWTOXOHAPUI, Habnwopgas 3a

TeM, Kak M3MeHAeTCA NOrnolWeHne KUNCnopo-

fa 3TUMWU npenapaTtamu B 3aBUCUMOCTU OF

ycnosuit. Ecnn K akTUBHO [blWalwnm MUTO-

XOHAPUAM. MCMNONb3YKWLWMUM B  KavyecTse

€[INHCTBEHHOI WCTOYHWKA «TONnuBa» nNu-

pysaTt, go6asuTtb 0.01 M manoHaT HaTpus,

TO [blXaHWe BHe3anHO npekpauwaetcsd M Ha-

KanamBaeTca OfWH U3 TMNPOMEXYTOYHBIX

npoayKToB mMeTabonusma.

a) KakoBa CTpyKkTypa HakannuBawlerocs
NPOMEXYTOUYHOTO NpoaykKTa?

6) Mouyemy OH HakannuBaeTcs?

B) Mouemy npekpawaerca noTtpebneHune
Kucnopopga?

r) Kakum cnocobom (Kpome NpoCcTOro ypga-
NeHNs ManoHata) MOXHO CHATb Bbl3BaH-
HOe ManoHaromMm MHrubuposaHnue? Mosc-
HUTe CBON OTBeT.

OnNbITbl C MEYEeHbIMU COEAUHEHUAMU Ha npe-

napaTax M30N1MPOBaHHbIX uitmoxoitdpuit.

MeTabonnmyeckne HYT. Ha KOTOpbIX COBep-

WwakwTca nNpesBpaljeHNs Tex WA WHbIX opra-

HUYECKUX COefMHEHUIi, 4YacTo u3yyalT, uC-

noNnb3ys MeyeHble Cy6CTpaTbl M MPOCIEXMW-

Bas CyfibOy MeTKu.

F—CHJfJOO

a) Kak onpepenuTtb, AeAcTBWENbIO NK
rnoKosa, fo6aBneHHas K CycneHauu u3o-

NNPOBaHHbIX MUTOXOHAPWIA, pacwenns-
eTca go COrum HO'
6) K npenapaTy MWTOXOHApPWIA poGaBunwu

nupysaT, MeyeHHbIlA 14C no MeT UNbHOW
rpynne. Kakoe nonoxeHue 3aiimer |[4C
B OKcanoaleTaTe mocne ogHoro o6opoTa
LUMKNa NNUMOHHOW KUCNOTbI? APrymMeHTU-
pyiiTe cBOii OTBeT, npocneaus Cyabby
METKW Ha BCEM MNPOTAXEHUU LMUKNa.

B) CKONbKO 060pOTOB HWUKNA JNIMMOHHON
KWCNOTbl noTpebyeTca AN Oro, 4TO6bI

4y Cn.VSH

BMO3HEPTETUKA N METABOJIN3M

Becb 14C Bbifenunca B suge 14C O ,? Ap-
TYMEHTUPYWTe CBOW OTBET.

8. KaTa6onnsam 1-'4C-rnoko3bl. AKTUBHO fbl-

wawyto 6akTepuanbHyl KynbTypy B Teue-
HUe KOPOTKOro BpeMeHu WHKy6uposanmn
¢ 1-14C-rnwoKo30i. a 3aTeM BbIAeNUU W”3
Hee MPOMeXYTOUYHble MPOAYKTbl TMKONM3A
N UMKNa AMMOHHOW KWCNOTbl. 3TU npome-
XYTOUYHblE MPOAYKTbl MEepevyncneHbl HUXe.
YKaxuTe, Kakoe NON0XeHWe 3aHUMaeT B Ka-
XAOM U3 Hux ,4C. YuuTbiBaiiTe npu 3Ttom
TONIbKO HayanbHOe BKAO4YeHne 14C B Mone-
Kyny.

a) ®pykTo30-1,6-gndoctar

6) nunepanbperna-3-thoceart

B) ®ochoeHonnupysar

r) Auetun-CoA

A) Uwtpar

e) a-Ketornyrapar

x) OkcanoaueTtart

CUHTe3 okcanoaueTaTa « LWKNe NUMOHHOM
KucnoThbl. OKkcanoauetrat obpasyetrca Ha no-
cnefHeil CTaguyM LUKNa NTUMOHHON KWCNOTbI
B pe3ynbtate NAD +-3aBUCMMOro OKuche-
HuA L-ma/lata. Bo3MOXeH M CUHTE3 OKca-
noauetata u3 auetun-CoA nop AeiicteBuem
OfHUX TONbKO (EepMeHTOB W KO(aKTOpoOB
UMKna NTMMOHHON KucnoTbl, 6e3 TpaTbl Mpo-
MEXYTOUYHbIX MNPOAYKTOB LUKna? [Jaite
noapo6HbIi oTBeT. Kak mononHseTcs 3amac
okcanoayertarta?

10. MexaHu3m felicTBUA (pTopayeTaTa. npu-

MeHAeMOro B Ka4yecTBe pojeHTuumpa. Mpe-
napat @gTopaueTrara. M3roToBNAEMOro nNpo-
MblLITEHHBIM CNOCOGOM, MPUMeHAETCA Kak
cpeacTBo 60pb6bl C 1pbl3yHamu. B npupopge
(TopayeTar o6HapyXeH B O TOM M3 HOXHO-
ahpUKaHCKUX pacTeHWii. MTPOHUKHYB B KneT-
KW, OH npespauwaerca BO ((TOpayeTun-
COA B peakuuu, KaTanuaupyemoin tepmeH-
TOM aueTaTTUOKWMHA30

ATP-——-F—WB,0—K—CoA + AMP + PP
1

0

A ns n3yyeHns Tokcnyeckoro geiicteunsa dprop-
ayetata 6bln npoBeAeH 3KCNEPUMEHT Ha
MHTAKTHOM WM30/MPOBAHHOM CepAlie KpbIChl.
Mocne nepgysun cepgua 0.22 MM dTopaye-
TaTOM YMeHbWanocb MNOrNoWeHne TrNt0-
KO3bl M CHMXanacb CKOPOCTb TrAWKONU3a,
a rnwkoso-6-ocdat n ppykToso-6-pocdar
Hakannumeanucb. KOHUeHTpauum BCex Mpo-
MEXYTOUYHbIX MPOAYKTOB LUKAAa NUMOHHOMN
KUCNOTbI 6bINM NPU 3TOM HUXE HOPMBbI,
N TONbKO KOHLEHTpayus uuTpata MnpeBbi-
wana Hopmy B 10 pas.

a)B kakoil Tauke 6nokupyeTcs UWKAN Nn-
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MOHHOW KuWcnoTbl? Tovyemy unWTpaT Ha-
KannumpaeTcs, a 3anac APYrux npomexy-
TOYHbIX MNPOAYKTOB LMWKNa ucTolWwaeTca?

6) ®Topauetun-CoA nopsepraetcs  dep-
MEHTAaTUBHbLIM MNpeBpalWeHnamMm B LUKe
AUMOHHOW KucnoTel. KakoBa CTpykTypa
KOHEYHOro npopykta obmeHa ¢ 'Tpa He
Tata? loyemy OH 6NOKMPYeET ULWUKN Nu-
MOHHOW KUCNOTbl? Kak MOXHO CHATb
3T0 WHrubuposaHwue?

B) Mouemy nocne nepgy3un cepaua Grop-
ayeTaTtoM yMeHbWaeTcs  nornoueHue
rNIOKO3bl W CHWUXAETCH CKOPOCTb FNMKO-

nus3a? B 4yeM npuymHa HakonneHwus MoO-

HotochaToB?
r) Mouemy oTpaBneHune

CMepTeNnbHO?
CuHTe3 a-keTornyrapata. a-KeTobTyTa-
paT urpaeT LeHTpalbHYl ponb B 6GUOCUH-
Tese pafa amuHokucnoT. Mpeanoxute no-
cnefoBaTenbHOCTb W3BECTHbIX (epMeHTa-
TUBHbIX peakuuii, pe3ynbTaToM KOTOpOIii
6yaeT peanbHbIi CUHTE3 a-kKeTornyrtapaTa
M3 nupysaTa. OTU peakLuWu He [AOKHbI
npegycmatpuBaTb notpe6neHUs Kakux-nu-
60 MPOMEXYTOYHbIX MPOAYKTOB LMKNa K-
MOHHOW KWCNOTbl. HanuwwnTe cymmapHoe
ypaBHeHUe AN NPefNoXeHHOW BamMu nocne-
[0BAaTENbHOCTU peakyuil M yKaxuTe WCTOY-
HUK KaX[oro pearupylouiero BeliecTBa.
FAMoKCUMNaTHBIW LUKN B CeMeHax pacTeHui.
XMNBOTHbIe He MOTyT CUHTe3upoBaTb Yyrie-
BOAbl W3 XWPOB, NOTOMY 4YTO OHW He Cno-
co6Hbl npespawatbh aueTun-CoA (NpofykT
paclwenneHns XWPHbIX KUCNOT) B nupysaT
nnn okcanoauetat (coegMHeHMs, Heob6XO-
AuMble AnA 6MOCMHTe3a rNKo3bl). B cny-
Yyae e pacTeHWii M HeKOTOpbIX MWUKpoopra-
HW3MOB feno o6cToMT wuHavye. bBnarogaps
MMelWUMCAa y HUX (epmeHTam, wusoyuu-
TpaT-nmase u Manat-cuHTase (puc. 16-18),

hTOopaueraTom

13.
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OHW MOTYT CUHTe3MpoBaTb oOKcanoauerart
n3 auetnn-CoA B TNNOKCUNATHOM LUKIE.
B cemeHax BbICW WX pacTeHWii cofepxarcs
60MblWMNe KONMYECTBA Macen, KOTopble Mpu
npopacTaHWy CNyXaT WCTOYHUKOM >XXUPHbIX
KUCNOT, UCNONb3yeMblX B KauyecTBe npeple-
CTBEHHWKOB AN CUHTe3a LEeNNNo3bl  Ha
paHHUX CTagusax pasBUTUSA, KOTAa CUHTETU-
yeckuii anmnapaT ewe He chopmupoBancs.
HanuwuTte ypaBHEHWS W3BECTHbIX (epMeH-

TaTUBHbIX peaKu,MM, nocnenoBaTeNbHOCTb
KOTOpbIX o6ecneymBana 6bl peaanblﬁ CUH-
Te3 OKcanoaueTaTa, wuUcnonb3yemoro Ansa

GuocuHresa rnioKosbl, U3 auetun-CoA. Ba-
Ta CXema He JO/XHa npegycmaTpuBaTb no-
Tpe6neHUs Kakoro-nM60 MNpPOMeXyTOYHOTO
npoAyKTa LMKNa NUMOHHOW KMCNOTbl. Ha-
nUWNTe cCymMmapHoe ypaBHeHWe o06Gpas3oBa-
HWA okcanoaueTata wu3 anetun-CoA. Yka-
XUTe UCTOYHUKU BCEX KO(AKTOPOB.

KaTa60onM3Mm rnoKo3bl. FANKOAN3 M NeHTO-

30(pocaTHbIi NyTb. M30TONHbIE MeTOAbI
4alT BO3MOXHOCTb ONpefennuTb, Kakas
yacTb KaTa6onM3Ma Tr/IOKO3bl B [JaHHOI

KneTke WNW B AaHHOW TKaHW MAeT Mo rAn-
KONIMTUYECKOMY, a KakKaf- No mneHTo3odoc-
taiHOMy nyTu. KneTku pgenat Ha ABe nop-
Unnu: ofHY UHKY6UpywT ¢ 1- ('-rnoKo3oit,
a apyryto c 6-14C-rnioko3oii. Mocne 3atoro
CpaBHWBAIOT HayanbHble CKOPOCTW nNofBNeE-
Hus |4C B CO,, o6Gpasytouieiica B pesynb-
TaTe OKUCNEHUA 1NIOKO3bl, Y 3TUX [BYX Ba-
pnaHToB. O6bACHUTE, B 4YeM 3akftoyvaeTcs
XUMWUYECKUA CMbICA Takoro noaxopa. Kaku-
MW  [JONXHb 6biTb  OTHOCUTENbHbIE Ha-
YyanbHble CKOpoCcTM o6paszoBaHus 14C0O2
B K/NeTKax MeyeHW, ecNu MUCXOAUTb M3 TOrO,
4TO KaTtabonNusm rnKO3bl pacnpejeneH no-
POBHY MEXAY FMUKONUTUYECKNM U MEHTO30-
thocthaTtHbIM NyTAMKN?
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MEPEHOC 3JIEKTPOHOB,
OKNCNUWTEJ/IbBHOE ®OCPOPUNJTIMPOBAHWE
N PETYNAUNA CUHTESA ATP

B 3701 rnaBe Mbl MO3HaKOMUMCSH C CObBbI-
TUAMW, COCTABMAOWNUMUN  KyNbMUHALWIO
KNeTOYHOro [fblXaHWA,-C MepeHoCcoM 3Jek-
TPOHOB W OKUCAUTENbHLIM docdopunmpo-
BaHMeM. Bce pepMeHTaTMBHbIE 3TaMbl OKWUC-
NUTENbHOTO pacliensieHns yrnesogos, Xu-
pPOB Y aMUHOKMUCNOT CXOAATCA B a3P06HBIX
KNeTkax K 3TOM KOHEYHOW CcTafuu Knetou-
HOro AblXaHWfA, Ha KOTOPOA 3NeKTPOHbI
nepexoasaT OT OpraHn4yeckux cy6cTpaToB
K KAC/opody, a 3Heprus, Bbifjensemas npu
3TOM, ucnonb3yertca Ana o6paszosaHus ATP
n3 ADP u ¢ocgara.

MpegcTtasneHne 0 3HayYeHUMM npouecca
OKWCNUTENBHOTO (hOCHOPUINPOBAHUA B Op-
raHu3Me YenoBeka MOXET AaTb CnefyroLuii
rpy6blil pacyeT. B3pocnblii 340p0BbIA Yeno-
BeK BecoM 70 Kr npu cuasueii paboTe no-
Tpeb6nset B feHb 0Kono 2800 kkan. Ans To-
ro 4ToObl TAKOE KONNYECTBO 3Hepruu 6110
nofly4eHo 3a cyet rugponusa ATP, Tpe-
byetcs (B cTaHpapTHbIX YCNOBUAX)
2800/7,3 = 384 monb, unn 190 kr ATP. Me-
XAy TeM B OpraHM3Me YesioBeKa COOEPXUT-
ca Bcero okono 50 r ATP. AcHo noatomy,
4yTO AN1A YAOBNETBOPEHMA MOTpPebHOCTH Op-
raHm3ma B XMMWYEeCKOW aHeprum 3atm 50 r
ATP [OMKHbI HA MPOTAXEHUN CYTOK ThICA-
4Yn M ThiCAYM pa3 pacwenuteca go ADP
n hocdata ¢ nocnegyrowuM pecuHTE30M.
Kpome TOro, fo/mKHa, O4eBUAHO, B LWINPO-
KUX npefenax MeHATbCA W caMa CKOpOCTb
o6HoBneHns ATP B opraHu3Me-oT MUHU-
ManbHON BO BPEMS CHa L0 MaKCUMasbHOM
B MEpUOAbl HampsHKeHHON MbllLeYHOl pa-
60Tbl. A 3ro 3Ha4WUT, YTO OKUCAUTE/IbHOE
thocthopmnmpoBaHme -He MPOCTO HeMpepbl-

BHbI )XM3HEHHO BaXKHbI/ Mpouecc, HO U Ta-
KO, KOTOpbI/i [AOMKEH PeryampoBathes
B OUYeHb LUMPOKWUX Mpegenax.

17.1. TlepeHOC 3/IeKTPOHOB
0T cy6CTpaToB Ha KWUCIOPOS
CNY>XUT WMCTOYHUKOM 3Heprum ATP

Ha puc. 17-1 npusegeHa cxema, Nomo-
ralowas noHATL 06LWYI opraHu3aunto
npotecca nepeHoca 3/1eKTPOHOB U OKUCN-
TeNbHOro (hocthopunuposaHnsa. B Kaxzaom
060poTe UMKNa NMMOHHOW KUCNOTbI Crheyu-
(OMYHble fernaporeHasbl OTWENNAAKT OT W3-
oumTpaTta, a-KetorayrapaTta, CyKuMHaTa
1N Manarta yeTbipe napsl aTOMOB BOJOPO/AaA.
3T aTombl BOAOPOAA B OMpefeneHHoM
Toyke OT[lalOT CBOW 3/IEKTPOHbLI B LeMb
nepeHoca 3/1eKTPOHOB M NpeBpaliatoTea Ta-
KUM 06pa3om B MOHbI H +, KOTOpPble NOCTY-
nalT B BOAHYH cpefy. D/eKTPOHbI, nepe-
X0fs OT OfiHOTO MNepeHocYnKa K Apyromy,
JOCTUralT B KOHUE KOHLOB WLLNOXPOAL
aa}, UM UMTOXPOMOKCUAULL, MPU Yy4acTum
KOTOPOW OHW ¥ NepeAaloTca Ha KMcnopog —
KOHEYHbIA aKLenTop 3/1eKTPOHOB Yy as-
pobHbIX OopraHu3mMoB. Bcakwii pas, Korga
aToM Kucnopoga npucoeaunHAeT fiBa 3Jek-
TPOHa, NoCTynarLine K HeMy Mo Lenun nepe-
Hoca, U3 BOAHOI cpefbl nornowawTca Asa
noHa H 4, paBHOUEHHbIE Tem, B KOTOpble
npespaTuanch fiBa aToma BOAOpOAa, OTuLe-

N/eHHblIE paHee ferngporeHasamu; B pe-
3ynbTate 3Toro obpasyetcs MoJieKyna
H20.

M3 puc. 17-1 BMAHO, YTO NOMMUMO YETHI-

pex nap atTomMoB BOAOpPOAa, NOCTAaBNAEMbIX
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XupHble
Mnpysar KWUCNOTbI

Cragns 1

Cragns 2

18- ADP + P-

NADH-
fermaporeHasa

\ 12+
MepeHoc YOuXuHoH =

3/1EKTPOHOB 1 1
okucnuTensHoe Lintoxpom b
thocchopunn- " -
0BaHune
P Liutoxpom ¢
1
t
LinToxpom ¢
1v
E
MuToXpom -
oKcupaasa

ADP + Pi
Cragns 3

ADP + Pi

I'v

@ +icC "H.0

Puc. 17-1. Cxema npotecca AblXxaHud. Y KasaHo
NPOUCXOX/EHNe nap BOAOPOAHbIX aTOMOB, OT-
Wwennsemblx gernaporeHasamu. 3T napbl BOfj0-
POAHbIX aTOMOB MepeaakT CBOM 3NEKTPOHbI (2e~)
B LieNb NepeHoca 3/1eKTPOHOB, MO KOTOPOWi OHK

B KOHEYHOM CYeTe MepexofAaAT Ha KUCNOPOA.

[lns BOCCTAHOBNEHNA KaXA0ro atoma Kucnopoga
Tpebyetcs 2e~ - 2H +. SHeprusa, BbicBO6OX4at0-
Lascs npu nepeHoce 0fHON Mapbl 31€KTPOHOB

oT NADH K kucnopogy, 3anacaetcs B Buje

Tpex monekyn ATP, o6pasylowumuxca B pesynbTaTe
oKMcAuTenbHOro gocgopunuposaHns. Lenb nepe-
HOCa 3/1eKTPOHOB NpeAcTaBneHa 3/ecb He Mof-
HOCTbIO.

KaXAblM 060pOTOM LMKNa NMMOHHOW Kuc-
noTbl, 06pasyoTca n Apyrue aToMbl BOAO-
pofa, oTwennsemble gernaporeHasamy ot
nupyBaTa, XUPHbIX KNCNOT U aMUHOKNCNOT
BO BpeEMS paclienneHns 3TUX COefUHEHUN
fo auetnn-CoA u gpyrux npogykrtos. [Mo-

4yTW BCE aTOMbl BOJOpOfJa, OTWennsemble
ferngporeHasamu oT MOJIEKY/T KNETOYHOTO
TONAMBA B a3POOHbIX K/IETKaX, B KOHLE KOH-
LLOB MepefalOT CBOW 3MEKTPOHbI B [fbIXa-
TeNbHYO Lenb, T. €. HA TOT 06WMWiIA NyTb, KO-
TOpbIA BeAeT K KOHEYHOMY akuentopy
3N1eKTPOHOB - KUC/0poay.

[bixaTenbHas Lenb COCTOUT u3 pajga 6en-
KOB C MPOYHO NPUCOEAUHEHHbIMUN MpoCcTe-
TUYEeCKMMM rpynnamu, obnagatowumm cno-
COOHOCTbIO MPUCOEANHATL W OTAaBaThb
3NeKTPOHbI. 3T 6enKn pacnonarawTcs
B OMpejeNneHHOW MocnefoBaTebHOCTH,
B KOTOPOMN KaX[bli U3 HWX CNoco6eH npu-
COeAINHATL 3NEKTPOHLI OT MpPefbIAyLIero
1 nepefaeatb MX TOMY, KOTOPbI/ ceayeT 3a
HUM. DIeKTPOHBI, NOCTYNAalLWme B 3Ty LeNb
MepeHOCYMKOB, 60raThl 3Heprueit, HoO No Me-
pe WX MPOABWXEHMUS MO Lenu, OT OAHOrO
MepeHocYmKa K 4pyromy, OHM TepaloT CBO-
60fHYI0O 3Hepruo. 3HauymTenbHas 4vacTb
3TO 3Heprum 3amacaetca B opme ATP
C NMOMOLLbIO MOJIEKYNIAPHLIX MeXaHW3MOB,
[eliCTBYIOWMX BO BHYTpeHHeld MembpaHe
MUTOXOHAPUA. [lepeHOC 3NMeKTPOHOB CO-
nps>xeH ¢ cuHTe3om ATP u3z ADP u docta-
Ta: Ha KaxAyt napy 3neKTpoHOB, Mepe-
[JaHHbIX Mo fbixaTenbHoi uenun ot NADH
K KWCNOPOAY, CUHTE3MPYKTCA TpWU Mone-
Kynel ATP (puc. 17-1). Tpu yyacTka fblXa-
TeNbHOW Lenu, B KOTOPbIX 3HEpPrus, BbICBO-
6oxparowanca B NpoLecce OKUCNEHWNA —
BOCCTaHOB/IEHNA, 3anacaetca B (opme
ATP, Ha3blBalOTCA NyHKTaMu ochopunm-
poBaHWA UMY NYHKTaMK 3anacaHus 3Hepruu.

17.2. TlepeHOC 3N1EKTPOHOB U
OKWNCNUTEeNbHOE (ocdopuanposaHme
NMPOMNCXOAAT BO BHYTPEHHEN
MWTOXOHApPUanbHOW MembpaHe

B 3yKapuMOTUYeCKUX KNeTKaxX MoyTu Bce
cneunduyHblie fernaporeHasbl, NPUHUMa-
L Me yyacTue B OKUC/IEHUN NupyBaTta u py-
roro K/eTOYHOro TOM/AMBA Yepes UWUKA n-
MOHHO KWCNOTbl, HAXOAATCA BO BHYTPEH-
HEM KOMMapTMeHTe MWTOXOHAPUIi-B WX
maTpukce (puc. 17-2). Bo BHYTpeHHei Mu-
TOXOHAPUaNbHON MeMmbpaHe NOKanuU3yloT-
CA MEpPeHOCUYMKN 3/1EKTPOHOB, COCTaBNAO-
Wue [bIXaTeNbHY LUenb, U (QepMeHTHl,
KaTanusupywowune cuHtes ATP us ADP
n goctara. Monekynsl, urpawmouime ponb



510

BHYTpeHHAs MembpaHa:
CofiepXunT Lenu nepeHoca 3M1eKTPOHOB,
CyKUuHat gerngporeHasy, ATP-
CUHTEe3NpYyloLme MepMeHTbl U pasfinyHble
MeMbpaHHble TPAHCMNOPTHbIE CUCTEMBI.
[na 60/bLINHCTBA MOHOB HEGO/NBLLIOTO
pa3Mepa OHa HenpoHuLaema

Kpuctbl

Hapy>kHasi Mem6paHa:
Jlerko npoHuuaeMa noytn Ans
BCEX MOJEKY/ U UOHOB HEGO/bLLONO
pasmepa. Tak Xe, Kak W BHYTPEHHSS

mMembpaHa, OHa COAEPXUT HeKOTopble
(hepMeHThbI

MpocTpaHcTBO
BHYTPU KpuUcT

TonAuBa ANs UMKNa IMMOHHOW KWC/OTHI,
Takue, Kak NupyBsaT, AO/KHbI Nonagatb W3
LMTO30N5, T.e. M3 TOro MecTa, FAe OHU
06pasytoTcs, B MAaTPUKC MUTOXOHAPUN, TAe
UM NpeacToUT MOABEPTrHYTbCA [AeCTBUIO
JernaporeHas; npu aToM OHU, pasymeeTcs,
JOMKHbI  NPOATM Yepe3 066 MUTOXOH-
LpuanbHble Mem6paHbl. TOYHO TaK e
n ADP, o6pasoBaBwuiics us ATP B uuto-

YACTb Il. 6noaHepretuka u METABOJIN3M

MaTpukc:
CogepuTt 60MbLUYI0 YacTb PepMeHTOB
Livkna NMMOHHOV KMCNoTbl,NMnpyBaT-
[lernfporeHasHyo cucTemy, cucTemy
OKWCNEHUS XMPHBIX KUCNOT U MHOTMWe
opyrue depmeHTbl. OH COgepXuUT
Takxxe ATP, ADP, AMP, hocdar,
NAD, NADP u kothepmeHT A

3adecb Xe npucyTcTByeT K+
MK2+1n Ca 2+

Me>KMeMGpaHHoe NPOCTPaHCTBO:
34ecb HaxogsaTcs afeHunar-
KMHa3a U apyrue epmeHTbI

Monekynbl ATP-cuHTETa3sbl:
VX OCHOBaHWS HaxodAaTcs BO BHYTPEHHEN
memb6paHe. ATP cuHTe3mpyeTca B
maTpukce

Puc. 17-2. Buoxumuueckas aHaTOMUA MUTOXOHA-
puii. YkazaHa nokanusauns GepmeHTOB Lukna
NIMMOHHOI KUCNOTbI, Lieneil nepeHoca 3N1eKTPOHOB,
(hepMeHTOB, KaTann3upyoLWmnx oKUCAUTENbHOE
thocthopunmpoBaHue, U BHYTPEHHEro nyna kKogep-
MeHTOB. Bo BHyTpeHHeli Mem6paHe 0fHOW MUTO-
XOHAPUU NeYeHN MOXET HaXOAUTbCS CBbILE
10000 HabopoB Lenel nepeHoca 31eKTPOHOB
ATP-CUHTETa3HbIX Monekyn. Yucno Takux Habo-
poB Tem 6onblie, Yem 6onblue nNnowagb NoBepx-
HOCTU BHYTpeHHell MemMbpaHbl. MUTOXOHAPUM
cepALa ¢ UX MHOTOUYMCNEHHBIMWN KpUCTaMu cofep-
xat B 3 pa3a 60nblle Taknx Habopos, Yem
MUTOXOHAPUW NeveHn. BHyTpeHHUt nyn kodep-
MEHTOB W MPOMEXYTOUYHbIX NPOAYKTOB (hYHKLMO-
HanbHO M30AMPOBaH OT COOTBETCTBYIOLLErO Myna
uuTonnasmbl. MoApo6HO CTPYKTypa MUTOXOHA-
pwii onucaHa B rn. 2.
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3011e B TeX WAM WHbIX npoLeccax, Tpebyto-
KX 3atpaTbl 3HEpPruu, [OMKEH nonacTb
B MWTOXOHApWaNbHbIA MaTPUKC, 4TOOBLI
3fecb pecpocopunuposarbes jo ATP. Ho-
B0OOpa3oBaHHbIi ATP [0MKeH 3aTEM CHO-
Ba NepeiiTV B LMTO30/1b. BO BHyTpeHHEN Mu-
TOXOHApMWanbHO MembpaHe MMetlTCa cne-
LnasnbHble TPaHCMNOPTHbIE CUCTEMBI
(pa3g. 17.19), KoTOpble NEPeHOCAT U3 LUTO-
3019 B MUTOXOHAPWUM NUpyBaT W [pyroe
KfeToyHoe TOMAWBO, & Takxke obecrneyu-
BalOT B MpoLEecce OKUCUTENbHOTO docdo-
punuposaHua noctynneHne ADP u ocga-
Ta B MWUTOXOHApMM n  BbIXog ATP
B LMTO30/b. [akaM 06pa3oM, BHYTPEHHSAS
MembpaHa MUTOXOHAPUIA COCTOMUT U3 MHO-
rMX KOMMOHEHTOB. B Hee BXOAAT nepeHo-
CYMKMN 3NEKTPOHOB, PAJ (DepMeHTOB U HEKO-
TOpble Mem6paHHble TPaHCMNOPTHbIE CU-
cTembl. Ha [0n10 BCEX 3TUX KOMMOHEHTOB
npuxoauTcs B 06LWel cnoxHocTu fo 75°0
unu pgaxe 6onblue OT 06WEA Maccbl MeM-
6paHbl; OCTaNbHYI0 4acTb COCTaBAAOT Nin-
nuabl. BHYTpPeHHAS  MUTOXOHApPWanbHas
MeMbpaHa WMeeT CNOXHYI MO3anyHYI0
CTPYKTYPY, OT LefIOCTHOCTU KOTOPOW 3aBu-
CUT TaKas >XXW3HEHHO BaXHasd (YHKLMA, Kak
cuHTes ATP.

17.3. Peakuun nepeHoca
MeK POHOB MK OKMWC.WTCAMIO-
r.occ iamOBW ie. H>HMe peakuun

Bbiwe Mbl paccmaTpuBasu HeKOTOpble
(*)epMEHTaTI/IBHbIe peakynn, B KOTOPbIX BO-
AopoAHble aTOMbl WUNWU 3M1EKTPOHbLI nepe-
parTca oT O,IJ,HOVI MO/1EKY/Ibl KAperIZ. Te-
nepb Mbl BHOBb 3aliMeMcs TaKUMM peakyuna-
MW N PpacCMOTPUM OTAeNIbHbIE UX XapaKTe-
PUCTUKKN C KOJINYEeCTBEHHO CTOPOHbI. Xu-
Mmn4yeckme peakuun, B npouecce KOTOPbIX
NPoONcxXoanT NepeHocC 3/1eKTPOHOB OT O,qHOVI
MONEeKYNbl K ,qpyrof/’l, Ha3blBAKOTCA okucnu-
TeNbHO-BOCCTAHOBUT E€NbHbIMU peakunamm.
CoefiHeHMA, oTAaloLW e 3/1eKTPOHbLI B Ta-
Ko peakynn, Ha3blBakOTCA goHopaMu jic«-
TpoHos WIN BoccTanoBuTenamu, a CoeguHe-
HUA, npucoeguHAOLLINE 31eKTPOHbI, -akuen-
TopamMu 23nekTpoHoB W/IN okKucanTenamu.

OkucnuTenn n BOCCTAaHOBUTENW Bcerpga
(byHKLI,I/IOHI/IpyFOT KaK conpsa>eHHble okuncnu-
TeNbHO-BOCCT AHOBUT eNbHble napbl (pefoKc-
napsl), ﬂO,q06HO TOMY KaK KUC/OT bl N OCHO-

BaHUA (YHKLMOHUPYIOT KaK COMpPsKeHHble
KUC/IOTHO-O0CHOBHble Mnapbl (pasa. 4.8). Ha-
MOMHUM, YTO KUC/TOTHO-OCHOBHbIE peakumnn
onucbiBalTCA criegyowmnm obwmnm ypasHe-
HUem:

[oHOp MpoOTOHOB H 1 + AkuenTtop
NPOTOHOB.

Takoe e 06liee ypaBHEHWE MOXHO Hamnu-
caH» W AN OKUC/INTESIbHO-BOCCTaHOBU -
TelbHbIX peakuuiA:

[ oHOpP 3/1eKTPOHOB e- + Akuentop

3J1IEKTPOHOB.

TUNUUHBIM MPUMEPOM OKUC/IUTESbHO-BOC-
CTaHOBUTENIbHOMA peakLmMn MOXeT CNYXWTb
peakums

Fe2+eii* e “ + Fe',+

B KOTOPOMA 3aKucHoe xesne3o (Fe2+) urpaet
ponb [A[0HOpPa 3J/1IEKTPOHOB, a OKMWCHOoe
(Fe3+)-ponb akuenTtopa. BmecTe WOHBbI
Fe2+ 1 Fe3T npepgcTtaBnsaoT cobota COMPS-
>KEHHYI  OKUCNNTENbHO-BOCCTanoBNTESb-
Hyl0 napy.

CylwiecTByeT 4eTbIpe crnocoba nepepayu
3/1eKTPOHOB OT OAHOM MOSIeKY bl K ApYroiA.
1 MpsMolA nepeHoOC 3/1eKTpoHOB. Hanpwu-

Mep, OKUC/IN TeSIbHO—-BOCCTaHOBUTESIbHaA

napa Fc Fe' MOXeT nepefaBaTb

CBOM 3/1EKTPOHbLI nape Cu +-Cu22+

Fe2+ + Cu2+ - Fe3+ 4+ Cwui4.

2 TlepeHoc B cocTaBe aTOMOB BOA0POAA.
HanomHuMm, 4TOo aTom BoOgopoda CO-
cTouT m3 npotoHa (H +) u 3anekTpoHa
(e~ ). B atom cnyyae obuwiee ypaBHeHUe
umeeT BU[,

AH, »~ A + 2~ + 2H+.
roe AH, -goHop Bopgopoda (WU anek-
TpoHOB), A-aKLenTop Bogopoaa, a BMme-
CTe€ OHW COCTaB/IAT  COMPSXXEHHYIO
OKUC/INTESIbHO-BOCCTaHOBUTESIbHYIO Ma-
py, CNOCO6HY BOCCTaHaB/IMBaTb akLen-
TOp 3/IeKTPOHOB B nyTem nepeHoca aTo-
MOB BOAOpoAa

AH, f B - A + BH2.

3. MNMepeHoOC 3/71eKTPOHOB OT [O0HOpa K aK-
uentopy B dopme rugpua-mona (:H ~),
HecyLlero ABa 3/1eKTPoHa, Kak 3T0 UMeeT
mMecTo B c/iydyae NAD -3aBUENMbIX Aeru-
aporeHas (pasg. 10.6).
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4. MepeHoc nNyTeM NpPSAMOro B3auMoOfeii-
CTBUS OpPraHMYecKoro BOCCTAaHOBMUTENS
C KACNOPOAOM, NPUBOAALLETO K 06pa3o-
BaHWIO NPOAYKTa, B KOTOPOM COZAEPXUT-
CA KOBANEeHTHO CBsi3aHHbIA Kucnopos.
MpumMepoM Takoil  peakuuu  CAyXUT
OKWCNeHVe YyrneeBogopoja Ao CcnupTa

R—CH3 + : [ R—CH2—/TH

B 3Toil peakuuum LOHOPOM 3/71€KTPOHOB
ABNAETCA yrnesonopoa, a atoM Kuciopo-
[a urpaet ponb akuentopa.

Bce aTn yeTbipe cnocoba nepeHoca 3nek-
TPOHOB WMCNOJIb3YKOTCA B XXUBbLIX K/ETKax.
Moatomy fns 0603HAYEHUsS OJHOrO 3/eK-
TPOHHOI0 3KBMBaNEHTa, Yy4acTBYHLLEro
B OKNC/IEHUUN--BOCCTAHOBNEHWUMN, 4acTo
MONb3ylTCA HEATPaNbHbLIM TEPMUHOM Boc-
CTaHOBMTenbHbIi akBuBaneHT. ITOT Tep-
MWH HWYEro He FOBOPMT HaM O TOM, B KaKoii
(hopMe cOBepLUaeTcsa MepeHoC 31eKTPOoHa,
T.€. 4UTO MMEHHO nepefaeTca caM 3/1EK-
TPOH KaK TakoBOW, BOLOPOAHbLI/ aTtom, rm-
OpUa-NOH UNKU Xe nepefdada NpPoUCxoauT
B peakuuu C KWUCAOPOAOM, MPUBOAALLEN
K 006pa3soBaHMI0 OKWC/IEHHOTO0 MNPOAYKTa.
Huxe Mbl yBUAMM, YTO MEPEHOC 31EKTPO-
HOB B MUTOXOHAPUAX COBeEpPLUaeTCA B pas-
NNYHOW hopMe: MepeHOCATCA TUAPUL-UNOHbI,
BOAOPOAHbIE aTOMbl W, HakKOHeL, MpPOoCTOo
3N1eKTPOHbI (Ha MocnefHUX cTagusax, KaTa-
NU3NPYEMBIX LUTOXpOMaMMK).

Mpv (hepmMeHTaTUBHOM OKWUCNEHUWN MOJie-
Kyn 61M0M10rnyeckoro Tonnmea oTLennseT-
€ 00bIYHO MO fiBa BOCCTAHOBUTENbHbLIX 3K-
BMBaNeHTa W KaXfblii aTtoMm Kucnopoja
npucoefuHAET K cebe TOXe fBa BOCCTaHO-
BUTeNIbHbIX 3KBUBaNEHTa. [103TOMY «eANHN-
Lein» B6MONOrMYECKOr0 OKUCNEHUS MPUHATO
cunTaTb MEPEHOC OfHOW napbl BOCCTAHOBU-
TeNbHbIX 3KBUBANIEHTOB OT cybcTparta Ha
Kucnopogq.

17.4. Kaxpass conpsikeHHas
OKUC/NNTENIbHO-BOCCTAHOBUTENbHASA
napa xapaktepusyetcs
onpefefieHHbIM CTaHLapPTHLIM
MoTeHumanom

Cnoco6HOCTb 1060 CONPSYKEHHON Kuc-
NOTHO-OCHOBHOI napbl 06paTuMo oOTAa-
BaTb MPOTOH XapaKTepu3yeTcsi KOHCTaHTOM

BMO3HEPTETUKA N METABOJIN3M

aunccoumnaumm (pasg. 4.8). TouHO Trak e
MOXHO OXapaKTepu3oBaTb KOMUYECTBEHHO,
npy NOMOLLM KOHCTaHTbl, CMOCOBHOCTb Ka-
X0 COMNPSXEeHHON OKMCNNTENbHO-BOCCTa-
HOBMTENbHOW napbl 06paTMmMoO o0TAaBaTh
3NeKTPOH. 3Ty CMoco6HOCTbL BbIpaxaroT
CTaHOapPTHbLIM OKWCNNTENDBHO-BOCCT AHOBKN-
TenbHbiM noTewuynanom E |. BEMYMHA KO-
TOPOro Mo OMpefefieHNnto paBHa 3/1EKTPO-
LBUXYLLel cune (3.4.C.) B BObTax, BO3HU-
Kalowehn B nonysnemenTe, B KOTOPOM
LOHOP 3N1EKTPOHOB W COMPSXKEHHbIV C HUM
aKLenTop 3M1eKTPOHOB, MPUCYTCTBYOLKE
B KOHUeHTpaumnax 1,0 M npn 25 C n pH 7,0,
HaxogATcAa B PaBHOBECUMM C 3NEKTPOAOM,
CNOCOBHbLIM MPUHUMATL 3NEKTPOHbLI OT [0-
Hopa W nepefaBaTb WX  aKUENToOpy
(puc. 17-3). Anga TOro 4tob6bl U3MEpPUTH Be-
NNYUHY 3. [. C., BO3HUKAIOL Y0 B TAKOM Mo-
NY3NEMEHTE, ero MNPUCOEANHAT K cTaH-
fapTHOMY nonysnemeHTy, 3.4.C. KOTOpPOro
n3secTHa (puc. 17-3). B kauecTBe cTaHgapT-
HOro nonyanemeHTa B HacTofllee BpeMs
MPUHAT BojopoAHbIA 3anekTpog, 3. 4. C. KOTO-
poro npu paeneHuyn razoobpasHoro H2
1 atM, KOHUeHTpauuu wuoHos H+ 10M
(uto cooTsetcTBYeT pH 0) n Temnepatype
251uC yCNOBHO CYMTaKT pPaBHON Hy”H.
CkoppurupoBaHHblil Ang pH 7,0 (T.e. ansa
3Ha4yeHnsa pH, NpUHATOro B Ka4yecTsBe CTaH-
fapTa npyv GMOXMMUYECKUX pacyeTax) CTaH-
[LapTHbI/A NoTeHuMan BOAOPOAHOrO 3/ek-
Tpogsa paseH -0,41 B (puc. 17-3).

B 6uoxumun Ana  BblpaXeHWs CTaH-
JapTHBIX MOTEHUWanoB MNPUHATO MO/Nb30-
BaTbCA MOHATUEM BOCCTAHOBUMTENbHbIA NO-
Tenynan. Uem 6onee oTpuuaTen-Hol Benu-
UYNHOM BbIpaXaeTcsd BOCCTAHOBUTESbHbIN
MOTEHLMAN CUCTEMbI, TEM BbILLE €e Cnocob6-
HOCTb OT[aBaTb 3/IEKTPOHbI; M HAao6opoT,
uem 60fee NONOXUTENbHON BEIMYUHOW Bbl-
paKaeTcs BOCCTAHOBUTENbHbIA NOTeHLwuan,
TEM Bbllle CMOCOGHOCTb CUCTEMBI MPUCOe-
OVHATL  3NEKTPOHblI.  TepMWHbI  cTaH-
,D,apTHbII71 BOCCTAHOBUT E€NbHbI norTeHuunan,
CTaHAapTHbLIN NoTeHUMan u cTaHAapTHbIA
OKWCNUT eNbll0-BOCCMHTOBUT E€NbHbIA NOTEH-
unan PaBHO3HAYHbI.

B 1a6n. 17-1 npuBefeHbl 3HAYEHUA CTaH-
[apTHbIX BOCCTAHOBUTENbHbLIX MOTEHLWa-
NOB ANA HEKOTOPbIX COMPSXEHHBLIX OKUCK-
TeNbHO-BOCCTAHOBUTENbHLIX Nap, urpato-
LMX BaXHYI PO/ib MPU NMEpPeHoce 3/1eKTpo-
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MpuGop Ans U3MepeHus 3.4.c.

CTaHfapTHbI NONYy3neMeHT C U3BECTHOW 3.4.c.
B kauyecTBe abCONIOTHOrO CTaHAapTa NPUHAT BOAOPOAHbINA
aNeKTpof,3.A.c.kotoporo npu pH 0 cumTaetca pasHoit 0,0 B.

MonyanemeHT, coaepxalyuii
UCCedyeMyH0 OKUCIIUTENbHO-
BOCCTAHOBUTE/NbHYH Mapy

Mpn pH 7,0 ona sBogopogHoro anektpogqa E' = 041 B

Puc. 17-3. N3mepeHune cTaHfapTHOro BOCCTaHO-
BUTENbHOTO NoTeHuWana. B npasblii cocys nome-
LLeH pacTBOpP, COAEPXaLLUA CMecb OKUCNEHHOW ©
BOCCTAHOB/IEHHOW (hOPM MHTEpecyrL el HacC OKuC-
NNTENbHO-BOCCTAHOBUTENLHON Napbl B KOHLEHTpa-
umax 1,0 M. B 3TOT pacTBOP MOFPYXXeH 3NeKTPOf
(06bIYHO MNATUHOBBLINR), COEANHEHHbIV BHELLHEN
Lienbio €O CTaH[apPTHbIM NOAyanemMeHTOM (NeBblii
cocyf), Cofepxalum OKUCANTeNbHO-BOCCTaHOBU-
TeNbHYIO0 Napy, NoTeHUMan KOTOpPOil U3BECTEH.

B KauecTBe aGCOMOTHOrO CTaHAapTa NPUHAT BO-
[LOPOAHbIV 3N1eKTPOA, NpeAcTaBAsfOLWNIA co6OiA
NNaTUHOBYIO MNACTUHKY, MOTPYXEHHY B pacT-
Bop ¢ 1,0 M H+ (pH 0) n oMbIBaeMyt TOKOM
rasoo6bpasHoro H2 npu gasneHun 1,0 aTm. CTaH-
[apTHbI BOCCTAHOBUTE/bHbIA NOTEHLMan BOAO-
POAHOro 371eKTPOAa CUMTAeTCH PaBHbIM HYIIO.
ONeKTpoAbl MOTyT MPUCOEAUHATL AW OTAaBaThb
9N1eKTPOHbI OKUCINTENbHO-BOCCTAHOBUTE/IbHbIM
napam B Kax/[OM Mony3seMeHTe B 3aBUCUMOCTH
OT OTHOCUTE/NIbHON BeANYWNHbI UX MOTEHLManos.
ConeBoil MOCTUK, COflePXKaLynii HacbILLEHHBbI
pacTBop K.Cl, ocylyecTBNsfeT 3neKTpuyeckoe co-
efJUHEHNE MEeXAY UCCnefyemMbiM U CTaHAapTHbIM
nosnyanemeHTamu. HanpaeneHue noToka 31eKTpo-
HOB BO BHELLHEN Lenu 3aBUCUT OT OTHOCUTE/bHO-
ro «faBneHns» 3NeKTPOHOB, NN NOTeHLMana
060MX 371eMeHTOB, HO 3TOT NOTOK BCerga Hanpas-
NleH OT anemMeHTa ¢ 6onee oTpULATENbHbIM MOTEH-
LManom K anemeHTy ¢ 60/1ee NONOXUTENbHbIM
noTeHunanom. Mo mamepsemoit 3.4.c. U U3BecT-
HOlA 3.4.C. CTAHAAPTHOrO MONy3nemeHTa onpefe-
NAT 3. 4. C. NONy3neMeHTa, COAepxaliero nccne-
LyeMyt0 OKWCNNTENbHO-BOCCTAHOBUTENbHYIO MNapy.

HOB B 6uonoruyeckux cucrtemax. OHM
pacnonoxeHbl B nopsfke Bo3pacTtaHus no-
TeHuuana, T.e. B MOPAAKE CHUXEeHWa cno-
cob6HOCTM oOTfaBaTb 3NEKTPOHbl. TakuMm
06pa3om, COMPSXEHHble OKUCAWUTENbHO-
BOCCTAHOBUTE/IbHbIE Mapbl C OTHOCUTENbHO
60nbLIeli 0TPULLATENbHOW BENNYMHOWK CTaH-
fapTHOro noTeHumana OyAyT oTgaBaTb
3N1EKTPOHbI napam, pacmnofioXeHHbIM
B 9TOM TMepeyHe HWXe, Y KOTOPbIX CTaH-
LapTHbI noTeHuman Bbipaxaetca 6o0nee
MONOXMWTENbHOW BEANYMHON. Hanpumep,
y napsl u3ouuTpat/a-kKetornyrtapar +
+ CO2npu KOHUEHTpaLMAX KOMMNOHEHTOB
1,0 M cTaHgapTHbIA noTeHuman Eo paseH
— 0,38 B. MMo3ToMy B NpUCYTCTBUM M30L M-
TpatgerugporeHassl (pasg. 16.5) oHa 6ygeT
0TAaBaTb CBOW 3/1EKTPOHbI OKUC/UTENIbHO-
BOCCTaHOBUTeNbHOW nape NADH/NAD +,
MMeloLwen 60nee MONOXWUTENbHBIA MOTEH-
uman. BmecTe ¢ Tem 60/blwas NoOAOXKNUTENb-
Has BeNMYMHa CTaHAapTHOro mnoTeHuwnana
OKWCNNTENbHO-BOCCTAHOBUTENbHOV  mapsbl
Boga/kucnopos (4-0,82 B) ykasbiBaeT Ha
TO, YTO Yy 3TOW Mapbl CNOCOBHOCTb OTAABaTh
3N1eKTPOHbl (T.e. cnocobHOCTb 06pa3oBbi-
BaTb MO/EKYNAPHbIA KNCNOPOA) BblpaxeHa
04YeHb cnabo. MoXHO chopmMyMpoBaTh 3TO
MHaye, CKa3as, YTO Yy MOJIEKYNAPHOIO KuUC-
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Tabnuua 17-1. CTaHfapTHble BOCCTAaHOBWUTENbHble MOTEHLUMaNbl
UrpalWwmnx BaXHYK pofib B OKUCNUTENbHOM

OKUCNUTENbHO-BOCCTAHOBUTENbHbLIX Map,
metabonunamell

YACTb 1L BUOSHEPTETUKA N METABO/IN3M

E'0 HEeKOTOpbIX COMPAXEHHbIX

OKncnuTenbLHO-BOCCTAHOBMUTEIbHAA napa £'0
HekoTopble cybcTpaTHble napsbl

Auernn-CoA + CO, f 2H+ + 2e ->MNwupysar +CoA —0,48
oc-Ketornytapar + CO, + 21 + 2e“ -»M3oyutpar -0,38
3-doedornuuyeponndocpar + 2H’ + 2e~ -*Fauuepanbgerna-3-gocear + P, —0,29
Mupysatr + 2H* + 2e" -» JlakTaTt -0,19
Okcanoauyetar + 2H+ + 2e -> Manart —0,18
dymapar + 2H+ + 2e -# CykuumHart +0,03
KOMNOHEeHTHlI Lenn nepeHoca 3/71eKTPOHOB

2H+ + 2e” H2'0,41

NAD+ + H 4 2e~ -» NADH -0,32
NADP+ + H+ 4 2e'" ~ NADPH -0,32
NADH-pgerngporesasa (FMN-dpopma) + 2H+ + 2e~ -> NADH-gerngporeHasa
(FMNH,-dbopma) -0,30
YO6uxuHoH + 2H+ + 2e" YO6uxuHon +0,04
LUntoxpom h (okucn.) + ¢ Lntoxpom b (BoccT.) +0,07
LUntoxpom c, (okucn.) + e -+ LUutoxpom c, (BoccT.) +0,23
LUntoxpom c (okucn.) + e~ -* Lutoxpom c (BocCT.) +0,25
LUntoxpom a (okucn.) + e" -* Limtoxpom a (BOCCT.) +0,29
LUntoxpom uni (okucn.) + e -» Lutoxpom a} (BoccT.) +0,55
\/20, + 211 + 2- - H,O ~ +0,82

MpuBedeHbl faHHble, paccuMTaHHble ANS KOHUEeHTpauwii Bcex komnoHeHtoB 1M, pH 7,0 u temneparty-

pel 25 C Toka3aHbl
CUCTeMbl K 3/1EKTpOHaM.

OﬁOpOT, yem oHa 6onee nNonoXxutesnbHa, TEM BbilWe 3TO cpoAacTBO.

npoTekawwmne B NONY3NEeMeHTe peakuuu,
Yem 6onee oTpuuyaTenbHoi sBNseTca BenuumHa Eo, TeM 3TO CPOACTBO HUXE; U Ha-

KOTOpblE XapaKTepu3ylT CPOACTBO AAHHOM

Mo3aToMy 3neKTPOHbl 6yAyT CTPEMUTbLCA ne-

pexoanTb OT O4HON OKUCNW ieNbHO-BOCCTAHOBM TENLHOW Hapbl K APYroi B HanpaBneHuu 60nee NOMOXWUTENbHOTO
slli> KpacHblM BblfieNeHbl NOTeHUMansl, 3aHMMaw e oco6oe, NOrpaHUYHOe, NONOXEHUE, @ UMEHHO MOTEHLUMansl

okucnu (enbHO-BOECraHOBUTENbHbIA nap li, 21

nopoAa o4eHb BEJIMKO CPOACTBO K 3/1€KTPO-
HaM wnM  BoAOPOAHbLIM aTomam. CTaH-
0apTHbIE MOTeHUManbl ceAyeT BblpaXaTb
B BONbTax, 04HaKo O/ yA06CTBa UX 4YacTo
yKa3biBaloT B MW/IWHONbINAX.

11.5. licpi.ioi t.icKipouok
ctsigifefwv. 4ii2 i C« i BM M U H ftfil
eimoo. TOIA w. pi in«

3HaHue BennunH E  pasnuuHbix okucnum-
Tes<IbHO-BOCCTAHOBUTESIbHbLIX MNap Mo03BO-
nsaeT, npeackasaTb HanpaB/leHWE MOToOKa
3JIEKTPOHOB OT O,Cl,HOI7I OKNC/TNTENbHO-BOC-
CTaHOBUTESIbHOMA Mapbl K ApYroiA npu cTaH-
OapTHbIX YC/10BUAX B MPUCYTCTBUM KaTanu-
3aTopa. (3/1eKTPOHbI 06bIYHO He rnepexoasdT
0T OOHOIA OKUC/INTE/IbHO—BOCCTAHOBUTESb—
HOM Mapbl K ApyroiA B 0TcyTcTBME hepMeHTa

nmHOI1

UMM Kakoro-HmGyab Katanusartopa, crnocoo6-
HOro YCKOPATbL MPOLLECcC; Katanusatop, of-
HaKo, He W3MEHSieT HamnpaefeHus noToka
M He BNMAET Ha MOJOXEHWe paBHOBECUS.)
B Takux yC/l0BUSIX 3MEKTPOHbI GyAyT nepe-
X04UTb 0T 60/ee 3MeKTPOOTPULATE/IbHOI

OKWC/INTENbHO-BOCCTAaHOBUTE/IbHON  Napbl,
Hanpumep or NADH/NAD* (£, =
= —0,32 B), kK 06onee 31eKTPOMOAOXMU-

TeNbHbIM aKLenTopaMm 3/IeKTPOHOB, Hanpu-
Mep K nape BOCCTaHOBNEHHbIN LMTOXPOM
e/okncneHHbI untoxpom ¢ (E€ = + 0,23 B).
B cuny TOI e NpuynHbl OHU BYAyT nepexo-
OUTb W OT Napbl BOCCTAHOB/IEHHbIW LWUTOX-
poM c/OKWCNeHHbI umnToxpom c¢ (Eo =
= +0,23 B) k nape Boga/kucnopog (EO =
— +0,82 B). 9Ta cnoco6HOCTb 3/IEKTPOHOB
nepexoguTb OT 3N1EKTPOOTPMLATENbHbIX CU-
CTEM K 3/1IEKTPOMOMIOXUTENbHbIM CBfA3aHa
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C Tem, 4TO TakOi NOTOK COMPOBOXAaeTcs
yMeHblUeHneM CBOGOAHOW 3Hepruun; nNoTok
3M1eKTPOHOB  HanpaBfieH BCerja Takum
o6pa3om, 4Tob6bl B pe3ynbTate cBo6OAHAs
3Heprus CcucTembl YMeHbwanacb. Yem
60nblle pasHOCTb CTaHAapPTHbIX NOTeHLUMa-
NnoB  [BYX  OKMCAUTENbHO-BOCCTaHOBU-
TeNbHbIX Nap, TeM 60/bLWUM 0Ka3blBaeTcs
yMeHbLUeHVe CBOOOAHON 3HEPrun nNpu nepe-
HOCe 3M1eKTPOHOB OT 3/IEKTpPOOTpULATENb-
HOM -mapbl K 3M1eKTPOMNOOXUTENbHOWA.
Mpoiias uepe3 BCK LeMb MEPEHOCHMKOB
anekTpoHoB, oT NADH (E0 = —32 B) K
kucnopogy (Eo = +0,82 B), aneKTpOHbI Te-
pAOT 3HauMTeNbHOE KO/MMYeCTBO CBO6OSA-

0,4
NADH-*E-FMKL -0
~02 -  2e~
2 )
0 -‘Lé-»*>

NV ATB{ - 20

e _

a

40,4 \ 30
+0,6 \ *0
+0B 0.- 50

HanpasneHue noToKa a7eKTPOHOB

HOW 3HEPruun, MOCKONbKY PasHOCTb MexXay
CTaHfapTHbIMX MOTeHuuanamMn OKUCIU-
TeNbHO-BOCCTAHOBUTENbHLIX nMap NADH/
NAD+1nH20 /720 20THOCUTENbHO BENUKA.

Onpegennum Tenepb TOYHO, YeMy PaBHO
KONN4YecTBO CBOGOAHON 3Hepruun, BbICBOGO-
XAatoLwencs npyu nepeHoce [BYX 31eKTpo-
HoB oT NADH Ha kucnopog. MN3meHeHue
CTaHAapTHON CBOBOAHON 3HEPruM B peak-
LMK, CBA3aHHOW C NEepeHOCOM 3/71eKTPOHOB,
BbIYUCNAT Mo dopmyne

AG°'= —nFAEO,

roe AGO -usmeHeHue CcTaHAapTHON CBO-
604HON 3HeprMM B Kanopuax, «-4ucno
NepeHeceHHbIX 371eKTPOHOB, F - KOHCTaHTAa,
Ha3blBaemMas 4yuncniom dapagen
[23062 kan/(B-monb)], A£q- pa3HOCTb
CTaHapPTHbLIX MNOTEHLMAaNnoB 3NeKTPOHOAO-
HOPHOM W 3N1eKTPOHOAKLENTOPHONW CUCTEM.
CTaHfapTHble yCcoBua npeanonaratoT KOH-
LeHTpauumn scex KomnoHeHtos 1,0 M, Tem-
nepatypy 25°C n pH 7,0. Takum obpasom,
npu nepexoje ABYX 3/1EKTPOHOB OT OKUC/IN-
TeNbHO-BOCCTAHOBUTENbHOI napbl

NADH/NAD + (£o = - 0,32 B) K okucnu-
TeNbHO-BOCCTAHOBUTENbLHON nape
H20/7202 (£q= + 0,82B) un3MeHeHue
CTaHJapTHON cBOGOAHOW 3HEprum paBHO
AG® = —2+23062- [0,82 —(—0,32)] =
= —b52,6 kkar.

3T0ro0 Konuyectsa 3aHeprum (52,6 kkan),
BbICBODOOXJatloLLeiica MNpu MepeHoce [ABYX
3N1EKTPOHOB B CTaHAAPTHbLIX YCMOBUAX OT
NADH Ha kucnopog, 6onee 4yem gocraroy-
HO And cuHTe3a Tpex monekyn ATP, ko-
TOpbIA B CTaHAapTHbIX YCnoBuax Tpebyet
3aTpatbl 37,3 = 21,9 Kkkan.

Puc. 17-4. HanpaBneHue notoka 31€KTPOHOB
9HepreTnYeckne COOTHOLIEHUSA B AblXaTeNbHON Lie-
nM MUTOXOHApUA. E-FM N o3HauaeT NADH-ge-
rngporexasy; Q -y6uUXWHOH; b, cu ¢, N a-ymn-

KkanrOxpOmbl O6paTuTe BHUMaHWE, YTO B AblXaTelb-

HOVA Llenn nmeeTca Tpu yyacTka (KpacHble CTpen-
Kn), B KOTOPbIX NEPEHOC 3/1EKTPOHOB COMPOBOX-
[laeTC OTHOCUTENbHO GONMbLWWUM CHUXEHUEM CBO-
GOAHOIN 3Heprun. STu 3Tanbl NOCTaBAAT CBO6GOA-
Hyl0 3Hepruto ans cuHtesa ATP. 3HaueHns EO
N8 NepeHOCYNKOB 31eKTPOHOB NPUBEAEHbI B
Tabn. 17-1.

C nomouibio TOl Xe opmynbl, AGO =
= —hFAEqg, MOXHO paccymTtaTb W3MeHe-
HWe CTaHAapTHOW CBOGOAHON 3Heprum Ans
no60ro oTpeska Lenu nepeHoca 3NeKTPo-
HOB MO PasHOCTU MEXAY CTaHAapPTHbIMU
noTteHunanamu [ABYX OKWUCINTENIbHO-BOC-
CTaHOBUTENbHLIX  Map - 31eKTPOHOA40HOP-
HOW ¥ 3N1eKTPOHOAKLENTOPHOIA. Ha
puc. 17-4 nokasaHbl: 1) cTaHfapTHble no-
TeHUManbl HEKOTOPbIX MEPEHOCYMKOB 3/ek-
TPOHOB fbIXaTe/NbHON Uenn, 2) HanpaBaeHue
MOTOKa 3M1EKTPOHOB (MOTOK HEM3MEHHO Ha-
npaBneH «BHU3», T.e. K Kucnopoay) u 3) oT-
HOCWUTENbHbIE BENWYUHbLI W3MEHEHUA CBO-
604HOW 3HeprM;M Ha KaXKLOM M3 3Tanos.
O6paTuTe BHMMaHWe, 4YTO B [bIXaTe/bHON
Lienn ecTb TPU y4yacTKa, B KOTOPbIX MepeHoc
3N1eKTPOHOB  COMNPOBOXAaeTcAd 60NbWUM
CHWXeHNeM CBOOGOAHON 3Hepruu. 370 Te
y4acTKu, rfe BbICBO6OXAAlOLWasACA aHeprua
3arnacaeTcs, T. €. UCNOMb3yeTCcs AN CUHTE3a
ATP.
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B fbixaTenbHy0 Lenb MATOXOHAPUIA BXO-
OUT 60NblIOE 4YWUCNO PasnNyHbIX 6enKkos,
OCYLLECTBAAOLWMNX B ONpefeneHHoON nocne-
[,0BaTeNbHOCTN MEPEHOC 371eKTPOHOB OT
cy6cTpatoB Ha kucnopog. Ha pwc. 17-J
B COCTaBe [blXaTeNbHOW LenW MnoKasaHo
TO/IbKO CeMb MNEPEeHOCYMKOB 3N1eKTPOHOB,
HO, KaK Mbl y>Ke 0TMe4anu Bbllle, 370 ynpo-
WeHHoe ee M306paxeHune. B peicTBuTeNb-
HOCTU B Lienu nepeHoca 371eKTPOHOB UMeeT-
csl He MeHee 15 (a MOXET ObITb, U 60/bLLE)
XMMUYECKUX TPYMMA, CNOCOBHbLIX Mpucoegu-
HATb 1 0TAaBaTb BOCCTAHOBUTENbHbIE IKBM-
Ba/eHTbl B MOCMef0BaTeNIbHOCTN, NOKa3aH-
HOW Ha puc. 17-5.

Obpawaet Ha cebs BHUMaHME pasHO-
obpasne XUMWYECKMX TFpynn, npegHasHa-
YeHHbIX ANA NepeHoca 3N1eKTPOHOB U BCerga
CBA3aHHbIX C 6enkom. Ciofa BXOAAT: Hu-
KOTUHAMUANAEHUHANHYKIEOT U (NAD),
[eicTByOWMIA B cOCTaBe PasfiMyHbIX feru-
aporeHas; ¢nasuumononykneotus (FMN),
cBa3aHHbIn ¢ NADH-gernaporeHasoi; y6u-
XnHoH, WAN kodpepmenT Q (KMpopacTeo-
PUMBbIA XMHOH C WM30MPEHOMAHON 6OKOBOW
Llenblo) OH MOXEeT (DYHKLMOHUPOBAaTb B CO-
eAVHEHNN C OAHUM WM HeCKONbKMMU 6en-
Kamu ;xenesocogepxalyne 6enku aByx pas-
HbIX TUMOB: > eneso-cepHbie ueHTpul (Fe-S)
MW uynTtoxpomsl; WU, HAKOHEU, meab yumTOXpO-
ma aa3.TpeTbe BaXXHOe 06CTOATENLCTBO 3a-
Knoyaetcs B TOM, 4YTO BCe 3TW 6enku,
nrpatouime posib MEpPeHOCUMKOB 31eKTPO-
HOB, HepacTBOpPUMbI B BOLE W BCE OHU
«BCTPOEHbI» BO BHYTPEHHIOD MeMb6paHy
MUTOXOHAPUA.

it wouo M- VMt ! $M
?;MHO m vy K* - 5y n K HWo
BOMbWNHCTBO 3NEKTPOHHBLIX Nap nocTy-
naeT B [blXaTe/bHYI Lenb 6narogapsa Aei-
CTBUIO AeruaporeHas, UCNoib3ywLWmMX B Ka-
YyecTBe aKUenTopoB 3/IeKTPOHOB Kodep-
meHTol NAD+ wunn NADP+ (puc. 17-6).
Bcio 3Ty rpynny B UENOM Ha3blBalOT
NAD (P)-3apucumbimMu fervaporeHasamu.
Mbl y)e BCTpeyanucb C OTAEe/NlbHbIMW ee
npeAcTaBUTENAMU, KOrja paccmaTpusaniu

Cy6ceTpart

NAD

K—FMN

Fe-Sj
Fe-S2
Ke-S,
Ke-S4
Fe-S,

YuyacTok 1

b

Yyacrok 2

Fe-S

YuyacTtok 3
Cu+

o2

02

Pve. 17-5. TonHbIA Habop MEPEHOCUYNKOB 3NEKT-
POHOB, BXOAALWMX B COCTaB fblXaTeNbHOM Lienu.
Ha yyacTke 1uUMeeTcA He MeHee NATU pasINYHbIX
)KeNe30-CepHbIX LLEeHTPOB. Y4acToK 2 BKNOYaeT Ase
pasHble OpMbl LMTOXpOMa b (C pasHbIMU MaKcu-
MyMaMW MOTNOLWEeHNA) U OfUH Xene30-CepHblii
LIeHTP, OT/IMYHBIN OT Tex, Kakue WMelTCa Ha
yuyacTke |. Y4acTok 3 COep>XMUT B AONO/HEHUE

K LMTOXpOMam a u a3 elle 1 ABa MOHA MefN.

Hwn TouHO# mocnefoBaTeNbHOCTU, HU YHKLAK
BCEX 3TUX OKUCAUTENbHO-BOCCTAHOBUTENbHbIX
LLleHTPOB Mbl MOKa elle He 3HaeM.

npoLecc rMMKOAM3a N LUK IMMOHHOWK Kuc-
notel. CyuiecTByeT, OfHAKO, ele U MHOro
apyrux. HekoTopble 6MONOrNYECKN BaXKHbIe
peakuuu, KaTtanusupyemble TakKUMW Jerun-
LporeHasamu, npuBefeHbl B Tabn. 17-2. le-
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HvkotnHammg

H\L___ j/H
) Y NADP B aTOM
OH OHM nonoxeHun
HaxoamTces
thocaTHan
rpynna

H

oo+ HC K‘F—ﬁ—bmz
| K xn o

yn-

O—0

rmgporeHasbl KaTanusupylT o06paTUMble
peakLuu, KoTopble B 06LleM Buge MOryT
ObITb 3anucaHbl CMeAylLUM 06pa3om:

BoccTaHOBNEHHbIW cy6cTpaT + NAD+
N OKuUcneHHbln cy6eTtpat + NADH +
+ H+,

BoccTaHoBNeHHbIN cybcTpaT + NADP+

A OkucneHHblli cy6etpat + NADPH +
+ H+

MopaBnstowee 60MbWNHCTBO TaKUX Aeru-
aporeHas cogepxut NAD+ (tabn. 17-2).
Y HeKOTOpbIX, KaK, HanpuMep, y rnoKo3o-6-
ocpaTperngporeHasol  (pasg. 16.13), ak-
LenTopomM 3MeKTPOHOB cnyxut NADP +.
M nuwb coBceM HeMHOrue, Takue, Kak rny-
TamaTAernaporeHasa, cnocobHbl B3auMo-
peiicteoBaTb kKak ¢ NAD+, Tak u ¢

NADP+ (tabn. 17-2). YacTb nupuiuH3a-
BUCUMbIX  [ernjporeHas /nokKanm3oBaHa
B LMTO30/1€, 4aCTb - B MUTOXOHAPUAX, & He-
KOTOpbIE NPUCYTCTBYIOT U 34ecb, U Tam. [e-
rmaporeHasbl LMTO3018 CNOCOOHbLI B3aMMO-
[eicTBOBaTb TO/MIbKO C TEMU MUPULWNHOBbI-
MW HYKNeoTWAaMMu, KOTOPble HaxogsaTcs
B LMUTO30/€; CXOAHbIM 06pa3om o6cTOMT
[eNno v C MATOXOHAPUANbHLIMKU ferngpore-
Has3aMu - 06bIYHO OHM B3aMMOfENCTBYIOT
TONbKO C MUPUAWHOBBLIMU HYKNEOTUAAMM

Puc. 17-6. HuKoTMHamMUAafeHUHANHYKEOTN]
(NAD) v HUKOTUHaMWU[AAEHNHANHYKNeoTuadoc-
tat (NADP). A. OkucneHHble hopmbl (NAD+

n NADP+). HukoTuHamMung (Ha KpacHoM (hoHe)
npejcTaBnseT cob6oil 0O4UH M3 BUTAMWUHOB FPynnbl
B (pa3g. 10.6); ato Ta yacTb monekynol NAD, ko-
Topas NpWHUMaeT yyacTue B NepeHoce 3/1eKTPpo-
HoB. b. BoccTaHoB/IeHNEe HUKOTUHAMUAHOIO KOJlb-
ua NAD+ cybcTpatom. [lBa BOCCTaHOBUTE/bHbIX
3KBMBaNieHTa nepeHocaTca oT cybcTpata (0603Ha-
yeHHoro 3gece RCH20H) Ha NAD+ B hopme
rnapua-noHa(: H~). BTopoilt BOLOPOAHbI aToM,
oTwWennsemblii 0T cy6cTparta, npespaliaeTcs B
NOH H+.

N K H
"C—C—NH2 c=0 + H*
| 1 |
CH o K
|
R
NADH

MaTpMKca MWUTOXOHAPWIA. LIMTO30MbHBbIN
MW MUTOXOHAPWANbHbIN nynobl NAD
n NADP otgeneHbl gpyr oT gpyra MUTO-
XOHApWanbHOW MemM6paHON, KoTopas Ans
3TUX KOPEPMEHTOB HEMpoHULaema. Mol
elle BepHeEMCA K 3TOMY BOMpoOCY.

Cpegn NAD-3aBUCUMBIX JerngporeHas,
y4acTBYOLWNX B YrnesogHOM 06MeHe, rnas-
HYI0 PONib UrparT ravuepansiernagocaT-
fjernjporeHasa W nakTaTfAerugporeHasa
rMKONMTUYECKOW CUCTEMbI, NIOKaNN3yto-
lecq B UMTO30/1e, a TaKXe nupysBaTheru-
[poreHasa, HaxoAAL,afaca B MUTOXOHAPUAX
(tabn. 17-2). Tpu NAD-3aBucUMble [eru-
fLiporeHasbl y4yacTBYHOT B MUTOXOHAPUAX
B LWKNe NMMOHHON KWCNOTbI: U3ouuTpaT-
flernfporeHasa, u-ketornyrapaTaerngpore-
Hasa u manaTgerungporeHasa. K umcny apy-
TMX BaXKHbIX MUTOXOHAPUaNbHbIX LErngpo-
reHas ortHocAatca: 3-rugpokcuaumn-CoA-ge-
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Tabnuue) 17-2. HekoTopble BaXHble peakuuu, katanusumpyembie NAD(P)-3aBucumMbiMmmu

pernaporeHasamu

Nlokanunsa-
unall
N AD-3aBuenMbiC
Ms3ouyntpatr + NAD1 a-Ketornyrtapar + CO, + NADH + H+ M
a-Ketornytapatr + CoA + NAD'
98 CykuvHun-CoA + CO2 + NADH + H* M
b-manat + NAD’ Okcanoauetar + NADH + H+ M "L
Mupysatr + COA 4 NAD4 Auetnn-CoA + CO, + NADH + H+ M
[mrrTepanbaet iig-3-choediat + P, -f NAD+ 1,3-guchocthornmuepar +
+ NADH + H1 L
Naktat + NAD+ LW Mupysar + NADH + H+ i)
N AD P-3aBA3u Mble
WM3o-Hutpar + NADP' W 36rKetorgytapar + CO2 + NADPH  + H+ M n L
Iookow-6-goctha* + NADP* ~  6-(0OC(HOrMOKOHAT + NADPH + H+ L
NAD- ua» KJ/1OP-3aBUCUMbIE:
b-tgyramal -r m20 4 NAD+ (NADP*) ~ a-KetoifyTapar + NH, +
f NADH (NADPH) + H+ : M

If M wmutoxougpuu; 14 uuTOTAT.

rMaporcHena. yyacTteytowas B LUK/Ie OKUC-
NEHWUS XUPHbLIX KUcnoT, R-rnapoKcubyTu-
paTaerngporedasa (rn. 18) u rnyrTamaTje-
rmaporeHasa, QyHkuusa KOTOpPOA cBA3aHa
c katabonmsmom amuHokucnot teg, 19).
MupngwraBucumMble gernaporeHasbl oT-
LennaoT OT CBOMX cybCTpaTtoB Mo ABa BO-
fopofHbix atoMa. OfAWH U3 HUX B BUAE TU-
apuna-noHa (:H~) nepeHocures Ha NAD1
nm XADP4, a BTopoii B Buge uoHa H +
nepexoguT B cpefy. Kaxgbli rngpug-noH
Hecer fBa BOCCTAHOBUTE/IbHbIX 3KBUBaNEH-
Ta; OAUH M3 HUX B (hOopMe BOAOPOAHOTO
atoma NnpucoeanHAeTCa K YeTBEpPTOMY yrie-
pofHOMY aTOMY HWKOTWUHAMWAHOIO KO/b-
Lia, a BTOPOWA B BMAe 371eKTPOHAa NepejaeTcs
asoTy 3Toro konbua (puc. 17-6).
MockoNibKy 60nblias 4acTb K/IETOYHbIX
fernaporeHas  nepeHocUT  BOSOPOfAHbIE
atoMmbl OT cy6cTpatoB Ha NAD ~. MOXHO
CKasaTb, YTO 3TOT KO(MEPMEHT BbINOJIHAET
KONNEKTOPHYIO (yHKLMIO -cobupaeT napsl
BOCCTAHOBUTE/NbHbLIX 3KBWBANEHTOB, MOCTY-
natowme OT pasHbiX Cy6CcTpaToB, B OfHOW
mMonekynsapHoii dopme, B popme NADH
(puc. 17-7). B koHeuyHoMm cyete NAD+ mo-
XeT cobupaTb B 3TOW opme Takxe M BOC-
CTaHOBUTE/IbHbIE 3KBUBANEHTbI OT cybCTpa-
ToB, Ha KoTopble felicTBytoT NADP-3aBu-

CUMble fAermaporeHasbl. OTO OKasblBaeTcs
BO3MOXHbIM 61arogaps AeiicTBuio nupti*
OVHHYKNeO TUA-TpanerngporeHasbl - cnox-
HOro (hepmeHTa, KaTanW3UPYHOLLEro peak-
Luto

NADPH + NAD+ sb NADP+ +
+ NADH.

17.H. AAl i<eirini)*™iiii,a
sy 03 NA 151

LIV L {1<>te 1
|

Ha cnegylowein ctaguu nepeHoca afek-
TpoHoB (puc. 17-5) napa BOCCTaHOBU-
TeNbHbIX 39KBWUBANEHTOB MEPEeHOCUTCA Or
NADH k NADH-gerngporeHase, Haxons-
Leiica BO BHYTPEHHel MUTOXOHAPWaNbHOW
membpaHe. B 3TOIl peakuun NPOYHO CBA3AH-
Had npocTetuyeckad rpynna NADH-geru-
fAporeHasbl BoccTaHaBnmBaetca (puc. 17-8).
Ponb npoetetuyeckoi rpynnsl NADH-ge-
rugporeHassl urpaeTt (IaBUHMOHOHYK/IEO-
TUa (FMN), BCcocTaB KOTOPOro BXOAUT MO-
neKyna BuTamumHa B,, unu pubodnasmHa
(pa3g. 10.5). NADH-pgermgporeHasa npu-
HagNexXuT K Knaccy (PnaBUH3aBUCUMbIX [e-
rugporeHas, wnu (pnaBonpoTeUNoB. B pe-
3ynbTaTe nepeHoca [BYX BOCCTaHOBWU-
TeNbHbIX 3KBMBaneHToB 0T NADH Ha
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NADPH

a-Ketornyrapar
yTapg . B-TuapokcnbyTupar
Naountpar,'\. / B -rmpgpokcmaunn-CoA

Mupysat ~Nanat

E—EMN Yu4actok

'] ATP
[Fe-S],
CoA-npoussogHoe
XXMPHON KNCNOTbIY CykuuHar
nuuepodocgar
(hlaBrH3aBMCUMbIE
fAervngporeHasbl
Q
Yyactok
2
ATP
C,
YuacTtok
aa. 3 amw
02

Puc. 17-7. KonnektopHasa ¢yHkuns NAD u y6u-
XxnHoHa (Q). NAD cobupaeT BOCCTaHOBUTENbHbIE
9KBMBaneHTbl 0T MHormx NAD-3aBUCUMbIX CY6CT-
paToB, a Takxe oT NADPH. Y6uxuHoH cobupaet
BOCCTAHOBUTENbHbIE 3KBUBaNeHTbl 0T NADH-ge-
rnAaporeHasbl M OT PasNMYHbIX Cy6CTPaToB, Ha KO-
Topble feiAcTBYIOT Apyrue (naBuH3aBUCUMbIE fe-
rnaporeHassl. Mapbl BOCCTAHOBUTENbHbIX 3KBUBa-
NeHTOB, NOCTaB/AeMble 60NbWMNHCTBOM (DNaBUH-
3aBNCUMBIX AerMApPOreHas, He MPOXOAAT yepes
nepBblii NYHKT GocHopuaNpoBaHns, 1 NO3ITOMY
3a CYeT UX 3Heprumn o6pasyoTca TONbKO [Be MO-
nexkynsl ATP.

NADH-gerngporeHasy (o603Ha4yeHa 34ecb
E-FMN) npocTeTnueckas rpynna hepmMmeH-
Ta FMN BoccTaHaBnmBaetcs B FMNH2:

NADH + H+ + E-FMN A NAD+ +
+ E-FMNH,.

B wmonekyne NADH-gerngporeHasbl
npucyTCTBYEeT NOMUMO (hNAaBUHHYKIEOTU]-
HON NPOCTETMYECKOM TPynnbl elle HeCKO/b-
KO aTOMOB HEremMoBOro >efnesa. T atoMbl
cobpaHbl B HECKO/MbKO Tpynn, B KOTOPbIX
OHW O00BLEAMHEHbI C paBHbIM YUC/OM aTo-

MOB  KuMcnoTonabunbHoW cepbl. Takue
rpynnbl HOCAT Ha3BaHWe D>KEne30-CepHbIX
LueHTpoB (puc. 17-9). HanomHuM, 4TO XXe-
N1e30-CepHble LEHTPbl UMEKTCA TakxXe U
B MOJIEKY/le CYKUMHaT Aerngporedassl (pasg.
16.5e). B [Fe(ll)-Fe(lll)]-uHMax, cBs-
3aHHBIX C  W3MEHeHWeM  BaJIeHTHOCTH,
aToOMbl >Kene3a JXefe30-CepHbIX LEeHTPOB
nepefalwT BOCCTAHOBUTENbHblE 3KBUBa-
NeHTbl OT BOCCTaHOBNEHHOW NpocTeTnye-
CKOl rpynnbi NADH-gerngporeHassol
(FMNH2) Ha cnegywlownii nepeHOCYUK
B [blXaTeNbHOW Uenun, YOWXMHOH. Takum
06pa3om, 3TOT KOMMMEKC, COCTOAWMIA U3
NADH-gerngporeHasbl 1 6enkos, cofep-
Xawmux >xkeneso u cepy (ero HasblBa-
0T NADH: y6UXWHOH - oKCugopeayKTa-
300i), BKAOYaeT 3NeKTPOHNepeHocAl e
CTPYKTYpbI ABYyX TUNoB: FMN 1 HECKO/bKO
XKene3o-CepHbIX LIEHTPOB, KOTOpble AeicT-
BYIOT, 0YEBMAHO, MOC/ef0BaTeNbHO.

OkucneHHas
thopma (FMN)

Cuctema ABOWHbIX
cBsA3ell, rge
npouncxoauT
nprcoeanHeHne
[ByX aTtomoB
BOAopoAa

NADH + H+

NAD+

BocctaHoB-
neHHan opma
(FMNHj)

Puc. 17-8. lNepeHOC BOCCTAHOBUTE/IbHbLIX 3KBUBA-
neHToB oT NADH Ha (hn1aBUHMOHOHYKNEOTNf
(FMN)-npocTeTH4ecKyio rpynny NADH-geruna-
poreHasbl. R 03Ha4aeT 3/ecb NATUYTNEPOLHYIO
thocopmnnpoBaHHyto 60KOBYHO LieMb.
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Xenesa

Puc. 17-9. MocTynnposaHHOe pacnofioXeHune ato-
MOB >Xenesa (KpacHble KPY>XKW) 1 aTOMOB Cepbl
(cepble KPY>KW) B Xene30-CepHbIX LeHTpax. Yucno
aTOMOB >efesa M aTOMOB KMCNOTOoNabnunbHOA ce-
pbl B 3TUX LeHTpax BCerja 041MHaKoBO, HO ecTb
LLeHTpbl, B KOTOPbIX COAepXaTcsa TONbKO ABa aTo-
Ma Xenesa, U eCTb TakKue, rje Ux yeTbipe.

34ecb NpeAcTaBfieH Xene3o-CepHblii LeHTp, coaep-
Xalmnii yeTblpe aToMa xenesa. ATOMbI Cepbl

Ha neputepun nNpuHagnexar yeTbipeM ocTaTkam
LMCTenHa B NOANNENTUAHON Lenu (epmeHTa.

17.9. Y6uxnHoH npeactaBnseT
c060li >XXMPOpPacTBOPUMBbIA XUHOH

Ponb cnepylowero 3seHa B LENU NepeHo-
CYMKOB BOCCTAHOBUTENIbHbIX 3KBUBANEHTOB
nrpaet y6UXWHOH, uan KohepMeHT Q (no
nepBoii 6ykBe cfnoBa-quinone). HasBaHue
«yBOUXMHOH» OTpaXkaeT YHUBepCaibHOe pac-
npocTpaHeHWe 3TOro KoepmMeHTa: OH Haii-
[leH MpakTM4ecky BO BCeX KNeTKaxX. Y 6uxu-
HOH-3TO XNpPOpPacTBOPMMbIiA XWHOH
C OYeHb A/IMHHON M30MpPeHoMHO 60KOBOI
uensto (puc. 17-10). B 60nblieit YacTu TKa-
He MNeKoNMTalWMX NPUCYTCTBYeT younxu-
HOH C 60KOBOIN LENbi0 U3 AeCATU MATUYINe-
POAHbLIX WM30MPEeHOBbIX 3BEHbLEB; ero 060-
3HavyalT Q10mnm CoQ10. B TKaHAX Apyrux
XUBOTHbLIX (YHKLUOHUPYIOT YOUXUHOHBI,
B OOKOBOI Lenn KOTOPbIX MMeeTca TONbKO
WeCTb WM BOCEMb W30MPEHOBLIX 3BEHLEB
(Q6 nnn Q8). Korga BOCCTaHOBUTE/IbHbIE
3KBWBANIEHTbl NEPexoaaT OT BOCCTAHOBNEH-
Hoii NADH-gerngporeHassl (E-FMNH?2)
yepes Xene30-cepHble LeHTPbl Ha YOUXMHOH,
nocneaHuii BOCCTaHaBNMBaeTCA B ybOuXu-
Hon, unn QH?2 (puc. 17-10) ¢ o4HOBpPEMEH-
HOll pereHepauuell OKWUCNEHHOW (opMbI
NADH-"gerngpo! eHasbl:

E-FMNH2 + Q ~ E-FMN + QH2.

HX -0 -c' C—CHSs CHs
HaC—O0—C X —(CH8—CH=C—CH.1.H
Y6UXMHOH
® (okucneHHas opma, Q unm CoQ)
jo2H* + 2e-
CHs

(CH2—CH=C—CHr),H
Y6uxuHon
(BoccTaHOBNEHHas opma,
QHj nnm CoQHyj)

Puc. 17-10. YBGUXWUHOH, UAN KOGEPMEHT Q; n-
4MCNo M30MPeHOBbLIX 3BEHbEB B GOKOBOIA Lienu
(cm. TekcT). Fpynnbl, M306paXeHHble Ha KpacHOM
(hoHe, y4acTBYIOT B NepeHOCe aTOMOB BOAOPO/a.
O6paTnTe BHUMaHWe, YTO NMPU BOCCTAHOBNEHUN
y6UXMHOHA B YOUXMHON U3MeHAeTCA TakXe U no-
NOXeHWe ABOMHbIX CBA3EN B KOMbLie.

Monekynbl YyOUXUHOHA, KOTOpble ropasfo
LNVHHee MOoNekyn gochonunuaos, nNpucyT-
CTBYIOLMX BO BHYTpPeHHEN MeMbpaHe Mu-
TOXOHAPWIA, BCTpevarTCA M B CBO6GOAHOW
thopme, U B COeanHEHNN C 6enKoM. Y 6uxu-
HOH BbIMOMHAET KOMNEKTOPHYIO (YHKUUIO,
cobmpas BOCCTAHOBMTE/bHbIE IKBUBANEHTbI
He TonbkOo OoT NADH-gerngporeHasbl, HO
M OT APYrux GraBuMH3aBUCUMBIX gernapore-
Ha3, Haxo4AlWMXca B MUTOXOHAPUAX (CM.
puc. 17-7), B 4aCTHOCTW OT CYKUMHAaTAeru-
gporeHasbl ¥ auun-CoA-gernaporeHassbl,
y4acTBYIOLLENA B LUKIe OKUCAEHUA XUPHbIX
kucnot (rn. 18).

17.10. LUnNTOXPOMbI-3TO
reMonpoTenHbl, OCYLLecTBAANOLLNE
NMepeHoc 3/IeKTPOHOB

LiuToxpoMaMun Ha3blBalOTCSH >Kenesoco-
Aepxaliue 6e/K1, oKpalleHHble B KPacHbIN
WAW KOPUYHEBBI LBeT. [eiicTBys B onpefe-
NIEHHOI NOCNeA0BaTeNbHOCTU, OHU MEpeHo-
CAT 3NIEKTPOHbI OT YOGUXMHOHA Ha MOMEKy-
NAPHbLIA Kucnopod. Liutoxpomsl npuHage-
XaT K Kfnaccy reMonpoTeuHOB, MOJEKY/IbI
KOTOpPbIX COAEPXKaT Xefe30, BXOAsLLee B CO-
CTaB )Xene3onopupWHOBOW TFpynnbl, WM
rema, HanoOMMWHAIOLWLEro Mo CBOEMY CTpoe-
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HUIO NPOCTETUYECKYHO Tpynny remornoom-
Ha (puc. 10-26). LiIuToXxpombl 6blv OTKpPbI-
Tbl [jJaBHO (CHayana WX Ha3Baau rucrore-
MaTMHamu), HO Tonbko B 1925 r. [d3Bug
KennH ycTaHoBWA, YTO (DYHKLWSA 3TUX CO-
eAVHeHNI cBA3aHa C BMONOTMYECKUM OKMC-
neHvem. B neTaTeNbHbIX MbIWLAX XUBbIX
HACEeKOMbIX OH 0OHapyXun npu nomoLyu
CNeKTpPOCKona KpacHO-KOPWYHEeBbIE NUT-
MeHTbl. OKa3anocb, YTO CNEKTP 3TUX Mwur-
MEHTOB 3aMETHO MEeHSCA, KOrfa Haceko-
Moe, NMpUKpenaeHHoe K NpeAMeTHOMY CTek-
ny, [fenano peskue [BUXKEHUS, NblTafcChb
BbIpBaTbCA Ha CBO6OAY. KelinnuH Ha3Ban atu
MATMEHTbI LUTOXPOMaMM 1 BbiCKasan npeg-
MOMOXEHWe, YTO OHW MEPEHOCAT INEKTPOHbI
OT MULLEBbIX BELLECTB Ha KNCI0Pog, npeTep-
neeas Mpy 3TOM OKMC/IEHWEe-BOCCTaHOB/E-
Hue. CyliecTByeT TpU Knacca LUTOXPOMOB:
a, b u ¢, pasnmuarowmxca nNo cnekTpam no-
rNOWeHns. Y Kaxpioro uutoxpoma B BOC-
CTAHOBNEHHON (3aKWCHOWN) (hopme 06Hapy-
XKMBAKTCA TPW YeTKMe MOonocChbl Mmoraouie-
HWA B BUAWMOW YacTu cnekTtpa (puc. 17-11).
KeiinnH nokasan, 4To LWUTOXPOMBbI [eli-
CTBYIOT B OMpejefieHHOl nocnefoBaTeNbHO-
CTV M YTO LMTOXPOM, CTOAWMNI NOCAeLHUM

[ANnHa BOMHLI, HM

Puc. 17-11. CnekTpbl NOrNOWEHNS LLUTOXPOMaA C

B OKWUCNEHHOW (KpacHas NIMHWA) 1 BOCCTAHOBNEH-

HO (uepHasi NMMHUSA) hopMe. Y KasaHbl XapakTep-

Hble MONOCHI MOTNOWeHNs BOCCTAHOBNEHHON (op-
Mbl-a, Buy.

B 3TOM pAagy,
Kucnopog.

Tenepb Mbl 3HaeM, 4YTO LUTOXPOMBI B fibl-
XaTeNbHOW Lenu pacnonoxeHbl B Mocnego-
BaTesbHOCTU b->cl-+c-+aa3 (puc. 17-1
n 17-7). Uutoxpom b, npucyTCTBYHOL, WA
B ABYX hopmax, NpuHUMaeT 3/1eKTPOHbI OT
yO6UXUHOHA ¥ nepefaeT UX LUTOXPOMY CX,
KOTOPbI/ B CBOK OuYepefb nepefaer MX Uu-
TOXpOMY C. KaXAblii ©3 3TUX LMTOXPOMOB,
Haxopasicb B okucHon [Fe(l11)] dopme, npu-
COeAiNHAET OfMH 3/IEKTPOH W NepexoauT
B 3akucHyto [Fe(ll)] dopmy. B nepeHoce
3M1eKTPOHOB OT YB6UXMHOHA Ha LMTOXPOM
C MPUHMMAET yyacTue TaKxe 6enok, cofep-
Xawnin xeneso u cepy (puc. 17-5). Mocnega-
HUM B pAjgy MNEepeHOCYMKOB 3/IEKTPOHOB
CTOUT LUUTOXPOM aa3, HasblBaeMblil TaKxe
LMTOXPOMOKCMAA30, NOCKONbKY OH mnepe-
HOCUT 3NEKTPOHbI MPAMO Ha KWUCIOpOS
M TeM CcaMblM 3aBepLlaeT npoLecc nepe-
Hoca.

JNlyuuie BCero usyyeH cpean LUTOXPOMOB
LUMTOXPOM C. ITO Hebonbwoin 6enok (Mon.
macca 12500) c >kenesonophupuHOBOI
rpynnoi, KOBaneHTHO MPUCOELUHEHHON
K eAMHCTBEHHOW MoAMNenTUAHON Uenu
(pa3g. 8.4). YcTaHOB/NEHA aMUHOKUCNOTHAsA
nocnefoBaTenbHocTb  6enka  (puc. 6-14)
1 BbISICHEHbI BCe AeTanun TPEXMEpPHOW CTPYK-
Typbl ero monekyn (puc. 8-5). Liutoxpom c,
Nerko 3KCTparnpyemblii U3 MUTOXOHLPUNA,
Obl71 MONTyYeH B KPUCTaNIMYecKoi popme un3
MHOTUX WCTOYHWKOB. PaHee Mbl yXe yro-
MUHanu (puc. 6-14), 4To LUTOXPOM C-OAMH
13 6e/1K0B, BO3HUKLILUMX Ha 3ape 3BONIOLUN.
Ha 3To ykasblBaeT CXOACTBO MHOIMUX Yyua-
CTKOB €ro aMWHOKWC/IOTHOW nocnepo-
BaTe/NIbHOCTWN Y BCEX 3yKapuoT: MUKpoopra-
HU3MOB, PacTEHUA W XXMBOTHbIX.

Lintoxpom aa3 oTnmyaetca OT ApYyrux
LLMTOXPOMOB. B ero coctaB BXofAaT fjBe MO-
NeKynbl MPOYHO CBA3AHHOIO rema A, 0T/u-
yarouieroca oT npoTorema remorno6uHa
Ha/IM4yMeM y ero noppMpuMHOBOrO KO/bLa
ONVHHON YyrNeBOAOpPOAHON 6GOKOBOW Lenw.
Kpome Toro, B HEM MMeOTCA TakXe [Ba
atoma MeAu, WrpatoLime BaXHYH pofib.
MprcoefNHNB 3NEKTPOHbI, MOCTYNUBLUNE OT
LMTOXpOMa C, N Mepeiga Takum o6pasom
B Pe(N)-thopMy, KOMMNOHEHT a LMTOXpOMa
aa3 nepefiaeT 3aTeM 3TU 3NIEKTPOHY LUTO-

nepefaeTr J3/IEKTPOHbI Ha
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xpomy fl3. BocCTaHOB/IEHHbIA LHTOXPOM

B CBOI o4yepelb MNepefaeT 3/IeKTPOHbI Ha
MOJIEKYIAPHbILA  Kucnopog (0,), B aTom
rnpowecce BMecTe ¢ ABYMs Xesiesonoppmpmn-—
HOBbIMM rpyrnnaMmu y4acTBYWOT [Ba CBf-
3aHHbIX aToMa MeaW, YTO cCoMpoBOXAaeTcsa
06paTUMbIM U3MEHEHNEM WX BasIEHTHOCTU
[Cu()--Cu(Il)]. 3TOT CNOXHbIA npoLecc
ABMSETCA BaXKHbIM 3Tariom repeHoca aJieK-
TPOHOB, MOCKOJIbKY Ha 3TOM 3Tare 4YeTblpe
3/1eKTPOHA A0/DKHbI ObITb MNepefiaHbl Mo4vTn
oaHOBpeMeHHO Ha O 2 ana Toro, 4ToObI
o6pasoBanucb ABe Mosiekysbl H20 (4eTblpe
H +-uoHa, KoTOpble TOXe AN 3TOro Heob-
X0AWMbI, MOCTYMalT 13 BOAHOIA cpefbl). L3
BCEX MEPEHOCYMKOB LENM repeHoca 3/1eK-
TPOHOB TO/bKO wMTOoxpoM T% cnocobeH
BCTyNnaTb HerocpeAcTBEHHO B peakuuio
C KWUC/I0pOA0M.

17.11. HenonHoe BOCCTaHOBJ/IEHUE
Kucnopoga BefeT
K MOBPEeXAeHN0 KeToK

ANa KNeTKM 04eHb BaXKHO, 4YT0ObI Mose-
Kyna Kucnopoga, MpucoefuHUB  YeTblpe
3/1eKTPOHa, MOJSTHOCTbLIO BOCCTaHOBU1achb [0
Asyx monekyn H20. lMpu HenosiHOM BOC-
CTaHOBJ/IEHUU Kwuc/0pofda B crlydae Mpuco-
eAVHeHNA TONIbKO ABYX 3/71EKTPOHOB 06pa-
3yeTcAa nepekucb Bopgopoga (H202), a
B C/ly4ae rnpucoesuHeHns o4HOro 3ABKBpa-—
LW - CynepoKCUOHbIA pagukant ). U nepe-
K1Ucb BOAO0pPOAA, U CYyNnepoKcna KpatiHe TOK-
CUYHbI  AN19  KJIETOK, MOTOMY 4TO OHU
nosBpexaalT K/eToYHble MeMbpaHbl, B3au-
MOAEMCTBYA C OCTaTKaMW HeHacbllWeHHbIX
XKUPHbIX KUCIOT MeMObpaHHbIX JIMNUA0B.
A3pobHble KIETKM 3al ML aloT cebs 0T 3To-
ro Bpe4HOro AeACTBUA Cyrnepokenaa u nepe-
KUCK C NMOMOLLbI0O ABYX pepmeHTOB: CyMNep-
oKcuaancmyTasbl (MeTansicogepatliero
(hepmeHTa, npespatjaroLiero  cyrnepok-
CMOHBLILA paAnKas B Mepekucb BOA0poAa)
n WTaMnbl (npesBpalwaloWweii MNepekucb
Bogopoaa B H20 U MONEKynspHbIA KuUC-
nopoa)

S, o OmEUTHMTLS

4 0,.

i () =+

BMO3HEPTETUKA N METABOJ/IN3M

ToKCcMYHasi nepekucb BoA0poAa HaxoauT,
oAHakKo, cBoeo6pa3Hoe MpUMEHEHME Y Xy-
KOB-60MGap/IMpoB. Y 3TUX XXYKOB MMeeTcs
oco6asi >xesiesa, cocTosLlaa M3 ABYX 0TAe-
JI0B: B OAHOM W3 HMX HaKarnsinBaeTCsi KOH-
LLEHTPUPOBaHHbIEA PacTBOp Mepekncu Bono-
pofa. a B ApYromMm -pacTBOpP FUAPOXUHOHA.
Korpa 6om6apupy yrpoxaeT 0MacHoCTb,
3TO yAMBUTESIbHOE Hacekomoe OTMyrvBaeT
CBOEl Bpara, BbICTpesiMBas B Hero ropsideii

(i00 C) cTpyelh TOKCMYHOIO XMHOHa, KO-
TOpbIA  06pa3yeTca  MNpU  MIHOBEHHOM,
«B3PbIBHOM»,  OKWUC/IEHUN  TMAPOXMHOHA

nepe KUCT»LI BOA0pOAa.

17.12. TlepeHoOCUYUKMU
3/1EKTPOHOB
LecTBYIOT Bcerga
B OrnpefeneHHoOM’
nocnegoBaTeslbHOCTH

Kakue ¢akTbl CBUAETENLCTBYOT 0 TOM.
YTO MEepPeHOCUYUKN 3JIEKTPOHOB B AbIXaTe/slb-
HOM LeHN (YHKLMOHUPYIOT MMEHHO B YyKa-
3aHHOIA Bblle nocsefoBaTesibHOCTN? Bo-
nepBbIX, MMEHHO B 3TOM Mnoc/efoBaTes1bHO-
CTU WX CTaHAapTHble OKUC/UTESIbHO-BOC-
CTaHOBUTE/bHblE MoTeHunanel (puc. 14-7
n Tabn. 17-i) ctaHoBATCA Bce 6Gosee Mosio-
XXUTESIbHbIMU M0 Mepe NPUBIMKEHUA K KUC-
nopoay, a 3TOro n cregyet oXuaaTb, Mo-
CKOMIbKY 3JIEKTPOHbI  Bcerga CcrTpemaTcs
nepexoanTb OT 3/1eKTPOOTPULLATESbHBIX CU-
CTEM K 3JIEKTPOMOSIOKUTENbHbLIM, YTO Bbl-
3bIBaET CHVDKEHVe CBOGOAHOA 3aHepruwn. Bo-
BTOPbIX. KaXjoe 3BEHO 3TolA uenu cneum-
(PVUYHO B OTHOLUEHUN OrnpefesiIeHHOro 0HO-
pa n onpeaesieHHO akuenTopa 3/1eKTpo-
HoB. W, HakoHeL, B-TPeTbWUX, U3 MUTOXOH-
OpVanbHOMI MeM6paHbl y[anocb BblIAENNTb

CTPYKTYPHO 060C06/IEHHbIe  KOMMIEKCbI
(DYHKLMOHA/IBHO CBfA3aHHbIX MeXA4y Cco-
GO  MepeHOCYMKOB  3/IEKTPOHOB  (puc
17-12).

Komnnekc 1 coctont m3 NADH -gern-
ApCHEHa3bl U ee >Kesle30-CepHbIX LEeHTPOoB,
DYHKLVNOHUPYIOLWNX B TECHOIA CBSA3WM Apyr
c gpyrom. Komnnekc |l BK/IWOYaeT CykK-
UMHaT gernaporeHasy U ee >esle30-CepHble
ueHTpbl. B kKomnnekc Ill BXoAAT LUNTOX-
pombl hn C BmecTe ¢ oaHMM cneuMdOUUHBIM
Xesneso-cepHbIM uUeHTpoMm. Komnnekc 1V
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NADH
1
Komnnekc | NADH: y6uXuHoH-
| okcupopesyKTasa
[Fe-SL (yuactok 1)
1
1 Komnnekc Il
- [FeS]«—FAD «--- CykuuHat
1 CyKUMHAT: YyBUXUHOH-
b oKcugopesyKkrasa
Komnneke Il . o Y6uxuHon: yutoxpom C
- oKcupopepykTasa
1 (yuacTtok 2)
c,
c
LinToxpomokcugasa
(yuacTok 3)
02

Puc. 17-12. 3neKTpOHMepeHocsLue KOMMNIeKChI.
OHW MOTYT 6bITb BblfeneHbl B BUAE YHKLMO-
HaNbHbIX aHcamGnen.

COCTOUT U3 LLUTOXPOMOB a U a3. Y GUXUHOH
CNYXXWUT CBSA3YHOLWUM 3BEHOM MEXZAY KOM-

nnekcamu I, 11 n 111, a UNTOXPOM C CBA3bI-
BaeT Mexay coboin komnnekcol I wn IV
(puc. 17-12).

MN3yuyeHuo nepeHoca 3/1eKTPOHOB B Hema-
noit mepe cnocob6cTBOBan M TaKoih MeTOf,
KaK MpYMeHeHne cneuuduyecknx NHrM6mnTo-
poB, 6NOKUpPYOLWNX OMNpeaeneHHble 3Tanbl
aToro npouecca. Cpean HUX 0C060 LEHHBbI-
MW 0Kasanucb: 1) poTeHOH, 610KUPYHOLL KA
NnepeHocC 31eKTPOHOB Ha y4yacTke oT NADH
[0 yBuxnHOHa (3TO BbICOKOTOKCUYHOE Be-
LecTBO, f06bIBaeMOe U3 pacTeHuWi, ynoTpe-
6n810Cb aMepUKaHCKMMMN MHAeLaMn B Ka-
yecTBe fAfa [AnNs  pbib), 2) TOKCMYHBINA
aHTUBMOTUK aHTUMULKH A (06pa3syeTca o[-
HUM K3 WTamMMoB Streptomyces), 6710Ku-

pylOLW KA NepeHoc 31eKTPOHOB OT YOUXUHO-
Ha Ha UUTOXPOM C, U 3) UNAHUZ-OAUH U3
CaMbIX CUNbHbIX A40B, 6M0KMpPYOLW KA Npo-
LlecC BOCCTAHOB/IEHNA KMCM0POJa, Katanum-
3upyemblii LuuToxpomom aald (puc. 17-13).
(Ewe ofHUM BaXKHbIM UHTMOGUTOPOM LUTO-
Xpoma aa3 fABnseTcA OKuUcb yrnepoga.) Mpu
WHIMOGMPOBAHUN LIENW MepeHoca 3N1eKTpo-
HOB B OMNPefeneHHON TOYKe BO3HMKaeT
MYyHKT nepekpecTa, Kak 3To BUAHO U3 Tu-
[paBnuyecKoli Mofenun, npeAcTaBneHHOR Ha
puc. 17-14. TlepeHOCYMKM  3/IEKTPOHOB,
CTOAWMe B LENU HEMOCPefCTBEHHO Mepeq
6/10KMPOBaHHbIM 3Tanom, CTaHoBATCA 60-
Nee BOCCTaHOBJ/IEHHbIMU, a CTOAWMe Mocne
aToro atana-6onee OKUCNEHHbIMW. Takue
N3MEHEHMNA MOXHO 0OHAPYXUTb NpyU NMOMO-
LW CNEeKTPO(MOTOMETPA, MOCKOAbKY Y OKUC-

NNEHHbIX N 'y BOCCTaHOBJ/IEHHbIX (*)OpM
NepeHOCYNKOB CMNeKTpPbl MNoOrjoleHna pas-
JNINYHBI.
NADH
FMN
PoTeHOH
FeS
b
FeS AHTUMULMH A
Amutan
d
LivaHng,
Okuch yrnepoga
aa3
CepoBoJopos
0,

Puc. 17-13. MecTo aeiicTBUSA pas3IMUHbIX UHTUGU-
TOPOB, G/IOKNPYIOLWMNX MEPEHOC 3/1eKTPOHOB. AMU-
Tan - NeKapCcTBEHHbI npenapaTt U3 rpynnbl 6ap6u-
TypaToB, NPUMeHseMbIi B Ka4yeCTBe CHOTBOPHOTO.
MOLWHBIMWU MHITUOUTOPAMU LUTOXPOMOKCH A3kl
ABNAOTCA, NOMUMO LMaHWAa, TaKXe OKUCb Yyrie-
poja 1 cepoBofopOf.
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Puc. 17-14. Tnppasnnyeckas MOAeNb AblXaTefb-
HOll Lenu. A. B HOpMe B AblXaTeNbHON Lenu
noAfepXmnBaeTcs cTaunoHapHoe coctosHue. Cre-
neHb BOCCTAHOBNEHWUA MocnefoBaTeNlbHbIX Nepe-
HOCYMKOB 3/1eKTPOHOB B MONYNALUN MUTOXOHA-
puii CHUXaeTcs Npu MepeHoce 3NEeKTPOHOB OT Cy6-
CcTpaTtoB Ha kucnopod. b. MIHrn6utop nepeHoca
3/1EKTPOHOB aHTUMMULMUH A CcO3[jaeT B [jbIXaTe/lb-
HOW Lenu NyHKT nepekpecta, B KOTOPOM OKMC-
NINTEeNIbHO-BOCCTAHOBUTE/IbHOE COCTOSHME MNepe-
HOCYMKOB M3MeHSAETCA.

MMyHKT
nepekpecra

3T1an, 610KMPOBaHHbI
aHTUMULMHOM A

17.13. OHeprus, Bbliensemas
npu nNepeHoce 3/1eKTPOHOB,
3anacaeTcsa B pesyfnbraTe
OKWUCNTNTENbHOTo (ochopunnpoBaHus

Bbllle Mbl yXe OTMeYanu, 4To B Lenu
nepeHoca 3/M1eKTPOHOB €CTb TPU MYHKTa,
cnocobHbIX 06ecneynTb 3Hepruein obpaso-
BaHne ATP u3 ADP wu docata, T.e. npo-
LlecC OKUCAUTENbHOTo (ochopunmpoBaHns
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(puc. 17-4, 17-7 n 17-12). Mapbl 3/1eKTPOHOB
oT NAD-3aBUCAMbIX fJermgporeHas npoxo-
[AT Yepes BCe TPU MyHKTaA, YTO U fjlaeT B UTO-
re MakKCUMasbHbli BO3MOXHbIA  BbIXO[,
ATP - Tpn monekynbl. CymmapHoe ypasHe-
HVe A4na npotecca nepeHoca 3N1€KTPOHOB OT
NADH Kk kKkucnopogy W COMNpPSXXeHHOro
C HUM OKWCNUTENLHOTO (ochopuanposa-
HUA MMeeT BUf

NADH + H+ + V202 4 3P, +
+ 3ADP ->

-+ NAD+ + 3ATP + 4H.JO.

OflHaKo, Korfa CyKUMHaT OKWUCNseTcs nof
AeiicTBMeM (hf1laBUH3aBUCUMOI CyKLUHAT/e-

rMAporeHasbl, Ha Kaxayt napy 3nekTpo-
HOB, MepeHOCMMbIX Ha Kwucnopog, obpa-
3yloTCA TONbKO ABe Monekynsl  ATP

(puc. 17-7 n Tabn. 17-3). O6BLACHAETCA 3TO
TEM, 4YTO Mapa 3/IeKTPOHOB, OTLennsemas
OT CyKLMHaTa, NocTynaeT B AblXaTefbHYI0
Lienb Ha YPOBHE YONXMHOHA, MUHYSA Y4acToOK
1 Tonbko no fgBe Monekynbl ATP
(puc. 17-7) patoT Takxke U 3NEKTPOHHbIEe
napbl, OTWeENNAeMble SPYTUMU (hraBUH3a-
BUCUMbIMN AernaporeHasamu, Hanpumep
aunn-CoA-fernaporeHasonn, ydacTsytoLlei
B LUWKNE OKWUCNEHUA HKMPHBIX  KUCOT
(rn. 18). OkucnuTenbHoe gochopunuposa-
H/WE He OrpaHW4YMBAETCA pPeakunamu [eru-

Ta6nuuya 17-3. Yucno monekyn ATP, Ta
06pasyloWnXca Ha KaXAOM W3 OKUCAUTENbHbIX
3TanoB LWKna NUMOHHON KUCNOTHI

Yucno obpa-
3Tan 3yloumxcs
monekyn ATP
M3ountpaTt -» a-Ketornyrta-
patr + CO2 3
a-Ketornyrtapatr -» Cykuu-
HaT + CO2 41
CykunHat -> dymapart 2
ManaTt -> OkcanoaueTar 3
Bcero: 12

LpUpOBaHMA B OAHOM TONbKO UWKNe Nun-
MOHHO KWCMOTbl; OHO COMYTCTBYET nepe-
HOCY 3/IEKTPOHOB, OTLiENASeMblX M06bIMU
fernpporeHasamu, yyacTByOLWMMN B KaTa-
60MM3Me  YrneBOf0B, D>KWUPHbLIX  KUCNOT
N aMUHOKKCNOT.

B pesynbTate o6pasoBaHusa rpex mone-
Kyn ATP 3anacaeTcs AOBOSIbHO 60/blUas
yacTb Bceli CBOGOLHON 3HEPruu, Bblfensio-
weiica Npu MepeHoce 3NeKTPOHOB. Bcnom-
HWM, 4YTO MEPeHOC OA4HOW Mapbl 3/1eKTPOHOB
ot NADH Kk kucnopopgy paet 52,6 Kkas.
MoCKOMbKY Ha CUHTE3 OAHON MONeKynbl
ATP un3 ADP wu octhata pacxogyercs
B CTaHAapPTHbIX TEPMOAMHAMUYECKUX YCO-
BUAX 7,3 KKan, HETPYAHO BUAETb, Y4TO Teope-
TUYECKU B Tpex Monekynax ATP moxert
OblITb 3amaceHa 3HauMTeNbHad 4acTb CBO-
604HOIH aHepruun, BbiCBOGOXAarOLLENCA Mpy
nepeHoce OfHON napbl 371eKTPOHOB OF
NADH Ha kucnopog. Tenepb Mbl HauynHaem
NOHMMaTb, MOYEMY [fbiXaTenbHas Lenb CO-
CTOWUT M3 TaKoro 60/bWOro Ynucna nepeHo-
CUMKOB 3NeKTPOHOB. bnarogaps atomy 06-
CTOATENbCTBY [AOBOSIbHO 6O/bLIOE CHUXeE-
HVe CBO6GOJHON 3HepPrMn, KOTOpbIM COMpPoO-
BOX/JaeTcA NnepeHoC OAHONM Mapbl 31eKTpo-
HoB 0T NADH Kk kucnopogy, pasbuBaeTcs
Ha pag OTHOCWUTENbHO HeBOMbLWMWX «Mop-
LMit», COOTBETCTBYIOLWMUX OTAENbHbIM 3Ta-
nam nepeHoca. Ha rpex Takux aTanax Konu-
4ecTBO BbigensatoLeics cBO60AHON 3Hepr un
npubnmM3nTenLHO coBnagaeT co CBOGOAHON
3Heprueli o6pa3oBaHUs «3HEPreTUYECKOMN
Ba/lOThl» KNeTku, T.e. ATP (puc. 17-4). Obl-
XaTefnbHaa Uenb npeAcTaBnseT coboi, Ta-
Kum 06pa3om, CBOero poaa kKackag, npu no-
MOLLM KOTOPOro KneTka nony4yaet csobog-
HYI0 3HEPruio, N3BNEKAEMY W3 KNETOYHO-
ro TonnuBea, B «pactacoBaHHOM» W, Cnefo-
BaTe/lbHO, YAO6GHOM [ANA WMCNONb30BaHWA
BUge.

1ITJA4 i > - V]
OH!AH \ 1 1* «ls < 11» -\\ n.is
A WagaHcl(n ewwb: *!!

Mo3Hakomumcs Tenepb ¢ ATP-cuHTe3Nn-

1 MocKonbKy B pesynbTaTe NpespalleHus CyKuu- pyoLeil (hepMeHTHON CUCTeMOM, BCTPOEH-

HUN-CoA B cykumHat obpasyetcas GTP, a u3 Hero -
ATP (pa3s. 16.5.[), 3tanbl Ha nyTu, Befyliem OT
a-KeToTNyTapata K CyKuuHary, fatloT B o6uieii cnox-
HOCTM 4eTblpe Monekynol ATP.

HON BO BHYTPEHHIOK MeMbBpaHy MUTOXOH-
ApUA. OTOT (hepMEHTHbI KOMMAeKC, nony-
ymBWIMA HasBaHue ATP-cuHTeTasbl wum
FOFr ATPa3bi, COCTOUT W3 [BYX [NaBHbIX



526 YACTb II.
YuyacTku,B
KOTOPbIX MpOou3oLLeN
paspbiB MemM6paHb!
Martpuke
Cy6MUTOXOHAPUANbHbIE
MUTOXOHAPUS My3bIPbKW; BHYTPEHHASA

Mem6paHa MHBEPTUPOBaHa

KoMnoHeHTOoB: FOU Fj (F oT aHrn. «factor»).
KoMnoHeHT Fi HanomMuHaeT no hopme Kpy-
rNyl [BEPHYI0 PY4Ky, 06palleHHY0 B CTO-
POHY MaTPUKCa MUTOXOHAPUW, NN LLNANKY
rpuba (BcnegcTeme yero aTm o6pa3oBaHus
Ha3bIBaKT TakKXXe rpnboBUAHBLIMUN BbIPOCTa-
mu; puc. 17-2 n 17-15). «lnanka», 4auwe
Ha3blBaeMas ro/fl0BKOM, C MOMOLLbI HOXKK
npuKpenseHa K KOMNOHeHTY FO, KOTopblii
BCTPOEH BO BHYTPEHHIOIO MeMOpaHy M Npo-
HUW3bIBAET €e HACKBO3b (MHAEKC «0»-3TO He
Hynb, a OGyKBa «O», yKasblBawllasd Ha To,
YTO 3Ta 4YacTb MOnekynbl ATP-cuHTeTasbl
CBA3bIBAeT TOKCWMYHbIA aHTUOMOTUK OAMro-
MWLUH-MOLWHbI WHrM6MTOP 3TOro dep-
MEHTa, a CNejoBaTe/lbHO, TakXe U UHIMOK-
TOP OKUCNNTENBHOTO ocdopmnmpoBaHus).

MepBbiM BbigennAn Ft B 0YMLWEHHOM
BUE W3 BHYTPEHHEA MUTOXOHAPWANbHOW
memMmbpaHbl paum Pakkep ¢ cOTpyAHUKa-
MU. B N301MPOBAHHOM BUE KOMMOHEHT FX
He o06najaeT CMNOCOBHOCTbIO CUMHTE3UPO-
BaTb ATP n3 ADP u ¢ocdarta, HO MOXeT
pacwennate ATP Ha ADP u ocdar, n3-3a
yero ero HasblBalT Takxe Fj-ATPa3o0il.
Ecnn ocTOpoXHO 3kcTparuposaTb Fj u3
WHBEPTUPOBAHHbIX MeMOpaHHbIX Ny3bipb-
KOB, MOJIyYeHHbIX MYTEM paspyLleHus
BHYTPEHHE  MWTOXOHAPWANbHONW  MeM-
6paHbl (puc. 17-15), To fAblXaTenbHble Lenu
B 3TUX MNy3blpbKax OKa3blBAlOTCA HeHapy-
LEeHHbIMW; OHW CMOCO6HbLI OCYLLECTBNATbL
nepeHoc 3neKTpoHOB. OAHAKO My3blpbKH,
nuweHHble Fj (oTcytcTtBue Fi-ronoBok

NepeHOCYNKN 3NEKTPOHOB

thocopunmposatb ADP

BMOSHEPITETUKA N METABOJIN3M

Fq ocTaetcs

B MeMmb6paHe
Cy6MUTOXOHAPWANbHbIe  Monekybl PeKoHCTpyMpoBaHHble
ny3bIpbku, MieHkble  PTATPasbl  nysbipsku ¢ F, -ronoskamu;
F t-ronoBok;cosepxar B pacTope conpseHe nepeHoca

3M1EKTPOHOB C OKWUCAUTENb -
HbIM  hocthopunmMpoBaHmem
BOCCTaHOB/EHO

HO He Crnoco6HbI

Puc. 17-15. Pa3pylieHue BHYTpPeHHel MeMGpaHbl
MWUTOXOHAPWUIA YyNbTPasBYyKOM, MonyveHne memo6-
paHHbIX MY3blPbKOB, SINLLEHHbIX CMNOCOBHOCTHN K
OKUCNNUTENbHOMY ()OCHOPUNNPOBAHUIO, N PEKOH-
CTPyMpoBaHMe CTPYKTYp, CNOCO6HBIX OCYLLEeCTB-
NATb 3TOT npouecc. Mog AelicTBUEM ynbTpasByka
KPWCTbl BHYTPEHHell MUTOXOHAPUaNbHON Mem6pa-
Hbl paspywarTca. 3aTeM Kpas MeM6pPaHHbIX
(hparMeHTOB CMbIKalOTCA M 06pasytoTCca 3aMKHY-
Tble MeM6paHHble Ny3bIPbKK, B KOTOPbIX FONOBKM
rpM60OBMAHbLIX BbIPOCTOB, UK Fj-ronoBku, obpa-
LWeHbl He BHYTpPb, a HapyxXy. Ecnu o6paboTaTh
3TU WHBEPTUPOBAHHbIE MY3bIPbKM MOYEBUHON UK
TPUNCUHOM, TO F[-rofoBKM OT HUX OTAENATCA.
O6bpaboTaHHble TakKMM cNOCO6OM Ny3blpbKK, BCE
eule cofepxawme PO-KOMMNOHEHTbI, COXPaHAOT
CNOCOBHOCTL K MEpPeHOCY 3M1eKTPOHOB, HO YXe He
MOTYT OCYLLECTBNATL (hocopunuposarme. Eciu
Ternepb K TaKMM NOTEPSABLUMM CBOU FONOBKMN
nysblpbkam J06aBUTb MOnekynbl F,, TO 3aTn
MOJIeKY /bl BHOBb COeAMHATCA ¢ PO-efuHuua-

MW, COXPaHUBLIMMUCA B MeMOpaHe My3blpbKOB.

B Taknx pPeKOHCTPYMPOBaHHbIX My3blpbKax CHOBA
6yayT npoucxoguTb 06a npouecca-u nepeHoc
3N1eKTPOHOB, N OKMCAUTEeNbHOE (hocthopuanpo.a-
Hue.

MOATBEPXAAETCA 3MEKTPOHHOW MUKPOCKO-
nuein), y>xxe He CMOCO6GHbI CUHTE3MPOBaTb
ATP. Ecnn Xe K TakuMm nys3blpbKam B CO-
OTBETCTBYIOLLMX yCnoBuax f[06aBWTb W30-
NUPOBaHHbIN F It TO HOpManbHas CTPYKTY-
pa BHYTPEHHeli MUTOXOHAPWANbHON MeM-
6paHbl (HeMpemMeHHbIM 3/1IEMEHTOM KOTOpPOIA
aBnatTcs  F,-rofoskn)  BOCCTaHOBUTCS,
a BMecTe C Heil BOCCTAHOBMUTCA U 3HepreTu-
yeckoe COMPSXKEHUE MeXAy MepeHocoM
3N1eKTPOHOB U cuHTe3omM ATP (puc. 17-15).
Takoro pofia 9KCrMepuMeHTbl C PEKOHCTPYK-
uneid MembpaHHOI CTPYKTYypbl, BNepBble
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Puc. 17-16. CtpykTypa FOF 1-ATPa3sbl (ATP-CUH-
TeTtasbl). A. Bnepsble FOFr ATPa3a 6bina o6Hapy-
XeHa B BUfe rPUBOBUAHBIX BbIPOCTOB Ha BHYT-
peHHel NOBEPXHOCTU MUTOXOHAPUANLHOW MeM6-
paHbl (MX MOXHO BUAETb 3fjeCb Ha 3NeKTPOH-

HOIl MukpodoTorpadun). 6. Mogens FOFr ATPa-
3bl, MOKa3blBalOLLLas BOZMOXHOE pacnonoXxeHune
ee cy6beanHuy. B. Kpuctannel Fj-KoMnoHeHTa
KOMMNeKca U3 MUTOXOHAPUIA MeYeHN KpbIChl.

. dneKTpoHHas MUKpotoTorpadus, Ha KOTopoi
BUAHbI ABe MoneKynbl FeFi-ATPa3sbl, BblfeneHHOM
13 MUTOXOHAPUIA NeYeHN KpbIChI.

npoBefileHHble P3IKKepoM, MONOXWUAW Hayva-
N0 LWKWPOKOMY W NNOAOTBOPHOMY WU3yue-
HUKO  CTPYKTYpbl W (YHKUMU MembpaH.

Mo3aHee KOMMOHEHT F, Obln Bblgenex
B YUCTOM KpUCTanInyeckom Buge
(puc. 17-16). Ero monekynapHas macca paBs-
Ha npu6nusntensHo 380000. Monekyna Fi
COCTOWUT M3 fAeBATU CYOBLEAUHUL, NATW pas-
HbIX TUMOB, CFPYNMUPOBAHHbLIX BMECTE U CO-
fepxatimx HECKO/IbKO  CBA3bIBAOLLUX
yyacTkos ans ATP n ADP. ¥ ganocb Takxe
MoNy4nTb B BbICOKOOYMLLEHHOM BUAe W

30 HM

FOFt-ATPa3y. OneKTPOHHO-MWUKPOCKOMMK-
4eckoe W3y4yeHue NOMHOW MOMeKyNbl 3TOr0
(hepMeHTa Mpy BLICOKOM paspeLleHumn noka-
3a/10, YTO OHa COCTOUT U3 F,-roN0BKU, HOX-
KM VM OCHOBAHMUA, KOTOpPOe 00bIYHO 3amnon-
HAeT BCHO TO/LWY BHYTPEHHEN MUTOXOH-
LpvanbHom MeM6paHbl (puc. 17-16).
FUF 1-ATPa3y Hassanu ATPa3oii, notomy
4yTO B M30/IMPOBAHHOM BUfE OHa KaTanunsu-
pyet pacwenneHne ATP Ha ADP n P,. Oga-
HAKO B MHTAKTHbIX MUTOXOHAPUAX FNaBHas
ee Ouonornyeckas QyHKLMA 3akioyaeTtca
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He B paclienneHun, a B CuUHTe3e ATP us3
ADP u P,; noatomy npasuibHee 6bi710 Obl
HasblBaTb ee ATP-CMHTETAa30i.

17.15. Kakum o6pasom
OKUCNUTENIbHO-BOCCTAHOBUTENbHASA
3HEPrMa nepeHoca 3/IeKTPOHOB
nepegaetca A'l'P-cnHTeTase?

B npeablayLinx pasgenax aToi rnasbl Mbl
paccMoTpenu mnpouecc nepeHoca 3/MeKTpo-
HOB M MO3HaKOMM/UCbL CO CTPYKTypoin ATP-
CuHTeTasbl. Tenepb MPULIIO BpeMa 3afaTb
rNaBHbI/i BONPOC: KaKNM e 06pasomM Lenb
nepeHoca 3/7eKTPOHOB B3aumogeincTsyeT
¢ ATP-cnHTeTa3ol M Kak npu 3TOM npouc-
XOAUT OKUCNUTeNbHOE (ocopunnuposaHue
ADP c obpaszoBaHuem ATP? 3ro ofuH u3
CaMbIX YBNEKaTe/llbHbIX W BMecTe C TeM
camblX TPYAHbIX BOMPOCOB B 6BMOXMMUK
1 ymtonormm. Xotd Ham CerofHs W3BecTHO
yXXe Hemano 06 ytunusauum sHeprum ATP
B OMOCMHTETUYECKUX peakuusx, TeM He me-
Hee TOYHble MONEKYNAPHbIE MEXAHU3MbI Te-
HepupoBaHua ATP B npouecce OKUCAUTENb-
HOro dochopnnnpoBaHNsa 0CTalTCA He-
ACHbIMW. OflHa U3 NPUYUH 3TOr0 COCTOUT
B TOM, YTO (PEPMEHTHLI MepeHoca 3MeKTPOo-
HOB U OKUCAUTENbHOrO (hocdopuanposa-
HUA O0YeHb CMIOXHbI U K TOMY e BCTPOEHbI
BO BHYTPEHHIOIO MeM6paHy MUTOXOHAPWIA,
YeM CW/IbHO 3aTpPyAHAETCA U3Y4YeHue WX
B3avmMogeicTeusa. MocTynMpoBaHo Tpu BO3-
MOXHbIX MeXaHW3Ma nepefayv aHepruun or
npouecca nepeHoca 3/IeKTPOHOB Mnpoueccy
CuHTe3a ATP.

funoTesa XWMWUYECKOTrO  COMPADKEHWUU
npegnonaraeT, YTo MepPeHOC 31EKTPOHOB CO-
npsXeH ¢ cuHTesom ATP yepe3 onpegeneH-
HYI0 NMocneAoBaTeNlbHOCTb peakumnii; B Xofae
3TUX peakuuil HeKuid BbICOKO3HepreTuue-
CKWI1 KOBANEHTHbIA NPOMEXYTOYHbI/ Npo-
AYKT, 06pa3oBaBLWIMiicA B pe3ynbTare nepe-
HOCa 3/IEKTPOHOB, paclennseTca u otgaet
CO/lepXallytocs B HEM 3Hepruio Ha o6paso-
BaHMe ATP. 3T0 NpeAnoIoXXeHNe NEPEKIn-
KaeTcs C Y>Xe M3BEeCTHbIM HaMm MpUMepoMm
yyactua 3-qpocornmueponndocdara B Ka-
YeCTBe OOLLEro MPOMEXYTOYHOI0 NPOAYyKTa
npu cuHtese ATP B npouecce ramkonusa
(pa3g. 15.7,6).

FMnoTesa KOH(OPMALMOHHOIO conpsaX<e-
HWA npefnonaraeTt, 4Tto MEPeHOC 3/1IeKTPO-

HOB NO AblXaTeNbHON Lenu Bbl3biBAET KOH-
(hopMaLMOHHbIE W3MEHEHUA B 6e/IKOBbIX
KOMMOHeHTax BHYTPEHHel MUTOXOH-
LpuanbHoli MembpaHbl M TeM camblM nNepe-
BOAWT UX B BEICOKO3IHEPTETUYECKYHO (hOopMY.
KoH(opMaLOHHbIE U3MEHEHUS NepefarT-
cs monekyne FOF,-ATPa3bi n aktusupyroT
ee. Penakcauusa aKTUBMPOBAHHOI
F,.,F!1-ATPa3bi, T.e. ee Bo3BpalyeHune K 06bl-
YHOI KOH(opMmauuu, BbiICBO6OXAaeT 3ana-
CEHHYIO B Hell 3Heprui, Kotopas MCNofb-
3yetca Ana cuHTtesa ATP un ana otgeneHus
HOBOCUHTE3MpPOBaHHOro ATP 0T MO/IeKynbl
thepmeHTa.

XemunocmoTHYeckas runoresa, copmy-
NNPOBaHHas aHrMMINCKUM 6MOXMMUKOM [Mun-
TepoM MUTYENNIOM, UCXOANT U3 COBEPLUEH-
HO WHOro, HOBOro npuHuuna. rlocTynu-
pyeTcs, 4TO MEPEHOC 3/1EKTPOHOB COMNPOBO-
XOaeTcs BblKkauyMBaHMeM WOHOB H * wu3
MaTpuKca 4epes BHYTPEHHIOK MWUTOXOH-
LpvancHyo MemOpaHy B HapyXHyl BOj-
Hyl0 cpefly. Bcnefcteue aToro Mexay ABy-
M CTOPOHAammn BHYTPEHHeli MWUTOXOK-
LpuanbHoiW MembpaHbl  BO3HMKaeT rpa-
OVEeHT KOHUeHTpauunm uoHoB H + (TpaHc-
mMeMbpaHHbIA  rpagneHT). CuHTes ATP,
TPeOylOLWMWA 3aTpaTbl 3HEPruM, ocyuiecTt-
BNSETCS WMEHHO 3a CYeT OCMOTWUYECKOW
3Hepruu, npucyliein 3ToOMy rpagueHTy.
MOXHO fymaTb, 4UTO UMEHHO XEMMWUOCMOTH-
yeckasa Teopus Haubofiee TOYHO OTpaxaeT
OpPraHun3y WA NPUHLMN OKNCNWUTENbHOTO
ocdopmunmpoBaHua. PacCMOTPUM  HEKO-
TOpble XapakTepHble 0COGeHHOCTM 3ITOro
npouecca, CBUAETENbCTBYIOWME B MOMb3Y
XeMUOCMOTMYECKOW rMnoTesbl.

a. Hukakue

<BbICOK« IHEPreTNYEeCKne»
NMPOMEXKYTOUYHbIE MPOAYKTHI,
ceMTTaTLWWw nepeHoc
3/1IeKTPOHOB, e cuHTEe3oMm ATP,
He 06Hapy>KeHbl

MHOrofeTH1e WHTEHCUBHbIE KCCNef0Ba-
HUWS, HampaBfeHHble Ha MOWUCK TakKUX FUMO-
TETUYECKUX MPOMEXYTOUHbLIX MPOAYKTOB,
He fanu pe3ynbTaToB: OGHAPYXWUTb WX He
y[anoce.
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6. OKMUCANTENbHOE
dochopunuposaHue TpebyeT
LeNOCTHOCTMW BHYTpPEHHEeI
MUTOXOHAPUANLHON MeMObpaHbl

OkucnuTenbHoe ochopnnmpoBaHme mMo-
XXET MPOUCXOAUTb NNLLb B TOM C/y4ae, ecnm
LIeN0CTHOCTb BHYTPEHHEA MUTOXOHAPWaNb-
HOi MeM6paHbl He HapyLleHa, T.e. eciu 3Ta
membpaHa npeacTaBnseT coboii  non-
HOCTbIO 3aMKHYTOe o6pasoBaHue. Jlobble
pa3pbiBbl U TPELMHbI BO BHYTPEHHe MUTO-
XOHApWanbLHoW MembpaHe NuUWakT ee cno-
COGHOCTU K OKMUCAUTENbHOMY (ochopmnu-
pPOBaHWIO, XOTS MEpPeHoC 3MEKTPOHOB OT
cybcTparta K KMCNOpoAY ¥ B 3TUX YCNOBUAX
MOXET MpPOA0MKaTLCA.

B. BHYTpeHHAA MWTOXOHApMANnbHas
mMeMb6paHa HenpoHuuyaema pAns
moHoe H +, OH~, K+ n Cr

3TO CBOWCTBO MeMObpaHbl TakxXe MMeeT
OTHOLUEHME K OKMCAUTENbHOMY (hocdopu-
nupoBaHuto. Ecnm memb6paHa noBpexjeHa
W eCn OHa B pe3y/nbTaTe Kakoro-Hmbynb
BO3JeNCTBMA cTana BAPYr Nerko npoHuLae-
MOW ANA 3TUX AWM ANA HEKOTOPbIX APYIMX
MOHOB, TO OKMUCAUTENbHOE (ochopuampo-
BaHWe NPouCXoAnTb He ByfeT. OTW Habnto-
[leHUSA MOoKa3blBakT, YTO pasHMLA B MOHHOM
COCTaBe UM B KOHLEHTpaLMM MeXAy ABYMS
CTOPOHaMW BHYTPEHHE MUTOXOHApPUanb-
HOM MeMm6paHbl WrpaeT BaXHYH po/b
B CuHTE3e ATP.

r. OKucnuTenoHoe
hocopunnpoBaHue MOXKHO
npefoTBPaTUTb C MOMOLbIO
pasobuwarnuwmnx areHToB

HekoTopble XMMWUYECKWe BelecTBa, Ha-
npumep 2,4-guHuTpodeHon (puc. 17-17),
nogasnawT docpopunuposaHue ADP po
ATP, He BinAa npu 3TOM Ha NEPEHOC 3nekK-
TPOHOB B MUTOXOHAPUAX. OHKN pasobuwarT
nepeHoC 3/IeKTPOHOB 1 cUHTE3 ATP, paspy-
lwas HeobXOAMMYK CBfi3b MEXAY 3TUMU
npoueccamun. Takue BellecTBa Ha3biBalOTCA
noaTomy pasobLalwumu areHTamu. B ux
npucyTCTBUN CBOGOAHASA 3HEPTUSA, Bblaense-
Mas Mpu NepeHoce 3/IEKTPOHOB, NepexoauT
B Tenso, a He 3anacaetca B suge ATP. Pas-

6-950

NO,

0-

Puc. 17-17. [elicTBMe TUNWYHOTO pasoblyatoLyero
areHta 2,4-guHutpoeHona. Mpu pH 7 aToT

areHT CyLecTBYeT rnaBHbIM 06pa3om B BuAe
aHWOHa, He obnajaroLLero cnoco6HOCTbLIO pacT-
BOPATHLCA B IMNnAax. B npoToHupoBaHHOI hopme
2,4-AMHNTPOGEHON pacTBOPUM B AUMMAAX W NOTO-
My MOXeT MpoX0AMTb CKBO3b MeMGpaHy, nepe-
Hocs ¢ co60ii NpoTOH. Mo ApYryto CTOPOHY
MeMG6paHbl NepeHeceHHbI MPOTOH OTLeNnseTcs.
[eiicTBys Takum o6pa3om, pasobLiatollye areHTbl
NpenaTCTBYOT BOZHUKHOBEHUIO TpajMeHTa KOoH-
LleHTpaummn noHoB H + mMexay ABYMSA CTOpPOHaMu
MeM6paHbl. MMof06HbIe pa3obLiatolly e areHThbl,
nepeHocsAwne NoHbl H +, Ha3blBaloT NPOTOHO(O-
pamu.

obLaloLw e areHTbl pe3Ko NoBbIWAaKT NPo-
HULaemMoCTb BHYTPEHHEN MUTOXOH-
ApuvanbHoi membpaHbl Ans MoHoB H +. 3T0
nunounbHble  BewecTBa, o6nagawLwue
CNOCO6GHOCTLIO CBA3bIBATL MOHBLI H + Mo oA-
HY CTOPOHY MeMOpaHbl U NepeHoCUTb UX Ye-
pe3 memOpaHy Ha [pYyryt CTOPOHY, Tyga,
rge VX KOHLeHTpauus HUxe.

OfHO Bpems MblTaiNCb MCMNOMbL30BATH
HekKoTopble pasobLwatrowmne areHTol And
60pb6bl C OXKMPEHMEM 33 CYET MOHWXKEHUS
ahekTBHOCTU cuUHTe3a ATP. Okasanocs,
O[lHAKO, 4YTO 3TW BellecTBa KpaliHe TOK-
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CWYHbI, W NOTOMY OT TaKOro nx npuMeHeHmnA
npuMwnocb 0OTKa3aTbCA.

4. HekoTopble MOHOOPbI Tak>Ke
Cnoco6Hbl NOJaBNATb
OKUCNUTeNbHOe (hocdopuIMpoBaHme

VoHothopamu (T.e. «nepeHocuYMKamm uno-
HOB») Ha3blBAIOT XMUPOPACTBOPUMbIE BELLe-
CTBa, CNOCO6HbIE CBA3bIBATb ONpefe/ieHHbIe
MOHbl W NEPeHOCUTb WX Yepes MembpaHy.
OT pa3o6LlaloLnx areHToB OHW OTINYaKT-
CA TEM, YTO MepeHocAT Yepe3 MembpaHy He
MOHbl H +, a Kakume-HMbyab fgpyrue Ka-
TWOHbI. Hanpumep, TOKCWUYHbIA aHTU6MO-
TUK BanMHomMuuuH (puc. 17-18) obpasyer
XNPOPacTBOPUMbIA KOMMJEKC C WOHamMu
K +, nerko npoxoAaawmnii 4epe3 BHYTPEH-
HI00 MeMbpaHy MUTOXOHAPWIA, TOrAa Kak
B OTCYTCTBME BalMHOMMUUMHA WMOHbI K +
NPOHWKAKT CKBO3b Hee C 6OMbWIUM Tpy-
4OM. VoHodop rpamuumguH obneryaet
MPOHWKHOBEHWE Yepe3 MeM6paHy He TONIbKO
K +,Ho 1 Na +, a TakKe HEKOTOpbIX ApYrux

Puc. 17-18. BaNMHOMULMWNH-TOKCUYHbIA aHTMGUO-
TUK, CTUMYNMPYIOLWKIA nepeHoc NMoHOB K + yepes
MemM6paHy. DTOT MOHODOP, NEPEHOCALL NI UOHBI
K+, cocTouT 13 octaTtkoB L- n D-BanuHa, nak-
TaTta U rugpokcunsosaneparta, COeANHEHHbIX B
KonbLeobpasHy CTPYKTypy. BannHomuuyuH obpa-
3yeT cneuntuyecknii Komnneke ¢ MoHoMm K +
(nokasaH KpacHbIM LBETOM), KOTOpPbI pacnonara-
eTCcs B ero ruapomnbHON BHYTPEHHER YacTu.
Bnarofaps pacTBOPUMOi B IMNNAAX HapyXHOI
4acTu MONeKyNbl BaIMHOMULWHA (NMOKa3aHa ce-
pbIM LIBETOM) KOMMIEKC BaIMHOMULMH— K + ner-
KO MPOXOAMT Yepe3 MUTOXOHAPUANbHYIO MeMb-
paHy.

0fiHOBaNEHTHbIX KaTMOHOB. Takum o6pa-
30M, pasoGuialolymMe areHTbl U MOHOMOPbI
NnoAaBNsOT OKUCMTeNbHOE ocdopunmpo-
BaHWe, yBennMuMBas MNPOHWLLAEMOCTb MEM-
6paHbl Ans moHoB H +, K+ wuam Na+.

e. MOTOK 3M1eKTPOHOB BbIHY>XKAAET

MOHbI H + BbIXOAUTbL U3 AblWalynx
MUTOXOHAPUIA Hapy>Ky
JHeprus, Bbligensemas npu  nepeHoce

3NEKTPOHOB MO AblXaTeNbHONU Lenu oT cy6-
cTpaTa Ha KMCIopof, MOXeT Mpu onpeje-
NEHHbIX YCMOBUAX BbI3BaTb MEPEHOC MOHOB
H+ 13 MWTOXOHAPWANbLHOTO MaTpukca
B cpesy. B pesynbTate pH MUTOXOHApUaNb-
HOro mMaTpukca moBbiwaeTcd, a pH cpegpl
NMOHMWXaeTcs, T.e. MaTPUKC CTaHOBUTCA 60-
nee LWeNoYHbIM, a cpefia, oOKpyXatLias Mu-
TOXOHApuK, 60nee Kucnoii. Bo BHyTpeHHelk
MUTOXOHApUanbLHOW MembpaHe uMmeloTCH,
CnefoBaTeNlbHO, KaKue-TO «HAacocCbl» ANf
MOHOB H +; 3T Hacocbl MCMNONb3YKT CBO-
6OAHYH 3HEPruio NOTOKAa 3N1EKTPOHOB ANS
nepekauymMBaHus MOHOB H + HapyXy npoTus
rpagveHTa KOHLEHTpauuu. BbikaunBaHme
MOHOB H + ©3 MWUTOXOHAPWIA NpuUBOAUT
K MOSIBNEHUI0 MEMOGPaHHOTO 371EKTPUYECKO-
ro noTteHuuana, NOTOMY 4TO BCNeACTBME
BbIX0Ja 3TUX MOHOB W3 MaTpuKca B cpefy
Hapy)XHas CTOpoHa MeM6paHbl CTaHOBUTCA
6onee 3NeKTPOMNONOXUTENbHOM, a BHYTPEH-
HAs - 6oNee 3nekTpooTpuuaTensHoin. Ta-
KUM 06pa3om, NepeHOC 31eKTPOHOB CO-
30,aeT 3N1EKTPOXUMUYECKUIA TPagUeHT MOHOB
H +, BKNovarwwWwuii 4Ba KOMNOHEHTA; MeM-
OpaHHbIi NOTeHUMan BHOCUT 6ONbLUNIA
BKNajJ B 3HEPruio 3TOro rpajueHTa:

AIH A/ ZApH
ONeKTpoXnumu- MeMGpaHHbIii [pagueHt pH
Yeckuit noTeHuuan (Hapy>Has cTo-
H +-rpagueHTt (BHYTpeHHSAS poHa Memb6pa-

CTOpPOHA MeM- Hbl MMeeT Go-
6paHbl  MMeeT Nee KUCNyo pe-
oTpuuartens- aKLuio)

HbIA  3neKkTpu-
yeckuin 3apsg)

B 3TOM ypaBHEHUM BennuMHa Z npegcra-
BAseT C060M KO3I((MLMEHT [N nepeBofa
eAnHUL pH B MUANNBONBTLI, T. €. B T eAu-
HULbI, B KOTOPbIX BblpaXakT 06bl4HO AjiH
n Af. Bknag mem6paHHOro noTeHuunana co-
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cTaBnseT NpuéAun3nTensHo 75% BCero anek-
TpOXMMMYecKoro H +-rpagmeHTa, cospa-
BAEMOro MepeHoCcoM 3/1EKTPOHOB.

17.16. CornacHo
XeMMOCMOTUYECKON runoTese
3Heprus rnepeHoca 3/1eKTPOHOB
nepegaerca Ha cuHtes ATP
yepe3 MPOTOHHbIA TpagneHT

VIMEHHO Te CBOCTBA MWUTOXOHAPWIA, KO-
TOpble Mbl TONbKO 4YTO paccMOTpenu, no-
CNY>XWWN OCHOBOW AN pa3paboTky xemmoc-
MOTWYECKOl runoTesbl (puc. 17-19). Co-
rnacHo 3Toi runotese, MYHKUWSA MepeHoca
3N1EKTPOHOB, MPOUCXOAALLEro BO BHYTPeH-
Heli MWTOXOHApUanbHOW Memb6paHe, 3a-
KN0YaeTca B TOM, YTOOblI OTKAYnBaTh MOHBI
H + 13 mMaTpukca MUTOXOHAPUM B HApYX-
HYI0 cpefly W Takum nyTem coO3faBaTtb
Mexay LBYMS BOLHbIMW (haszaMu, KOTOpble
pasgensier aTa memb6paHa, rpafueHT KOH-
LeHTpauum noHoB H + ¢ 60nee KUCNbIM 3Ha-
yeHnem pH cHapy>xxu. Takoil rpagueHT, npu
KOTOPOM KOHLEHTpaunsa MoHos H + cHapy-
XU BblllIe, YeM BHYTPU MUTOXOHAPUN, 06Nna-
[aeT noTeHLManbHON 3Hepruei  (pasg.
14.16). XemumocmoTUYeCKasa runortesa no-
CTYNMpyeT fanee, 4yto WMOHbI H +, BblBe-
[leHHble HapyXy 3a CYeT 3Heprumn nepeHoca
3/1eKTPOHOB, CHOBa YCTPEMAATCA BHYTPb,
B MUTOXOHAPUANbHbIA MaTPUKC, Yepes cre-
LUuanbHble KaHanbl, AN «NOpbl», ANA 3TUX
MOHOB B Monekynax FgFj-ATPa3bl. B aTom
Cryyae OHW NepemMeLlalnTca Mo rpajgueHTy
KOHLIeHTpaLmmn 1 Bo BpemMs UX nepexoja ye-
pe3 monekynbl ATPa3bl Bblaenserca CBO-
6ofHad 3Hepruda. MIMeHHO 3Ta 3Heprus
N CNYXWUT ABUXYLLEA CUNOA ANA CONPSXKEH-
HOoro cuHTesa ATP u3 ADP wu docdara.

MTak, XeMUoCMOTUYeCKas rmnortesa He
TpebyeT HMKAKOr0 BbICOKO3IHEPreTUYecKoro
XMMUWYECKOr0 areHTa, KOTOpblii B KayecTBe
06LLEero NPoMexXyToyHoro npoaykrta obec-
neynsan 6bl CONPSXEHNE MEXAY MEPEHOCOM
3NeKTPOHOB N cuHTe30M ATP. lNepeHocuu-
KOM 3HEeprum, cBsA3biBalOLWMM fBa 3TN Mpo-
Liecca, C/YXWT, COrflaCHO XemumocmoTuye-
CKO runotese, rpagueHT KOHLEHTpauum
MOHOB H + mMexay iBymMA CTOPOHaMu MUTO-
XOHApuanbHoW MembpaHbl. B cBeTe 3ToW
rmnoTesbl CTaHOBUTCA MOHATHLIM K Tpeb6o-
BaHWe LeNOCTHOCTN Memb6paHbl, T.e. no-

6*

Puc. 17-19. ConpsxeHue nepeHoca 3N1eKTPOHOB C
cuHTe3oM ATP B CBETE XeMWOCMOTUYECKON ru-
notesbl. CornacHo aToi runoTese, Lenb NepeHoca
3/1EKTPOHOB MOXHO MpejcTaBuTb cebe Kak Hacoc,
nepekauynBatoWmnii MoHbl H+. JHeprus, BbICBOGOX-
faemas Mpu rnepeHoce 3MEKTPOHOB, UCMONb3yeTca
[4NA nepeMeLieHns MOHOB H+ M3 MUTOXOHAPUanb-
HOro MaTpuKca HapyxXy, YTO NMPUBOAUT K BO3HUK-
HOBEHWIO 3M1IEKTPOXMMMUYECKOro H +-rpagneHTa

¢ 60Nee BbICOKOW KOHLEeHTpayueil noHos H+

B Hapy>HOI BOAHOI hase. 3TOT e npoLecc
BefleT K NOAB/IEHNI0 TPaHCMEMOPAHHOT0 31eKTpu-
4eCcKOro noTeHLMana - HapyXxHas CTOpoHa MeM6-
paHbl 0Ka3blBaeTCs 3N1eKTPONONOXKUTENLHOM.
WoHbl H+ 13 oKpyXatouieil cpedbl BHOBb YCTPEM-
NATCA BHYTPb, T.e. B MUTOXOHAPUANbHbIA MaT-
PUKC, Ha 3TOT pa3 Mo 31eKTPOXUMUYECKOMY
rpafneHTy yepes monekynol Fd-j-ATPasbl. 3T10T
nepexof WOHOB H + 13 30HbI C 60nee BbICOKOI

B 30HY C 60/1ee HM3KON WX KOHLEeHTpauuen
CONpoBOXAaeTca BblfjeneHnemM cBOGOAHONR aHep-
rmn, 3a cyeT KOTOPOI 1 cuHTesnpyetca ATP.
Takum o6pa3om, XeMMOCMOTHNYeCKas runoTesa
npegnonaraeT, YTo MeXAy MWUTOXOHAPWUEN U OK-
pyxatoLieii ee cpefoii coBepluaeTCa HenpepblB-
HbIA KPYroBOPOT MOHOB H +, ABMXKYLL el cunoit
KOTOPOro fBNSAeTCA MEpPeHOC 31eKTPOHOB (CM. A0-
nonHeHue 17-1).

NHOW ee 3aMKHYTOCTU B MHTaKTHbIX MUTO-
XOHAPMAX MW B MeMOpaHHbIX My3blpbKax,
06pa3oBaBlINXCA W3 paspyLlleHHON BHY-
TpeHHein mem6paHbl (puc. 17-15); icHO, 4TO
6e3 3TOW LENOCTHOCTW rpajueHT KOHLEH-
Tpauum MoHoB H + Mexay ABYyMsA CTOpPOHa-
MU MemM6paHbl MONPOCTY He MOT 6bl Cylue-
CTBOBaTb. HeTpyaHO BWAeETb TaKxe, 4TO
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npu «yTeyke» MOHOB H + uyepe3s membpaHy
B MpPUCYTCTBUM pa3obLlialowmux areHToB
(puc. 17-17) H +-rpafMeHT LO/MKEH «pasps-
Xalbca». T.e. aHepreTMyeckoe conpsixeHue
[OMKHO ocnabesaTb. HakoHel, yganoch no-
Ka3aTb, YTO BbIBEJEHME NOHOB H 13 MUTO-
XOHAPWIA BO BpPeMs MepeHOCa 3/EeKTPOHOB
1 NOrNoleHne Hapy>XHbIX MOHOB H + Mone-
Kynamu Al -cuHretassl conoctasuMmbl nNo
CBOEl CKOPOCTU C MPOLLECCOM OKUCANTENb-
HOro (ocopunMpoBaHUA B WUHTAKTHbIX
MUTOXOHAPUAX.

BUWO3SHEPFETUKA N METABONN3M

Of4HaKo XOTA XeMWOCMOTMYecKas rumo-
Te3a yA40BNeTBOPUTE/IbHO 06bACHAET 60/b-
WY YacTb 0COBEHHOCTEN OKUCAUTENLHOTO
thochopunnpoBaHus, eCTb U Taknue CTOPOHbI
3TOro npouecca, KOTOpble BCe elle 0CTalT-
€A HeACHbIMW. 3arafoyHbiM  OcTaeTcs,
B 4aCTHOCTU, MeXaHW3M, C MOMOLLbI0 KOTO-
poro uenb nepeHoca 3MeKTPOHOB «OTKauu-
BaeT» MOHbl H + M3 maTpukca MUTOXOH-
OpUIA HapyXy (gononHeHue 17-1).

JononHeHne 17-1. MHoroe B MexaHuW3Me OKWUC/UTE/IbHOIO
hochopunmpoBaHnA OCTaeTCs elle HesACHbIM

XO0TA XeMnoCcMOTHMYeCKasd rmnoTesa Noayyunaa WpoKoe NpuUsHaHve B TOM
CBOeli 4acTu, KOTOpPas KacaeTcs rNaBHOro OPraHU3ytoLLero NpuHLMna nepe-
[laun aHeprum oT npouecca nepeHoca 3NeKTPOHOB K CUHTe3y ATP B MUTO-
XOHApUAX, 6aKTepuanbHbIX KNeTkax u xaoponnactax (rn. 23), TeMm He MeHee
OHa ocTaB/sieT noka 6e3 O0TBeTa MHOrMe BaXHble BOMPOCHl. [loxanyi,
60nblUe BCEro CNOpPoB MNOPOXAaeT BOMNPOC O MeXaHU3Me, Npu NOMOLM KO-
TOpPOro MepeHOC 3/1eKTPOHOB, MPOUCXOAALLMIA BO BHYTPeHHEA MembpaHe,
BbI3bIBAET OTKayMBaHWe MWOHOB H + M3 mMaTpMkKca MUTOXOHAPUU HapyXy.
MuTuenn npefnoxXun oCTpPOYMHOe pelleHune 3Toro sonpoca (puc. 1). OcHo-
BOV ero pewweHus MOCAY>XWA roT (pakT, YTO BOCCTAHOBUTE/IbHble 3KBMBa-
NEeHTbl MEPeHOCATCA HEKOTOPbIMW MepeHocuMkamu (Hanpumep, Y6UXUHO-
HOM) B BuAe aToMOB H, a gpyrumu (Hanpumep, XXene3o-cepHbIMU LeHTpaMm
WAN LNTOXPOMamu) - B BUAE 3MEKTPOHOB. MUTUENN NPeAnonoXun, YTo BO-
LOpOANepeHOCALL e 1 3NeKTPOHNEepeHoCAL e 6eNKkn YepeayloTcs B AbiXa-
TeNbHOI Lenu, 06pasys B Held TpU «nNeTAu». B ka0l Takoi neTne fBa aTo-
Ma H BblHOCATCA uYepe3 Mem6GpaHy HapyXy W oTpaloT fABa MoHa H +
B OKPY)XaloLWyH cpefy; COOTBETCTBYIOL,aA napa 3N1eKTPOHOB NEpeHoCcUTCs
3aTeM 06paTHO, C Hapy)XHOI NOBEPXHOCTW MeMOpaHbl Ha BHYTPEHHIOO
(puc. 1). Kaxpaa napa BOCCTAaHOBUTENbHbLIX 3KBUBANEHTOB, NPOX0OAs 4epes
TaKylo MeT/to, NepeHocuT 4Ba MoHa H + 13 MaTpuKca B OKPYXXaloLyo cpe-
ny. Mpeanonaraetcs, YTo KaxAaasa neTns nocrasnsieT 0OCMOTMYECKYIO 3Hep-
rmo gna obpasoBaHuWs OfHOW Monekynbl ATP.

3TOT rMNOTETUYECKNIA MeXaHU3M NpefCTaBNfETCA JOCTaTOYHO MpuBIe-
KaTeNnbHbIM, 0[JHAKO OH MOATBEPXJAETCA HE BCEMMW 3IKCMEPUMEHTANbHLIMU
[JaHHbIMW. Bo-nepBbiX, OH NOCTY/NWPYeT OnpeAefieHHYl nocneAoBaTefb-
HOCTb PacnofioXeHus 1 YepefoBaHWe BOAOPOA- M 3NEKTPOHNEPEHOCALLNX
LLeHTPOB, a 3TO He BMOJIHE COrfacyeTcs C UMEKLWUMUCA faHHbiMW. Bo-
BTOPbIX, MPU TaKOM MEXaHW3Me Ha KaXXAylo napy 3neKTpoHOB B OfHOW neT-
ne MOTYT NepeHOCUTbLCS TOMbKO ABa MOHA H +, MOCKOMbKY KaXAblii U3 Bbl-
XOAAULNX HAPYXY 3/IEKTPOHOB CONPOBOXAAETCA TONBKO OfHWM NMPOTOHOM.
Mexay TeM HeAaBHUe UCCNeA0BaHNA MOKa3anu, YTo Ha KaXKAy napy anek-
TPOHOB B O4HOW NeT/e NEPEHOCUTCA He MEHee TpeX, a BO3MOXHO, U YeTbipe

MoHa H

M YTO HAa KaXXAYK CUHTE3UpOBaHHYH monekyny ATP Tpu wnnn

yeTblpe MoHa H + BO3BpallalOTCA B MaTPMKC.
Bo3HUKalOT 1 Apyrue Bonpochl. [leiicTBUTENBHO M HOPMaNbHbLIA MNpo-
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LlecC OKMCNIUTENBbHOTO hocPOpMINPOBaHMA CONPOBOXAAETCA BbIXOAOM MO-
HOB H + M3 MUTOXOHAPWIA U NX BO3BpaleHWeM B MaTpukc? CknajbiBaeTcs
BreyaT/eHne, YTO N0 KpalHeil mMepe Kakas-TO 4acTb 3TOr0 MepemMeLieHns
MOHOB H + MOXeT NpoMCX04UTb BHYTPM MeMOpaHbl UM Xe Ha ee MoBepx-
HOCTM, & He MeXAY ABYMS BOAHbIMU (asaMu, pasgeneHHbIMW MeM6paHoii.
OcTaeTca 6e3 0TBeTa M BOMPOC O TOM, KakKUM >e MMEHHO 06pa3om NOTOK
MoHOB H + yepe3 cnoXHyt ATP-CMHTETa3HYl0 CUCTEMY CO3/aeT HOBYIO KO-
Ba/IEHTHYI0 CBAi3b, MOCPEACTBOM KOTOPOW MpMcOefuHseTca KoHLueBas ¢hoc-
thaTHas rpynna ATP.

OkpyxatoLLaa cpefa

Puc. 1L MexaHu3m nepeHoca MoHoB H+, nocTy-
NUpyeMbIil XEMUOCMOTNYECKOI runoTesoii. Mpea-
nonaraeTcs, YTo nocnefosaTe/lbHble NepeHoCUNKN
AblxaTeNbHON uenn (A—F) o6pasytoT Tpu H +-
nepeHocsal e «netam». Kaxgas takas netns ne-
PEHOCUT M3 MUTOXOHAPNANLHOIO MaTpuUKca Hapy-
Xy A4Ba MOHa H+ uyepe3 nepeHocUMK (KpacHble
CTpenKku), TPAaHCNOPTUPYHOLL NI BOCCTAHOBUTENb-
Hble 3KBMBA/IEHTbl B BU/E aTOMOB BOJOPOJA.

[lBa 3aNeKTpoHa, OCTaBLUMeCS NOC/e BblBEEHUS

B Cpefly ABYyX MOHOB H +, Bo3BpaljatoTcs obpat-
HO, T. €. MepexofAaT Ha APYryto CTOPOHY mMemb6pa-
Hbl, C MOMOLLbIO NepeHocUMKa (Cepble CTPenku),
TPaHCMOPTUPYIOLLEr0 BOCCTAHOBUTE/IbHbIE 3KBU-
Ba/IeHTbl B BU/e 3/MIEKTPOHOB. Ha kaxayto napy
3/1eKTPOHOB, NOCTynawwWwmnx ot cy6ctpata RH2
Ha Kucnopog, aTu Tpu NeTau NepeHocAaT U3 MUTO-
XOHAPWNanbHOro MaTpukca B cpefy LWecTb MOHOB
Bogopoga (3-2 = 6H +). Mpegnonaraetcs, 4To BCe
KOMMOHEHTbI AblXaTeNbHON Lenn GUKCMpoBaHsbl
Ha mem6paHe. 3TUM obecneynsaeTcs MX HeOOXO-
[MMOe pacrnonoXeHne Apyr OTHOCUTENbHO fpyra.

NTaK, Ham NpeiCTOUT BbISICHUTbL elle O4YeHb MHOF0e O MOSEKY/SPHbIX
KOMTMOHEHTAX 1 0 CBOCTBAaxX 3Hepronpeo6pasyoLnx MeMbpaH B MUTOXOH-
Apusx, GakTepuanbHbIX KneTkax W xaoponnactax. Korpa-HuGyfab, nocne
MPOBEAEHUS MHOTUX 3KCMEPUMEHTOB M MPOBEPKU HOBLIX WAeH, Mbl Mony-
UMM OTBETbI Ha 3TW BOMPOCHI, HO MOKA UX Y HAC elie HET U BUHOW TOMY
B 3HAUUTENbHOW Mepe ClI0XHas CTPYKTypa BHYTPeHHel MemM6paHbl. TakoB
nyTb HAyYHOrO MOMCKA: UCCNeA0BaTeIN CTPOST CBOU TMMOTE3bl, OTTaNKU-
BasiCb OT 9KCMEPUMEHTaNbHbIX HaGNMIOAEHNIA, a 3aTeM NPOBEPSIOT UX BHOBb
1 BHOBb, UTO6bI YJOCTOBEPUTLCS B TOM, UTO HW OAMH 0GHAPYXXEHHbIW (hakT
He ocTasncs 6e3 Haanexawero 06bACHeHNs. B M3BECTHOM CMbIC/IE MOXHO
cKasaTb, UTO GMONOrMYEcKoe MUCCNefoBaHWe MO-HACTOALWEMY HUKOrAa He
KOHYaeTcs. Hepefiko To, YTO MpeAcTaB/sa0Ch HaM TBEPAO YCTAHOB/IEHHbIM,
0Ka3blBAeTCs BCErO /MLb HEKUM NPUBNKEHUEM K UCTWHE, TONbKO LIAroMm
Ha MyTU K Ny4llemMy NOHUMaHUIO, OTKPbIBAKLLEMYCS C MOSIBIEHUEM HOBbIX
(haKTOB M HOBbIX NpefcTaBieHnii. ViccnegoBaHne MONEKYNsIPHOU N0TUKU
XKMBbIX KNETOK- NOUCTUHEe Ge3rpaHuyHas 061acTb.
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17.17. DHepruna nepeHoca
3/IeKTPOHOB WCMOJIb3yeTcA
n 4Na gpyrux uenewn

BaxHeliwas ponb nepeHoca 3/1eKTpo-
HOB-3TO, KOHe4YHo, obecneyeHune 3Hepruei
cuHTe3a ATP B npouecce OKUCAUTENbHOTO
tocopunmpoBaHua. OfHAKO  3Heprus
nepeHoca 3M1eKTPOHOB MOXET WCNONb30-
BaTbCA W ANS LPYTMX GMONOTNYECKUX Lenein
(puc. 17-20), Hanpumep ANA  BbIpaboTKu
Tenna. Y HOBOPOX/JEHHbIX feTe, y feTeHbl-
Wwelii Tex MAEKOMWTaKWMX, KOTopble po-
XOATCA TONbIMW, U Yy HEKOTOPbIX XU-
BOTHbIX, BMajaloLlnX B 3VMHIOK CRAAYKY,
MMeeTcs B 06/1aCTUW LIEN N B BEPXHEN YacTu
CNUHbI 0c06as XMpoBas TKaHb, Ha3blBaeMas
OypbiM >Kupom. Ee HasHauyeHue cOCTOUT
B TOM, YTO6bl BblpabaTbiBaTb TENA0 B Npo-
Llecce OKWUCMEHUSA KMPOB. 3ITa XuUposas
TKaHb [eACTBMTENIbHO OKpalleHa B 6ypbiii
UBET, MOTOMY 4YTO B Heil MMeeTCA OYeHb
MHOFO MUTOXOHAPWUIA, B KOTOPbIX COAep-
XUTCA 60/bLIOE KONMYECTBO KpPacHOBATO-
6ypbIX MNUTMEHTOB - LMTOXpOMOB. Cneyuna-
NN3NPOBAHHbIE MUTOXOHAPUM BYypOro xupa
(puc. 17-21) 06bI4YHO He cUHTe3upytoT ATP.
CBobofHas aHeprusa nepeHoca 31eKTPOHOB
paccevBaeTca UMUK B BUAe Tenna, 6narogaps
yemMy W MOLAEPXMBAETCHA Ha [LOHKHOM
YPOBHE TemnepaTypa Tena MOMOAbIX >KW-
BOTHbIX. BHYTpeHHNe memM6paHbl MUTOXOH-
Lpuii 6yporo >xupa UMeHT cheynanbHble
nopsl ANs WOHOB H +. MoHbl H +, BbiBE-
JEeHHble M3 MUTOXOHAPUI B pe3ynbTarte
nepeHoca 93/eKTPOHOB, BO3BpalLakTCA
B MUTOXOHAPUW Yepe3 3TU MNOpbl, MUHYSA
FOF,-ATPa3y. Bcnegcteme 3toro csobog-
Has 3Heprus nepeHoca 3NeKTPOHOB UCMOSb-
3yetca He Ana cuHtesa ATP, a gnd Bblpa-
60TKM Tenna.

CuHTes ATP TpaHcrnopT ADPu ATP
/
TpaHc- '
TpaHcnopT 1oHoB Ca - MeMBpaHHbIli . - » Tenno
rpagueHT JH+
TpaHcnopT docgara * 'Si BpaleHue
6aKTepuanbHbIX

XKryTUKOB
(puc. 17-24)

Puc. 17-20. TpaHCcMeM6paHHbIA H +-rpagueHT no-
CTaBNAeT 3HEPrUi0 414 pasHbIX BUAOB KNeToY-
HOVi aKTMBHOCTM.

BMO3SHEPTETUKA n METABOJ/IN3M

Puc. 17-21. MonepeuyHblit pa3pes Yepes MUTOXOHA-
puto 13 6yporo >upa Kpbicbl. B 3TOli MUTOXOHA-
pUN MHOTO A/IMHHBLIX NJIOTHO YNaKOBaHHbIX KPUCT
C BbICOKUM COfiep>XaHWeM LMTOXPOMOB, a NOToOMY
ee fibIxaTeNbHas aKTUBHOCTb O4YeHb Benuka. Mou-
T BCSA 3HEPTUsA, TeHepupyemas NepeHoCcoM 3/eKT-
POHOB B MUTOXOHAPMAX GYpOro xwupa, nepexoanT
B TeMo, NOTOMY 4YTO BblBeJjleHHbIe HapyXy WMOHbI
H + Bo3BpaliaoTca B MaTPUKC He yepe3 ATP-
CUHTeTa3y, a Yepe3 OTKPbITbIe Mopbl Ang H+-
MNOHOB.

pagneHT KOHLEHTpauuM WOoHOB H +,
BO3HMKaKOLWMWNIA 3a CYeT MepeHoca 3MeKTpo-
HOB, MCNOJIb3YETCA TaKXe A9 NnepeHoca no-
HoB Ca2+ U3 LWUTO3015 BHYTPb MUTOXOH-
LpWiA XXNBOTHOW KneTkn (puc. 17-22). Mpu-
TOK MoHOB Ca2+ B MUTOXOHAPUM YpaBHO-
BELINBAeTCA OTTOKOM 3TUX WOHOB, CKO-
pocTb KOTOPOro perynupyetca. Takum
€cnoco6oM MWUTOXOHAPWM MOMOTalT MOoA-
[ep>XnBaTb CBOWCTBEHHYIO K/1eTKaM HU3-
Ky KOHUeHTpauyuto Ca2+ (okono 10 7
M). CBobogHblii noH Ca2+-0aUH 1”3
BaXHbIX BHYTPUKNETOYHbIX MOCPELHUKOB,
Perynumpylowmin MHorme KneTouHble (YHK-
umn. T10BbIWEHNE KOHLEHTpauuy WOHOB
Ca2+ wuHWUMMPYeT WAW YCKOpseT Takue
npouecchl, KakK MblIlEeYHOe COKpalieHue
(pa3g. 14.14), pacnag rnukoreHa (pasg. 25.7)
1 okucneHve nupysata (pasa. 16.10); cHuxke-
HUe e KoHLUeHTpauuu noHos Ca2+ samef-
NAeT UAM NpekpawaeT uX.
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BHyTpeHHss MemM6paHa

MepeHoC 3N1eKTPOHOB

cO37aeT Mexzay AByms
CTOPOHaMV BHYTPEHHe
MeM6paHbl rpagneHT H+ u

npuBoauT K NMOAB/IEHUIO
AIEKTPUYECKOrIo 3apaga

Puc. 17-22. TpuToK noHoB Ca2+ B MUTOXOHAPUK
1 OTTOK MX U3 MUTOXOHApuiA. O6a npouecca
TpebytoT 3aTpaThl 3Heprun. Bo BHYTpeHHelt mMu-
TOXOHAPUaNbHOW MembGpaHe UMeloTCa fBe TpaHc-
nopTHble cuctembl ana Ca2+, no-sugnumMomy 6en-
KoBOI npupofbl. OfHa U3 HUX NepeHocuT Ca2+
BHYTPb, & ApYras - HapyXy. HapyXHaa KOHLEHT-
pauuna Ca2+ nojAepXnWBaeTCca Ha OYeHb HU3KOM
YPOBHe, YTO 06YC/I0B/IEHO COOTHOLIEHMEM CKOpOC-
Teil nputoka 1 oTTOKa Ca2+.

17.18. B 6akTepumanbHbIX
KNeTkax u B Xxnopornsacrax
TakXXe MMelTCcAa uenn nepeHoca
3/IeKTPOHOB, TPaHCnopTUpyoLne
MOHbI H +

[ns aspobHbIX 6aKTepuii TakKe XxapakTe-
peH npouecc repeHoca 3MeKTPOHOB OT
NAD-3aBUCUMbIX Cy6CTPaTOB Ha KUCNOPOS
N CONpsXKeHHOe € 3TUM npoueccom gocdo-
punnposaHue LuTo3onsHoro ADP go ATP.
[erngporeHasbl HaxogAaTcs B LUTO30/€
6aKTepnanbHOW KNeTkn, a MepeHOCUNKH
3M1eKTPOHOB fbIXaTeNbHOW Lenu - B ee nnias-
mMaTh4eckoin membpaHe, rae N0Kanu3ywTCA
TAKXXE U MEeXaHU3Mbl COMPIKEHUS, TeHepu-
pytowme ATP. MNpn nepeHoce 3NeKTPOHOB
6aKTepnanbHble KNeTKW TOXEe BblKauMBalT
MOHbI H + HapyXy. 9TO CXOACTBO B OpraHu-
3auMM  ueneid  nepeHoca  371eKTPOHOB
(pnc. 17-23) y 6GakTepuii U MUTOXOHAPUNA
CNYXWT LONOIHATENbHLIM AOBOAOM B NOJb-
3y TOW TOYKM 3pEHMs, COrNacHO KOTOpoil

Mputok noHos Ca2+,
06YCNOBJIEHHBIN TPaHC -
MeMOpaHHbIM NOTEHLMaNoMm ¢
3NeKTPoOTpMLATENbHON
BHYTPEHHEN CTOPOHOM

OTTOK MoHOB Ca 2+ B 06MeH

Ha MOHbI H+, mocTynaroume u3
HapY>XHOW cpefbl; B MATOXOHAPUAX
cepaua Ca 2+ o6mMeHMBaeTCs

Ha LWTO30MbHbIA Na+

MUTOXOHAPUM MNPOUCXOAAT OT a3pobHbIX
6aKkTepuin, KoOrga-To [aBHO MPOHUKLINX
B 3YKapMoTMUYECKNEe KNETKN U 3aKpenunBLImnX-
€A B HUX B npouecce agonouumn (pasg. 2.8
n 29.7). bakTepuanbHbIM XryTnukam (pasg.
2.5) coobuwalT BpaliaTe/ibHOe ABUXEHME
«MPOTOHHbIE TYPOWHbI», BCTPOEHHbIE B K/le-
TOYHble MeMbpaHbl 6akTepuin (puc. 17-24).
XnoponnacTsl (DOTOCUHTE3NPYHOLLUX
pacTUTeNbHbIX KNeToK, B KOTOPbIX ANd
o6pasoBaHus ATP u3 ADP u ¢ocaTa uc-
nonb3yeTca ynaBAMBaemMas WMW 3HEPrus
COJTHEYHOTO CBeTa, TOXe MMEKT CNOXHYI0
BHYTPEHHIOIO MeMbpaHy, cogepxXallyto Le-
M1 NepeHoca 31eKTPOHOB U (DEPMEHTbI CUH-
Te3a ATP (nogpo6Ho 06 3aTom cMm. B . 23).
MexaHu3mbl hochopunuposaHus B HakTe-
puanbHbIX Knetkax ¥ B Xjoponnacrax
OYeHb CXOAHbI C Temu, Kakue [eliCTBYIOT
B MUTOXOHAPMAX. DTO CNYXUT eLle OfHUM
NMPMMEpPOM MOEKYNAPHON HENpepbIBHOCTM
pasHblX BUAOB XXWBbIX OPraHM3MOB.
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HapyxHas mem6paHa

MexmembpaHHOe
NPOCTPaHCTBO

BHyTpeHHssA
MemMbpaHa

Llenb nepeHoca
3/1EKTPOHOB

Monekynbl FOF,- ATPasbl
Ha BHYTPEHHel MoBEPXHOCTH

KnetoyHas membpaHa

" MpoTOHHas Typ6uHa"

XKryTuk

Lienb nepeHoca
3/1EKTPOHOB

17.19. BHyTpeHHAA mMeMb6paHa
MUTOXOHAPWUIA COAEPXUT
creununyecke TpaHCMOPTHbIe
CUCTEMBI

BHyTpeHHAs Mem6paHa MUTOXOHAPWIA
HenpoHuLLaeMa He TOIbKO /18 MOHOB H +,
OH” n K +, HO 1 N3 MHOTUX APYrux uo-
HW30BaHHbLIX pPacTBOPEHHbLIX BelecTs. Ka-
KUM Xe o6pa3oM B Takom c/ny4yae nona-
[JaloT B MUTOXOHAPMWAbHbIA MaTpukc Ta-
Kne 3apsXeHHble vacTuubl, kak ADP3~ u
thocat2” , 0bpasyrolimecs B LMTO30/e npu
pacwenneHun ATP, n KaK HOBOCUHTE3UPO-
BaHHbIN ATP4" (a okucnmutensHoe gocgo-
punupoBaHve NPOTeKaeT BHYTPU MUTOXOH-
Lpuii) BBIXOAUT M3 MaTpukca Hapyxy?

Bo BHYTpeHHeli  MWUTOXOHAPUWANbHOW
mMembpaHe ecTb ABe Cheuuunyeckmne TpaHc-
NopTHblE cucTemMbl (puc. 17-25), KoTopble
flenalT 3TO BO3MOXHbIM. lMepBas U3 HuX,
afleHWHHYK/IeOTU-TPAHCNO0Ka3a, NePEeHOCUT

HapyxHas Mem6paHa n
KneTouHas 060M104Ka

I‘IepwnnasmaqueCKoe
NPOCTPAHCTBO
BHYTpeHHAs MembpaH

Llenb nepeHoca
3/1EKTPOHOB

Monekynbl FOFr ATPa3bl
Ha BHYTpeHHel NoBepXHOCTH

Puc. 17-23. CX0ACTBO MeXAYy MUTOXOHAPUAMYN
(A) n bakTepuamun (£) nposasBnseTcs B opraHu-
3alMmn Leneii nepeHoca 3N1eKTPOHOB, B CMOCOGHO-
CTW OTKaunMBaTb MOHbl H* nB Hanuuun FJF,-
ATPasbl.

Puc. 17-24. BpalyieHune 6aKTepnanbHbIX XIyTUKOB
noja AelcTBMEM «NPOTOHHOABMXYLLEN CUNbl». Bak-
TepuanbHble XTYTUKN-3TO XKECTKNe CTPYKTYpbI,
oTnnyaroLuimecs oT CoOTBETCTBYOLWKNX 06pa3oBa-
HWIA 3yKapnoTn4yeckux Knetok. BpawatenbHoe
[BUKEHNe coobLLaeT XryTkam pacnofioeHHas
B KNeTOYHOW membpaHe ocobas CTpyKTypa, KOTo-
pyto Ha3blBalOT «MPOTOHHON Typ6UHOM». NOHbI

H +, BbiBEAeHHble HapyXy B pe3ynbTaTe nepeHoca
3M1EKTPOHOB, MOCTYyNalT 06paTHO B KNeTKy 4epes
3Ty «Typ6UHY», Bbl3biBas BpalleHue XryTuka.

ADP3 13 UMTO03019 B MUTOXOHAPUU, NpU-
Yyem BHYTpb mocTynaeT no ogHomy ADP3“
B 06MeH Ha Kaxabli ATP4~, BbIXOAALWMNIA
Hapyxy. ALEHVHHYK/IE0TNA-TpaHCc0Ka-
3a-3T0 cneuyuduuecknii 6eM0K, MPOHU3bI-
BalOLL NI BCIO TONLY BHYTPEHHEH MUTOXOH-
LpvanbHOW MembpaHbl U CBA3bIBAKOLWWIA
ADP3- B CTpOro onpegeneHHOM Yy4acTke
Hapy>XHOW MOBEPXHOCTU 3TOW MeMbpaHbI.
MepeHoc ADP3- BHYTPb MUTOXOHAPUMN
B 06MeH Ha BbIXoAAuwmnii Hapyxy ATP4~
coBeplwaeTca 6narofaps KOH®OPMaLWOH-
HOMY W3MEHEHUI0 MONEKYbl afeHUHHY-
KNeoTUA-TpaHcnoKasbl. ALEHUHHYKNEOTUI-
TpaHcnoka3Haa cuctema cneyugpuyHa. OHa
nepeHocut Tonbko ATP n ADP, HO He nepe-
HocuT AMP unn pgpyrue HyKneoTugbl, Ha-
npumep GDP wnnn GTP.

O6Hapy>XeH BbICOKOCMELNDUUYHBIA UHTK-
6utop afleHUHHYKNEeOTU-TpaHCN0Kas3bl.
TakuM UHrMOGUTOPOM OKasancs aTpakTuio-
3UA-TOKCUYHbBIW FAMKO3ng, o06pasyemblil
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O/IHUM BM[OM YepTonosioxa, Nnpomspacraro-
WMM B HEKOTOPbIX paiioHax Cpegu3emMHO-
MopbA. MeCTHbIM XuTenam C Hesana-
MATHbLIX BPEMEH WM3BECTHO, YTO CKOT MOXET
0TPaBUTLCA, €CAN MOeCcT 3TOro pacTeHus
B onpefesieHHoe Bpems rofa. BbigeneHue
3TOro (akTopa B YNCTOM BUE W BbIICHEHWE
ero posnu, T.e. TOr0, YTO OH fAeiCTBYeT Kak
MHIMOGUTOP nepeHoca afleHNUHOBBLIX HYKNeo-
TWLOB, ABUIOCL pe3ynbTaTom paga 6necta-
WMX WCCNeA0BaHUNA, MNPOBELEHHbIX WUTalb-
AHCKUMW,  (DPaHLy3CKUMU,  HEMELKUMMU
N amMepuKaHCKUMKU 6MOXMMUKaMUK. FCHO,
YTO €CNN B K/eTKax HapylleH TpaHCcnopT
afleHNHOBbIX Hykneotugos u ADP He no-
CTynaeT B MUTOXOHApUKN, a ATP He BbIXO-
OWUT U3 HUX, TO pereHepauuns LMTo30/bHOTO
ATP n ADP o0Ka3blBaeTCsi HEBO3MOXHOWA.

BTopas TpaHcnoptHas cuctemMa MeMm-
6paH, y4acTBYHOLLLaA B OKUCNNTENBHOM (DOC-
(hOpUNNPOBaHWUU, MEPEHOCUT U3 LUTO30/4
BHYTPb MUTOXOHAPUIA MoH H2PO4, KOTO-
pomy conyTtcTByeT MOH H + (puc. 17-25).

MexmembpaHHoe
NpPOCTPaHCTBO

Pocart-
TPaHCMOPTMPY toLLBSA
cuctema

ALEHVHHYKeOTU -
TPaHCNOPTMPY toLLas
cuctema (MHrnbmpyercs

Hapy>kHas MemGpaHa: aTpaKTINO3WOM)

Jlerko npoHuLaema
NS 6OMbLUMHCTBA
PacTBOPUMbIX MOMeEKy/!
HeGO/bLLOTO pasmepa

BHyTpeHHAs memGpaHna:
HenpoHuuaema 15 MOHOB
3a UCK/IIOYEHMEM TeX, A
KOTOPbIX UMELTCA
cneuuduyeckue
TPaHCMOPTHbIE CUCTEMbI

Puc. 17-25. TpaHCNOpTHble CUCTEMbI BHYTPEHHel
MUTOXOHAPMANbHOW MeMBpaHbl, nepeHocALL e
ADP 1 tpocat 13 4UTO30/18 B MaTPUKC, a HO-
BOCMHTE3MpOBaHHbIN ATP-13 maTpukca B LuToO-
30/1b.

3Ta (hepMeHTHaa cuctema, HasBaHHas oc-
(haT-TpaHcnokasoi, cneynpuyHa B OTHO-
lWeHnKn hocdaTa; OHa TakxKe UHrnubumpyertca
HEKOTOPbIMW ~ XMMWYECKUMMW  areHTamu.
B pesynbTaTte COBMECTHOro AeiicTBMA doc-
(haT-TpaHCNOKasbl W  afeHUHHYKNeoTma-
TpaHcnokasbl ¢ochat u ADP nonyuawT
BO3MOXHOCTb MPOHUKHYTb B MUTOXOH-
LpuvanbHblii matpukc, a ATP-BbIiTu u3
MUTOXOHAPUI B LMTO30Mb, TYAa, FAe NpoTe-
KaeT 60nbwas 4aCTb K/ETOYHbIX MNpoLec-
COB, TpebyloWwmnx 3aTpaTbl 3HepPruu.

B MWUTOXOHAPUAX MeYeHW BHYTPEHHSS
mMembpaHa TOXe COAEepXWUT creuupuyHble
TPaHCMOPTHbIE CUCTEMbI. DTO CUCTEMbI N1
nepeHoca nupyeaTa, NOCTyNawLWero B Mu-
TOXOHAPUaNbHbIA MaTpMKC M3 LUTO30N1,
B KOTOPOM OH 06pasyeTcs; s ankapbokcu-
naToB, TAKWUX, KaK ManaT u CyKUWHAT, U, Ha-
KOHel, [Ans  TpukapbokcunaToB- LMTpaTa
1 nsoumnTpata. B MUTOXOHLPUAX eCTb Tak-
)Ke TPaHCMOPTHbIE CUCTEMbI, CNeuuduyHbIe
B OTHOLWEHWW acnaptata W raytamara.

17.20. B oKwucneHun
BHemuToxoHapuanbHoro NADH
y4acTBYIT YellHOYHble CUCTEMBI

NADH-gerngporeHasa BHYTPEHHEA MU-
TOXOHAPWaNbHON MeMbpaHbl MOXeT Mnpu-
COeAMHATL 3N1EKTPOHbI ToNbko 0T NADH,
HaxofsLWeroca B MaTpuKce. BHYTpeHHSAs
MUTOXOHAPUanbHas MembpaHa HemnpoHu-
uaema ans HapyxHoro NADH, koTopblii
HaxoguTcs B uUTo300e. Kakum e o6pas3om
moxeT NADH, o6pasyowuiica B npouecce
rMMKONN3a, KOTOPbINA, KaK U3BECTHO, NMpoTe-
KaeT BHE MUTOXOHAPWUIA, BHOBb OKMUCAATHCA
¢ obpasoBaHnem NAD+ MONeKynAapHbIM
KWCIOPOLOM 4Yepe3 [biXaTesflbHYl0 Lenb?

Oka3blBaeTcs, CYLeCTBYOT 0cobble yen-
HOYHbIE CUCTEMbI, NEPEHOCALLNEe BOCCTAHO-
BWUTE/NbHbIE 3KBMBA/IEHTbl OT LUTO30/IbHOTO
NADH B MUTOXOHAPUU HENPAMbBIM NYTEM.
Camas akTMBHas U3 HUX-3TO TaK Ha3biBae-
Masa ManaT-acnapraTHas 4YenHouyHasa Cu-
cTema, fJeicTBylOWas B MUTOXOHAPMAX
neyveHu, novek n cepgua. Puc. 17-26 nosc-
HAeT NPUHLMN QYHKLWOHUPOBAHNA 3TOW Cu-
ctembl. OT uymtosonbHoro NADH Boc-
CTAHOBUTENIbHbIE  3KBMBAaNEHTbl  CHavana
MepeHoCATCA LMTO30/MbHOW ManaTaerngpo-
reHasoil Ha LWTO30/bHbIN OKcanoaLeTart,
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BHyTpeHHsAs
MUTOXOHAPUabHas
MembpaHa

4yTo NpMBOAMT K 06pa3oBaHWIO Manata.
Manat, Hecywuii BOCCTAHOBUTENbHbIE 3K-
BMBA/IEHTbI, NOMYYEHHbIe OT LUTO30/1bHOIO
NADH, npoxoauT 4epe3 BHYTPEHHIOIO
MeM6paHy MWTOXOHAPUW B MaTPUKC-ero
nepeHocuT Yepes MeMmbpaHy cuCTeMma,
TpaHcnopTupyoLWwas AnKap6okcmnartel.
MonaB BHYTPb MUTOXOHAPWUMW, ManaT OT-
[laeT 3T BOCCTAHOBUTE/IbHbIE 3KBUBANIEHThI
NAD + maTpukca B peakLuu, Katanmsmpye-
MO MaTPUKCHOW ManatgerngporeHasoi.
NAD+ BoccTaHaB/iMBaeTCa MNpuU 3TOM
B NADH, KoTopbIii MOXeT Tenepb nepepa-
BaTb CBOW 3/IEKTPOHbLI MPSAMO B fblXaTesib-
HYI0 Uenb BHYTPEHHEN MUTOXOHAPUaNbHOM
mMemb6paHbl. Ha Kaxgylo napy 3/eKTPOHOB,
nepefaHHbIX Ha KWUCOpog, CUHTEe3npyloTca
Tpn monekynol ATP. [pyrne KOMMOHEHTbI
3TON YeNIHOYHOM cucTembl (puc. 17-26) pe-
reHepMpyrT UUTO30MbHbLIA OKcanoaleTarT;
3TO0 HEeo6X04MMO ANdA TOro, 4To6bl MOT Ha-
4yaTbCA HOBbIA 060POT YENHOYHOrO LMKAa.

B cKeneTHbIX MbllLaX U B MO3re NepeHoc
BOCCTAHOBUTE/NIbHbIX  3KBMBA/NIEHTOB  OT
NADH ocylecTBnsercs 4eqHOUYHON cucTe-
MOW Apyroro Tmna. 37O TakK Ha3blBaemas
rnuueponoctaTHas YenHoUYHas cucTema.
OHa oT/nyaeTca OT OMWCAHHOW Bbllle Ma-
naT-acnapTaTHOW YeNHOYHON CUCTEeMbl KO-
HEYHbIM 3TanoM CBOero gencreua. OTanyune
COCTOUT B TOM, YTO BOCCTAHOBUTE/IbHbIE 3K-
BMBA/IEHTbl NepefarnTca el B [blXaTefNb-
HYIO Lienb He Ha yyacTke 1, a Ha yuacTke 2.
OkucneHne NADH paeT B aTOM cny4ae He
Tpn Monekynsl ATP, a TONbKO [Be.

>Llenb nepeHoca
371EKTPOHOB

Puc. 17-26. ManaTt-acnapTaTHas# 4efHOYHasa CuC-
TeMa [NA MepeHoca BOCCTaHOBUTE/IbHbLIX 3KBUBA-
NeHTOB OT UMTO301bHOT0O NADH B MUTOXOHS-
pranbHblii MaTpUKC. Hecyw it BOCCTaHOBUTENb-
Hble 3KBMWBaNEHTbl ManaT MepeHoCuTCs Yepes
BHYTPEHHIOI0 MemOpaHy npu NOMOLLW CUCTEMbI,
TpaHcnopTupylolleil ankap6okcunatsl (A). 3aTem
3TV BOCCTaHOBUTENIbHbIE IKBMUBANEHTbl NepefalT-
€A Ha MaTpuKcHblli NAD+ manataernaporeHasoi,
Haxofsleiics B MmaTpukce. O6pa3oBaBLliniics B pe-
3ynbTare atoro yxe B matpukce NADH okwuc-
NAETCA MUTOXOHAPMANbHON Lienbio nepeHoca
3/1EKTPOHOB C OAHOBPEMEHHbIM OKUCAUTENbHbLIM
ochopunuposaHmem. MpoJyKT mManataermapore-
Ha3HOI peakuun, okcanoaueTar, He cnocobeH
npoWiTh Yepes MemGpaHy, 4TO6bl BO3BPATUTLCA

B LuTO30Mb. M0/ AeiicTBMEM TpaHCaMUHa3bl OH
npespaLliaeTcs B acnapTaTt, KOTOPbIA MOXeT 6bITb
nepeHeceH 4epes MeMmGpaHy cuctemoii C, TpaHc-
nopTupyloLieii aMMHOKNCNOThI. HasHayeHune fpy-
rux peakuuil u TpaHCMOPTHOW cucTeMbl B 3aknio-
YyaeTca B TOM, YTO6bl pereHepuposaTb B LUTO-
30/1e okcanoaueTart. TpaHcnopTHasa cuctema B
obecneynsBaeT BOZMOXHOCTb 0OMeHa rnyTamarta
Ha acnaprtaT. CucTema A MepeHOCUT a-KeTorny-
TapaT HapyXy B 06MeH Ha mManaT, nocTynarwoLymni
BHYTpb. TpaHcaMuHasa (rn. 19) kaTanusmpyet 06-
paTUMbIii MepeHOC aMUHOTpynn 0T rayTamata

Ha OKcanoaueTar:

nytamat + Okcanoauerar

A a-KetornytapaT + AcnapTar.

17.21. Tpyn NOMHOM OKWUCNEHUN
MOJIEKY bl T/IIOKO3bl 06pasyeTtcsa
38 monekyn ATP

Onpegenvm Tenepb BbIXOJ XMMWUYECKOMN
3Heprum B Qopme ATP npu OKUCNeHUN
rNMOKO3bl B XXMUBOTHbIX KfeTkax o CO2wu
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H,O. CnnKkonuTnyeckoe pacuiensieHune
OZHO MOMEKy/bl FNHOKO3bl B a3pOOHbIX yC-
NnoBUAX faeT [Be MOJeKynbl nupysarta, ABe
mosniekynsl NADH un aBe monekynol ATP
(Becb 3TOT Mpouecc NpPoTeKaeT B LLUTO30/€):

[noko3sa + 2P, + 2ADP + 2NAD+

e 2Mupysar + 2ATP f 2NADH +
+ 2H+ + 2H,0.

3aTem fiBe napbl 3/IEKTPOHOB OT ABYX MoOJe-
Kyn ymtosonbHoro NADH, o6pa3oBaBLUUX-
cA B nNpoLecce rAvMKonusa noj LelcTBu-
em rauuepanbgernagocariernaporeHassl
(pasg. 15.7), nepeHocATCA B MUTOXOHAPUM
npv NOMOLWM ManaT-acnapTarHoOW 4enHou-
HOW cucTeMbl. 34ecb OHM NOCTYNalT B LeMb
nepeHoca 3NeKTPOHOB W HaMpasBNAKTCA Ye-
pe3 psaf nocnefoBaTeNbHbIX MEPEHOCYUNKOB
Ha Kucnopog. OTOT npouecc faet 23 =
= 6ATP, NOCKO/bKY OKMC/IEHUE ABYX MOJie-
kyn NADH onucbiBaeTcd cregylowmm
ypaBHeHneMm:

2NADH + 2H+ + 6P. 4 6ADP +

+ 02 -# 2NAD+ + 6ATP + 8HZ20.

(KoHeyHo, ecny BMecTo Manart-acnaprar-
HOI Ye/IHOYHOW CUCTEMbI AElCTBYET rfnLe-
pondoctartHas, TO Ha KaXAyl MONEKYNy
NADH o6pa3sytoTca He Tpu, a TO/bKO ABe
Monekynbl ATP.)

Tenepb Mbl MOXeM HamucaTb MOJIHOE
ypaBHEHVEe OKUCNEHUA [BYX MONEKYN NuUpPY-
BaTa C 06pa3oBaHMeM [ABYX MOJIEKyn aLe-
TMn-CoA v aByx monekyn CO2B MUTOXOH-
apusax. B pesynbTate 3TOr0 OKWUC/IEHUA
obpasytoTca ase monekynsl NADH, ko-
TOpble nepefatoT 3aTeM fiBa CBOUX 3N1EKTPO-
Ha Yepe3 AbIXaTENbHYIO LeNnb Ha KUCNOPOS,
4YTO COMPOBOXAAeTCA CUHTE30M TPeX Morsie-
Kyn ATP Ha Kaxgyl napy MepeHeceHHbIX
3/1eKTPOHOB:

2Mupysatr + 2CoA + 6P, + G6ADP +
+ 02 “* 2Auetun-CoA 4 2CO2 +

+ 6ATP + 8H20.

Hanuwem TakxXe ypaBHEHUWE N1 OKUCNEHMA
aByx monekyn auetun-CoA go CO2un H,0
yepes UMK/ IMMOHHOW KMUCNOTbl U ANA OKKC-

NUTeNbHOro ochopmnnpoBaHnsa, conps-
XKEHHOT0 C MepeHOCOM Ha KWUC/IOPOj 3fek-
TPOHOB, OTWennsemMblX OT wu3ouuUTpaTa,
a-Ketornytaparta v masarta; npy 3TOM Ha
KaXAyl napy MepeHeceHHbIX 3/1eKTPOHOB
ob6pasytoTcs no Tpyu monekynsl ATP. lo6a-
BMM K 3TOMY fBe Monekynol ATP, obpa-
3ylolwmecs nNpu  OKWUCAEHWM  CYKLMHaTa,
¥ ele ABe. KOTOPble 06pasytoTCsa U3 CyKuu-
HUN-CoA uyepes GTP (pa3g. 16.5,4):

2Auetun-CoA + 24P, + 24ADP +

+ 402 - 2CoA-SH + 4CO02 +

+ 24ATP + 26H20.

Ecnu Tenepb NpoCyMMUPOBATh 3TW YeThl-
pe YpaBHEHWUS UM COKPaTUTb O06LLME U/EHBI,
TO Mbl NOMYYUM CYMMapHOe yYpaBHeHUWe A
rAMKOMM3a U AbIXaHUS:

Cnoko3a + 38P, + 38ADP + 602 -*

> 6C0O2 + 38ATP + 44H20.

NTaK, Ha KaXayl MONEeKyny rKo3bl,
npeTepnesalollylo NOSHOE OKUC/eHWe [0
CO2un H20 B meyeHun, Noykax uam Mmokap-
Je, T.e. TaM, rae PyHKUMOHUPpYeT manart-ac-
napTaTHas 4Ye/HOYHas cucTema, obpasyercs
Makcumym 38 monekyn ATP. (Ecnn BMecTo
ManaT-acnapTaTHOW cucTeMbl [felcTByeT
ramuepondocdarHas, To Ha Kaxayt non-
HOCTbIO OKMWC/NIEHHYI0 MOMEKYNY T[/II0KO3bl
obpasyetcsa 36 monekyn ATP.) TeopeTuye-
CKWIA BbIXOA CBOBOAHO 3Hepruu npu non-
HOM OKWCNEHUW TNHOKO3bl paBeH, TakKuMm
o6pasom, 38-7,3 :686-100 = 40% B cTaH-
fapTHbIX ycnosuax (1,0 MI. B MHTaKTHbIX
Xe KneTkax a(eKTMBHOCTb 3TOr0 npespa-
leHns, BepoAaATHO, npesbiwaer 70%, no-
CKOMIbKY BHYTPUKNETOYHbIE KOHLIEHTpaLuu
rnwokosbl, 02, P(, ADP n ATP He oguHa-
KOBbl W 3HaUMTeNbHO HWXe 1,0 M, T.e. Toii
KOHLEHTpauuun, n3 KOTOpoil NPUHATO UCXO-
OUTb MpKU pacyeTax CTaHAapTHON cBobog-
HO 3Hepruu (CM. gononHeHune 14-2).

17.22. O6pa3soBaHue ATP nyTtem
OKWUCNNTENbHOTo gocthopuanpoBaHns
perynupyetcsa B COOTBETCTBUU

C JHEpPreTUYeCKMMM HYXJaMW KIeTKN

PaccmoTpum Tenepb, Kakum 06pasom pe-
rynupyetca cuHTes ATP, CONps>XeHHbIN
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C MepeHoCcoM 3NeKTPOHOB. W3 ypaBHeHus,
onucelBatouiero okucneHne NADH B muto-
XOHAPUAX, BUAHO, YTO MepeHoc 3/1eKTPOHOB
MOXET MPOUCXOAUTL /Wb B TOM Cnydae,
ecnii MOMUMO KWUCNIOpPOAa UMEKTCA Takxke
ADP wn docdar:

NADH + H+ + 3Pf + 3ADP +

+ 7202 - NAD+ + 3ATP + 4H20.

Bo Bpema nepeHoca 3NeKTPOHOB (ocdar
n ADP wncuyesawoT u3 uutosond, a ATP Ha-
KannnsaeTcsa B HeM. B KOHLie KOHL0B MOYTK
Becb ADP B cucTteme B pesysibTaTe OKUCM-
TefbHOTro  (hoCcOopMNMpPOBaHUA  MNpeBpa-
waetca B ATP. XoTA KOHUEHTpaumns Heop-
raHuyeckoro docgara npu 3TOM TOXe
CHUMXaeTcd, TEM HE MeHee B KeTKax OHa
00bIYHO 3HAUYUTENIbHO MNpeBbIllaeT KOHLEH-
Tpauuto ADP. loaTomy nocne ncyepnaHus
3anaca ADP B unT030/1e CKOPOCTb NOTpPe6-
NEHNA KUcnopoga MUTOXOHAPUAMU Heus-
6eXXHO YMeHbllaeTcs; Ternepb OHa COCTaB-
NAeT NULWb HEe6ONbLIOW NPOLEHT OT Makcu-
ManbHON CKOPOCTW, MOCKONIbKY NUMUTU-
pyeTcs HU3KOW  KOHUeHTpauueir  ADP
(puc. 17-27). 3Ta CKOpPOCTb AblXaHWA CO-
OTBETCTBYeT COCTOAHWUIO MOKosA. Makcu-
MafibHOr0 YPOBHA fibIXaHWe MOXeT AOCTUYb
NNLWb nocsie TOro, Kak KoHueHTpaunsa ADP

T ~-BosspalyeHvie K ypoBHio,
/ COOTBETCTBY!OLLEMY
| ! COCTOAHUIO NOKOA
BHe3anHoe
MornouleHe MoBbILLEHE

KOHLEHTpaLyn ADP AKTVMBHOE AbIXaHue,

COMpsiXeHHoe C
[bixaHne’s / P

thocchopmnrpoBaHrem
COCTOSHUM Ll ADPHIO ATP
nokoa \
Bpema — »

Puc. 17-27. AKLeENTOPHbIA KOHTPONb AblXaHUA.
Mpun gbiXaHUKU B COCTOSHMM MOKOS NOYTW BECb
[oCTYnHbI ADP B pesynbTate ochopuanposa-
HUA npespauwaetca B ATP, nocne Yero notpe6-
NeHne K1cnopoja pes3ko CHMxaeTca. Ecnu KoH-
ueHTpauns ADP BHe3anHO MOBbLICUTCA, Hanpumep
npu usnyeckoii Harpyske, T0O U CKOPOCTb NOTPe6-
NeHns Kucnopoja Bo3pacTeT [0 YPOBHSA, COOTBET-
CTBYIOLLEro akTUBHOMY COCTOAHMIO. B 3TOT ne-
puog 6yfet NnpomcxoguTb hochopunnposaHme
ADP c o6pa3oBaHvem ATP. Korga noytu Becb
ADP nepeiiger B ATP, CKOPOCTb AblXaHWUs BHOBb
BO3BPATUTCA K YPOBHIO, COOTBETCTBYIOLLEMY COC-
TOSAAHUIO MOKOS.

B LWTO30/1e MOBbICUTCA. [nd TOro 4tobsbl
3TO MPOM30LLIO, AO/KHA YBENNUYNTLCA CKO-
poOCTb Kakoro-Humbyfb K/eTOYHOro npowec-
ca, CBA3aHHOrO C 3aTpaToii aHeprum. Ycu-
NeHHOe nNoTpeGneHne 3HepPrum  YCKopuT
pacnag ATP go ADP, n Hannumne ADP cge-
NnaeT BO3MOXHbIM pocdopunnposaHue, co-
NPsXXeHHOe C NMepeHoCOM 3/1eKTPOHOB. 3aBu-
CMMOCTb CKOpPOCTU MOTpebNeHns Kucnopo-
fa OoT KoHueHTpauuu ADP, wurpatwouiero
ponb akuentopa cocgara, HasblBalOT ak-
LeNTOPHbIM KOHTPONEM AblxaHus. OTHoLWe-
HVe MakCMManbHOro noTpebneHnsa Kucno-
pofa B npucyTtcTBun ADP K ero notpe6ne-
HWIO B COCTOAHMM TOKOSA, HasbiBaemoe
KO3(h(hMLUNEHTOM aKLenTOPHOIro KOHTpPOnNs,
PaBHO B Pa3NINYHbIX TKAHAX XXUBOTHBIX U Ye-
noBekKa no meHbwein Mmepe 10. Y HEKOTOPbIX
nogein akuenTOpHbIA KOHTPONb fblXaHuA
HapyLleH, YTO CBA3aHO, MO BCeil BEPOATHO-
CTW, C TeHeTU4YeckUMm fedekTom. B Takmux
cnyyasax noTpebneHne KMCNopoaa B TKaHAX
BCe Bpems MoAAepXuBaeTCcsd Ha BbICOKOM
YPOBHe.

OfuMH  u3  cnocoboB  XapaKTepUCTUKK
3HEpreTMYecKoro COCTOSAHMA KNETOK 3aK/i0-
yaeTca B TOM, 4TOObl BbIpa3nTb €ro uepes
OTHOLWeHNe peicTBywwmux macc ATP-cu-
CTeMbl (KBajpaTHble CKOOKM 03HavaloT
3[eCb MOMAPHbIE KOHLEeHTpaLum):

[ATP]
[ADP] [PJ

B HOpMe 3TO OTHOLUEHWE OYEHb BEIKO, T. €.
cuctema ATP-ADP noytm nonHOCTbLIO
thocopmnmpoBaHa. B aTUX yCNOBUAX KOH-
ueHTpauna ADP o4yeHb HM3KA MU He MOXET
o6ecneynTb MakCMManbHYH CKOPOCTb [bl-
xaHusa. CKopocTb >Xe cuHTe3a ATP pgocra-
TOYHA ANS YA0BNETBOPEHUSA TeKYLWUX HYX]
KneTku. Ecnu, oHaKo, CKOPOCTb KaKUX-HU-
OyAb KNETOYHbIX MPOLECCOB, TPebyoL X
pacxopoBaHua ATP, BHe3anHO BO3pacTeT,
TO 4acTb KfieToyHoro ATP pacwenutca go
ADP un octhaTa, B pe3y/ibTaTe 4ero OTHO-
weHne [ATP]/[ADP] [PJ noHusutcs. Mo-
BbllleHne KoHueHTpaunn ADP aeBTomatu-
YeCcKu npuBefeT Tenepb K MOBbIWEHUIO
CKOPOCTW MepeHoca 3/IeKTPOHOB U OKUCNU-
TeNbHOro ocopunuposBaHus, T.e. K ycu-
neHuto pereHepauun ATP n3 ADP. 3710 6y-
[JeT npofo/mkaTrbca [0 Tex nop, Moka
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0,25 MKM

0,25 MKMm

Puc. 17-28. SneKTpOoHHbIE MUKpOdoTOrpadumn
MUTOXOHAPUIA W3 NeyeHn Mbiwn. A. MUTOXOHA-
pun B COCTOAHMM NOKOA, KOrfa MUX aHepretuye-
cKuil 3apsg MakcumaneH. 6. AKTUBHO fAblluallue
MUTOXOHAPUK, reHepupytowne ATP ¢ makcu-
ManbHOW cKopocTblo. Mpu nepexode U3 coCTos-
HWUS NOKOS B aKTUBHOE COCTOSIHME U 06paTHO
KaK BHYTPEHHAS MUTOXOHApUWanbHas MembpaHa,
TakK ¥ MaTpuKC MUTOXOHAPWI nNpeTepnesaioT
O4YeHb pe3kne CTPYKTYpHble U3MEHEHUS.

oTHoweHne [ATP]/[ADP] [Pfl He BepHeT-
CA K CBOEMY HOpPMalibHOMY BbICOKOMY
YPOBHIO; B3TOT MOMEHT /ibIXaHNe CHOBa 3a-
MeanmTca. CKOpPOCTb OKUC/IEHUA K/IETOUYHO-
ro TonauBa perynupyercs o6bI4HO C Takoii
YyBCTBMTENbHOCTbIO W TOYHOCTbIO, 4TO
B 6ONbLIMHCTBE  TKaHeldi  OTHOLUEHMWE
[ATP]/[ADP] [P;] konebnetca B 0YeHb y3-

KUX npegenax gaxe Ttorfa, Korga nortpeo6-
HOCTb B aHeprum MeHsetca. ATP obpasyeT-
€A1 CO CKOPOCTbIO, KakK pa3 f0CcTaToOuHON Ans
TOro, 4to6bl KOMMNEHCUPOBATL €ro pPacxof
B npoueccax, TpebylowWMX 3aTpaTbl 3Hep-
rmu.

17.23. OHepreTm4yeckuin 3apsp
CNY>XUT ewe OfHUM MoKasaTesnieM
3HEpPreTUYecKoro

COCTOAHNA KJ/IeTOK

Bbiwe ™bl Bugenu, 4yto ATP u ADP
ABNAOTCA MOAYNATOPAMU BaXKHbIX Peryns-
TOPHbIX PEPMEHTOB, YYacCTBYIOLWMNX B K-
KOnu3e, UMKNe NMMOHHON KUCNOTbI U OKUC-
nnuTenbHoMm ocopunmpoBaHum; ATP peid-
CTBYeT KaK OTpuuaTesbHblii MOAynaTop,
a ADP 06bI4HO CTUMYynuUpyeT KaTtabonunsm
yrneesojoB. BcneActeue aToro ntob6oe nsme-
HeHMe OTHOLWEHNA [eiCTBYKOLWMX Macc
[ATP]/[ADP] [PJ, B HOpMe BeCbMa BbICO-
KOro, MOXeT COOTBeTCTBYHOLWNUM 06pa3om
NU3MEHATb TaKXe U aKTUBHOCTb HEKOTOPbIX
perynaTtopHbiX (epMeHTOB LEHTPaibHbIX
KaTabonunueckux nyTeil. MimeroTcs, 04HaKo,
cpefn aTUX (PEPMEHTOB U Takue, AN Ko-
TOPbIX  MONOXMUTENbHLIM  MOAY/ATOPOM
cnyxmnt AMP. UTobbl OUEHWUTb YyuacTue
B MeTabo/nMyeckon perynauum  Hapsgy
c ATP n ADP Ttakxe n AMP, OaHunanb AT-
KWHCOH BBE/ MOHATME 3HEePreTUYECKOro 3a-
psda 1 “cnonb3oBan ero B KayecTse OLHOW
M3 XapakKTepucTUK 3HepreTUYeckoro co-
CTOAHWA KNeTOK. JHepreTMyeckuin 3apag
eCTb Mepa «3amno/IHeHUs» BCel afeHUHHY-
KneoTUAHoW cuctemsbl (T.e. cymmbl ATP,
ADP un AMP) BbICOKO3HEPreTUYeCKUMHN
hocaTHbIMKU rpynnamu:

JHepreTuyeckuii 3apag =

ATP + 12[ADP]
[ATP] + [ADP] + [AMP]"

Ecnun Becb afeHUHHYKIEOTUAHbLIA Nyn non-
HOCTbIO (pocopunmpoBaH, T.e. npeAcTa-
B/IeH OAHUM TonbkKo ATP, TO 3HepreTuye-
CKWiA 3apag cucTembl paBeH 1,0; ecnm xe
cucTeMa aHepreTMUeckn «nycta» U BeCb Nyn
€e afleHWHOBbLIX HYKNeoTUA0B COAePXUT
OAMH TONbKO AMP, TO ee 3HepreTUyecKuin
3apsfg paBeH 0. O6bIYHO 3HEPreTMYecKuii 3a-
pAA KNeToK paBeH npubamsntensHo 0,9,
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N 3TO CBUAETeNbCTBYET O TOM, YTO MX aje-
HUNaTHag cucTemMa MoyTu MONHOCTbIO «3a-
ps>keHa». Mpyu HEKOTOPLIX YCNOBUAX anno-
CTepuyecKmne B3anMOLECTBAA MeXAy npo-
Leccamu, HakannmMealLWwUMmn n UCNonb3ylo-
WMMKN 3HEpPruto, nerye npejctaBuTb cebe,
PYKOBO/ACTBYACb UMEHHO MOHATUEM 3Hepre-
TWYECKOro 3apsija, & He OTHOLEHWEM [ei-
cTByowmnx macc ATP-cuctembl. OpHako
3TO CNOXHbIA BONPOC, He noggarowmiics
OfiHO3HAYHOMY pELUEHUI0; MO-BULMMOMY,
He CyLiIecTBYeT Kakoro-Hubyab OfHOro
BCEOOBLEM/IIOLLErO MOKa3aTens aHepreTuye-
CKOro COCTOAHMA, C MOMOLLbIO KOTOPOro
MOXHO 6b1N10 6bl YHMBEPCA/IbHO 06BACHATH
perynauuio Bcex MeTaboNMyecKux CUCTEM.

17.24. PerynaTtopHble

MexXaHW3Mbl TINKOAN3A, UMKNa
JNIMMOHHON KMUCNOThI

N OKUC/INTENbHOTIO
hochopunnpoBaHna B3aMMOCBA3aAHbI

Tpu cTaguu katabonusma yrnesofoB
obecneynBarOT MOyYEHWNE IHEPTUMN: TNINKO-
mm3  (rn. 15), UWMKN NIMMOHHOW KUCAOTbI
(rn. 16) n oknucnuTensHoe ochopunmposa-
Hue. Kaxgas u3 aTux cTaguii perynvmpyercs
npu MOMOLLU CBOUX COBCTBEHHbLIX peryns-
TOPHbIX MEXAHW3MOB C TakKWM pacyeTom,
4yTO6bl €e CKOPOCTb GblNa AOCTAaTOYHON ANS
YAOBNETBOPEHNSA CUIOMUHYTHOW NOTpe6bHO-
CTU KNeTKn B MNpoAyKTax, obpasyroLmnxcs
Ha 3ToW cTaguu. bonee Toro, aTn Tpu cTa-
OWW TaK cornacoBaHbl Apyr € APYrom, 4To
BCe OHU (DYHKLMOHUPYIOT B eANHOM 3KOHO-
MWYHOM W CaMOpPEryMpyemMom pexume,
noJo6HO XOPOLIO OTNAXeHHOW MexaHuue-
CKOW cucteme. IMeHHO Tak BbipabaTbiBaeT-
¢t ATP-KOHeYHbIN NpoyKT KaTabonunsma,
CHabXalolero KneTky sHepruei, a Takxe
HeKOTOpble  crneuuuyeckne  MPoOMexy-
TOYHbIE MPOAYKTHI, Takue, Kak mnupysat
M UMTpaT, UCNO/b3yeMble B Ka4yecTBe MNpef-
LEeCTBEHHWKOB B MpoLeccax 6MOCUHTEe3a
APYTUX KNeTOYHbIX KOMMOHEHTOB. WHTe-
rpauus aTux Tpex CTaguin okasblBaeTcs BO3-
MOXHOI 6narogaps B3aMMOCBA3M UX pery-
NIATOPHbLIX MexaHusmoB. Ha pwuc. 17-29
BUAHO, YTO OTHOCUTE/bHbIE KOHLeHTpauuu
ATP n ADP (MHbIMM CnoBamu, OTHOLIEHMNE
peicteytowmnx macc ATP-cuctembl) onpe-

BMO3HEPTETUKA W METABO/IN3M

JendloT He TO/MbKO CKOPOCTM MepeHoca
3N1eKTPOHOB W OKMCAUTENbHOTo ochopu-
NINPOBAHMNSA, HO U CKOPOCTWU LUKNA NIMMOH-
HOW KMCMOTbI, OKUCNIEHUA NupyBata U npo-
Liecca rimkonunsa. Beakuii pas, Kak ysenmuu-
BaeTca pacxofosaHue ATP, T.e. CHWXKaeTca
KoHueHTpauus ATP, a KoHueHTpauun ADP
n P; BO3pacTaloT, Cpasy e Bclied 3a 3TUM
BO3pacTalT CKOPOCTM MNepeHocCa 3/IEKTPO-
HOB W OKUCNWUTeNbHOro dQocdopunnposa-
Hus. OAHOBPEMEHHO MOBbLILWAETCA U CKO-
pOCTb OKWUCMEHWA MuUpyBaTa Yepes LUK
NUMOHHOW KUCNOTHI, T. €. yCUIMBaeTca npu-
TOK 3/IeKTPOHOB B AblXaTeNbHY0 LUenb. 3Tn

C+
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co6bITUS B CBOK O4Yepefib NPUBOAAT K yBe-
NMYEHUIO CKOPOCTM TNINKONM3a, obecneyu-
Baa TeM caMbiM YcCuieHHoe o6pa3oBaHue
nupyBsaTa. 3aTemM HacTynaeT MOMEHT, Korga
oTHoweHne [ATP] [ADP][P,] BoO3Bpa-
laetTcd K CBOEMY O0ObIYHOMY BbLICOKOMY
YpOBHIO. Tenepb MNEpeHOC 3/1EKTPOHOB
N OKUCNuUTeNnbHOe ocdopmunmposaHue 3a-
MEANATCA.  MOCKOMbKY  KOHLEeHTpauus
ADP ycTaHaBnnBaeTcqd Ha HU3KOM YpPOBHe,
COOTBETCTBYIOLEM  COCTOAHMIO  MOKOA.
LiMKN NMMOHHOW KWCNOTbl ¥ TAMKOAN3 NpK
3TOM TakXe 3aMefnsdlTcd, NOTOMY u4TO
ATP peiicTBYeT KaK anjoCTEPUYECcKMit WH-
rMéuTop rNMKoAM3a 1 OKUCNeHUa nupysara.

CornacoBaHHO [elCTBYIOT TakxXe pery-
NATOPHbIE (PEepMeHTbl TANKOAM3a U UKKna
NMMOHHON Kkucnotbl. Korga ATP (o6pa-
3ylowumiics B pesynbTaTe OKUCIUTENbHOrO
tocopunmposaHus) u uuTpaTt (MepBblii
MPOMEXYTOUHbIA MNPOAYKT LMKNA NUMOH-
HOM KMCNOTbl) HakanAMBalTCA B Kolnye-
CTBax, MNpeBblLaWMX UX 06bIYHbIA Yypo-
BEHb, OHW, AeliCTBYA COrnacoBaHHO, Bbl3bl-
BalOT  a//IoCTepUYecKoe WHrMbupoBaHue
thochopyKTOoKMHa3bl (puc. 17-29), npuyem
3(hhekT OT TaKoro ABONHOro MHrMéMpoBa-
HWA OKa3blBaeTCcs 60/bLLINM, YEM CYMMA WH-
AvBUAYyanbHbIX 3 (eKkToB. Takum o6pasom,
rINKONN3 KOHTPONMUPYeTCA Lenoi CeTbio

Puc. 17-29. BsaumosaBucumas perynauua rauko-
Nn3a, OKUCNEHUA NupysaTa, LUnKna NMMOHHOW
KUCNOTbl U OKUCNINTENbHOIO (hoCHOPUNINPOBaHUA,
onpefensemas OTHOCUTENbHbIMWU KOHLEHTpaLns-
mn ATP, ADP u AMP. PerynatopHble Bo3feicT-
BUS, MHTNGUpYtOLMe 1 CTUMYAKUpYtoL e, 0603Ha-
YeHbl 3[eCb KPaCHbIMW MOM0CKAMMN U CTPeiKaMu.
Mpu BbICOKOI KOHUEHTpauun ATP 1 cooTBeTCT-
BEHHO NpPU HU3KUX KOHUeHTpauuax ADP n AMP
CKOpPOCTW FANKOAWU3a, OKUCNEHUA nupyBaTa, LukKna
NMMOHHOW KMCNOTbI U OKUCNNTENbHOTO thocthopu-
NIMPOBaHNA MUHMManbHbLL. Ecan pacxofosaHune
ATP B KNneTKe pesko YCWIMBAeTCA U, 3HAUYUT, KOH-
ueHTpauun ADP, AMP 1 Pj Bo3pacTaloT, TO BCe
3TV YeTblpe npoLecca yckopsatoTca. B3ammocsasb
rANKONM3a U LMKNa NTMMOHHON KUCNOThbI, OCy-
wecTtensemasn yepes uutpat {oHa Takxe nokasaHa
Ha 3TOI CXeMe), AONOHSAET perynaTopHoe AencT-
BMe afleHNNaTHoN cuctembl. Kpome Toro, npu no-
BbILLIEHUN KOHUeHTpauuii NADH u auetnn-CoA
noJas/seTCcsa NpPoLecc OKUCNeHUa nupysarta o
auetun-CoA. Nr6d-rnokoso-6-pochar; P6d -
hpyKTO30-6-hochat; PAD - hpykTO304UDOCHAT;
3®- rnuuepanbgerna-3-pocdat; 3Pr - 3-hocho-
rnnuepat; 2@  2-ochornuuepat; PEM doc-
thoeHonnupysart; a-KIT a-kerornyTtapar.

B3aMMOCBSA3aHHbIX PEryNATOPHbIX MeXaHW3-
MOB, 6narogaps 4Yemy nupyeaT o6pasyeTtcs
NULWLb C TOl CKOPOCTLI, C KaKOW OH moTpe-
6nseTcs B LUMKNe NUMOHHOW KWCNOTbI, KO-
TOPbIA CAYXXUT MOCTaBULMKOM 3N1EKTPOHOB
NS npouecca OKUCAMTEeNbHOro gocdopu-
NMpoBaHus.

B pakoBbIX KneTKax 3Ta KOOpPAUHALKA pe-
rYNATOPHbIX BAMSHWUIA, NO-BUANMOMY, Hapy-
LeHa: FANKON3 NPOTEKAET B HUX CO 3HAUU-
TeNbHO 6ONblUeil CKOPOCTblO, YeEM 3TO
TpebyeTcs Ana obecneyeHUs TONJAUBOM Lu-
Kna NWMOHHON KucnoTbl. [o3aTomy as-
poGHble pakoBble KMETKM NOTPe6nstoT ro-
pasgo 6onblue TNOKO3bl W3 KPOBW, YeMm
HOpMasNibHble, HO OKa3blBalOTCA HE B CO-
CTOSIHUM OKWUCAUTb Becb Nupysat, o6paso-
BaBLLUWIiCs B npoLiecce rAMKonusa. bonblias
€ro YacTb OKUC/SIeTCS B HAX 0 NaKTaTa, Ko-
TOpPbIA YHOCUTCA KPOBbLIO.

17.25. B KneTkKax uMewTCS

n gpyrve ¢epmMeHTbl,
MCNonb3yoline B KayecTBe
akuernTopa 3/IeKTPOHOB KUC0pPOL

[MouTn BO BCex KneTkax okosio 90% Bcero
notpe6nsemMoro Kmcnopoga BOCCTaHaBW-
BAETCH C y4aCTUEM LUTOXPOMOKCMAA3bl MU-
TOXOHApWiA. OAHAKO B HEKOTOPbIX TKaHAX
cofepxarcad (hepMeHTbl MHOrO TWna, Karta-
nn3npyowme ocobble OKUCAUTENbHO-BOC-
CTAHOBUTENIbHbIE  peakuuu, B  KOTOPbIX
aToMbl KMCNOpoAa BKOYAKTCA Henocpea-
CTBEHHO B MOJieKyny cybctpaTa ¢ o6paso-
BaHWeM, HanpuMep, HOBOW FMAPOKCUNbHOIA
U KapboKCUALHOM rpynnbl. 3TU dep-
MeHTbl Ha3blBalOTCA OKcureHasamu. XoTs
B TakKMX CMNeunanm3npoBaHHbIX peakuusax
notpebnserca AMwb HeboNbWAA YacTb Bce-
ro Kucnopoga, MnOrnoLWLaeMOro Ketka-
MW, 3TW peakuMn OYeHb BAXHbl ANA Opra-
HU3Ma.

EcTb fABa Knacca OKcWreHas: [AuoKcure-
LLb3bl 1 MOHOOKCHTeHas3bl. [JMOKCUreHasbl Ka-
Tanu3npyT peakuun, B KOTOPbIX B MoOe-
Kyfny OpraHu4eckoro cybcrparta BKAOYaOT-
ca 06a aToma Monekynbl kucnopoga. Mpu-
MEPOM Takoro gepmMeHTa MOXET CAYXWUTb
nupokKaTexasa, KaTanusmpyroliaa peakuuto
OKUC/EHNA KaTexona MOMeKynApHbIM KuC-
NOpoAOM, COMPOBOXAAKLLYIOCA pacKpbl-
TMEM KOMbLaA:
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V

C—oH

O - ™ +
Katexon

C—oH

Ecnu B peakuum y4yacTByeT MOJSIEKYNAPHbIA
KWCNOpO4, MeYeHHbI mn3otonom 180, TO
MeTKa (BblfefeHa KpacHbIM) O06HapyXu-
BaeTCs B KapbOKCUbHBLIX rpynnax npoaykK-
Ta.

MoHooKcureHasbl (UX cogep>kaHve B TKa-
HAX OTHOCWTENbHO BEWKO, a WX AeicTBue
oTnmyaeTcs 6onblIeil CNOXHOCTbH) KaTa-
NIN3NPYIOT peakummn, B KOTOPbIX B MONEKYNy
opraHumyeckoro cyb6ctpata BK/4aeTcs
TONLKO OAWH M3 aTOMOB KWCNOPOAa; BTO-
poii aToM BOCCTaHaB/MBaEeTCA Npu 3TOM [0
H20. MoHookcureHasam TpebyrTcs [Ba
cyb6cTparta, KOTopble CyXaT BOCCTaHOBUTe-
nAaMu - ABYX KUCIOPOAHbLIX aTtomMoB O2.
[naBHbI cy6CcTpaT MPUCOEAUHSET O4WH U3
[IByX aTOMOB Kucnopofa, a kKocy6cTpaT no-
CTaBndeTr atombl H pAns BoccTaHOBMeHUA
BTOPOro atoma kucnopoga fo H20. O6uiee
ypaBHEHWe ANA peakuuii, Katannusmpyemblx
MOHOOKCUTeHasaMun, UMeeT BU[

AH + BH2 + 0_0O

A—O0H + B + H20,

roe AH-rnaBHbll  cybcTpaTt, npucoeau-
HAOWWA OAMH aTtoM  Kuciopoga, a
BH2-kocy6cTpaTt, NoOCTaBAAOWMNIA aTOMbI
H pnna BOCCTAHOBNEHMA BTOPOro aroma
kucnopofa fo HZ20. lMocKonbKy B peak-
LMAX, KaTanm3npyeMblX MOHOOKCHUreHasa-
MU, TNaBHbI cybcTpaT no 60/blueil YacTu
rMAPOKCUNUPYeTCH, 3Ty rpynny GepMeHToB
Ha3blBalOT TaKXe rugpokcunasamu. NHorga
MX Ha3blBaKT elle OKCUreHasaMum CO CMe-
WaHHON (hyHKUMeR, MOCKONbKY OHW OKWC-
NAIT OLHOBPEMEHHO ABa pasHbIX cybcTpa-
Ta.

MoHoOKcUreHassl nofpasfenarTca Ha
HECKO/IbKO KNaccoB B 3aBMCUMOCTU OT Mpu-
pofbl y4acTBYIOLLEro B peakuuu KocybeTpa-
Ta, KOTOPbI nocTasnseT gBa atoma H gna
o6pasoBaHnsa H20. OfHM MOHOOKCUTEHa3bI
MCNONb3YIOT ANA 3TOM LeNnn B KayecTse Ko-

cy6CcTpaTOB BOCCTAHOBNEHHbIE (D1ABUHOBbIE
Hykneotuasl (FMNH2 nan FADH2), apy-
rme-NADH wnnn NADPH, a TpeTbu-a-Ke-
TornytapaTt. OfHUM U3 BaXHbIX NPUMepoB
CpefM MOHOOKCUIeHa3 MOXET CAYXUTb
(hepMeHT, KaTanusupyrwLwmuin ruapokcnnu-
poBaHWe apoMaTUyeckKoro Kosfblia (eHun-
anaHuHa, B pesynbTaTte yero obpasyercs Tu-
po3uH (rn. 19). BpoxieHHOe HapylleHue
aKTUBHOCTU 3TOr0 (hepMeHTa EXUT B OCHO-
BE FeHeTMYecKoin 60/1e3HMN, HOCALEed Ha3Ba-
HUe (DeHUNKETOHYpUN.

Han6onee MHOrOYMCNEHHbLI U OCOGEHHO
CNOXHbl MOHOOKCUTEHa3Hble peakLun, B Ko-
TOpbIX y4yacTByeT uuTOXpom P-450, npu-
Hagnexawuin K rpynne remMonpoTeNHOB.
3TOT UMTOXPOM OO6bLIYHO COLEPXMTCA He
B MUTPXOHAPUAX, & B 3HAOMNIa3MaTUYECKOM
petukynyme. [10406HO MWUTOXOHAPWANb-
HO LMTOXpOMOKcMAase, LMToXpom P-450
cnocobeH B3aMMOLeCTBOBATb U C KNCNOPO-
[lOM, 1 C OKUCbIO yriepofa. OTnnyaeTcs Xxe
OH OT LMTOXPOMOKCMAA3bl TEM, YTO KOMI-
NeKC  ero  BOCCTaHOB/IEHHON  (OpPMbI
C OKWCbIO Yyrfepoga CU/bHO nornouaet
cBeT B obnactu 450 HMm.

LintToxpom P-450 katanusnpyet peakuuu
rMAPOKCUNNPOBAHUA, B KOTOPbIX OpraHuye-
ckuii cy6etpat RH rugpokcunupyetcs fo
R-OH 3acyer 04HOr0 M3 aTOMOB KNC/OPO-
pa O2 Torga Kak BTOpOi aToM Kucnopoga
BOCCTaHaB/unBaetca o H20 B pesynbTate
npucoeiHeHNs BOCCTAaHOBUTE/bHbLIX 3KBU-
BaneHToB 0T NADH nnn NADPH, Ho vale
0T 04HOr0 13 6eNKOB, COAEPXKaLLNX Xeneso
n cepy. Ha puc. 17-30 Takas peakuus npeg-
CTaB/ieHa B YNPOLEHHOM BUAe; B 4eACTBU-
TE/IbHOCTM e OHa BK/lOYaeT paf Npomexy-
TOYHBIX 3TamnoB, MOKa ele HefoCTaTOYHO
n3yyeHHbIX. Lintoxpom P-450 yyacTsyer,
Hanpumep, B rMAPOKCUINPOBAHUMN CTepou-
[l0oB B npouecce ob6paszoBaHUs TOPMOHOB
KOpbl Hagno4ye4yHnkoB. CyLiecTBEHHa TaKkxe
ponb yutoxpoma P-450 B rugpokcmnnposa-
HAW pAfia  NeKapCTBEHHbIX Mpenapartos
N ApYruxX Yy>KepoAHbIX 4N opraHusama Be-
LecTB, 0CO6EHHO ecnu 3TU BeliecTBa Cpas-
HUTE/bHO MI0X0 pacTBOpPUMbI B Boge. B pe-
3ynbTaTe TrUAPOKCMAMPOBAHUA pacTBOpU-
MOCTb TakKUX Yy>XepOofHbIX BelecTB B BOje
MOBbILIAETCA, YTO B CM/IbHON Mepe Cnoco6-
CTBYET UX [leTOKCUKaLuuUMN U BbIBEAEHUIO U3
opraHusma (rn. 24). Uutoxpom P-450 cyue-
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RH

02,
NADPH + H+

Lintoxpom P-450

NADP+

H-o0o-H

R -gqH

MApPOKCMANPOBaHUbIN
NpoAYyKT

Puc. 17-30. 'mapokcmMnmMposaHue pacTsopuMoro
B IMNuAax NnekapcTseHHoro npenapata RH nog
neiicTBreM UUToXpoma P-450, hyHKLUOHUpYIOLLEe-
ro Kak MOHOOKCMAa3a. Y NpoayKTa peakuuu,
R—OH, BbIle pacTBOPUMOCTbL B BOAE, M NO3TO-
My OH /lerye BbIBOAWUTCA U3 opraHu3ama. Kocy6-
CTpaToM, NnocTaBnstoWmMM atomMbl H (cepblid oH)
[ BOCCTaHOB/IEHNA BTOPOro atoma Kucnopoga
o Bogdbl, cnyxut NADPH + H+.

CTBYeT B pasNUyYHbIX (opmax,
(UYHBIX B OTHOWEHUW TEX UMM
cyb6cTpartos.

cneuu-
WHbIX

KpaTkoe cofepXaHue rniasbl

B peakumsax, CBf3aHHbIX C MEPEHOCOM
91IEKTPOHOB, T.e. B peakKuynax OKUCNEeHUA-
BOCCTaHOBNEHMUA, CMoCcO6HOCTb AOHOpa

3N1eKTPOHOB (BOCCTaHOBWUTENA) 0OTAaBaTb
3M1eKTPOHbI XapaKTepn3yeTca CTaHAaPTHbLIM
BOCCTAHOBUTENIbHLIM  NoTeHuuanom  Eg.
OKMNCNNTENbHO-BOCCTAHOBUTENbHbIE cu-
cTembl, o6nagatllmne 60see 3N1eKTPOOTPU-
LuatefibHbIMU 3HavyeHuamu Eg, ctpematca
nepefaTtb CBOW 3/M1EKTPOHbI cucTemam ¢ 60-
nee 3N1eKTPONONOXUTENIbHBIMU 3HAYEHNAMU
Eqg V3vmeHeHue cTaHAapTHON CBOGOAHOW
3HeprMn B OKUC/INTENIbHO-BOCCTAHOBM-
Te/NbHbIX peakumax onpegenseTca u3 ypas-
HeHua AG°®° = —nFAEo- B mutoxoHapusax
aToMbl BOAOPOAa, OTLWenneHHble OT cy6-
CTpaToB fiernjporeHasamMu, nepefatoT CBOM
3N1eKTPOHbl B LeNb MNepeHoca 3/1eKTPOHOB.
Mepexofs no 3Tol uenu OT OAHOro nepe-
HOCYMKA K PYromy, 3/1eKTPOHbl B KOHeuy-
HOM WTOre [AOCTUTalT MONEKYNAPHOIO
Kucnopoja v socctaHaenueawT ero 8 H20.
3Heprua, BbicBObGOXJaloWwasca B npoLecce

nepeHoca 3/M1eKTPOHOB, WCNO/b3yeTca [AnAa
OKUCNUTENbHOTO (hochopunmposanus ADP
B ATP. OkucnutenbHoe gochopunmposa-
H/We NpoTekaeT BO BHYTPEHHEW MUTOXOHS-
puanbHOn MembpaHe.

OT Bcex NAD-3aBUCUMbIX peakumii feru-
ApupoBaHUA BOCCTaHOBMUTE/IbHbIE 3KBUBa-
NeHTbl MepexoAaT K MUTOXOHAPWaNnbHOM
NADH-gerngporeHase, cogepxalyeil B Ka-
yecTBe mpocTeTuyveckoin rpynnsl FMN. 3a-
TeM yepes pAaf >Kene3o-CepHbIX LLEHTPOB OHU
nepegatoTcs Ha YOUXMHOH, KOTOPbIA nepe-
[laeT 3aNeKTpoHbl LinToxpomy b. [lanee anek-
TPOHbI MepexoAnT Moc/nefoBaTe/lbHO Ha LUu-
Toxpombl Ci 1 c, a 3aTeM Ha LUTOXPOM aab
(unTOoXpoMOKcUHAasy), KoTopas COLEPXUT
medb. LinToxpomokcupaasa nepepaer afek-
TPOHbI Ha O 2. [4ns TOro 4tobbl MNONHOCTLIO
BOCCTaHOBUTL O2 ¢ obpa3oBaHWEM [ABYX
monekyn H20, TpebyloTca 4YeTbipe 3fek-
TpoHa ¥ 4YeTbipe uoHa H +. MepeHoc anek-
TPOHOB 6/10KUPYeTCA B OMpefesieHHbIX ToY-
Kax POTEHOHOM, aHTUMULMHOM A U LMNAHWN-
Aom. TlpoLecc nepeHoca 3/MeKTPOHOB CO-
MPOBOXAeTCA 3HAUYUTENIbHBLIM CHUXEHUEM
cBOOOAHOW aHeprun. B Tpex yuacTkax fAbl-
XaTeNbHON LUenn MNPOMCXOAMUT 3amacaHue
aHeprun B pesynbtate cuHTesa ATP wu3
ADP un Pj. OkucnutensHoe gochopunmpo-
BaHWE W NepeHoC 3/IEKTPOHOB MOXHO pas-
06WNTb, BOCMNOMBb30BABLWINCL ANA 3TOrO
pasobLwarnLWwmnmm areHTamm U noHodgopa-
MW, TaKUMW, KaK BaNMHOMULMWH. Ana Toro
4YTO6bI MOT/I0 NMPOUCXOLUTL OKUCNUTENbHOE
hocthopunnpoBaHne, BHYTPEHHAA MUTO-
XOHApuanbHas MembpaHa [ONXHa CO-
XpaHATb CBOK LENOCTHOCTb W AO0NXKHA
6bITb HENMPOHMLAEMOW ANA NOHOB H + 1 He-
KOTOPbIX APYrnUX MOHOB. epeHoC 3neKTpo-
HOB COMPOBOX[AETCA «BbITANKUBAHNEM»
MOHOB H + 13 MMTOXOHAPMIA. COrnacHo Xxe-
MMOCMOTUYECKOW runoTese (OAHON U3 Tpex
rmnotes, NpPeanoXeHHbIX ANnf 06BACHEHUS
MexXaHu3Ma OKMWC/IUTENbHOT0 (oChopuIn-
poBaHuA), NepeHoc 3NeKTPOHOB COo3/aeT Me-
X4y  ABYMA  CTOPOHAMu  BHYTPEHHEN
MUTOXOHAPWaNbHOW MemM6paHbl rpagueHT
KOHLeHTpaLum noHos H +, npn KOTOPOM UX
KOHLLEHTpAL A CHapYyXK BbIlE, YeM BHYTPU.
Mpepnonaraetca, 4TO WMMEHHO 3TOT rpa-
OUEHT CNYXWT ABUXYLLEW CWNONA CUHTesa
ATP, korga moHbl H +, Bo3BpalLaroLmecs
M3 LUTO30/19 B MATPUKC, MPOXOAAT 4epes
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monekynol K(OK,-ATPa3bl B Mem6paHe. Bo
BHYTPEHHE MUTOXOHAPWanbHOW Membpa-
He VMMEKTCA TPAHCMOPTHbIE CUCTEMbI ANA
afleHNHOBbIX HYKNeoTUAoB, ocdaTa 1 paga
meTa6onnToB. [lMepeHOC 31eKTPOHOB TOp-
MO3UTCA MPU MOHVKEHUN KOHLEHTpaLuu
ADP n yckopseTtcs, Korga KOHUEHTpauus
ADP Bo3pacTaet 6narogaps TeM WU UHBIM
KNeTouHbIM  Mnpoueccam, COMPOBOXAAl0-
wumea ytunmsauymeir ATP. CkopocTu rau-
KONn3a, UMKia NMMMOHHOW KMCNOTbl U Mpo-
Lecca OKUCAUTENbHOro (hochopunmposa-
HWA cornacoBaHbl Mexay coboii. 3Ta
cornacoBaHHocTL obecrneynmBaeTcs B3au-
MOCBA3aHHbIMW PErynaTopHbIMKU MeXaHW3-
MaMu, KOTOpble pearupyroT Ha BeNNYUHY
oTHoweHwua [ATP]/[ADP] [P;] n Ha cogep-
XKaHue HEKOTOPbIX Hanbonee BaXHbIX MeTa-
6011TOB, OTPaXKaK WX 3HepreTMyecKoe co-
CTOSIHNE KNeTOoK.

B KkneTkax MpoTeKawT TakXe OKUCIN-
TeNbHble peakuuu, B MPOLECCE KOTOPbIX
aToMbl KMCNOPOAa BKAOYATCA B OpraHuye-
CKWe MOMEKy/bl, Mpexpe BCEro B OTHOCWU-
TeNbHO TMApPOO6HbLIE  MONeKynbl  pas-
NINYHBIX YY>KEPOAHbIX BeWecTs W fekap-
CTBEHHbIX MpenapaTtoB ¢ o06pa3oBaHueM
TMOPOKCUANPOBAHHBIX U KapboKcuanpo-
BaHHbLIX MPOAYKTOB.
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Bonpocbl 1 3agaun

1 OKMCAUTENbHO-BOCCTAHOBUTENbHbIE peakyuu.
NADH-gerngporeHasHbli - KOMNAeKC MUTO-
XOHAPWanbHOW Lenu nepeHoca 31eKTPOHOB
Katanusupyert crefjylouune OKUCAUTENbHO-
BOCCTaHOBUTeNbHble peakuyun (Fe31l m Fe2™
O03HayalT 3[ecb aTOMbl >Kenesa: Xefneso-
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CePHbIX LLeHTpOB, Q -y6UXUHOH,
<3H2-y6uxuHon un E--pepmeHT):

1) NADH + H+ + E—FMN ->
- NAD+ + E—FMNH2
2) E—FMNH2 + 2Fe3*
- E-FMN + 2Fe2+ + 2H+
3) 2Fe2* + 2H+ + Q ->
-* 2Fe3+ + QH2
CymmapHas peakuua: NADH + H~” +
+ Q - NAD+ + QH2

YKaxute Ana KaxpAoh n3 aTuX Tpex peakuwnii, Ka-

Tanusnpyemblx NADH-gerngporeHasHolM KOM-

nneKkcoMm: a) AOHOP 3NeKTpoHoB, 6) akuenTtop

91eKTPOHOB, B) COMPAXEHHY OKUCAUTENbHO-

BOCCTAaHOBUTENbHYIO napy, [) BOCCTaHOBUTENb

N A) OKUCNUTENb.

2. CTaHfapTHble BOCCTAHOBUTENbHble MNOTEH-
umanol. CTaHAapTHbLIH BOCCTAHOBUTENbHBIN
noteHunan Nw60NW OKUCANTENbHO-BOCCTAHO-
BUTeNbHOW nNapbl onpefenseTca peakuunei,
npoTekal el B nonyanemMeHTe:

Okucnutenb + (N)3NeKTPOHbI =
T BoccTaHOBUTENb.

CTaHfapTHble BOCCTAaHOBUTENbHbIe MOTEH-
yuanel ABYX conps>XeHHbix nap NAD'
INADH un nupyBaTt/naktaT paBHbl COOTBET-

cTBeHHo —0,32 n —0,19 B.

a) Kakas u3 3atux nap o6nagaeT 6Gonbliei
CNOCOGHOCTLIO OTAaBaTb 3/1EKTPOHbLI? Ap-
rYMeHTUpYyiiTe cBOW OTBET.

6) Kakasa n3 Hux asnsetcd 60nee CUNbHbIM
okucnutenem? louemy?

B) B KakoM HanmpaBfeHWM MOAAeT peakums

NADH + H+ =
+ NAD +,

MupyBat + NakTat +

eC/N B HayanbHbli MOMEHT BPEMEHU KOH-
LeHTpauum MCXOAHbIX BewecTB U NPOAYK-
TOB paBHbl 1M npu pH7?

r) Yemy paBHO M3MeHeHWe CTaHAapTHOW CBO-
6oaHOW 3Heprum AOOQ gna 3Toli peakuum
npu 25°C?

) Yemy paBHa KOHCTaHTa paBHOBeCWs 3TOM
peakuyuun npu 25'C?

3. MocnefoBaTenbHOCTb pacnono>x eHus
NepeHOCYMKOB B LeNW mnepeHoca 31eKTPOHOB
y OfHOTO M3 pacTeHWid. N3yyeHue uyenu nepe-
HOCa 31eKTPOHOB B KNeTKax NNCTbeB W NNHaTa
BbIIBMNO B 3TUX KieTkax psAj BelecTs, CMo-
COGHbIX 06PaTUMO NPUCOEAUHATL 3NEKTPOHbI.
Huxe npuBefeHbl CcTaHAapTHble BoOCCTa-
HOBUTENbHbIE NOTEHLMaNbl 3TUX BeLecTs.

NADH +
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BoccTtaHoBneHHasn OkucneHHasa ¢opma El, B
dopma
LUunTtoxpom b6 Luntoxpom b6 -0,06
(Fe2+) (Fe3+)
Lutoxpom / LUutoxpom f + 0,365
(Fe2+) (Fe3+)
deppeflOKCUH PeppefOKCUH -0,432
(BoCCTaHOBNEH- (OKUCNEHHbI)

HbI)
deppefOKCUH-BOC- PeppefjOKCUH-BOC-
cTaHaB/MBalo - CTaHaBANBAO -

wuit cybeTpat wuin cybéertpat
(BoccTaHOBNEH- (oKMcneHHbIN)

Hbl i) -0,60
MnacTounaHunH MnactounaHunH
(BoccTaHOBNEH- (OKMCNeHHbI )

Hbl i) + 0,40

YKaxXunTe BepOATHYIO MNOCAeA0BaTeNbHOCTb

3TUX NEPEHOCYNKOB 3NE€KTPOHOB B AblXaTelb-
HOW Uuenu, WCXOA[A U3 BEAUYUH WX CTaH-
LapTHbIX BOCCTAHOBUTENbHbIX MNOTEHLMANOB.
CocTaBbTe 3HepPreTMyYeckyw Aauarpammy, no-
[O6GHYl  TO. KoTopas wM306paxeHa Ha
puc. 17-4. Ha Kakux 3tanax nepeHoca Bbige-
neHue cBOGOAHOW 3Hepruu (B cTaHAapTHbIX
yCN0BUAX) MNpefcTaBnfeTca He[OCTaTOUHbIM
ONA TOro, 4to6bl Ha KaXpAyl napy nepeHo-
CMMbIX 31eKTPOHOB MOr/ja CUHTE3NpoBaTbCA
ofHa monekyna ATP?

4. banaHc cuHTe3a ATP. cCONpA>X EHHOro C OKUC-

neHuem cy6cTpaTa. Huxe ykasaHbl 4eTbipe
cybcTpata. PaccumTailiTe uymcno  mMonekyn
ATP, ob6pasylowWwmnxcs nNpu MOAHOM OKUCAW-
TeNbHOM paclWenneHun OfHOW MONeKynbl
Kaxpforo n3 aTux cyécrtpatos go CO2u H20.
a) ®pykTo30-6-hoctar

6) Auetun-CoA

B) Mnuuepanbgerunpg-3-dgochart

r) Caxaposa

5. DHepreTuyecknii AuanasoH AblXxaTenbHoW ue-

nu. MepeHoC 31eKTPOHOB B MUTOXOHAPUANb-
HOM pfblXaTeNbHOW Lenu onucbiBaeTcs chne-
AYIOWMUM CYMMapHbIM YypaBHEHUEM:

H+ + .0, =
+ NAD *,

H20 +

a) Bolumcnute senuuuHy AEO ans atoil cym-
MapHOW peakuMM MUTOXOHAPUANbLHOTO
nepeHoca 3/1eKTPOHOB.

6) BbluncnmTe M3MeHeHUe CTaHAApPTHOW CBO-
6onHON 3aHeprum AGO' gns 3Toi peakyum.

B) CKONbkKOo Monekyn ATP TeopeTuyecku mo-
XeT 6bITb CUHTE3MPOBAHO 3a CYET 3TON pe-

aKUuuMuW. ecnum  U3MeHeHUe CTaHAapTHOW
cBO0GOAHON 3Heprum o6pazoBaHus ATP
paBHo + 7,3 kkan/monb?



548 YACTb Il

6. Mpwn okncneHun cykumHaTa akuenTOpPoOM 3nek-
TpoHoB cny>kuT He NAD +,a FAD. Ha Bcex
sTanax, CBfA3aHHbIX C JAernapupoBaHuem,
B Mpouecce rMMKoONM3a M B LUKNE NTUMOHHOI
KUCNOTbl aKLenTopoMm 3MeKTPOHOB CAYXWT
NAD + JEg = —0,32 B). EQUHCTBEHHbIM WC-
KNloYeHNemM ABNAETCA peakuusa, Katanusmpye-
Mas CyKUWHaTAernaporeHasoi, WCNOAb3ylo-
wei B KayecTBe akuenTopa 3/MeKTPOHOB
KOBaNeHTHO CBA3aHHbIW ¢ Hell FAD (Eg = +
+ 0,05 B). Mouemy FAD saBnsetcs 60onee nog-
X0AAWMM  aKLUenTOpoM 3/71eKTPOHOB, YeMm
NAD +, npu pernfpuposaHun cykumHata?
Mpeanoxumte BO3MOXHOe 06bACHEHME 3TOTO

thakTa, McCxo4sa M3 cpaBHeHusa Bennuyun E/
cyKuuHaT-pymapaTHoi cucTeMbl, conps-
XeHHoW napsl NAD +/NADH un napsbl
FAD/EADH2.

7. CTeneHb BOCCTAHOBNEHUSA NEPEHOCYNKOB dNekK-
TPOHOB B AblXaTenNbHOoi Luenun. CTeneHb BOC-
CTAaHOBNEHWNA KaXA0ro U3 MEPeHOCYUKOB anek-
TPOHOB B AblXaTenbHOW Lenn onpeaensercs
YyCNOBUAMM, CYWECTBYHOWUMN B MUTOXOH-
apuax. Korga NADH 1 MmoneKynapHoro kKuc-
nopopja [OCTAaTOYHO, COOTBETCTBYHO W as cTa-
LLMOHAPHOMY COCTOSHWIO CTeMeHb BOCCTAHO-
B/IEHUS NEePEHOCUYNKOB CHUXAeTCA NPN Nepexo-
fle 31eKTPOHOB OT cy6cTpaTa Ha Kucnopog.
Ecnn nepeHoc 3NeKTPOHOB 6GnokupoBaH, TO
NepeHoCYMKMN, 3aHUMal e B AblXaTenbHON
uenn mecTo nepef 6N0KMPOBAHHbLIM 3Tanom,
cTaHOBATCA 6onee BOCCTAHOBNEHHbIMU, a Te,
KOTOpble pacnonaratTcs nocne 6noka,- 60-
nee OKWCNEHHbIMU, KaK 3TO MOSCHAET ruppa-
BNMYecKkas MOfenb fblxaTenbHoW uenu, n3o-
6paxeHHas Ha puc. 17-14. Kak 6ygayT
BbITNALETb Takue MOAENU ANA CNefytownx
YyeTblpex cray4aes:

a) OdoctatoyHo NADH u O2, Ho go6aBneH

umaHug.

6) OdoctatoyHo NADH, HO ucuepnaH 3anac
02.

B) foctatoyHo O2, HO wucyepnaH 3anac
NADH.

r) foctatoyHo u NADH, n 02.
8. BnnaHue poTeHoHa W aHTuUMULMHA A Ha nepe-
HOC 3NeKTPOHOB. POTEHOH (TOKCUMYHOE Belje-
CTBO, BblpabaTbiBaeMoe OAHWM M3 BUOB pac-
TeHUl) pe3ko nopgaBnsetT aKTUBHOCTb MMWTO-
XoHApuanbHoit NADH-pgerngporeHass. ToK-
CUYHBI aHTUBMOTUK aHTUMULUUH A cunbHO
WHTMOUPYeT OKWUCNeHMe ybuxuHona.
a) Moyemy PpOTEHOH oOKa3blBaeTcCH
TeNbHbIM A40M [ANA HEKOTOPbIX
KOMbBIX W pbl6?

6) Moyemy aHTUMULWUH A AeiicTBYyeT Kak ff
B XXWUBOTHbIX TKaHAX?

B) JonycTum, 4To 0b6a 3Tu Bew,ecTBa 6/10KU-
pYlOT COOTBETCTBYH LW NE YYaCTKU [blXa-

cmep-
Hace-

BMO3HEPTETUKA U METABOJ/IN3M

TEeNbHOI Lenu ¢ paBHOW 3(h(eKTUBHOCTLIO.
Kakoe u3 Hux 6ygeT npu 3tom 6onee
MOLLHbIM agoM? [aliTe aprymeHTUpo-
BaHHbI OTBET.

9. Paso6uialouime areHTbl MNpU OKUCNUTENbHOM
tochopunuposaHun. B HOPManbHbIX MUTO-
XOHAPUAX CKOPOCTb MepeHoca 31eKTPOHOB
CTPOro cornacoBaHa ¢ noTpe6HocTbi0 B ATP.
[Mo3aTomy ecnm CKOpoCTb Ucnosib3osaHna ATP
CpPaBHUTE/NIbHO HEBE/IMKA, TO COOTBETCTBEHHO
HebONbLUON 0Ka3blBAETCA Y CKOPOCTb MepeHo-
ca anekTpoHos. Ecnn xe ATP pacxopgyetcs
¢ 60/1bLWONI CKOPOCTbIO, TO CKOPOCTb MEPEeHO-
Ca 3NeKTPOHOB TOXe 6blBaeT BbICOKOW. B no-
[OGHbIX yCnoBuaAX (MpWU TECHOM COMPSXXEHUM
3TMX ABYX NpoueccoB) OTHoLWeHue P/O, T.e.
yncno obpasosaBnxcs Mmonekyn ATP, B pac-
yeTe Ha OAMH aTOM NOTPe6NeHHOro KMCNopo-
fa, Korja [OHOPOM 31eKTPOHOB CAYXWT
NADH, paBHO npunbaunsntenbHo 3.

a) Kak fomkHa BAnATb OTHOCUTE/IBHO HU3Kas
N OTHOCUTENbHO BbICOKAA KOHLEHTpaLus
pa3o6LaloLLero areHTa Ha CKOpoCTb nepe-
HOCa 3M1eKTPOHOB W Ha BennunHy P/O?

6) Mprvem BHYTpPb pas3obLjalolWmMX areHToB

BbI3blBaeT 06M/IbHOE MOTOOTAENEHME U MO-

BbllLeHWe TemnepaTypbl Tena. JaiTe aTo-

My (PEHOMeHY 06bACHEHWE Ha MOeKynsp-

HOM YpOBHe. KakK M3MeHseTcs OTHOLLIEHue

P,/JO B NpucyTCTBMM pa3obLLaloWnX areH-

TOB?

2,4-pnHNTpoteHoN, KOTOPbI — ABNsieTCA

pa3obLlaloL MM areHToM, NbiTaINCb 0f4HO

BPEMSA MCMOMb30BaTb 415 60pb6bl C 0XU-

peHveM. Ha yem B NpuHLMNE MOXET ObiTb

0CHOBaHO NOA06HOE ero AeiicTBne? Tenepb

TaKoro poja pasobLiarolie areHTbl yxe

He TMPUMEHAIOTCA B KayecTBe feKap-

CTBEHHbIX MpenapaTtoB, MOCKOMbKY W3-

BECTHbI CNlyyau, KOrga ux npuMeHeHue npu-

BOAMNO K feTanbHOMY wucxogy. [ouemy

npuemM pasobLLaloLMX areHTOB MOXET Bbl-

3BaTb CMepTb?

10. MexaHusm fgelicTBUA ANLUKNOTEKCMNKap60-
anumuga (QUKA, unn DCCD). Ecnu K cyc-
NEH3MWN aKTUBHO [bllallnX MWUTOXOHAPUN,
B KOTOPbIX AblXaHWe TECHO COMPSXEHO ¢ (hoc-
thopunuposaHuem, fobasnte DCCD, TO Ha-
6n10faeTcs pe3Koe YMeHbLUEHWe CKOpOoCTU
nepeHoca 31eKTPOHOB (OLeHMBAeMOM Mo KO-
NNYECTBY MOT/OLWEHHOTO KWUCOPOoAa) U CKO-
poctn ochopmnnpoBaHmsa (OLEHNBaEMOI
no o6pasoBaHuto ATP). [do6aBuMB 3aTem
K TakuM WHIM6MPOBaHHLIM MUTOXOHAPK-
anbHbIM Mpenapatam  2,4-AUHUTPOGEHON,
Mbl 06HapYXWM, 4TO NOTpebeHne KUCnopo-
[a BO3BpaLLaeTcqd K HOPMaNbHOMY YPOBHIO,
0flHaKo cuHTe3 ATP Tak M ocTaeTca no-
[aBNeHHbIM.

B

~
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12.

rn. 17 NMEPEHOC SNTEKTPOHOB

a) Ha kakoll atan npouecca nepeHoca 3nek-
TPOHOB WAW OKWCAWUTENbHO Gochopu-
nuposaHnsa snnser DCCD?

6) Mouyemy DCCD HapywaeT noTtpebneHue
02 B MUTOXOHAPUAX? KakoB MexaHWU3M
feiicTBua 2,4-guHutpodeHona Ha npena-
paT MHIMGUPOBAHHBLIX MUTOXOHAPUIA?

B) C KakWM M3 MepevyncNeHHbIX HUXe WHIU-
6uTOpoB 60Mee BCEro CXOAeH MO CBOeEMY
pelicteButo DCCD: ¢ aHTUMUUMHOM A,
POTEHOHOM. ONUTOMULMHOM MNU apceHa-
TOM?

OkucnuTenbHoe hochopunnpoBaHne B UHBEP-

TNPOBAUHBIX CyOM WMOX0 HAPUANBH bIX

nysbipbkax. COrnacHo XemMWOCMOTUYECKOWA

rmnoTese, BO BpeMs NepeHoca 3/1eKTPOHOB U3

MHTaKTHbIX MWUTOXOHAPMWIA «OTKayuBar TCA»

Hapy>Xy HOHbl H +, 4TO NPUBOAUT K BO3HUK-

HOBEHMWIO rpajueHTa pH Mexpay AByMsA CTO-

poHamMu MUTOXOHAPUANbHOW MeMGpaHbl.

3T0T rpagueHT pH 3aknwovaeT B cebe aHep-
rnio, 6narofaps Kotopoi MoHbl H + mepeme-
watoTca B 06paTHO,M HanpaBlieHUU - U3
oKpyXat et cpeabl B MUTOXOHAPUANbHBINA

MaTpukc. Mpu 3aTom MOHbL; H 4 npoxopfAaTt ye-

pe3 monekynbol FOF (-ATPa3bi, yem obecneymn-

Baetcsa cuHTes ATP n3s ADP u P,. Ypganocsh

nokasaTb, 4YTO MONYYeHHble W3 BHYTPeHHE

MUTOXOHAPUANbHON MeMb6paHbl WH-

BEPTUPOBAHHbIE  MYy3bIPbKU, Yy  KOTOPbIX

FOFr ATPa3Hbie ronoBku ob6paweHbl Hapy-

Xy (puc. 17-15), Toxe cnoco6Hbl K OKUCAU-

TeNbHOMY (ochopUANPOBAHUIO.

a) HapucyiiTe cxemy, KoTopas nokasbiBana
6bl HanpaB/ieHne OTKa4YMBaHUA MOHOB U H
BO BpeMs MepeHoca 3N1eKTPOHOB B CyOMu-
TOXOHAPUanbHbIX MNy3blpbKax.

6) YKaxuTe Ha 3Toll cxeMe HanmpaB/eHUe No-

ToKa MOHOB H+ uepe3s MoNeKynbl

FoFj-ATPa3bl BO Bpems cuHTe3a ATP

Kak 6ygyT BAUATbL Ha MEpPeHOC 3/NeKTpo-

HOB M Ha cMHTe3 ATP B Takux cy6muto-

XOHApUanbHbIX nysbipbkax LWUT omuunH

N aTpakTnposug?

MuToxoHApun 6yporo >kupa. Y HOBOPO-

XAEHHbIX feTell B 06nacTu Wen n B BepxHei

4acTu CAUHBLI MMeeTca ocobas xuposas

TKaHb, KOTOpas y B3pOC/AbIX NPakTUYeCKN OT-

CYTCTBYET,-TaK Ha3blBaeMblii Gypblil Xup.

Bypyt OKpacky npuparT 3TOW rKaHu MuUTO-

XOHAPWUU. KOTOPbIX B Hell uypesBbluaiiHO

MHOro. Y HEKOTOPbIX XXWBOTHbIX, BMajato-

WUX B 3UMHIOK CNAYKY MAW Npucnoco6-

NEHHbIX K 06MTAaHWIO B XONOLHbIX MECTHO-

CTAX. TOXe UuMeeTca Gypblil Xup. B T0o Bpems

KaK B MUTOXOHAPWUAX NEYEHU MPU OKUCNEHUN

NADH Ha KaXAblli aToM MNOrNOWEeHHOTO

Kucnopofa obpasytoTca 06bI4HO TpWU MoOne-

Kynbl ATP, B MUTOXOHAPMAX 6ypoto >Xupa

B
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BbIX0o4 ATP Ha O4MH aTOM MNOT/IOWEHHOTO
Kucnopoja cCocTaBnseT MeHee OfHOW Mone-
Ky nbl.

a) Kakaa gusmonormnyeckas GyHKLUUA MOXeET

OnpefenaTbCa 3TUM HU3KUM OTHOWEHMEM

P/O B 6ypom >Xupe HOBOPOXAEHHbIX?

Y KaXuTe BO3MOXHble MeXaHW3Mbl, KO-

TOopble MOTrNun 6bl onpefenaTb CTONb HU3-

Koe OTHoweHue P/O, xapakTepHoe pAng

MUTOXOHAPWUIA 6Gyporo >wupa.

AunkapbokcunaTHas TpaHCNopTHasa cucTema

MUTOXOHAPUIA. Bo BHYTPEHHEH MUTOXOHS-

punanbHol Mem6paHe MMeeTca AWKapGOKCH-

naTHas TpaHcnopTHas cucTtema, KoTopas
obecneymBaeT MepeHoC yepe3 memb6paHy Ma-
naTta u a-KketornyTtaparta. 9Ta TpaHCnopTHas
cucTemMa MHrMbupyertca nN-6yTUNManoHaToOM.

Mpeanonoxwum, uTo H-OyTunmanoHar

fo6aBneH K CyCMeH3MM aspobHbIX NOYEYHbIX

KNeToK, MCNONb3Y WMNX B Ka4yecTBe TONAnNBa

OAHY TONbKO FAOKO3Yy. Kak fonxeH nopeit-

cTBOBaTb M-OyTM/AManoHaT Ha a) FAWKONN3,

6) noTpebneHune Kkucnopopga, B) obpasoBa-

Hue nakrtata U r) cuHTes ATP?

A dekT MacTepa. Ecin B CycneH3nto aHas-

PO6HbLIX KNeTOK, MOTPebNAlWmnX [0 KO3y

c60NblW O CKOPOCTbIO, BBECTU KUCNOPOJ, TO

KNeTKW HauyHyT' ero nornow,aTb W YpOBeHb

noTpe6neHns TrNIOKO3bl PE3KO MOHU3NTCA.

OQHOBPEMEHHO C 3TUM NPeKpaTuTCa Hako-

nneHue nakTata. AT0T 3PPEKT, XapakTepHbI i

LN KNeTOK, CMNOCOBGHbLIX W K a3pobHOMY, #

K aHaspo6HOMY noTpe6neHW0 TN KO3bI,

BnepBble Ha6bnwgan Slyn MacTtep B 60-x ro-

flax Npownoro Beka, M NOTOMY OH 6bln Ha-

3BaH 3appekTom [lacTepa.

a) lMouyemy npu BBeJEHUN B KIETOYHYIO CYyC-
NeH3n Kucnopoja npekpaw,aeTca Hako-
nneHne nakrara?

6) Mouyemy B NPUCYTCTBUU KWUCNOpOJa CHU-
KaeTca CKOpPOCTb nNoTpebneHnMa Trt0-
KO3bl ?

B) Kakum o6pa3om nocne Ha4yaBlleroca no-
TpebneHMAa Kucnopoja MOHWUXAeTCA CKO-
pocTb NoTpe6neHna rNoKosbl? O6BLACHN-

6

-

Te 3ro, UCXOAs W3 cneumdpuyHoro pei-
CTBUA (hepMEHTOB.
Mi3MeHeHWe 3HepreTuyeckoro 3apsga Kne-
ToK. [pnM U3MeHeHUNW QU3MONOTUYeCKOIA
aKTUBHOCTM  KNETOK  CKeNeTHbIX  MblL L
JHepreTUYeckuid 3apsf 3TUX KNeTOK, paB-
Hbli B Hopme 0,89, cHayana pe3KO CHU-

xaetca npubnansntenbHo go 0,70, a noTom

nocTeneHHO BO3BpalyaeTcs K CBOEMY 06blY-

HOMY YPOBHIO.

a) Kakoe WMEHHO MW3MeHeHWe aKTUBHOCTHU
06yCNnoB/MBAET 3r0 BHe3aMHOe YMeHblle-
HWe sHepreTnyeckoro sapapga? loacHute
CBOW oTBeT.

6) Kak 4O/KHO NOBAUATbL 3TO BHE3anHOe U3-
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YACTb L

MeHeHWe Ha CKOPOCTb FMKONM3a WU AblXa-
HUA?

B) Kakum o6pa3omM 3HepreTuyeckuit 3apsap
cnocobeH BAUATb Ha TNMKONU3 U [blXa-
Hune?

CKONbKO WOHOB H + cofep>XuTca B OAHOW

MUTOXOHAPUN? XeMMnoCMOTUYECKaA rmnorte-

3a npegnonaraeT, 4To B pe3ynbTaTe MepeHo-

Cca 3NeKTPOHOB MOHbI H + «BblTaNKMWBa TCA»

M3 MaTpukca MUTOXOHAPWUIA HapyXy, BCepj-

CTBME Yero Mexpay ABYyMs CTOPOHamMu MUTO-

XOHAPWanbHON MemMG6GpaHbl BO3HMKaeT rpa-

AWEeHT pH, npu KOTOpPOM HapyxHas dasa

oKasblBaeTcq 60nee KWCNOW, 4eM BHYTpeH-

HAf. Cnoco6HOCTb MOHOB H * anddyHanpo-

BaTb B 06paTHOM HanpaBNeHWW, M3 OKpYy-

Xawoueh cpedbl B MUTOXOHAPUWANbHbIA Ma-

TpUKC (FAe UX KOHLEHTpaLuna HUXe), CAYXKUT,

cornacHo 3Toll runoTese, ABUXKYLW el cunoi

ans cuHTesa ATP, KaTanusnpyemoro

FOF,-ATPa300. BMUTOXOHAPMAX, CYyCNeHAN-

poBaHHbIX B cpefe ¢ pH 7,4, npoucxoput

okucnutenbHoe hocthopunnposaHue. Haiipge-

HO, 4TO pH MUTOXOHAPMANbLHOTO MaTpukca

paBeH npu atom 7,7.

BUWO3SHEPFETUKA N METABOJIN3M

a) Bbluncnnute, 4eMy paBHbl MONAPHbIE KOH-

LeHTpauum uoHoB H + B OKpyXatoLl e

cpefie MU B MaTpukce MWTOXOHAPUI AnA

3TUX YCNOBWIA.

OnpefennTe OTHOWEHWe KOHLUEHTpauwui

H + cHapyXu u BHyTpu, fatolee npeg-

cTaBfeHue 06 aHeprun, KOTOpyto 3Ta pas-

HOCTb KOHLeHTpauuii B cebe 3aknwouaet

(cm. rn. 14).

B) Onpegenute yucno MoHos H +, npuxopsa-
lleecs Ha OAHY Ablllallyto MUTOXOHZAPWIO
neyeHn. Mpn 3ToM pacuyeTe mcxopuTe U3
npeAnonoXeHWs, 4To BHYTPEHHee nNpo-
CTPAHCTBO MUTOXOHAPUW npeacTaBnser
co6oin cthepy gumameTrpom 15 MKM.

r) YuuTbiBas MNONy4YeHHble BaMW [JaHHble,
MOXHO NN CcYUTaTb OAMH TOMbKO 3TOT
rpagneHT pH A0CTaTOYHBIM MCTOYHUKOM
3Heprun ana cuHtesa ATP?

n) Ecnu, no Bawemy MHEHUWI, OAHOTO 3TOTO
rpagneHTa pH HepgocTaTo4yHO, TO Kakoii
OPYTOA NCTOUHWUK 3HEPTUKU, HEOGX0AUMON
Ans cuHTe3a ATP. moran 6bl Bbl yKa3aTb?

6

-



MMABA 18

OKUCJIEHNE XWPHbIX KWNCJ/IOT

B TKAHAX XXWBOTHbIX

Tpuayunranuueponbl- 04eHb BaXKHbI KC-
TOYHWUK 3HEpPrnM B OpPraHM3Me >KUBOTHBIX.
Cpefiv rNaBHbIX NUTATE/NbHbIX BELLECTB OHU
camble KanopuiiHble (cBbllie 9 Kkan/r);
B KneTKax TpuauWArInuLeponsl OTKNagbl-
BalOTCA B 3anac B BUAE XXMPOBbIX Kanesek,
COCTOALWMX U3 MOYTW YUCTOrO XWpa, U MO-
ryT B OYeHb 6GOMbLUINX KOMMYecTBax Haka-
NAMBATLCA U COXPAHATHCA B XWPOBOW TKa-
HW. B BbICOKOPa3BUTLIX CTPaHax B CPefHEM
He MeHee 40% CcyTOYHOIN NoTpe6HOCTU Yeno-
BEKA B JHEPIMM MNOKPbIBAETCH WMMEHHO 3a
CYET COAepXaLiuxcs B ero pauuoHe XUpos,
B HekoTOpbIX opraHax, B 4aCTHOCTW B rMe-
YeHW, CepALe U B CKENEeTHbIX MbIWLAaX, HaXxo-
LALNXCA B COCTOAHUM MOKOSA, CBbILLIE M0JI0-
BMHbl HEOOXOAMMOW 3HEPrum MOCTaBAAKT
TPUALMATANLEPONBI. Y HKMBOTHbIX, BMa-
JaloWwmx B CNAYKY, U Yy MepeneTHbIX NTuL,
TPUALMATINLEPONbl CNYXaT MPaKTUyecKu
€ANHCTBEHHbIM  UCTOYHWUKOM  3HEPTUM.
Oanbwe (rn. 21) mbl y3HaeMm, 4TOo U yrne-
BOfbl, €CMM TOJIbKO WX HakanjusaeTcs
C/IMLIKOM MHOro (a cnocobHOCTb OpraHus-
Ma XpPaHWTb TNIMKOTEH KpaiiHe orpaHunyeH-
Ha), TOXE npesBpaLLalTCcs B Tpuauunrnnue-
ponbl Ana ANUTENbHOTO XpaHeHwus.

Okono 95% Bceid 6MoONOrMYecKn JocTyn-
HOW aHepruu B MoneKyne TpuayunrinLepo-
NOB 3ak/iyalT B cebe ocTaTKuM Tpex
XVPHbIX KNCAOT C AAVNHHOM Lenbio W TOMb-
Ko 5% npuxoAnTCA Ha [0 ocTaTKa rnum-
Luepona. B 3Toli rnaBe Mbl 3aiimemcs pac-
CMOTpPEeHNEM Tex MeTabonmyeckux nyTei,
Mo KOTOPbIM B )XMBOTHOM OpraHu3me uget
OKUCMIEHNE  3TUX  BbICOKO3HEPreTUYecKnx
XWpPHbIX KncnoT o CO2 1 BOAbI, COMPOBO-
XAaroleecsd BblLeNleHUEM 3Heprun. Mol

YBUAWM, UTO Y XXMUPHbLIX KUCNOT 1 YTNEBOJ0B
KOHEUHbI NyTb OKUC/NIEHWS OfUHAKOB: 3TUM
06LLMM KOHEYHBIM MYTEM CIYXWUT LUK K-
MOHHOW KUCNOThI.

18.1. >XUpHbIe KUCIOTHI
aKTUBUPYIOTCA U OKUCAAOTCA
B MUWUTOXOHAPUAX

IMOCKOMbKY NOYTW BCE XMPHble KUCMOTbI
B XXMBOTHbIX TKaHAX MMEKT YETHOE 4UCcno
aToOMOB Yr/epofa, y>xe fjaBHO npegnonara-
NOCb, YTO B KNETKE XXMUPHble KNCNOTbl CUHTE-
3MpYyIOTCA M paspylialTcs nyTem npucoe-
OUHEHWA  WAW OTLWensieHns  ABYXyrie-
POAHbIX (hparmMeHTOB. Knaccmyeckne akcne-
puMeHTbl ®paHua KHoona, NpoBefeHHble
uM B epmMaHMyM B Havane HalWero Beka,
NnoATBEPAUNN 3TO NPeANONOXKEHNE U NO3BO-
aunnm KHoony 3aknlunTb, YTO OKWUCAEHMe
XXUPHbIX KMCMOT NPOMCXOAUT NyTeEM nocne-
[40BaTENbHOTO  OTWeN/IeHNa  ABYXyrje-
poAHbIX (parMeHTOB Mo R-cxeme, T.e.
Kaxabli pa3 okucnaetcs R-yrnepogHblii
aToMm, B pe3yfnbTaTe 4ero obpasyetca B-ke-
TOKMCNOTa, KOoTOpas 3aTeM MoABepraeTcs
paclwenneHnto ¢ obpasoBaHMem ABYXyrie-
pogHoro parmeHTa (No-BUAMMOMY, YKCYC-
HO KMCNOTbI) U XXUPHON KMUCNOTbI, cCOopep-
Xauleli Ha fBa aTtoma yrnepoja MeHbLue,
4yeM ucxofHas kucnota (puc. 18-1).

O/HaKo B TeYeHMe HeCKONbKUX fecATue-
TUIA NONbITKA NPOLEMOHCTPUPOBATL OKMUC-
NEeHNE XUPHBIX KNUCOT B BECKNETOYHBIX K-
CTpakTax WM B TFOMOreHaTax >XWBOTHbIX
TKaHeil ocTaBanucb 6e3pe3ynbTaTHbIMU.
BaxHblli war B 370l 06n1acTu 6bIn chenax,
Korga AnbbepT JleHuHgxep B CLUA o6Ha-
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Q -CH ,- .cH,-TCH—CH,-pCH—CH,4CH,—coon _—

Lienb ¢ YeTHBIM YMCNOM aTOMOB Yrnepoja

ANY ~CH ,4-CH,—CH,-fCH,—CH,-j-CH,—CH -j-CH,—COOH-

Lienb ¢ HEYETHBIM YUCNOM aTOMOB yriepoja

pyxwun, 4To gobasneHne ATP K romoreHa-
Tam MeyeHn BOCCTaHaB/MMBAET WX CMOCO6-
HOCTb K OKWC/MIEHUIO KMPHBIX KWUCIOT.
JleHWHpXep npegnonoxun, yto ATP Tpe-
byeTca A4NnA  akTuBauuu Kapb6OKCUAbHON
rpynnbl XXWPHO KNCNOTbl B KakOW-To hep-
MEHTaTMBHOMN peakuun. OH TakxXe ycTaHO-
BWN, YTO OKWC/IEHWE XUPHBIX KUC/OT B TO-
MOreHaTax rneyeHun NpuBoAUT K 06pa3oBa-
HUI0 aKTUBHbLIX ABYXYT/epOAHbIX (parmeH-
TOB, CMNOCOOHBLIX BKAOYATLCA B LMWK K-
MOHHOI Kucnotbl. Mo3xe JIeHnHgXKep no-
Kasan, 4To OKUCNEHUE >KUPHbLIX KUCAOT
npoTeKaeT B MUTOXOHAPUAX KNETOK NeyeHu.
CneayowWwmmM BaXXHbIM LWarom, cnoco6cTBo-
BaBWMWM 6bICTPOMY BbISCHEHWNIO OTAENbHbIX
(hepMeHTaTUBHbIX 3TanoB NpoLecca oKucne-
HUA XUPHBIX KWUCNOT, ABWAUCHL UCCefoBa-
Hua deofopa JIMHeHa M ero COTPYAHMKOB
B MtoHxeHe. OHUM Hawnn, yto ATP-3aBuUCK-
Mas aKTUBALMA XUPHbLIX KUCNOT BKOYaET
(hepMeHTaTUBHYIO 3Tepudukauunio kKapobok-
CU/IbHOW TPyNMbl XWUPHOW KUCNOTbI TUOMO-
BOV rpynnoi koepmeHTa A 1 YTO BCe MO-
cnefiylowime MNpPOMeXyTouHble MPOAYKThI
npoLecca OKUCMEHUA XXUPHbLIX KUCNOT npef-
CTaBNAIT co6OM TMO3UPLI KOepmeHTa A.
Mpocneanm NyTb OKUCNEHUS XUPHBIX KKC-
NOT B CBETe COBPEMEHHbIX 3HaHWA.

18.2. Tlpouecc noctynneHus
XUPHBIX KWUC/IOT B MUTOXOHAPUN
COCTOMT W3 Tpex 3Tanos

YXUpHble KWCMOTbl MOCTYNawT B LMUTO-
30/1b U3 ABYX UCTOUHMKOB. HeKOTOpbIe CBO-
60fHble XXUPHbIE KWCOTbl [JOCTaBAAKTCS
KneTkam KpoBbl, GyAyuum NpPUCOEAUMHEHDI
K CbIBOPOTOYHOMY anbGymuHy. OTAenvs-

npOp,yKTbI, Bbl€NEHHbLIE N3 MO4N
(Y ¢cH ,—COOH

PeHnnyKecycHas Kucnota

*fycooH
BeH3oliHas kucnota

Puc. 18-1. OkucneHue GeHUN3aMeLLeHHbIX XUp-
HbIX KucnoT (onbiTel KHoona). KHoon ckapmau-
Ba/ KPO/JMKAM XXWUPHbIE KNCNOTbI, MEYEHHbIE (he-
HWNBLHOW TPynnoit Npu t0-yrnepogHoM atome, T.e.
npu atome yrnepofa KoHLEBOW MeTanbHOW rpyn-
nbl. TpK cKapMAMBaHUK LLI-(EHUN3AMELLEHHbIX
>KUPHbBIX KUCOT C YeTHbIM YUC/I0M aTOMOB Yyr-
nepoja B MOYe XWBOTHbIX BCerga o6Hapy»xuBa-
Nnacb B KayeCTBe KOHEYHOro NpoAyKTa OKUCNeHns
(heHUNYKCYCHasA KMCNoTa, a Npu CKapManBaHUu
KWCNOT C HEYETHLIM YMUC/IOM aTOMOB Yyrnepoga -
6eH30liHas KucnoTa. M3 aToro HabnwopeHus
KHoON 3aKNo4nA, YTO OKUCNEHWNE Lienn XUPHOIA
KWUCNOTbl HauMHaeTcs ¢ B-yrnepogHoro atoma u
npoTeKaeT MyTeM NocnefoBaTe/IbHOr0 OTLene-
HUSA OT Lenu ABYXYrnepoAHbiX (hparMeHToB (Kak
3TO MOKa3aHO Ha PUCYHKE MOMepevHbIMU MYyHKTUP-
HbIMU IMHUAMWU KpacHOro useta). [ByXyrnepof-
Hble )parMeHTbl OTLWENNAOTCA, BEPOATHO, B BUJE
aueTaTa, KOTOpbIil 3aTeM okucnsetcs o C02

1M H20. OcTanbHas 4acTb MOEKY/bl XWUPHOW Kuc-
noTbl (NOKa3aHa Ha KpacHOM (hoHe) yxke 6onee

He OKUC/IAETCA U BbIBOAMTCA U3 OpraHun3ma.

WUCb OT HEro, OHW NPOXOAAT CKBO3b Kile-
TOYHble MeMGpaHbl B LMT030/b. BTOpbIM
MCTOUYHUKOM >XUPHbIX KUCIOT CyXaT co-
JepXaliuecs B caMOM LWUTO30/e TpUaLun-
rWLeponbl, pacuienasiownecs nog Aei-
cTBuemM nvna3. CBOGOAHbIE >XUPHbIE KUC-
NOTbl, NPUCYTCTBYIOWME B LUTO30/€, He
CMOCOGHbI  MPOATM  4Yepe3  MUTOXOH-
ApuvanbHble Mem6paHbl. OHU MOTyT no-
nacTb B MWUTOXOHZAPUANbHbIA  MaTpuKc,
B KOTOPOM MPOUCXOAWUT WX OKUC/IEHUE,
AW NOCNe TOro, KakK MOABEPrHyTCA pagy
(hepMeHTATMBHbIX MpeBpalleHunii B Tpex-
3TanHOM npouecce. MepBblii 3Tan 3aTux npe-

BpalleHuit ocyulectBisetcs  aumn-CoA -
CMHTeTasamu - JepMeHTaMu, NPUCYTCTBY-
IOWUMU B Hapy>XHO MUTOXOHApPWab-

HO/i Mem6bpaHe. OTu (epMeHTbl KaTanu-

3MpYIOT peakyuio

RCOOH + ATP + COA-SH ;=+ R—C—S—C0A + AMP + PP( (1)

Auunn -CoA
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roe RCOOH o03HauvaeT XWPHYH KUCNOTY
C ANVHHOW uenbto, a PP, -HeopraHnyeckui
nupodocdar. B xoge 3Ton peakynm BO3HU-
KaeT TwuoadhupHasa CBA3b Mexay Kap6ok-
CUNbHOM FPYNNOW XWUPHOW KNCNOTbI U TNO-
noBoli rpynnoii kothepmeHTa A, T.e. o6pa-
3yetcq COA-NpOM3BOAHOE >KMPHOM KuC-
notel  (puc. 18-2); opHoBpemMeHHO ATP
pacwennsetcd Ha AMP 1 HeopraHU4eckuii
nupodocdar. ITO CONPAXKEHHAA peakuUna:
3Heprusa, BbicBOGOXatoLWanacs npu pactie-
nneHun ATP Ha AMP u nupogocdart, uc-
NoNb3yeTcsd B aKTUBHOM LieHTpe depmeHTa
fAna o6pa3oBaHNA HOBOW TMO3(MPHON CBS-
31. COA-NPON3BOLHBIE XXUPHBIX KUCNOT, Tak
Xe Kak u auetun-CoA, npefcraBnawT co-
601 BbICOKOIHEPreTUYeCKNEe COEAUHEHUS:
UX TMAPONN3 A0 CBOOGOAHOW XMPHOW Kuc-
notel 1 CoA—SH xapaktepusyetcsd 60nb-
WoW oTpuuaTtenbHoin BenuumHoik AGO'
(okono —7,5 Kkan/monb).

CyMmapHasa  peakuusa, onucbiBaemas
ypaBHeHueM (1), nerko obpatuma, noTomy
yTo BenmumnmHa AGO' cocTaB/isieT 4N1a Hee BCe-
ro —0,20 kkan/monb. ¥ ganocb UAEHTUPU-
LMpoBaTb MPOMEXYTOUHbIA NPOAYKT 3TOM
peakuuun, o6pasyloluiics B CBA3AHHOWA
c hepmeHTOM hopme. OH OKasancs afeHu-
NaTOoM XXUPHOW KUCNOTbI, T.e. CMeLaHHbIM
aHTMAPUAOM JKMPHOA Kucnotel U AMP
(puc. 18-3). ApeHunat >KMPHON KUCAOTI
ob6pa3yeTca B aKTUBHOM LEHTpe (hepmeHTa.
34ecb OH BCTyMaeT BO B3aUMO[ENCTBUE CO
cBo6ogHbiM COA—SH, B pe3ynbTate 4ero
nonyvatotca COA-NPOM3BOAHOE >KMPHOW
Kucnotel 1 AMP.

Mupodocat, obpasyroLLmiica B xofe ak-
TUBaL MW XUPHBIX KUCOT, MOXEeT 3aTeM ru-
Lponn3oBaThbCA NOL [eWCTBMEM BTOPOro
(hepMeHTa - HeopraHuuyeckor  nupodocca-
Tasbl:

Mupodochar + H20 -» 2doctart(2)
AGO' = —6,9 KKkan/Monb.

MockonbKy TMAPOaN3 nupogocdara B WH-
TaKTHbIX K/ETKax WAeT NpakTUYecku [0

Puc. 18-2. Manbmutonn-CoA. Kap6okcunbHas

rpynna nanbMuTUHOBOW (16-yrnepoAHoii) kucno-
Tbl U TWONOBAs rpynna KogepmeHTa A B3auMo-

LeicTBYOT ¢ 06pa3oBaHMeM TUO3UPHON CBA3N.
O6patnTe BHUMaHWe, 4To COA-3(MPbl XUPHbIX

KWCNOT-3TO OYeHb 6OMbLUNE MONEKYNbI.

CH,

CH2

CH2
CH2

CH,

AuunnbHas
rpynna

c=o0
H—C—OH
HX C--CHs3
H—C—H
KodepmeHt A d
-o—p=o0
NHj
-0—p=o0 .c*
HC, |

H—c¢c—H

\H H/

1
o=p—0-
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Ccr
1 o—ﬂ>GO—CHJ U
L

o
OH OH

AunnbHas
rpynna

OCTaTOK afeHuUNoBO
KUCNOTHI

Puc. 18-3. CTpyKTypa afeHunata XUpHoWh Kuc-
NnoTbl. AuunbHas rpynna BblfeneHa KpacHbIM;
cnefyeT MOMHUTL, Y4TO 3Ta auuibHas rpynna
(OCTaTOK XXMPHOW KUCNOTbI) OYEHb BeAUKa Mo
CpaBHEHWIO C afleHWUNaTHON Y4acTblo MOMEKY /bl
(cm. puc. 18-2).

KOHUa, (hepMeHT pe3Ko CcABUraeT paBHOBe-
Cuhe peakLMmn akTusaLum (1) BMpaBso, T.e. Bbl-
Hy)XAaeT ee AT B CTOPOHY 06pasoBaHuWs
COA-NpoM3BOAHOIO  XXMPHON  KUCNOTbI.
CymmapHas peakuums, obbefuHaowas pe-
akumm (1) m (2), MoXeT 6bITb 3anucaHa B cre-
Jywouwem Buge:

XupHaa kucnota + ATP +

+ CoA—SH -» Auun—S—CoA +

+ AMP + 2P;

AGO = —7,1 kkan/monb.

Mo3xe Mbl NO3HAKOMUMCS C APYTUMU MpU-
mMepamMu, B KOTOpbIX nupogocdaTHoe pac-
wenneHne ATP (pa3g. 14.17) ¢ nocnepyto-
WUM ruaponmsom nupodocdara  TOXe
MCnonb3yeTca ANna akTueauuym 6MoMoNeKyn.
COA-3(hMpbl  XUPHBIX KUCNOT Hecno-
COGHbI MPOHUKaTb 4Yepe3 BHYTPEHHIOIO
MeMbpaHy MWUTOXOHApWIA. OJHAKO Ha Ha-
PY>XXHOW MOBEPXHOCTU 3TON BHYTPEHHeN
MeMbpaHbl MMeeTcsa 0CO6bIi hepMeHT —
KapHUTUH-aumnTpaHcdepasa |, KoTOpbIi
KaTanu3mpyeT peakuuto, NpeacTaBnsatoLLY O
coboin BTOpPOI 3Tanm npouecca MNepeHoca
XUPHBIX KUCMOT B MUTOXOHAPUK:

Aunn—S—CoA + KapHuUTUH
N AumnkapHutuH + CoA—SH.

CnoxHble 3aPupbl KapHUTUHA U KUPHBIX
KWCNOT CNOCOBGHbLI MPOXOAUTL Yepe3 BHY-
TPEHHIOID MeM6paHy MUTOXOHAPUIA U Npo-
HUKaTb B MUTOXOHAPWaNbHbIA MaTpUKC.
B otnnume oT CoA-3(hMpOB XUPHBIX KNCNOT
OHM cofiepXaT He TWUO3IPUPHYI, a KuC-
NOPOLHO-3UNPHYIO CBA3b. KapHuUTuH

CH3 Fi

HX — N+-mCH.— C— CH,— COO"

CH, in KapHuTuH

Nanemutonn-S-CoA

N

KapHUTUH-
ayunTpaHchepasa
CoA-SH

CH3 H
H.C— N+- eCH,—C—CH2—C00-

CH3 O
KucnopogHo*
C*“ 0 adMWpHas cBA3b

CH,
CH,
CH,
CH,
CH,

ManbMuTOUNbLHASA CH,

rpynna
Py CH,

|
CH,

CH,

CH,

|
CH,

ManbMNTOMNKAPHUTUH
Puc. 18-4. OGpaTumas peakuus, kaTanusmpyemas
KapHWUTUH-auunTpaHchepasoi

(puc. 18-4) o6HapyXeH MoyYTU BO BCEX XWU-
BOTHbIX U PACTUTENbHbIX TKaHAX. 3BeCTHO,
YTO HEKOTOpble HWU3LWWe OpraHu3mbl, Ha-
npumep «My4Hoii yepsb» (Tenebrio molitor),
He 06n1ajalT CNOCOOGHOCTbIO CUHTE3UPO-
BaTb KapHWUTWH W MOTOMY [OMXKHbI NONy-
yaTb ero c nuuieii. B opraHnsme yenoseka
W'y APYTUX NO3BOHOYHbIX KapHUTWH 06pa-
3yeTcs U3 fIM3nHa.

Ha TpeTbeMm 1 nocnefgHem atane npotec-
ca MOCTYN/EHNSA >XUPHbIX KUCNOT B MUTO-
XOHAPWMW 0CTATOK XXMUPHOM KUCNOTbI (aLynib-
Has rpynna) NepeHocuTca OT KapHUTUHA Ha
BHYTPUMUTOXOHAPUaNbHbIA COA npu yya-
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CTUN (hepMeHTa, HOCALLEro Ha3BaHWE KapHu-
TuH-auunTpaHcepassl 1. 3T1a popma dep-
MeHTa /I0Kanu3yeTca Ha BHYTPeHHe no-
BEPXHOCTU BHYTPEHHel MUTOXOHAPUaANb-
HOW MeMbpaHbl; 34eCb NPONCXOANT pereHe-
pauns COA-NpOU3BOAHbLIX XWUPHbIX KACNOT
W oTCclofa OHW MOCTynalT B MaTpuKe
MUTOXOHAPUK:

AuunkapHutud + CoA—SH
Aunn—S—CoA + KapHutuH. (3)

Mo>xeT mnokasaTtbCcs, 4YTO 3TOT Tpex-
aTanHbli  npouecc [ypaBHeHus (1)—3)],
obecneumBalOWmnin - NOCTYNNEHNE DKUPHBIX
KNUCNOT B MUTOXOHAPUU, U3NNLLHE CNOXEH.
OH, ofHaKo, NO3BOMIAET pas3feNnTb ABa ny-
na kKoepmeHTa A- LUMTO30MbHbIA U BHY-
TPUMUTOXOHAPUANbHbIA. Takoe pasgene-
HWe Heob6X04UMO, MOCKONbKY 3TWU Myfbl
BbINOMHAKT pa3Hble (YHKUMUM. MUTOXOH-
ApunanbHbln - nyn  CoA  wncnonb3yetcs
rnaBHbIM 06pasoM AN OKWUC/IUTENbHOrO
pacwienneHns nupysaTa, >XWPHbIX KUCNOT
M HEKOTOPbIX aMWHOKWUCMIOT, TOTAa Kak Lu-
TO30MbHbIV Nyn yuyacTByeT B OMOCKMHTe3e
XWUPHBLIX KUCNOT. B CBA3N C 3TUM YMECTHO
BCMOMHUTb, YTO pa3fesneHne LUTO30/1bHOTO
N BHYTPpUMUTOXOHAPUansHoro nynos NAD
n ATP Takxe obecrneunBaeTcsi BHYTPEHHel
MUTOXOHApPWanbHoli  Mem6paHoii  (pasa.
17.2). Mpun 3TOoM BaXHO M TO 06cTOA-
TeNbCTBO, YTO (DEPMEHT, KaTanusnmpyoLnii
BTOPOI 3Tan 3TOro TPEX3TamHOro mpoLec-
ca,- KapHUTUH-aunnTpaHcdepasa 1-ABNAET-
CA  perynatopHoiM  (epmMeHTOM.  Kak
Mbl YBUAWM fanee, OH PeryanpyeTt CKopocTb
MOCTYMNEHUS aLMAbHBLIX TPYNN B MUTOXOH-
Apun, a cnefosaTenbHO, U CKOPOCTb OKMUC-
NIEHUA XUPHBIX KWCNOT.

Tenepb COA-3(MPbl XUPHBIX KACNOT F0-
TOBbl [ANA TOro, 4to6bl WX XMWPHOKUC-
NOTHbIA KOMMOHEHT 6blN NOABEPTHYT OKHKC-
NEHUIO Npu nomowm psaga cneun@uuHbIx
(PEepMeHTOB B MaTpPUKCE MUTOXOHZPUM.

18.3. OKwucneHue XUPHbIX
KWUCMOT BK/OYaeT ABe CTaguu

Mpouecc OKUCMEHWUS DKUPHLIX KUCNOT
B MUTOXOHAPMUAX COCTOMT U3 ABYX FNaBHbIX
cTaguii (puc. 18-5). Ha nepBoii cTaguu npo-
MCXOAMT nocnefoBaTenbHOe OTLLENAeHune

Puc. 18-5. [lBe cTagnu OKUCNEHUA XMUPHBIX KUC-
not. Ctagusa 1: OKUCNEHWE XUPHON KUCNOThI

C ANVHHON Lenblo, NpuBojsALLee K 06pasoBaHuio
aueTUNbHbIX rpynn B opme auetnn-CoA. Cra-
AVA 2: OKUCNEHME aueTuNbHbIX rpynn go C 02

ABYXYTIEpOAHbIX (parMeHTOB (B BUAE aue-
Tn-CoA) 0T Kap6OKCU/IbHOTO KOHLa Lenu
XUPHOW  KucnoTel.  Kaxpablii — aByxyrne-
POAHbIA (hparmMeHT OTLENAeTCs B Pe3y/ib-
TaTe UMKNa (hepMeHTaTUBHbIX peakuuii. Ha-
npumep, ANs pacuienseHus 16-yriepogHoit
naAbMUTUHOBOW KWUC/IOTbl TpeGyeTcs CeMb
TaKNX MOBTOPSIOLLNXCA LUKIIOB, B KaXAOM
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13 KOTOPbIX (DEPMEHTbI «OTpe3alT» 0T Mo-
CTENeHHO yKopaynBaroLWeica Lenm X1UpHoOM
KUCMOTbl MO OAHOMY [BYXYrnepogHomy
thparmeHTy B Buae auetnn-CoA. Mo 3aBep-
LWeHUN ceMu TakKuX LMKNOB OCTaeTca no-
CnefHWiA ABYXYTIEPOAHbI (hparMeHT Takxe
B Buae auetmn-CoA. O6wunin pesynbraT co-
CTOWT, CfefoBaTe/lbHO, B MNpeBpaLLeHun
16-yrnepogHoii Luenu NanbMUTUHOBOW KuUC-
NOTbl B BOCEMb ABYXYT/IEPOAHbLIX (hparmeH-
TOB B (POpMe aueTWUNbHbIX FPynn aueTun-
CoA. B kaxaom o6opoTe unkna o6pasoBsa-
Hue ofHON monekynsl auetun-CoA conpo-
BOX/AETCA OTULeM/IeHNEeM OT MOJIeKy /bl
YXMPHOW KMCNOTbI YeTblpex aTOMOB BOAOPO-
fa nof AeiicTBMEM creLUpUYHbIX Sernapo-
reHas.

Ha BTOpOil CTaguu OKUCMEHUSA XXUPHbIX
KUCNOT 3TW aleTu/bHble OCTaTKW aLeTus-
CoA oKuCnawTCa 4epe3 LUKN NMMOHHOW
kucnotel go CO2 n H20. 3T0T npouecc
TakXe MpoTeKaeT B MUTOXOHAPUAX. Takum
o6pasom, auetun-CoA, ob6pasyowunics
B pe3yfibTaTe OKWUCMEHUS XUPHbIX KUCOT,
nocTynaeT Ha 06U i KOHEYHbIA NyTb OKKC-
neHus BMecTe ¢ aueTun-CoA, obpasyto-
LWUMCS U3 TII0OKO3bl Yepe3 peakLuio OKuc-
newus nupysata (puc. 17-1).

Ha o6enx cTaguax OKUCNEHUS XUPHbIX
KUCMOT aToOMbl BOAOPOAA WAW COOTBET-
CTBYIOLLME UM 3/1EKTPOHbLI MepegarTcsa no
MUTOXOHApPUANbHOW Lenu mepeHoca 3MeK-
TPOHOB Ha Kucnopof. C 3TUM MOTOKOM
3N1eKTPOHOB COMpPSXEH MpPOLecC OKUCIU-
TenbHoro docdopunuposaHus ADP po
ATP. CnepoBaTenbHO, 3Heprus, BblCBO60-
Xpawwaaca Ha 006enx cTaguax OKMCIEHWS
XMWPHbIX KUCNOT, 3anacaeTcs B oopme ATP.

18.4. TlepBasa cTaguMsa OKUCNEHUA
HaCbIWEHHbIX >XUPHbIX KWUCMOT
COCTOMT W3 YeTblpex 3TanoB

Huxe paccMoTpeHbl YeTbipe (epMeHTa-
TUBHblE peakLuW, COCTaBMAOLINE MEPBYIO
CTaAMi0 OKWCMEHWUS XUPHBIX KUC/IOT.

a. Mepsas peakuus
LerniapnpoBaHns

Moctynueswue B mMuToXoHapun CoA-
3(MPbl HACBILEHHbIX XUPHBIX KUCNOT Moj-
BepralTca pepMeHTaTUBHOMY Aernfipupo-

R—CHr—CHr— CH,—C—S—CoA
0 Hanbmutonn-coA

FAD Aunn-CoA-

fadh2 AervaporeHasa

H
|
R—CHr—C=C —C—S—CoA
I4 (]]' Apasii-A3-EHonn-CoA

Ho X EHonn—CoA—
ryoparasa

OH
R—CH2—C—CMN,—C—S—CoA
H O L—-3—vgpoxkcviaupri—CoA

NADH/ 3-rympokaviaLyin-Co A—
H++ NADHA Aeraporenasa

R—CH,—C—CH2—C— S—CoA
I 1
00 3—keToaut—CoA

CoA-SH ->J Auetnn-CoA—
aLeTwTTpaHchepasa

(CYR—CHr—C—S—CoA + CH3—C—S—CoA
O

<Cl4)-Aup-CoA Auen—CoA
(MvpmcTow—CoA)

—>Auetnn_c0A
—Auetun_cO0a

—*AueTtw CoA
—Auetwi—CoA

)——Auetwl_c,,a
) Auetnn-CoA

Auetun .CoA r

Puc. 18-6. LIMKN OKUCNEHWUSA XWUPHBIX KUCNOT.

A. B nepsom 060p0oTe LMKNa 0T KapbOKCUNLHOTO
KOHLA NanbMUTUHOBOW Kucnotel (C16), BcTynatwo-
et B unkn B hopme nanbmutonn-CoA, otwen-
nsetca B BuAe auetun-CoA ofHa aueTunbHas
rpynna (BblgeneHa kpacHbim). b. LLlecTb cnegyto-
LMX 060pPOTOB LMKNA Jal0T elle CeMb MONEKYN
auetun-CoA (cegbmyto Monekyny obpasytoT fABa
nocrefHMX atoma yrnepoga, octaswmecs ot 16-
YyrnepofHOW Lenn nanbMUTUHOBOW KUCNOTHI).
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CyKumnHar
ATP O ATP ATP
I Y _L_
NADH- -*Q, —ur. B -»lut. aa. 0,
YVYacToK 1 YuyacTok 2 Yyactok 3

are

/

Aunn-CoA------ > M3

Puc. 18-7. BoccTaHOBUTENbHbIE 3KBMBANEHThbI, OT-
wennsemble oT COA-NPON3BOAHOIO XUPHOW Kuc-
notbl aunn-CoA—perugporeHasoii (pnasonpoTte-
nH 3, unn ®T3), nepesarTca yepes 3NEKTPOH-
nepeHocAwwmMii gpnasonpoTenH (AMNP) Ha YOUXUHOH
(Q), BX0AAWMIA B COCTAB MUTOXOHAPUANBHON Abl-
XaTeNbHOW Lenu. Ha KaxAyl napy 3neKTpOoHOB,
nepejaHHbIX OT YOUXWHOHA Ha Kucnopog, obpa-
3yloTca ABe Mosiekynbl ATP. Y6UXUHOH, crefoBa-
TeNbHO, cobupaet anekTpoHsl 0T NADH-gerngpo-
reHasbl (® MM cykuuHatgerngporeHassl (Pr12)

n aunmn-CoA—gerngporeHasnl (®r3).

BaHUIO MO a- 1 B-aTomam yrnepoga (T.e. no
aToMaM yrnepofa B MOMOXEHUSX 2 u 3),
B pe3yfnbTaTe Yero B Yr/JepPOAHOI Lenn

o6pasyeTcss [ABoiiHas CBA3b. [MpoayKTOM
3TO peakuuu, KaTanusupyemoi auun-
CoA— aerugporeHasoi (0603Ha4YeHHOIA

B MPUBEAEHHOM HWKe YypaBHEHUU OYKBOW
E), aBnsetca TpaHc-Az-eHoun-CoA. [Mpo-
CTeTMYECKOW rpynnoii qepmMeHTa CAYXUT
FAD:

Aunn—S—CoA + E—FAD -»

-* TpaHc-Az-EHOMn—S—COoA +
+ E—FADH2.

CnmBonoM Az ycioBHO 0603HavaloT noso-
XeHve aBoliHoN cBssn (puc. 18-6). BaxHo
OTMETUTb, YTO HEeHaCbILWEHHOE COeuHeHMe,
obpasyloleecs B TaKO peakuumn, npepcra-
BASeT CO60M TpaHC-M30Mep; HamOMHUM
B CBS3M C 3TUM, YTO fiBOIiHbIEe CBA3N HEHachbl-
LEeHHbIX XXWPHBIX KUCMOT, COofepxalymxcs
B NPUPOAHbIX COEAMHEHUAX, UMEKT Lmc-
KOH(urypauuto (pasg. 12.1). Mo3xe Mbl
elle BEPHEMCH K 0OCYX/[EHUIO 3TOr0 Kaxy-
weroca npoTtueopeuns. ATOMbl BOLOPOAa,

oTwennsemble 0T COA-3(MPOB XUPHBIX
KWUCnoT, nepeHocatca Ha FAD, T.e. Ha npou-
HO CBf3aHHYI0O MPOCTETUYECKYI0 rpynny
aunn-CoA—perngporeHassl. BoccTaHo-
BNeHHaa ¢opma auun-CoA—pgerungpore-
Hasbl nepefiaeT 3aTeM Mapy 31eKTPOHOB
cneungpuruyeckomy nepeHocUnKy 3NeKTPOHOB,
Ha3blBAEMOMY 3N1EKTPOTEpPeHoCAW UM (na-
BONpoTenHOM (M D), KOTOpbI B CBOK 0Ye-
pefb nepefaeT ee YOUXUHOHY, ABNAIOLWEMY-
CAl COCTaBHOWM 4acTbi0 MWUTOXOHAPUANbHOW
LblxaTensHol uenu (puc. 18-7). B pesynbTa-
Te MOC/MefyloLlero nepeHoca 3TOW nNapsbl
371eKTPOHOB MO AblXaTeNbHOW Lenu K Kucno-
posy obpasytTcs ABe Monekynbl ATP ny-
TEM OKUCINTENbHOTO (hochopuanpoBaHus
ADP (puc. 17-7).

6. Peakuus rugpaTayuu

Ha BTOpOM 3Tame UuMKNa OKWCAEHUA
XUPHbIX KWCNOT MPOUCXOAWNT ruapatauus
[BOWHOW cBsi3n Tpakc-Az-eHoun-CoA, B pe-
3ynbTate yero obpasyetcs L-ctepeonsomep
P-rugpokcu(unm 3-rugpokcn)aunn-CoA.
3Ta peakyua (puc. 18-6) kaTanusupyeTtcs
eHoun-CoA— rugpaTasoii (kotopas 6bina
nonyyeHa B KpWCTanimyeckow gopme):

Tpakc-Az-EHonn—S—CoA + H20
N L-3-rugpokcunaynn— S— CoA.

B. BTopas peakuus ferujpuposaHus

Ha TpeTbem 3Tanme uwmkKna OKMUC/EHUA
XUPHbIX  KUcnoT L-3-rugpokcuauymn-CoA
gerngpupyetca ¢ obpasoBaHuem 3-ketoa-
umn-CoA (puc. 18-6). Kartanusupyet 3Ty
peakuunto  3-rugpokcuauumn- CoA— gerngpo-
reHasa; Crneyupuyeckum akLenTopom 3jek-
TpoHoB cnyxut NAD +:
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L-3-rugpokcnaumn—S—CoA 4 NAD+
A 3-ketoaumn—S CoA + NADH 4
4 H+.

3-rngpokcmaumnn-CoA--gerngporeHasa o6-
nagaet abCoNOTHOW CNeunpUYHOCTLI0 B
OTHOWweHuUn L-cTepeonsomepos, Obpaso-
BaBLIMNiica B 3Toi peakuun NADH nepe-
flaeT 3aTeM BOCCTaHOBWTE/IbHbIE 3KBUBa-
neHtol NADH-gerngporeHase fbixarenb-
HoW uenu (puc. 18-7). Ha kaxpyw napy
3N1eKTPOHOB, Mepexofswmnx no uenu nepe-
Hoca 3anekTpoHos oT NADH K kucnopoay,
obpasytTca Tpu monekynsl ATP, Kak 3To
xapaktepHo Boob6uie ana scex NAD-3aBu-
CUMbIX peakuuil gerngpupoBaHusa cybcTpa-
Ta, NpoTeKawWwWx B  MUTOXOHAPUAX
(pa3g. 17.13).

r. Peakuyns nmANTUYECKOTO
pacuienneHus

MocneaHasa (veTBepTad) peakuusa wuukKna
OKWNCNEHUA XUPHBIX KUCMOT KaTanusmpyert-
cA aueTun-CoA— aueTunTpaHcdepasoi
(6onee n3BeCTHOW Noj Ha3BaHWEM Tuonasa).
Ha atom 3stane 3-ketoauun-CoA B3ammo-
pencteyeT co cBo60oaHbIM COA— SH 1 pac-
wennsetcs ¢ obpa3oBaHWeM, BO-MePBbIX,
ABYXYrNnepogHOro (hparMeHTa, cofiepxatie-
ro fiBa KOHLEBbIX Yr/EpOfHbIX aTtoMa uc-
XOAHOW XUPHOW KWCNOTbl B BUAe aueTun-
CoA, u, B0-BTOpPbIX, COA-3hupa XMpHOI
KMCNOTbI, YKOPOYEHHON Tenepb Ha fBa aTo-
mMa yrnepoga (puc. 18-6):

3-ketoaumn—S—CoA + CoA - SH dp
N Aumn—S—CoA (Ha gBa atoma
yrnepoga kopoye) + Auetun—S—CoA.

Mo aHanorum ¢ rMapoaM3oM 3Ty peakuuto
HasblBalOT TMOM30OM, NOTOMY 4TO R-KeToa-
unn-CoA pacliennseTcs B pe3ynbTaTe ero
B3aMMOZENCTBUA C TUON0BOW rpynnoit CoA
(puc. 18-6).

18.5. Ha nepBoi cTagumn
OKUCMIEHUS >XXUPHbIX KWUCNOT
obpasytoTca auetun-CoA un ATP

NTaK, Mbl 3aKOHYMNM PpacCMOTPEHME
0iHOTO 060pPOTA LMKIA OKUCIIEHNSA XUPHbBIX
Kucnot. Betynuswimii B 3ToT uukn CoA-
3(Up XNUPHOW KUCNOTbI C AIMHHOW Lenbio

TepsaeT ofjHy monekyny auetun-CoA u fse
napbl aToMOB BOfiOpOfa; NO 3aBepLUEeHUY
ofiHOro o6opoTa uuKna Uenb XXWPHOA Kuc-
NOTbl CTAHOBMTCA Ha [Ba atoma yrnepoga
kopoye. Ana CoA-apupa nanbMUTUHOBOM
Kucnotsl (16 aTomM0OB yrnepoja) cymmapHoe
ypaBHeHue 0fiHOro o6opoTa UukKna oKucne-
HUA WMMeeT ChefylowWwunii BUA:

Manomntonn—S—CoA 4

4 CoA SIIl + FAD + NAD +
4 H20 -* Mwupuctonn—S—CoA +
+ Auetun—S—CoA 4 FADH: 4
4 NADH 4 H+.

B pesynbTate OTWenneHWs OLHOW Mone-
Kynol auetun-CoA ot nanbmutomn-CoA
o6pasyetcs CoA-3hup MUPUCIMTOBOW KUC-
noThl, B MOJEKY/Ne KOTOPOW COAepXuTCA
yXe ToNbKO 14 aToMO0B yrfiepoga. 9T0T MU-
puctonn-CoA BCTynaeT B HOBbIA UWKA
OKWMCNEHMNS, COCTOALNIA N3 TeX Xe YeTblpex
peakumii; B3aTOM LMKne 06pa3yeTcs elle of-
Ha monekyna auetnn-CoA n CoA-aup ro-
MOMIOTMYHOW 12-yr/IEPOAHOI NlaypUHOBOWA
KUcnoTebl - naypoun-CoA. [Ons OKUCNeHus
OfHOI MOJIeKY bl nansmutonn-CoA
c 0o6pa3oBaHMeM BOCbMMW MOJIEKY/ aLeTu-
CoA TpebyeTcs CeMb TakKuUX LMWK/OB
(puc. 18-6):

Manemutonn—S—CoA 4
4 7CoA—SH 4 7FAD 4 7NAD+ 4

4 7TH20 -> sAuetun—S—CoA
4 7FADH: 4 7N.ADH 4 7H+.

Kaxpasa wmonekyna FADH2, o6pasoBas-
Waacas Mnpy OKWCAEHWN XXUPHOW KUCNOTHI,
nepefaeT OfHY Mapy 3NeKTPOHOB B AblXa-
TeNbHYIO LeNb Ha YPOBHE YOUXMHOHA; npu
nepeHoce 3TON Mapbl 31eKTPOHOB Ha KMCo-
PO 1 COMPAXEHHOM MPOLECCe OKNUCANTENb-
Horo coctopunmposanma n3 ADP u doc-
thata ob6pasytoTcs aBe Monekynbl ATP
(pvic. 18-7). B cBot o4epedb kaxpgasa obpa-
3oBaBlaaca monekyna NADH nepegaet
OfiHY napy 3NeKTPOHOB MUTOXOHApUanb-
Hoii NADH-gerngporeHase; B pesynbrarte
nepeHoca 3TOW Napbl 31EKTPOHOB Ha KMCo-
pos n3 ADP u ¢ochata obpasyroTca Tpu
monekynol ATP. Takum obpa3om, B pacyeTe
Ha KXY OTLennaeMyo MONEKyny ate-
Tun-CoA obpasytTtcs natb mMonekyn ATP
(MmeeTcs B BMAY UMKN B TOM BUAE, B KaKOM
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OH MPOTEKaeT B XWUBOTHbIX TKaHAX, Hanpwu-
Mep B MeYeHW uUau muokapge). Mbl MOXeM,
cnefoBaTeNlbHO, Ha MpuUMepe OKUCNeHWs
nanbMmtonn-CoA [0 BOCbMU MOJIEKYN aLle-
TMn-CoA Hanucatb o6Liee ypaBHeHUWe, KO-
Topoe OyfeT BKAOYaTb TakXe MNpoLecc
nepeHoca 3/€KTPOHOB W OKWUCAUTENbHOE
thochopunupoBaHme:

Manbmutonn—S CoA +

+ 7C0A- SH + 702 4 MP,- +
+ 35ADP rf» BAuerun S CoA 4
+ 35ATP + 42H20 4

3710 o6Llee ypaBHeHME OMWUCHIBAET MEPBYIO
CTaauio npoLecca OKACNEHNSA XUPHbIX KKC-
not (puc. 18-5).

18.6. Ha BTOpOW cTagumn
OKUCNEHUA YXXUPHbIX KUCNOT
auetnn-CoA okucnaercs

yepes UMKA JIMMOHHOW KWC/OThI

Auetun-CoA, obpasyrouwmiics npu oKuc-
NEHUWN JKWUPHBIX KWUCNOT, HUYEM He OTNu-
yaetcd 0T ToOro auetun-CoA, KOTOpbIi
ob6pa3syetca u3 nupysata. Ero auetunbHas
rpynna OKWUCNAETCA B KOHEYHOM CYeTe [0
CO, 1 H20 no ToMy Xe nyTu, T.e. 4epes
LUMKN NTUMOHHOI KncnoTel (puc. 16-1). Mpu-
BeleHHOe HWXe ypaBHeHWe BbipaxaeT 6Oa-
NaHC BIOPOW CTafWM OKWUCNEHUS XUPHbIX
kucnoT (puc. 18-5) gna Cny4yas OKuUCNeHus
BOCbMMW MONekyn auetun-CoA, o6pas3oBas-
wmxed u3 nanbMutoun-CoA, U COMps>KeH-
HOrFO C HUM OKUCAUTENbHOro tochopunm-
poBaHuA:

XAucrmn S CoA + 1602 4
4 96P, + 96ADP -> SCOA SH 4
+ 96ATP + H4H20 + 16CO,. (5

O6bennHNB ypaBHeHus (4) n (5) 4na nepsoi
1 BTOPOW CTafWii OKWUCNEHUS XMUPHbIX KMWC-
NOT, Mbl NOAYYUM CYMMApHOE ypaBHeHWe,
XapakTepusyioliee  MOSIHOE  OKWC/EHUe
nanbMutonn-CoA [0 [ABYOKMCK Yyriepofa
N BOfAbI:

Manbmuronn-S-CoA + 230, +

4 BP + 13AUP -
> COA - SH 4 131ATP 4
4 16CO, 4 146H,0. 6)
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Ta6nuua 18-1. Bbixog ATP Ha OTAeNbHbIX
OKUCNUTENbHbIX 3Tanax MpW OKUCNEHUW OAHOWA

Monekynol nanbmutoun-CoA go CO2 m H,O

depMeHT, KaTanusupywowmiic  NAD- 1AD- Yucno

peakuuio 3aBu-  3aBU-  MoOne-
CUMble CUMble Kyn
nanbl  atansl ATP

Aunn-CoA pgerunpgpore-

Ha3sa 7 14

3-rugpokKcuaunar

CoA —paerunpporeHasa 7 21

M3ouunTpatgerujpore-

Hasa 8 24

cc-Ketornyrapartge-

rmaporeHasa 8 24

CykunHun-CoA ...CUHTe-

rava" 8

CyKuunHaTgernaporeHasa 8 16

ManaTgerngporeHasa 8 24

NToro 131

1 Mpepnonaraetcs, 4to o6GpasoBaBwuiica GTP
B3aumogeiictsyeT ¢ ADP, B pesynbTate uyero o6pa-
syetca ATP.

B Tabn. 181 ykaszaH Bbixog NADH,
FADH, n ATP Ha oTAeNbHbIX 3Tanax oKuc-
JIEHUA XUPHbIX KKUCAOT. N3MeHeHMe cTaH-
[apTHOM cBOGOAHOI 3HEPrun nNpu okucne-
HUN NanbMUTUHOBON Kucnotbl Ao CO2 u
H20 cocTtaBnsieT okono 2340 Kkan/monb.
Mpyn cTaHgapTHbIX Yycnosuax 7,3-131 =
= 956 KKa/i M3 3TOro Konm4yecTsa 3anacaeT-
cs B (hopme aHeprum cocaTHOW CBA3M
ATP. OfHako ecniy MpoOU3BOAUTL pacyer
N3MeHeHW i CBOGOAHOWM 3HEPrMM Ha OCHOBE
UCTUWHHbIX KOHLUEHTpauuin pearvmpyoLynx
BELLECTB M NPOAYKTOB B YCNOBUAX KNETKM,
TO OKaXKeTcsi, YTo B (popme 3Heprum oc-
thaTHOW cBA3nm ATP 3anacaeTcs cBbiwe 80%
BbICBOGOAMBLUECA CBOGOAHOIN 3HEpPruu.

18.7. OKwucneHne HeHacblWEeHHbIX
XXUPHBbIX KUCNOT TpebyeT ABYX
LOMONMHUTENbHbIX
(hepMeHTaATUBHbLIX 3TanoB

Bbiwe Mbl onucann nocnefoBateslbHOCTb
peaKLI'I/IVI npn  OKUCNEHNN  HaCbIWEHHbIX
XUPHbIX KUCNOT, T.e. TEX XWUPHbLIX KWUCNOT,
B yrnepo,quf/’l uenn KOTOpPbIX WUMEKTCA
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TOMIbKO OAWHAPHbIe CBA3U. Mexay Tem, Kak
Mbl YXe 3HaeM, 60/bllaf 4YacTb XWUPHbIX
KUCNOT, 06HapyXunBaeMbiX B TpUauunrim-
Lueponax u @ocdonunupax XUBOTHbLIX
W pacTeHWi, MNPUHaANEeXWUT K HeHacbl-
WeHHbIM WU COLEPXWUT OfHY wunm 6ofbliee
yncno ABOMHbIX cBssel (pasg. 12.1). 3Tu
[BOMHbIE CBA3N UMEKT ”MC-KOHGUrypa-
LUIO; KpOMe TOro, OHW O6GbLIYHO He 3aHu-
MalT B Yr/1epoAHON Lenu Toro cneumgpuye-
CKOro MOJIOXEHUA, B KOTOPOM TO/LKO
N MOXeT ux aTakoeaTb eHoun-CoA—ru-
fpaTasa-epMeHT, KaTanusupylowuii B
Hopme npucoegmHeHne H20 no ABOIHOWA
cBa3n Az-eHoun-CoA, obpasytolleroca npu
R-OKNUCNEHNUN XMUPHBIX KUCNOT.
CyLliecTBylOT, OAHaKo, fBa [OMONHU-
TENbHbIX (DepMeHTa, NPY HaIUYUU KOTOPbIX
ONMWCaHHbIN BbILLE LUK OKUCNEHNS XUPHBIX
KUCNOT MOXET CNYXUTb TakXe 1 LN OKUC-
NeHnsA 0O6bIYHbIX HEHAaCbIWEHHbIX >KUPHbIX
KWUCNOT, UCMOJMIb3YeMbIX KleTKamu B Kauye-
cTBe Tonmnuea. [eicTBue 3Tux fByx ep-
MEHTOB, M3 KOTOPbIX OA4WH MNpeAcTaBnser
coboil un3omepasy, a BTOpOiN -anumepasy,
MOXHO MPOWNIOCTPUPOBATL Ha ABYX Mpu-
mepax. MpocnefmMm cHavyana xof OKUCAeHUA
WMPOKO pacnpoCTpaHEHHOW B mpupoje
0NIeMHOBOW KUCNOTbl. 3TO 18-yrnepofHas
HeHacbILWeHHas XNpHas K1ucnoTa ¢ 4BONHOWA
CBA3bLI0 MexAay 9-m u 10-m atomamu yrne-
poga (o6o3Hauaemoii A9). OnenHoBas Kuc-
noTta npespaLliaeTca cHavana B onenn-CoA
(puc. 18-8), KOTOpbI/i MNEPeHOCUTCH uYepes
MUTOXOHApPUanbHy0 MembpaHy B Buge
onennkapHuTuHa. locnegHwnii BHOBb npe-
o6pasyetcs B 0/iemn-CoA B MaTpukce mu-
TOXOHAPUIA. Takum o06pasom, onenmHoBas
KncnoTa MoABEpPraeTca Tem Xe npespalle-
HWUAM, 4YTO MU PACCMOTPEHHAA Bblle NanbMu-
TWHOBaA Kucnota. B maTpukce u3 oneun-
CoA nocne Tpex LMKMIOB OKUCNEHUA nony-
yalotca  Tpu  MoJsiekynbl  auetun-CoA
W 12-YrNepofiHas HeHacbIWeHHasa >XupHas
KMCNoTa C LuC-4BONHON CBA3bIO MeXAYy 3-M
n 4-m atomamun yrnepoga (puc. 18-8). Ha
3TOT NPOAYKT He MOXeT MoAeicTBOBaTb
cnegywwmnii - epMeHT 06bIYHOTO LMKNa

OKUCNEHNA XXUPHbBIX KWCMOT, T.€. €HOoW-
CoA—rugparasa, crnocobHasi aTakoBaTb
TOJIbKO TpaHC-,ﬂ.BOVIHbIe cBa3n. Tenepb

B AelicTBUe BCTyMaeT OAWH U3 ABYX AOMO/-
HUTENbHbIX (DEPMEHTOB, @ MMEHHO eHoun-

CoA—wu3omepasa. OHa KaTtanmsmpyeT peak-
LMo n3omepu3aunn, B pesynbtate KOTOPON
™Mc-As-eHoun-CoA npespaLaeTcs B TPaHc-
Az-eHoun-CoA (puc. 18-9), T.e. B HOp-
ManbHbIA cybcTpaT eHoun-CoA—rugpa-
Tasbl, KOTOpas W nMpeBpawaer ero
B cooTBeTCTBYWOLWMA L-3-rmgpokcnaymun-
CoA. Ha 3TOT NpoayKT AeACTBYHT 3aTeM
OCTaNbHble (EPMEHTbI UWKNA OKUCNEeHUS

18,

/ 11
1° fj LMc
9uU
\ 8 Oneun-CoA
(C- ]
5\
/4

3\

/5 1(M£-A3-E noun-C oA
4 4dac (c,2)

/2
o=C

|
S

|
CoA
+

3CH3—C
0

_3_Cop

Pvc. 188 OxkucnuTesibHoe OTLLErNVIEHVE TpeX MOo-
nexkyn auetun—CoA oT orew1—-CoA ¢ 06pa3oBaHun-
em Wc—13—eHow1—CoA (12—yr/1epoHoro coeayHe-
HAR).
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«mc-4EHOUN-
CoA

0=C
|
S—CoA

EHonn-CoA -
naomepasa

npakc-a2.Erbun-
>5 CoA

EHonn-CoA —
rugparasa

3-rugpokcuaymun-
CoA

Puc. 18-9. [feiictBue eHonn-CoA—wu3omepasbl,

KaTanusupytLiein npespauieHue uuc-A3-eHoun-

CoA B TpaHc-[2-eHoun-CoA. MpoayKT 3ToW pe-
akuuy npespallaeTcs 3aTeM B 3-ruapokcuauunn-

CoA.

XUPHBbIX KWUCNOT, B pe3ynbTate 4ero obpa-
3ytoTcea auetun-CoA n CoA-agup 10-yrne-
POAHOWM HaCbILWEHHOW >XUPHOW KWUCNOTHI.
37107 COA-3pup 10-yrnepofHON >KMpPHOW
KMCNOTbl  MoaBepraeTca  fanbHeidwemy

7-950

OKMCNEHUIO B 4YeTblpexX O6bIYHbLIX LMKNax.
TakuMm o06pa3om, B KOHEYHOM cuyeTe U3
OflHON MoneKynbl 18-yrnepoaHoin onenHo-
BOV KMCNOTbI Mofyyaetcs feBATb MONEKYN
auetun-CoA.

BTopoil U3 ABYX [ONOMHMTENbHbIX (ep-
MeHTOB-anuMepasa-TpebyeTca Ansa OKUC-
NEHNsA MOMMHEHACHIWEHHbIX >XUPHbLIX KuUC-
noT. pumepoM MOXeT cnyxutb 18-yrne-
pofHaa nuMHONeBas KucnoTa C  [fBYMA
tyWC-4BOMHBLIMK CBA3AMMU, OAHA U3 KOTOPbIX
pacnonoxeHa mexay 9-m n 10-m atomamu
yrnepoga (A9), a gpyrasa-mexay 12-m
n 13-m (A12). Mocne 06bIYHLIX TPEX LMKIOB
OKWUC/IeHUs, B KOTOPbIX OT nnHonenn-CoA
nocfiefoBaTesIbHO OTLENIATCA TPU MOJIe-
Kynbl auetun-CoA, octaetca CoA-agup
12-YTNIEPOAHOA  HEHACBILLEHHON >KMPHOIA
KUCNOTbl C [ABYMSA tyuc-ABOWHbIMU CBA3A-
MU-Mexay 3-M U 4-M yrnepogHbiMu aTo-
MaMu (Kak B cnyyae okucneHusa onenn-CoA)
M mMexay e-M 1 7-M. [Nofg feictsmem eHown-
CoA—un3omepasbl uuc-A3-aBoiiHas CBf3b
n3omepunsyeTcs c ob6pasoBaHnem TpaHc-A2-
eHomn-CoA, KOTOpbIA BCTynaeT gJanee
B 0ObIYHYIO NOC/e0BaTENbHOCTb peakuuni,
Jalolyo B pesynbTaTe OAHY MOJMeKyny
auetun-CoA. B cnegytouiem Lukne obpa-
3yloTcA eule ogHa Mmonekyna auetun-CoA
n CoA-3¢mp s-yrnepoaHON HeHacbILEHHOA
XWPHOW  KMCNOTbl € Luc-A2-ABOWHON
cBasblo. Ha Hero eHoun-CoA—rugpartasa
cnocobHa aeiicTBoBaThb, HO MPOAYKTOM 3TOWA
peakumn okasbiBaetca D-cTepeomsomep
3-rugpokcunaunn-CoA, a He L-cTtepeomso-
Mep, Kak Mnpu 0ObIYHOM OKWUCNEHUWN HaCbl-
LLEHHBIX XXWUPHbLIX KUCnoT. MMoaTtoMy 3fechb
BCTynaeT B [eiicTBMe BTOPOA [OMNONHMU-
Te/bHbI hepMeHT-3-rugpoKcuaLnn-
CoA—anumepasa. OH npespawaet D-3-ru-
apokcnaunn-CoA B L-3-rugpokcuaumn-
CoA (puc. 18-10), KOTOpbIA y4acTByeT 3a-
TeM B O00blYHbIX peakuusax, NPUBOAALLNX
K 06pa3oBaHuNI0 OLHON MONeKy/bl aueTwn-
CoA n CoA-3hupa 6-yrnepofHoi Hacbl-
WEHHOW >KWPHON KucnoTbl. [locnegHwnia
OKMCNsAeTcs 3aTeM, Kak 06bl4HO, ¢ 06pa3so-
BaHMeM eule Tpex Monekyn auetun-CoA.
KoHeyHbIl pe3ynbTaT UuUWMKNa cBOAUTCA
K NpeBpaLLeHnio NMHONEBONW KUCOThI B fe-
BATb Mofekyn auetun-CoA npu y4vactuu
[BYX AOMONTHUTENbHBLIX (DEPMEHTOB.
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H H

|
-CH2—C=C—C S—CoA
o]

umue-A r-EHonn-CoA
HD  EHoun-Co A—

rugparasa
OH

R—CH2—C—CH2—C—S—CoA

H o D-3-rugpokcnaunn-CoA
3-rugpokcunaymnn-CoA—
anumepasa

H

R—CH2—C—CH2—C—S—CoA
OH (6]

Puc. 18-10. O6pasoBaHue D-3-rugpokcuayun-
CoA u ero npespauieHve B L-ctepeonsomep.
3T0T L-cTepeonsomep BCTynaeT 3aTemM B 00blY-
Hble peakuumn, cocTaBnaloWMe fganbHeiwmne atans
LMKNa OKUCNEHNS XWUPHBIX KWUCMOT.

18.8. OKwucneHne XXMPHbIX
KMCNOT C HEYETHbIM YUC/IOM
aToMOB yrnepofa

XoTa 60nbWwas 4acTb NPUPOLHBIX NAN-
[lOB COLEPXUT XXUPHbIE KMCNOTbI C YETHBIM
4yuciiom aToOMOB Yrfiepoga, B iMnugax MHo-
rMX pacTeHWi M HEKOTOPbIX MOPCKWUX Opra-
HU3MOB B 3aMeTHbIX KO/IMYecTBax MpucyT-
CTBYIOT XXMWPHbIE KUCMOTbI, MONEKyfa KO-
TOPbIX COAEPXUT HEYeTHOE 4YMC/I0 aTOMOB
yrnepoga. Kpome T0ro, y KpymnHoro pora-
TOr0 CKOTa Uy fPYTUX XXBAYHbIX XXUBOTHbIX
npu nepesBapvMBaHWM YrNeBofoB B py6ue
obpasyoTca 60NblIMe KOMUYecTBa 3-yrie-
POAHOW NPONWMOHOBOW KWUCAOTHI. ITOT Npo-
NMUOHAT BCACblBAeTCA B KPOBb U OKUCNAeTCA
B MEYEHU U JAPYrux TKaHAX. XXupHble Kuc-
NOTbl C AIMHHONA Lenblo, cogepxalein He-
YeTHOE 4MC/NO aToMOB Yrfepofa, OKMC-
NATCA B TOW >e MoCnef0oBaTebHOCTM
peakLuil, 4TO N KMCAOTbl C YETHbIM YUC/IOM
aTtomMoB, MNyTeM OTLWenJeHna [AByXyrne-
POAHbIX (parMeHTOB C KapbOKCWU/IBHOTO
KOHUa. OfHaKo B NOC/NefiHeEM LMKNe OKucne-
HMs  cy6cTpaTtoM  cnyXut  auun-CoA
C MATBIO aToOMamu yrnepoja B auu/bHON
rpynne. Ero oKucneHve n KOHe4YHoe paclue-
nneHne paet aueTun-CoA u nNponumoHun-
CoA. Auetun-CoA okucnsetcs, KOHEYHO,
yepes LMK IMMOHHON KMCAOTbI. YTO Xe Ka-
caetca nponuoHun-CoA, To OH TaK Xe, Kak

L-3-rugpokcuaymn-CoA

CH3—CH2—C—S—CoA
[¢] MponuoHun-CoA

s ATP
'N ' MponunoHun-CoA-
.Kapbokcunasa
A AMP + PP, + H+

(poo-

H—C—CH3
|

C—S— CoA

HCO;

(6] D-metunmanoHun-CoA

MeTtnnmanoHun-
anumepasa

coo
CH3—C—H

C— S— CoA
il L-meTunmanoHun-CoA

MeTtunmanoHnn-CoA -
MyTasa

CHj
|
CH2

|
C— S— CoA

O CyKuuHun-CoA

Puc. 18-11. Kap6okcunupoBaHue MpPONMOHUN-
CoA c o6pasoBaHueMm D-metunmanoHun-CoA
M npespalieHne nocnegHero B cykumHun-CoA.
CM. Takxe puc. 18-12.

n nponuoHmn-CoA u3 Apyrux MCTOYHUKOB,
noABepraeTcad He COBCEM OO6bIYHbIM ep-
MEHTaTMBHbIM npeBpaweHnam. CHauvana
nponuoHun-CoA Kapb6okcunupyetcs
c obpasoBaHmem D-cTepeonsomepa mMeTun-
manoHun-CoA (puc. 18-11) noa peiicTBrem
6uoTuHcofepxalero gepMeHTa, HasblBae-
MOTO nponuoHun-CoA— Kap6okcunasoii.
B aT0il peakuum ponb nNpeaLecTBeHHMKA
HOBO Kap6OKCUAbHOW rpynnbl urpaeT 6u-
Kap6oHaT, a WCTOYHWUKOM 3Hepruv pAng
06pa3oBaHMA HOBOW KOBANEHTHOW CBA3N
CNyXuWT  nupodoctaTHOe  paclienseHune
ATP go AMP n nupodocdara:

MponuoHnn-CoA + ATP + CO:2 -~

-* D-metunmanoHun-CoA + AMP +
+ PP/
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Onsa peakumn TpebyroTCA TakXe WOHbI
Mgz +. TTpogyKT peakumn D-metunmano-
HUN-CoA anumepusyetcsa (pasg. 11.3) nog
LencTenem MeTuIManoHunanumepassl
c obpa3oBaHMeM COOTBETCTBYHOLWeEro L-cre-
peonsomepa (puc. 18-11):

D-metnnmanoHnn-CoA
HUN-CoA.

L-meTunmano-

L-metunmanoHun-CoA B pesynbrate co-
BEPLEHHO HEOObIYHON BHYTPMMONEKYNAp-
HOM nepecTpoilkn npeBpaLiaeTcs 3aTeMm
B CyKumHun-CoA (puc. 18-11); ata BHYTpU-
MONeKynapHas nepecTpoiika KaTtanusu-
pyeTcsa MeTuaManoHun-CoA— myTasoi,
KOTOPOWi B KauecTBe KohepmeHTa TpebyeTcs
[.e30KcnafeHo3nnKob6anamMmmH - KohepmeHT-
Had ¢opma BuTamuHa B12, unu kobana-
MUHa (pasf. 10.11):

L-metunmanoHun-CoA »
CoA.

CyKUunHUN-

CykumHun-CoA yepes UMK TUMOHHOW Kuc-
NOTbl B KOHEYHOM CueTe rMpeBpaliaercs
B OKcasoauerar.

Mo>eT nokasartbcs, YTO 3Ta Mocnefo.a-
TeNbHOCTb MeTaboNNYeCKNX peakunis, B Xo-
[ie KOTopbIX M3 nponnoHun-CoA obpasyet-
¢ CcyKuumHun-CoA,- CINWKOM  TPYAHbI
nyTe AN Takoro npespauwieHus. BnonHe
MOXHO 6b110 6bl 0XWAaTb 06pa3oBaHWA
CYKUUHUN-COA B pe3ynbTaTe 04HOr0-efuH-
CTBEHHOr0 3Tana-npucoefuHeHmns CO:
K 3-My yrnepofHomMy aTtomy MpPONUOHU/b-
HoW rpynnbl nponuoHun-CoA. KneTtkn uns-
6panu gpyroii nyts. CHayana CO2 npucoe-
[OVHAEGTCA KO 2-MY YrnepojHOMY aTtomy, fa
ele U C «HempaBWIbHON» CTOPOHbI. lMocne
TOro Kak anumepasa nepemectut CO2 Ha
«MpPaBU/IbHYIO» CTOPOHY 2-r0 Yr/iepogHoro
atoma c obpasoBaHuem L-meTunmanoHun-
COA, eCTeCTBEHHbIM npegcTaBnanca 6ol
nepeHoc KapboKCWMAbHOW rpynnbl OT 2-r0
yrnepogHoro  atoma NPONNOHWUNbHOW
rpynnsl K 3-my (puc. 18-12). BmecTo 3T0ro
nepemMeLtaeTca Takaa obbemucras rpynna,
kak —CO—S—Co0A, c yyacTMeMm CJ/I0XKHO-
ro KoepmeHTa- Ae3oKcumageHo3nnkoban-
aMmuHa. Mo-emgmMmMomy, n 34ecb CNOXHOCTb
00BbACHAGTCA TeM, YTO AN1A PeLleHnus Tpya-
HOM XMMWYeCKON 3afayn KneTku usbpanu
06XOAHbIA NyTb.

BecbMa WMHTepecHa peakuus, KaTannsu-
pyemas MeTuAManoHnn-CoA—myTasoi.

| KodepmeHT B,, |
—C----C— — - C-——cC-

k~"R

i N

Metunmanoxun-CoA— H H

Kofeverr B2

o -
i .
S 1
éOA |
L-meTunmanonun-CoA
b

CoA
CykupHun-CoA

Puc. 18-12. BHyTpumoneKynspHas nepecTpoiika B
peakuun, KaTanusupyemoii MeTUAManoHun-
CoA—wmyTa3soii. KopepMmeHT B12 npuHumaeT
yyacTue B peakumsx, B KOTOPbIX aTOM BOAOpoAa
o6MeHMBaeTCA Ha rpynny X, CBsA3aHHYl0 C cocef-
HUM YrnepofHbiM aToMoM. A. Mofenb peakumu.
B. Peakuwus, katanusupyemas MeTUIMaNoHUN-
CoA—MyTas30/.

OHa 3aknovaetcs B 06MeHe rpynnbl
—CO—S—CoA (puc. 18-12), npucoeau-
HEHHOW B MCXOAHON MPONUOHWALHON Fpyn-
ne MetunmanoHun-CoA Ko 2-my yrnepos-
HOMY aToMy, Ha aToM BOJOpofja, CBA-
3aHHbIA € 3-M aTOMOM yrnepoga. 3T0 04Ha
M3 TexX CPaBHUTENbHO pPefKux (epmMeHTa-
TUBHbIX peakuuii, B KOTOPbIX afikuibHas
rpynna (cso6ofHas uan 3amelieHHas) 06-
MeHUBaeTCAa Ha aTOM BOJOpPOAaA Npu coceq-
Hem aTome yrnepofa. Bce dhepMeHTHI, KaTa-
NM3NpyloLime HeobblYHble peakuun Takoro
Tuna, cogepxart 5'-ge3okcuageHosunkoba-
namuH (pasg. 10.11). HanomHuWM B CBA3U
C 3TUM, YTO MpPU HapyLlleHUn BcacbiBaHUA
BUTaMVWHa Bi2 B KUWLLIEYHUKE pa3BuBaeTCH
3/10KaYyecTBeHHas aHeMna. MeTunmManoHun-
CoA aBnAetcA NPOMEXYTOYHbIM MPOAYK-
TOM He TO/NbKO B TMpOLEecce OKUCNEHUA
XWUPHBIX KUCNOT C HEYETHbIM YUC/IOM aTo-
MOB yrfnepoja, Ho TakXKe 1 B NpoL,ecce OKuc-
NUTENIbHOTO paclienneHns Tpex aMmuHOKHKC-
NOT- METUOHMHA, BanMHa W U30neALMuHa
(pa3g. 19.7). Y yenoBeKka M3BECTEH psAf BPO-
XAEHHbIX HapylweHuin obmeHa MeTUIMano-
HUN-CoA, NpoABNAOLWMNXCA 0O6bIYHO B paH-
Hem fAeTcTBe. BcTpeuvaetcs, Hanpumep, Ta-
KOV reHeTnYeckuii AedekT, KaK MOHWKEeHWe
WUNn OTCYTCTBME AKTUBHOCTM METWUJIMAso-
HUN-CoA—myTasbl, Npu KOTOPOM METU-
mManoHun-CoA He MOXeT npeBpaLiaTbcs
B cyKuuHun-CoA. BcnefcTtsre 3TOro HeBO3-
MOXHbI 1 BCe fanbHeillne MeTabonnyeckne
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npeBpaweHns MeTWU/IMasoOHOBOW KWCNOTHI,
TakK 4YTO OHa B 60/bLIMX KOAMYeCcTBax Mo-
ABNAETCA B KPOBM U B MOYe, YTO NMPUBOAMUT
K MOHWXeHWo pH KposBu. 3TO COCTOAHMUE
HOCWUT Ha3BaHWe MeTWIManoHaTHOW ayuae-
MUW. Y HEKOTOpbIX 60/bHbIX YyJaeTca f0-
O6UTHLCA YNyULleHNs, BBOAA UM BonbLIMe KO-
NinyectBa BuTamMuHa B12. 3 ro okasbiBaeTcs
BO3MOXHbIM B Te€X C/yyasX, KOrga reHeTtu-
yeckuii et eKT NpOosBNAETCA B CHVDKEHUU
CKOpPOCTN (hepMeHTaTMBHOWN peakuuu, no-
CpeAcTBOM KOTOpOI BMTaMuH Bi2 npespa-
LaeTca B CBOK aKTUBHYIO KO(EPMEHTHYIO
hopmy. BcTpeuyatoTcs, 04HaKo, U Takue
60NbHble C METUIMANOHATHOM auuaeMuen,
Yy KOTOpbIX TeHeTUYecKuii aedekT 3aTtparu-
BaeT 6eNKOBYI YacTb MONEKY/bl MeTUIMa-
noHnn-CoA—myTasbl. Takum 60MIbHbIM
BBefeHMe BUTamMUMHa Bi2 He npuHoCUT
obneryeHus; 60ne3Hb B 3TUX C/y4yasaX MO-
XKeT MPUBECTU K CMepTU.

18.9. 1HHI ULWYH (ToKCMUHOE
BelLLecTBO, BblpabaTbiBaemoe
HEKOTOPbIMWU pacTeHUAMMN)
nofaB/ifAeT OKWUC/IEHUE XUPHbIX
KncnoT

Ha fAmalike cpegu 6eA4HOr0 HaceneHus
BCTpeYaeTcs 9HAeMUYECKoe 3abonesaHue,
KOTOPOE, KaK y>e flaBHO 3aMeyeHOo, CBA3aHO
c ynotpebneHmem B MWLy He3penblix Mo-
noB Blighia sapida. 9To 3a60neBaHue xapak-
Tepusyetca runornnkemmein (MOHUXKEHHbIM
COflepXXaHveM caxapa B KpOBM) U Hapylle-
HVeM o6MeHa >XMPHbIX KUcnoT. Tokcuye-
ckoe geictBue nnogos Blighia sapida o6yc-
NOB/MNBAETCA COAEPXALMMCH B HWX ruMno-
rMULMHOM, NpefcTaBnstowWwmMM coboit npo-
n3BofHoe NMPOMNMOHOBOM KWUCNOThbI
(puc. 18-13). B npouecce metabonmsma ru-
MOrAMLMH NpeBpaliaeTcs B BeLLecTBO, KO-
Topoe B (hopme cooTBeTcTBYytowero CoA-
ampa ABNAeTCA MOLWHbLIM W cneundunye-
CKMUM MHTrM6utopom okucneHus CoA-adu-
POB >XMPHbIX KUCNOT C KOPOTKOW Lenblo,
rnasHbiM obpasom 6ytupomn-CoA. B npu-
CYTCTBMM 3TOro BewecTBa 6yTuponn-CoA
rmgponusyerca c o6pasosaHnem cBo60oaHO-
ro 6yTtuparta, KOTOpbIil B U36bITKE HaKanIu-
BAeTCA B KPOBW M KOCBEHHbLIM MyTeM BblI3bl-
BaeT TUNOTNNKEMUIO.

H H fnnornuuuu A
0,-'
NH3
COo2
C--Cl—COO-
H
H H MeTuneHynKkno _
nponunayerar
ATP + CoA-SH
AMP + PP~
H H
i
HZC—CVC—C—C—S—COA
I\ H O
H H MeTtuneHyunknonponun-
auetnn-CoA  (MOLWHbIVA

WHTMBUTOP OKWUCNEHMUA
6yTupoun-CoA)
Puc. 18-13. TunornuunH A, NpuUCyTCTBYIOLWNiA
B He3penblx nnogax Blighia sapida, npespalyaetcs
(hepMeHTaTUBHLIM NyTEM B 4pe3BblYaliHO MOLL-

HbIli UHTMG6UTOP OKMCNeHUss COA-3(MPOB XKUPHbIX
KWUCNOT C KOPOTKOW Lenbto.

18.10. O6pa3oBaHue KeTOHOBbIX
refl B MNMeYeHW U UX OKUCNEHWUe
B ApYyrux opraHax

Y yenoseka ¥ y 6ONbLWMWHCTBA APYrux
MaekonuTalowmx obpasoBaBlwuniica npu
OKMC/IEHUW XKUPHBbIX KUCnoT aueTun-CoA
noABepraeTca B MeyeHu AanbHelwnm npe-
BpalWeHNAM N0 OJHOMY W3 ABYX MNyTei.
MepBbIl U3 3TUX NyTein-OKUCNeHUe uepes
LMK TMMOHHOW KUCNOTbl —Mbl Y)Xe onuca-
nu. BTopoit nyTb NpUBOAMT K 06pa3oBaHuio
aueToaleTaTa U D-R-rugpokcubyTupaTa,
KOTOpbIE BMeCTe C aueTOHOM HOCAT Ha3Ba-
HUe KeTOHOBbIX Ten (puc. 18-14). AueTtoale-
Tat u R-rmapokcnbyTupart He nogBepraroT-
CA B MNeyeHW [anbHenllemMy OKUC/IEHUIO,
a [OCTaBMATCA KPOBbI K Mepudepmye-
CKUM TKaHAM, Tle OHN OKUC/ATCA B LUKNe
NIMMOHHOW KncnoTel. MepBblii 3Tan 06paso-
BaHMWA aLleToalerara B NeYEHN 3aK/oyaeTcs
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CH3—-C—CHr—COO-

0
AueToauertar

?H
CH3— C— CH2—COO-

1
H

D-p -rMapoKcueyTupat

CH3—C— CH3

|
0

ALETOH

Puc. 18-14. KeToHOBbIe Tena.

B KOHfleHCcaLuM ByX MosieKysn auetun-CoA;
3Ta peakuusi KaTa/msmpyeTcs TUOMa3oii:

Auetnin—S—CoA +
+ Auetun—S—CoA
Auetoauetun—S—CoA + CoA —
- SH.

O6pasoBaBLUMIiCA Takum MyTem auetoalie-
Tun-CoA nocne otwenneHna CoA npespa-
aetcs B CBOGOAHbIN aueToaueTaT B pe-
3ynbTaTte ABYX MOCMef0BaTeNbHbIX peakuuii
(puc. 18-15), onucbiBaeMbIX CyMMapHbIM
YpaBHEHMEM:

AueTtoauetun—S—CoA + H20 -»
% Auetoauetatr + CoA—SH.

3aTem cB0GOAHBIV aueToaleTaT BOCCTaHa-
B/IMBaeTcA B 06paTuMoil peakuun go D-R-
rMapoKcnbyTMpaTa; aTa peakums Kataimsu-
pyeTcs 0fHUM U3 MUTOXOHAPUASIbHBIX (ep-

CH,—C—CH,—COO- + H+

A

AueToaueTat

MeHTOB - D-R-rugpoKcmobyTmpataermapore-
Ha3oli:

AueTtoauyetat + NADH + H+
D-rugpokcnbytupatr + NAD +.

D- R-rugpokcnbyTnpaTaerngporeHasa npo-
ABNSAET  CNeunUyYHOCTb B OTHOLLUEHWUU
D-cTepeonsomepa M He AelcTByeT Ha L-
n3omepbl B-rugpokcnaunn-CoA (atoT dep-
MEHT He cnefyeT nytaTb ¢ L-3-rugpokcua-
umn-CoA—perngporeHasoii; pasg. 18.4,B).
AueToaLeTaT fABMSETCA Takxke MpejLle-
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CHj— C—CH2—C— S—CoA

O O
+

AueroaueTtnn-CoA

CH3—CO—S—CoA Auerun-CoA

HD Y rugpokcumetunraytapun-CoA -

CUHTas3a
COA—SH + H+ 7

COO*
|
JO —C—CH,
CH2
C—S- -CoA  R-Tungpokcu-R -
(g metunrnytapun-C oA

rnapokcumeTunrnytapun-CoA -
nnasa

CH— C—CH—COOQO'

I
(0] AueToauerar
+

CH3—C—S- -CoA
1 Auetun-CoA
]

Puc. 18-15. OTwenneHne CoA OT auertoaueTun-
COA. 3TOT npouecc HOCUT Ha3BaHWe feaunnunpo-
BaHuA. TmapokcumeTunrnytapun-CoA asnsercs
TakXe BaXHbIM NMPOMEXYTOUHbIM MPOAYKTOM
6uocuHTesa xonectepona (rn. 21).

CTBEHHVKOM 06pa3yloLLerocst B HeGOMbLINX
KO/IMYECTBAxX aleToHa. Byayun HecTolKuM
COeAMHEHMEM, aleToaleTaT TepsieT CBOI
Kap6oKcUbHYO Fpynny nn6o camonpous-
BOMIbHO, 160 Moj [AelicTBUMEM aueToale-
TaTaekapbokcunasbl:

CH,—C—CH, + CO,

ALEToH
AueTOH-neTyyee coeguHeHne. OH Haka-
nanBaeTcs B 60/IbLUMX KO/IMYECTBAX B KPO-
BU 60/IbHbIX CaxapHbIM AuabeToMm K Mpu-
faeT WX AbIXaHWIO XapaKTepHbIi cnagKo-
BaTblii 3anax, KOTOpbIA MHOrga oWwmMb04YHO
npMHMUMalT 3a 3anax cnupTHoro. CBo-
6oaHbIV aueToaueTtaT n D-R-rugpokcmby-
TupaT, 06pasoBaBLUNECH B OMUCAHHbIX Bbl-
We peakuusix, ANPYHANPYOT U3 K/ETOK
MeyeHW B KPOBb M [OCTAB/IAKTCSH KPOBbIO
K MepUtepnyecKUM TKaHSIM.

CwmbIcn 06pa3oBaHMsl KETOHOBbIX TeN 3a-
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KNtoyYaeTcs B TOM, 4TO YacTb aueTun-CoA,
MonyvarLerocsd npu OKUCNEHWUW >XMPHbIX
KMCNOT B KNeTkax neyeHw, usberaeT 3gechb
fanbHellero OKWCNeHWS W HanpaBnseT-
csi- B (hopMe KeTOHOBbIX Te/ - B Apyrue Tka-
HW, rae 1 nofBepraeTca okucneHuo go CO:
n H20. Ob6pasoBaHne KETOHOBbLIX Te/ - 3TO
CBOEro pofa «nepenyckHoW» nyTb, OAWUH U3
MHOTFMX MyTei, KOTOPbIE NeYeHb UCNOMb3yeT
LN TOro, 4ytoObl HanNpPaBnATb KAeTOYHOe
TONNWBO B Apyrue o6nactu Tena. B Hopme
KOHLEHTpaLus KeTOHOBbIX Ten B KPOBU
0YeHb HM3Ka, 0fHaKO Npu caxapHom guabe-
Te, a TakXKe BO BpPeMf rofofaHUs OHa MO-
XKEeT [0CTUraTb BeCbMa BbICOKOFO YPOBHS.
Mopfo6HOe cocTosHMe, HOCALLee Ha3BaHue
KeTo03a, BO3HWKaeT TOrga, Korga CKopocTb
06pa3oBaHMs KETOHOBLIX TeN B MeYeHN npe-
BblllaeT CMOCOBHOCTb  Mepuepuyecknx
TKaHel K ux ytunusauuun. Npu guabete Ha-
pyweHa CNOCO6HOCTb TKaHelk WCMOMb30-
BaTb MIOKO3y KpoBWU. YT06bl Kak-TO KOM-
neHcUpoBaTb 3TO HapyLleHue, B MNeYeHn
CXWUraeTca B KauyecTBe Tonamea 6ofblue
XUPHBIX KMcnot. OfHaKo 3TO BAeYeT 3a Co-
60l «Mepenpon3BOACTBO» KETOHOBbIX Tef,
TaK Kak nepudepuuyeckme TKaHU He ycre-
BalOT WX OKUCNATH.

B nepudepnyeckux TKaHAx D-B-rugpok-
cmbyTumpaT nog feiictemem D-R-rugpokcm-
OyTupaTgerngporeHasbl  OKucnsetcs Ao
auertoauerara:

D-B-rugpokcnbytupat + NAD+
o Auetoayetar + NADH + H +.

JTO0T aueToaueTar 3aTeM aKTUBUPYETCH,
o6pasya cooTBeTcTBYHOWMiA  CoA-3up.
OctaTok COA nepeHOCUTCS Ha aueTtoauerar
OT CYKUMHUN-COA (NMPOMEXyTOYHOro npo-
JyKTa B UUKNEe JIMMOHHOW  KWCNOTbI;
pasg. 16.5,r) B peakuun, Katanusnpyemoi
3-keToaunn-CoA—TpaHcdepasoii:
CykumHun-S-CoA + Auetoauertar »

5* CykuuHat + Auetoauetun—S—CoA.

AueToauetnn-CoA pacliennsercd Tuona-
300/ ¢ o6pasoBaHuem auetun-CoA:

Aueroauetuim S—CoA +

+ CoA—SH 2AueTnn—S—CoA.
Auetun-CoA BCTynaeT 3aTem B UWUKA K-
MOHHOW KUCNOTbl AN OKOHYAaTeNbHOro

OKWNUCneHna B nepmq)epmquKmx TKaHAX.

18.11. Perynauunsa OKUCNEHUA
XMWPHbIX KWUCA0T M 06pa3oBaHus
KETOHOBbIX Ten

B neyeHn panbHeliwune npespalieHns
COA-3(hMpOB XUPHbIX KWCNOT, 06pa3oBas-
LIMXCA B LMTO30/1€, MOTYT MONTU NO OfHO-
My U3 ABYX [NaBHbIX NyTeid. OfUH W3 HKX
npeAcTasnseT co60i OKUCNEHWEe 3TUX 3du-
poB B MWTOXOHAPMAX, & APYroi-npespa-
LeHe Ux B TpUaunnrauueponbl n gocdo-
aMnuabl nog feictemem PepMEHTOB LUTO-
3ons. Kakoli 6ypeT (akTnyeckas cypgbb6a
COoA-3(h1poB AMHHOLEMOYEYUYHbIX >XUPHbIX
KMCMOT, 3aBUCUT OT CKOPOCTU MX MOCTyn/e-
HWUA B MUTOXOHAPWUW. TpexaTanHblii TpaHc-
MOPTHbIA Npouecc, NocpesCTBOM KOTOPOro
OTLennBLIMECH OT LMTO30/1bHbIX COA-3(u-
POB XKMPHBIX KWUCMOT auunbHble Tpynnbl
NMPOHUKAKOT 4Yepe3 MeMOpPaHy B MUTOXOH-
LpvanbHblii MaTpuKe (nocne npucoeguHe-
HUA K KapHWUTWHY), perynupyet CKOpPOCTb
BCEr0 npoLecca OKWUCIEHUS XXWUPHbIX KuMC-
not. Ecau aumnbHble rpynnbl MPOHMKAN
B MWUTOXOHAPUU, TO OHM 06A3aTeNbHO OYy-
YT 3[eCb OKUC/EHbl U B KOHEYHOM CyeTe
MONHOCTbIO npeBpaTATcs B auetun-CoA.

KapHuTuH-aunntpaHcepasa |, katanu-
3upylowas MepeHoc auufibHbIX Fpynn oT
CoA-3(hMPOB XUPHBLIX KUCNOT HA KapHUTUH
Ha Hapy>XHOW CTOpPOHe BHYTPeHHEeN MUTO-
XOHApuanbHoi membpaHbl, nNpeacTaBnfeT
coboii annoctepuyeckuin gepmeHT. 3ITOT
(hepMeHT  cneuuuyeckn  MHrnoéupyetcs
CBOUM MOAY/IATOPOM manoHun-CoA
(puc. 18-16)-meTtabonuTtoM, O KOTOpPOM
Mbl paHee He ynomuHanu. ManoHun-CoA
ABNAETCA MNEPBbIM MPOMEXYTOYHbLIM MPO-
AYKTOM MpOTeKaloLWero B LMTO30/1€ MNpPO-
Llecca 6MOCMHTE3a, B X04€e KOTOPOro u3 ale-
TMN-CoA 06pasytoTca >KMPHbIE KUCMOThI

COO0-
|
CH2

|
C—S—CoA

(0]

Puc. 18-16. ManoHun-CoA-rnaBHblii annocTepm-
YECKWIA MHTMGUTOP KapHUTUH-auunTpaHcdepasbl |.
Manouun-CoA aBnseTcs NepBbIM NPOMEXYTOY-
HbIM MPOAYKTOM B MOCnefoBaTeNbHOCTN GUOCUH-
TeTUYeCKMX peakuuii, Beaylwmx ot auetun-CoA

K XXUPHbIM KUCNOTaM C AAUHHON Lenbio.
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C ANMHHOWA Uuenblo. KOHUeHTpauus mano-
HUN-COA MOBbIWAETCH, KOr4a >XUBOTHOE
nony4yaeT MHOroO YrneBofoB, NOTOMY u4TO
M36bITOK TF/IIOKO3bl, KOTOPbIA He MOXeT
6bITb OKMUC/IEH WK OT/I0XKEH B 3anac B BUAe
rANKOreHa, npespawiaeTca B LMTO30/€
B TPMaLMATIMLEPONbl U B 3TOW opme co-
XpaHseTca B opraHu3me. Takum o6pasom,
OKWUCNEHNE XXUPHBIX KUCNOT «BbIK/OYaeT-
cA» BCAKWIA pas, KOrja B MeYeHW KMMeeTcs
[,0CTaTOYHO F/IIOKO3bl, UCNO/b3YEMOI B Ka-
yecTBe TON/MMBA, W KOrfa B Held 3a CYeT u3-
6bITKa TNMIOKO3bl AKTUBHO CUHTE3MPYIOTCA
TpUaunnranueponsl. «BbikntoyeHne» obec-
neynBaeTca annocTepuYecKNM NHIMO6UpPoBa-
HWeM npouecca NOCTYMNIEHUS auubHbIX
rpynn B MUTOXOHAPUMU.

Cypbba auetun-CoA, KoTopblii 06pa-
3yeTCqd B MUTOXOHAPUAX MEYEHU B pe3ysb-
TaTe OKWUCNEHWS XWUPHBIX KUCNOT, MOXeT
ObITb ABOAKON: OH MOXET OblTb OKUCNEH A0
CO2 4yepe3 UMKN NUMOHHOI KUCAOTbI WUAK
npespaLieH B KETOHOBbIE TeNa 1 B 3TOM Cny-
yae HampaBieH K nepnepnyeckKnM TKaHAM.
MyTb, N0 KOTOPOMY NOWAET ero npespaLtie-
Hue, onpefenseTca rnaBHbIM 06pa3oM Ha-
nMymeM [0CTaTOYHOro0 KO/JM4YecTBa OKca-
noaueTata, Heobxogumoro Ana  TOro,
4yTo6bl auetmn-CoA MOr BCTYMWUTb B LUK
NUMOHHOW KWCNOTbl. TpM OYeHb HU3KOWA
KOHLEHTpauum okcanoauerata B LUK Nn-
MOHHOW KWCMOTbl BK/OYaeTCA Mano aue-
TMn-CoA; Takas cutyauus 6Gnaronpuar-
CTBYeT 06pa3oBaHW0 KeTOHOBbIX TeN. O6bI-
YHO KOHLEHTpauus okcanoauerata B opra-
HU3Me >XWBOTHOFO 6biBaeT HWU3KOW mpwu
ronofaHnn WAn Npyu MOHWXKEHHOM Ccofep-
XXaHuWn yrneBodoB B nuwe. B atom cnyvae
CKOPOCTb OKMC/IEHUS XUPHbIX KUCNOT BO3-
pacTaeT u 3HauYMTeNbHaa 4acTb 06pa3oBaB-
werocq aueTnn-CoA npespaljaeTcsa-yepes
rngpokcumetmnrnytapun-CoA - B cB060j-
Hbli aueToauetar u D-B-rugpokcnbyTtu-
paT, KOTOpble HanpasnAalTCA K nepude-
pUYecKNM TKaHAM. 34ecb KETOHOBble Tena
CNy>XaT TrNaBHbIM K/IETOYHbIM TOMANBOM
M OKUCNAKOTCA Yepe3 LUK NMMOHHOMN KuC-
notel jo CO2 n H:20.

KpaTkoe cofepxaHue rnaBbl

3HAUMTENbHYH YacTb 3HEPTUU, U3BMIEKAE-
MOl B NPOLLECCE OKUC/EHUS, XXNBOTHBIA Op-

raHW3M Mnosiyyaet U3 XUPHbIX KUCNOT, BXO-
fAWmnx B cocTaB nunupos. CBoGOAHbIE
XUPHbIE KWUCNOTbI CHayana aKkTUBUPYOTCA
nyTeM B3auMOLENCTBNA UX C KODEPMEHTOM
A, B pesynbTaTe Yero Ha HapyXHOW MUTO-
XOHApuanbHoi membpaHe o6pasylTcs co-
orBetcTBytowme CoA-apupbl. 3Tn COA-
ampbl npespalialdTcA 3aTemM B 3UpbI
XXUPHOW KNCNOTbI N KAPHUTUHA, CMOCO6HbIE
MPOHMKaTb Yepe3 BHYTPEHHIOO MUTOXOH-
LpuanbHyl0 MembpaHy B MaTpUKC MUTO-
XOHAPUW, TAe M3 HUX CHoBa ob6pasyrTcs
COoA-3(hupbl XUpPHbLIX KucnotT. Bce nocne-
fylouime atanbl OKWUCNEHUSA XUPHbLIX KuUC-
NI0T, B KOTOPbIX 3TN XUPHbIE KUC/OTHI Yya-
CTBYIOT B hopme cooTBeTCTBYHOWMNX COA-
3(hMpoB, NPOTEKAOT B MUTOXOHAPUANIBHOM
maTpukce. [ns TOro 4to6bl OT Kap6OKCUb-
HOro KoHua CoA-3thvpa HacCbILWEHHOW XuUp-
HOM KNCNOTblI MOFAa OTLWeNnnTbCA 04Ha MO-
nekyna auetun-CoA, TpebyeTca ueTbipe
(hepMeHTaTUBHbLIX 3Tana: 1) AermapupoBsa-
HWe 2-ro n 3-ro atoma yrnepofa, Kkatanmsu-
pyemoe FAD-3aBucumbiMu aynn-CoA— fe-
rugporeHasamu; 2 ) rugparaymsa BO3HUKLLENA
B pesynbTate [erMapuposaHus TpaHc-[2-
[BONHOW CBA3NM NOf [AEeACTBUEM EHOWUN-
CoA—rupgpatasbl; 3) jgermgpupoBaHue
obpasoBaswerocs L-3-rugpokcunaymn-CoA,
kaTanusmpyemoe NAD-3aBucMMONn  3-ru-
npokcuauun-CoA—perngporeHasoir, n 4)
pacwienneHne obpasosaswerocs [R-keToa-
unn-CoA, Tpebylowee npuUcyTCTBUA CBO-
6ogHoro CoA v ocyuiecTBisiemMoe Twona-
300; 3Ta peakuusa p[aeT OAHY MOeKyny
auetmn-CoA un CoA-3hup XXUPHOW Kuc-
NoThl, cOfepKallieil Ha ABa aToMa yriepoga
MeHbllie, YeM WCXO0AHasd >XWpHas KucroTa.
CoA-3(hMp YKOPOUEHHOMN XNUPHOIW KWUCNOTbI
MOXET CHOBa BCTYMWUTb B TOT >XE& LMKN
N YyTPaTuTb B HEM elle OAHY MONEKYNy aLe-
TMn-CoA. M3 16-yrnepofHoil NanbMUTUHO-
BOV KMCNOTbI NOflyyaeTcs TakMM MyTeM BO-
cemb Mofiekyn aueTun-CoA, OKMUCNALWNX-
ca 3atem fo CO:2 4yepe3 UMK JIMMOHHOW
KWUCMOTbl. 3HayuTeNbHad 4acTb CTaHAjapT-
HOli CBOGOAHON 3HEPrUM OKWUCNEHUS Manb-
MUTUHOBOW KMCNOTbI 3anacaeTcs B npoLec-
Cce OKWCNUTENbHOro dQochopunnpoBaHus
B BUAe aHeprunm ATP. B oKMCneHnn HeHacol-
L EHHBIX >XUPHBIX KWUCMOT Y4yacTBYIOT [Ba
JONONMHUTENbHBIX  (hepMeHTa -  eHown-
CoA—u3omepasa ¥ B-rugpokcuayun-
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CoA—anunmepasa, npespawatowaa D-cre-
peon3omMepbl COOTBETCTBYHOLWUX 3-TN4pOK-
cuaumnn-CoA B L-ctepeonsomepbl. XKupHble
KWC/IOTbl C HEYETHBLIM YNC/IOM aTOMOB Yyr/e-
pofia OKUCNAKTCA N0 TOMY X OCHOBHOMY
MyTW, HO NPU UX OKMCNEHUMN NOJyYaeTcs Of-
Ha Monekyna nponuoHun-CoA, Kotopas 3a-
TeMm Kap6okcunupyeTca c o6pasoBaHMeM
metunmanoHnn-CoA. lMocnegHunii npeespa-
waerca B CykKuumHun-CoA B pesynbraTe
OYeHb C/IOXHOW peakuum un3omepusaLuu,
Katanusupyemon metunmanoHmn-CoA—
MyTa3oii, 48 AeiACTBAA KOTOPO Heobxo-
aum  kogepmeHTt B,,. O6pasywwunecs
B MEYEeHN KeTOHOBble Tefa- aueToaleTar,
D-B-rugpokcnbytnupar u aLeToH-foCTa-
BNAKOTCA K [PYTUM TKaHAM, npespaLiatoTcs
3fecb B auetun-CoA v OKUCNAOTCA Yepes
UMK  NMMOHHON  Kucnotbl. OKucneHue
XUPHBIX KUCNOT B MNeyeHW perynupyeTtcs
CKOPOCTbLIO MOCTYM/IEHNA auuibHbIX Tpynn
B MWUTOXOHApuW. Cneuunduyeckas peryns-
UM JocTuraetca npu NOMOLWM MasoHW-
COA, BbI3blBalOLLEr0 an0CTEPUYECKOE WH-
rméupoBaHne KapHUTMH-auunTpaHcgepasbl
l. ManoHun-CoA-nepBbiii NPoMexy-
TOYHbIA NPOAYKT 6MOCUHTE3A XMNPHbIX KUC-
NnoT, mnpoTekawlwero B uuTosone. Korga
XWBOTHOE nosiyyaet nuwy, 6oratyro yrie-
BOfaMMN, OKWUC/MEHWE XUPHbIX KWUCMOT Mo-
flaBnaeTca, a WX CUHTE3 ycunmBaertcs.
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Has CepusA:CcTaTbyu, HaNUCaHHble BbICOKOKBaNM-
hUyMpoBaHHbIMM CcheunanncTammn, 3atparu-
BalO T pPasNMUHble aCNeKTbl OKUCAEHUS XUPHbIX
KMCNOT U o6MeHa KEeTOHOBbIX Ten.

Bonpocbl 1 3agayun

1 OHeprus, 3aknuyeHHas B Tpuauyunrauuepo-
nax. Kakas 4acTb MONeKynbl Tpuayunrauuye-
poONOB COAEPXUT 60Nble 6MONOTNYECKN [O-
CTYMHOW 3aHepruu (B pacyeTe Ha OAUH aToM
yrnepoga): 0CTaTKM >KUPHbIX KWCAOT WAK
octaTtok rnuuepona? Kak MoxeTe Bbl 060-
CHOBATb CBO OTBET MCXOAA M3 XUMUYECKON
CTPYKTYpbl Tpuauunrauueponos?

2. 3anacbl TonnMea B >XMPOBOA TKaHU.

a) Y B3pocCnoro 4enoseka, Bec KOTOpPOro
ocTtaBnser 70 kr, 15% Beca Tena npuxo-
LUTCA Ha JONI0 Tpuauyunramueponos. Boi-
yncnmTe o6 Knit 3amac Tonnuea (B KUNO-
Kanopuax), cojepxalieroca B opraHusme
B (hopmMe TpuayuArnnLeponos.

6) Kak gonro mor 6bl NPOXWTb 3TOT Yeno-
BEK, €C/IM Obl €ANHCTBEHHbBIM UCTOYHNKOM
9HEeprun ANs ero opraHmama 6bIN0 OKMKC-
NeHNe XUPHbIX KUCNOT, BXOAALWMUX B CO-
cTaB Tpuauyunrauuyeponos? Tlpu 3ToMm
pacyeTe UCXOAUTE M3 TOTO, YTO CyTOYHas
noTpe6HOCTb B3pOCNOT0 YenoBeKa B aHep-
My B YCNOBUAX MOKOS paBHa Npubnnsn-
TenbHo 2000 kkan.

Kakoii 6yaeT cyTouHas noTeps Beca npu

TakoM ronogaHumn?

3. O6wmne aTanbl UMKNAa OKUCNEHWA DKUPHbIX
KUCNOT W Unitna AMMOHHOK KucnoTbl. AHano-
rMyHble mMeta6onnuyeckne npeBpalweHns yva-
CTO MPOXOAAT B KNeTKe 4Yepe3 OfHW U Te Xe
thepMeHTaTUBHbIE 3Tanbl. OYeHb CXOAHbI, Ha-
npumep, aTanbl OKUCNEHUS NupyBaTa W a-kKe-
TornytapaTta COOTBETCTBEHHO [0 aueTun-
COA 1 cyKunHun-CoA, X0TS OHWN 1 KaTanmsn-
pytoTcs pasHbIMKU thepMeHTamun. Ha nepsoii
CTaAWU OKUCNEHMUEe XWUPHbIX KUCNOT NPOXO-
AWT 4Yepe3 nocnefoBaTeNbHOCTb peakyui,
O4YeHb HamoOMMWHaw LWyl nocnefoBaTeNb-
HOCTb peaKLUWii B LMKAEe TMMOHHON KNCNOTHI.
HannwunTe ypaBHeHUs 3aTUX nocnepoBaTenb-
HOCTeN peakuwit, ob6wmx Ans o6oUx YykKa-
3aHHbIX MeTabonnyeckux nyTei.

4. Xumusm auun-CoA-cuHTeTasHoW peakuuu.
XupHble KUCNOTbl npeBpawarwTcis B CO-
oTBeTcTBytoUW e CoA-ahupbl B cnepytouiei
o6paTumMoil peakumu:

B

-

(6]
S-C oA + AMP + PP,
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a) CBA3aHHbIA C (HEepPpMEHTOM NpPOMEXY-

TOYHbLI NPOAYKT 3TOW peakyunm 6bin
NAEHTU(HULNPOBAH KaK CMeW aHHbI aHTn-
APUL KUPHOW KUCNOTHI U aleHO3UHMOHO-
hochata (AMP)

HO OH
*Aumn-AMP

HanunwwnTe gBa ypaBHeHUs ANA [BYX NO-
cnefoBaTeNbHbiX 3TanoB auun-CoA-CuUH-
TeTasHON peakuuu, B KOTOPOW Npomexy-
TOYHBIM NPOAYKTOM CAYXWUT aunun-AMP,
6) M3o6paxeHHas Bbile peakuus nerko
obpaTMma; ee KOHCTaHTa paBHOBecUS
6nmn3ka K 1. Kak 3acTaBUTb peakyuio natu
B CTOPOHY o6pa3oBaHus AMP? B Kakux
ycnosuax 6ypneT HakannausaTbCH

0]

|
R—C—S—CoA?

5. OKUCNeHWe MEYEHHOro TPUTUEM nanbmMuTa-
Ta. PaBHOMEpPHO MeYeHHbIli Tputuem (3H)
nanbMuTatT € yAeNbHOW aKTUBHOCTbIO
2,48 «108 uMn./MUH/MKMONb po6asmnu
K npenapaty MWTOXOHAPWIA, CNOCOBHOMY
okucnatL ero fo auetun-CoA. 3atem aue-
TMN-CoA BbIfjennnn U NojBeprau rugponu-
3y, B pesynbTaTte yero 6bi71 MONyYeH auerar.
YpenbHas aKTUBHOCTb BbI[e/leHHOr0 aleTa-
Ta oKasanachb paBHO 1,00 107 umn./
IMUH/MKMONb. MOXHO M Ha OCHOBaHWUMW
3TUX AaHHbIX CYNTaTb, YTO 34€eCb MPOUCXOAN-
no R-okmcneHne? MoscHUTe cBOW oTBeT. Ka-
KOBa KOHe4yHas cyabba yfaneHHOro Tputma?
XXUpHble KMCNOThl KakK WCTOYHUK BOAbl. Bo-
NpeKn pacnpocTpaHeHHOMY MHeHWo ropb
Bep6ntoga BOBCe He XpaHUT B cebe 3anaca BO-
Abl; 3TO NpocTo 6onblwoi 3anac xupa. Kak
MOXET 3TOT XMWUP CAYXUTb UCTOYHUKOM BO-
Abl? Bblyncnnte KoNu4yectso BOAbI (B Nu-
Tpax), KoTopoe MOXeT o6pa3oBaTbCA B Tene
Bep6nioga n3 1 kr xxupa. Mpu atom gns npo-
CTOTbl MCXO4UTE U3 TOTO, YTO BECb 3TOT XUP
npeAcTaBfieH TPUNAAbMUTUHOM.

HedTh Kak nuwa gns mukpoopraHmsmos. He-
KOTOpble MWUKPOOPraHW3Mbl, MpuUHajnexa-
wune kK pogam Nocardia n Pseudomonas, cno-
COGHbI pacTu B YCNOBUAX, FAe eAUHCTBEHHOMN
UX NUWeiRn cnyXut HepTb. OTW 6GakTepuu
OKMUCNAT anudaTnyeckue Yrnesofopopbl

C Hepa3BeTBNEHHOW LUenbld [0 COOTBET-
CTBYH WMUX KAPOOHOBbLIX KUCNOT, HAanpumep:

NAD+ + CH3(CHr)6CH3 + 02 ---*

o
+ H++ NADH
OH

CH3(CH2)eC

OkTaH

Kak MOXHO MCNonAb30BaTb 3TU 6GakKTepuu
ONS NUKBUAALUWN He(pTAHbIX 3arpasHeHunii?
O6MeH (heHUNNPOBAHHOW >XUPHON KUCAOTbI
C HepasBeTBNEHHOI Lenblo. M3 Mounm Kponu-
Ka, MONy4YaBLWEero ¢ NUWEeR XUPHYI KUCIOTY
C Hepa3BeTB/NEHHOW Uenbl, MeyeHHy de-
HUNBHOW Trpynnoi no KOHLEBOMY aToMy
yrnepoga,

CHr(CH2),COOH

6biN BblA€NEH B KPUCTaNNM4yeckoM BUAe Ka-

KOW-To MeTabonuT. BOAHbIN pacTBOp 3TOrO

mMeTa6onmMTa MMen Kucnykw peakuyuto. Ons

NONHON HeliTpanusauun npoGbl, COfepXaB-

wei 302 Mmr gaHHoro meta6onuta, noTpe6o-

Banocb 22,2 mn 0,1 M NaOH,

a) KakoBa BepofiTHas MonekynspHas macca
M CTPyKTypa 3Toro meta6onura?

6) CoLepXMWUT N XMUPHas KUCNOTa, KOTOPYHO
cKapMnuBann KpoOAWKYy, 4YeTHOe MWW He-
4YeTHOE 4YWCNO MeTuneHoBbIX (—CH2—)
rpynn, T.e. ABAAETCA U N YETHBIM WU He-
YeTHbIM? APpPrymMeHTUpPYyinTe CBOW OTBeT.

OKMUCNEHNE XX UPHbIX KNCNOT Yy 60NbHbIX Ana-

6eTom. Korga npu R-OKUCNEHUW B MEYEHM

ob6pasyetca 6onbwe auetun-CoA, yem MO-

XeT 6biTb OKWCNEHO Yepe3 LWUKN NUMOHHON

Kucnotbl, wn36bITOK ayetun-CoA Hanpa-

BNAeTcs Ha o6pa3oBaHWe KETOHOBbLIX Ten-

ayetoauetata, D-B-ruapokcubyTtmpata un

ayetoHa. MIMeHHO Takoe MOMOXeHWe cyuje-

CTBYeT npu Taxenoit popme anabeta, NoTO-

MY 4YTO TKaHW Takux 6O0NbHbIX HECMOCOGHBI

yTunu3nposaTb TNOKO3Yy W BMECTO 3TOro

OKMCAAKT 60nbliMe KONMYECTBA XKUPHbIX

kucnot. Xotd auetun-CoA M HETOKCUYEH,

B MUTOXOHAPUAX ero u3bbiTOK BCe Xe [0N-

XeH NepeBOAUTLCA B KETOHOBbIE Tena. Moue-

my? Kakum o6pa3om 3TO paspellaeT BO3HM-

Karowyt npobnemy?

10. MocnegcTBUA OT nNpebbiBaHMA Ha pauuoHe

C BbICOKMM COAEpP>KaHWeM >KUpoB, Ho 6e3
yrnesofoB. MpepctaBbTe cebe, YTO BaM Npu-
Wwnocb 6bl MMTATbCS KUTOBLIM U THONEHbUM
XWPOM, a YrNeBoA0B Bbl 6bl MPU 3TOM NOYTH
UMW faxe COBCEM He Mofyyanu.
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a) Kak ckasanocb 6bl 3TO OTCyTCTBUE yrie-
BOJOB B palLWOHEe Ha UCMONb30BAHUN XU-
poB B KauyecTBe WCTOYHUKA 3Hepruu?

6) Mpu nNoONHOM OTCYTCTBUM YrNeBOAOB
B palMOHe KaKue XXWpPHble KUCMOTbl opra-
HU3MY BbiTOfHee MOTPe6NATb-C YeTHbIM
UAN HEYEeTHbIM 4YMCIOM aTOMOB Yrnepo-
na? Mouemy?

O6pasoBaHue nueTmnn-CoJl U3 >KUPHbIX KHuC-

noT. Hanuwwute cbanaHCUpPOBaHHOE CYyM-

MapHOe ypaBHeHWe And obpas3oBaHuA ale-

Tun-CoA U3 cneaywlwnx coefjuHeHunii (8

yPaBHEHUMN JO/KHbI 6bITh YUTEeHbl BCE 3Tanbl

aKkTuBaLum);

a) mupuctomnn-CoA;

6) cTeapuHOBas KuWcnoTta;

B) D-R-rugpokcmmacnsHas KucnoTta.

12.

13.

MyTob aTOMOB MpU OKWCNEHUK
XXUPHbIX KUCNOT. ManbMUTUHOBAA KUCNOTA,
MeyeHHas 14C B monoXeHum 9, okKucnsertca
B YCNOBWAX, B KOTOPbIX AeWCTBYeT UMKA Nn-
MOHHOW KMCNOTbI. B KaKOM NONoXeHUn 06-
Hapyxutca “ C a) B auyetun-CoA, 6) B nu-
MOHHOW Kkucnote u B) B O6yTupun-CoA?
(McxopuTe B cBOEM OTBETE M3 0fHOro 060-
poTa UMKANa AMMOHHON KWCNOThI.)

CymmapHoe ypaBHeHWe [ MONHOTO OKuUcne-
HWA R-rufpokcUMacnsaHoi KucnoThel. Hanu-
WNTe CymMmMapHoe ypaBHeHWe /18 MNOJHOrO
B-rMApOKCMMACNAHON KUCNOTbI
B MOYKax. YpaBHeHWe [OMXKHO YUYUTbIBaTb
BCe HeOO6XOAMMbBbIE 3Tanbl aKTuBauunM W BCe

peakuuu OKUCAUTENbHOrO (hochopunnposa-
Hus.

Me4yeHbl X

oKucneHunsa
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OKWC/TNTENBHOE PACLLENMNIEHNE
AMWHOKNCNIOT. UMKN MOYEBWHbI

BonblWy 4YacTb MeTabonNyecKoi 3Hep-
rmv, BbipabaTbiBaeMOl B TKaHAX, MocTa-
BNAKOT MpOLECCbl OKUC/MEHUA YrneBojoB
1 TpUauunrnuueponos; y B3poC/ioro My-
XuUnHbl 40 90% Bceil NOTpebHOCTM B 3Hep-
TMN MOKPbLIBAETCA U3 3TUX [BYX WCTOYHU-
KoB. OCTanbHYy0 3Hepruio (B 3aBUCUMOCTHU
OT paunoHa oT 10 A0 15%) paeT okucieHue
aMUHOKKCIOT.

XO0TA pofib aMUHOKWUCNOT B OpraHusme
OMnpefenseTcs B MNepByl0 Oo4vepedb Tem, 4TO
OHW CNY>aT CTpPOoMTe/bHbIMKU BnoKaMu ans
6uocnHTesa 6e/IKOB, B M3BECTHBIX YC0BUAX
OHW MOTYT npeTepnesBaTb U OKUCAUTENIbHOE
paclienneHme. 370 BO3MOXHO B Tpex cny-
yasx. 1) Ecnn aMWHOKWCNOTbI, BbICBOOO-
xgawuimecs npu 06bIYHOM ANHAMUYECKOM
06HOB/IEHUY BENKOB, HE UCMOJBb3YIOTCA ANA
CMHTE3a HOBbIX 0€nkoB, TO OHW NofBep-
ratoTCA OKWUC/NUTENbHOMY pacLLenieHunto. 2)
Ecnv opraHusm nony4aeT ¢ nuwiein 6onbLie
aMUHOKUC/OT, 4YeM 3TO emy Heobxofumo
Ans 6eNKoBOro cuHTe3a, TO U36bITOYHOE MX
KO/IMYeCTBO pacuienssgerTca, MOTOMY 4TO
aMWHOKMNCNOTLI He OTKNaAblBalOTCA B Opra-
Hu3Me B 3anac. 3) Bo Bpemsa ronofaHuns nau
npyu caxapHoM JuabeTe, T.e. TOrfja, Korga
Yr1eBOf0B HET WAN KOrga ux yTunausaums
HapylleHa, B KayeCcTBe TOMAMWBA WCNOJb-
3ytoTca 6enkn. Bo Bcex 3TUX CUTyaumax
aMWHOKMNCNOTbI  TepAlT CBOM  amMUHO-
rpynnbl U NpeBpalaroTca B COOTBETCTBYIO-
LMe a-KeTOKUCNOTbI, KOTOPble 3aTEM OKMUC-
nawTtcd o CO:z2 u BOAbI; 4aCTUYHO 3TO
OKMCNeHWe WfeT uepe3 LUUKA JIMMOHHOWA
KNCNOTBI.

B aToli rnaBe Mbl MO3HaKOMUMCS C MeTa-
60NMYECKUMN NYTAMU, MO KOTOPbIM WAET
OKWUCNUTENbHOE paclienneHne asaguatu

06bIUHbIX aMWHOKUCIOT, BXOASALWMWX B CO-
cTaB 6enKoB. Mbl y3HaeM TakXe, U4To y pas-
HbIX BWJOB >XMBOTHbIX OTLiENASEMbIA OT
aMMHOKMCNOT aMMMWaK BbIBOAMUTCS U3 opra-
HU3Ma B Pas3/IMYHON XUMUUECKOW dopme.

19.1. TlepeHOC CX-aMWUHOrPyHM
KaTtannsmpyercsa TpaHcammuHasamu

a-AMUHOrpynnbl  ABafuaTu  06bIYHbIX
L-amuHOKMCNOT, 06Hapy>XXnBaeMbix B 6e-
Kax, OTWennslTCcA Ha OAHOW U3 cTagui
OKMCANTENbHOTO pacllienfieHns amUHOKMuC-
noT. Ecnm 3Ty amuHOrpynmnbl He WCMOSb-
3yl0TCS MOBTOPHO ANA CMHTE3a HOBbIX aMM-
HOKMCNOT WAW APYTrMX as30oTCcoAepalyunx
COeJMHEeHNA, TO OHM cobuparoTcs B OLHON
thopme, npeBpaLialdTCA B KOHLE KOHLOB
B OfMH 06N KOHEYHbI MPOAYKT N B Ta-
KOM BW[e BbIBOAATCS M3 OpraHu3ma. Y ue-
noBeKa 1y 60MbLINHCTBA APYTUX Ha3eMHbIX
MO3BOHOYHbIX TaKWM KOHEYHbIM NpPOAYK-
TOM $iBfsgeTcA Mo4veBMHa. OTwenneHue a-
aMuHOrpynn ot 6onblei yactm L-aMuHO-
KWCNOT KaTanuaupyetca (epmeHTamu, Ko-
TOpble Ha3blBAKOTCH TpaHcaMuMHa3aMu UIun
amMuHoTpaHcgepasamn. B Taknx epmeHTa-
TUBHbIX peakuusix TpaHCaMWHWPOBaHMUA a-
aMMHOrpynna MnepeHocuTcs 0T aMUHOKMC-
NOTbl Ha a-yrnepoAHbI aToM a-KeTornyTa-
paTa, B pe3ynbTaTe 4ero obpasyeTcs OC-Ke-
ToaHanor UCXOAHOW aMWHOKWCAOTbI U L-
rnytamar, npefcTaBastowWwuii coboi npo-
QYKT  aMUHMpOBaHMS  a-KeTornyTtapaTa
(puc. 19-1).

L-a-aMMHOKKcnota +
+ a-Kertornyrtapat *

N a-Ketokucnota 4 L-rnytamart.
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Puc. 19-1. Peakuusa TpaHcamMuHupoBsaHus. lNepe-
HOCMMas aMWHOrpynna BblfeneHa KpacHbiM. B
6onblueil YacT peakunit TpaHCAMUHUPOBAHUA aK-
LenToOpoM aMWHOTPYMN CNYXWUT a-KeTornyrapar.

OTMeTUM, 4YTO peanbHOro fAe3aMWHMpOBa-
HUS, T.e. MOTEPU aMUHOTPYMNM, B TaKUX pe-
aKLMsaxX He MPONCXOAMUT, MOCKO/bKY fe3aMu-
HWpOBaHWEe  a-aMWHOKMCOTbI  COMPOBO-
X[AeTcsl aMUHMPOBAaHUEM a-KeTornyTapa-
Ta. CMbICN TpPaHCAaMWHWUPOBAHWUS COCTOUT
B €ro KO/NEKTOPHOW (YHKLMUMU, UHBIMW CNO-
BaMu, B TOM, YTO aMUHOTPYNMbl OT MHOTUX
pasHblIX aMMHOKMCNOT co6GMpaloTCs B OAHON
thopme-B BUAe L-rnyTaMUHOBOW KUCNOTHI.
Takum 06pasom, KaTabonn3M pasfnUyYHbIX
aMUHOKMCOT NMPUBOAUT B KOHEYHOM UTOre
K OflHOMY-eJUHCTBEHHOMY MPOAYKTY.
BONbWMUHCTBO TpaHcaMuWHa3 NposiBNseT
CMEeunNpUYHOCTb B OTHOLUEHUM aklienTopa
aMUHOTPYNM: TaKUM aKLenTopoM B MpuBe-
[EHHO Bbllle peakunn CNyXUT AN HUX a-
KeTornytapaTt. MeHee creuuduyHbl TpaHc-

BMOSHEPTETUKA n METABOJ/IM3M

aMWHa3bl B OTHOLIEHUN Apyroro cy6cTpa-
Ta, T.e. TOW aMWHOKMCNOTbI, KOTOpas
urpaeT ponb AOHOpa amuHorpynmn. Hwuxe
NpMBEAEHO HECKO/bKO peakuuii, B KOTOPbIX
y4yacTBYIT Hambonee BaXHble TpaHCaMu-
Ha3bl (B Ha3BaHWUM PEPMEHTOB YKa3blBaeTcs
aMWHOKWCNOTa, urpawowas posb AOHOpa
aMuHorpynmn):

L-anaHuH + a-Ketornyrapatr *
AnaHuH-TpaHcamMunHasa
n Munpysat +

+ L-rnyTamart,

L-acnaptat + a-Ketornyrapar
AcnapTaT-TpaHcamuHasa
n Okcanoauetar +

+ L-rnyTamar,

L-neiiumH + a-Ketornytapar
NeliunMH-TpaHCcaMuHa3za
n a-KeTtousokanpoart +

+ L-rnytamar,

L-Tupo3nH + a-Ketornyrtapar
TVIp03VIH-TRaHCElMI/IHaSEl
n-rugpokcugeHnn-nm-

pyBaT + L-rnyTtamar.

NTak, o6WMWM akLenTopom, NpUHUMAlD-
WMM aMUHOTPYnny OoT 60MbLIMHCTBA aMU-
HOKWUCMOT,  ABNseTCA  a-KeTornyTapar.
OGpasoBaBLIKiica L-rnyTamaT CAyXuT Ans
TOro, 4To6bl HANPaBNATL AMUHOTPYNMbI Ha

onpedenieHHble  OGMOCUMHTETMYECKME  MYTK
(rn. 22) 1 B TY KOHEYHYIO MOCnefoBaTenb-
HOCTb peakuuii, NOCpPeacTBOM KOTOPOI

obpa3ytoTcA NPoAYKTbl a3oTucToro obme-
Ha, BbIBOAMMbIE 3aTEM U3 OpraHu3ma. Peak-
uMKn, KaTanusMpyemble TpaHCamuHasamu,
Nerko o6paTnMmbl, NOCKOMBKY UX KOHCTaHTbI
paBHoBecua 6nmM3km K 1,0. 3T0 03Hauaer,
yto BennuyuHa AGO Ana Takux peakuuii
6n1m3Ka K Hyno (pasg. 14.3).

Y BCex TpaHCamMWHa3 WMeeTca MPOYHO
CBA3aHHaA NPoCTeTMYeCKaa rpynna, u Mexa-
HU3M WX LelCTBMS Of4MHAKOB. MNpocTeTnye-
CKOM Tpynnoi TpaHCamuHa3 CAYXWT nupu-
JokcanbgocthaT - MPOU3BOAHOE  MUPUAOK-
CMHa, wunu BuTaMuHa Bs (pa3g. 10.8).
Mupungokcanbhocthar feACTBYeT Kak Mnpo-
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Puc. 19-2. MpocTeTnyeckas rpynna TpaHcammHas.
Mupopgokcanbocdat (X) M ero aMMHUpPOBaHHas
thopma - nupugokcamuHepocepat (b)-3T0 NpoyHO
cBAi3aHHble KO(hepMeHTbl TpaHcaMuHas. PyHKLMO-
HaNbHbIE TPYNMbl, OT KOTOPbIX 3aBUCUT WX AEACT-
BUE, MOKa3aHbl Ha KpacHOM (hoHe. B. Mupunaok-
canboctaT urpaeT ponb NMPOMeXyTOUHOro nepe-
HOCYMKa aMUHOTPYNn npu AeiicTBAN TpaHcaMu-
Ha3. E o3HauaeT 3fecb (hepMEHTHbI 6enok,
a -NPOYHO CBA3aAH-

CH,—¢—€00~ + H*—>CH,—Cl—H +co,

0
Mupysat AueTtanbgerug

Hblli Nupuaokcanbdocdar.
TpaHcaMuHasbl KaTanusnpyT 6UMONeKynspHbie
peakuuun, npoTeKarolwme No MexaHnsMy Tmna
«MNUHT-NOHT». TepBblii cy6CTpar - a-aMUHOKMC0-
Ta 1, 0TAaB CBOI amuHOrpynny, nokugaet dep-
MeHT B BUAE a-KETOKMUCNOTbl A0 TOrO, Kak K thep-
MEHTY NpUCOeAUHMTCS BTOPOIi cy6cTpaT-a-KeTo-
Kucnota 2.
MEXYTOYHbIN nepeHocynk ampuHorpynn
B aKTUBHOM LEHTpE TpaHCaMnHa3
(puc. 19-2). Bo Bpems KaTaiMTUYecKoro Lu-
Kna OH npeTepneBaeTr ob6paTumbie mnepe-
X0fbl MeXAy anbaerngHoii gopmoi (nupm-
gokcanbthocthaT), Ccnocob6HOM npucoean-
HATb aMWUHOrpynnbel, " aMI/IHVIpOBaHHOVI
thopmoii (nupugokcamuHdocdaT), cnocob-
HOW nepenasartb aMUHOrpynnbl Ha a-KeTo-
rnytapaT. Takum obpasom, 3aTa npocTeTu-

ueckas rpynna feiicTByeT Kak 06paTUMblii
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MupugokcamnHpochar
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yxopsuas a-ketokucnora 1

R,

H—C--NH, +0=C— B

COO- H

yxopgawasn
aMmuHoKucnoTa 2

MepeHoCcYnK amMUHOrpynn oT a-aMUHOKWUC-
NnoTbl  Ha a-ketorayrtapat (puc. 19-2).
TpaHcaMmnHasbl - KNacCcuyeckui npumep
(hepMEHTOB, KaTanusnpyowmx 6umoneky-
NAPHbIE peakuuun, npoTekawlmne no mexa-
HU3MY TuUMa «MUHT-MOHr» (pasg. 9.8). B Ta-
KUX peakuuax nepsBblii cyb6CcTpaT [OKEH
yATN U3 aKTUBHOTO LeHTpa (epmeHTa [0
TOro0, KaK BTOPOIi Cy6CcTpaT CMOXET K HeMY
npucoeanHUTbCA. CHavana € aKTUBHbLIM
LEHTPOM (hepmMeHTa CBA3bIBaeTCA NMPUX0AA-
Waa aMUHOKUCNOTa, KOTOpas OTAaeT CBOK
aMmuHorpynny nupupokcansgochary v B
(hopme a-KeTOKUCNO0Thbl MOKNAaeT aKTUBHbI
LeHTp. 3aTeM C aKTUBHbLIM LEHTPOM CBA3bI-
BAeTCA MNPUXOAALLAA a-KeTOKMCNOoTa; OHa
npuHUMaeT aMmWHOrpynny OT MNUPULOKC-
aMuHgpocdaTta N OTAeNAeTCA OT aKTUBHOIO
LeHTpa, Tenepb yxe B YOpMe aMUHOKMNCNO-
Thbl.

Ha puc. 19-3 BMAHO, 4TO Kap6OHMW/bHaA
rpynna cBf3aHHOro ¢ (hepMeHTOM NUPULOK-
canbocdarta B3aMMOLEiCTBYET C a-aMUHO-
rpynnoii  npuxogswed  aMMHOKMUCAOTbI,
B pe3ynbTaTe 4yero obpasyercsa MPoOMexy-
TOYHbI/ MPOAYKT, NpeAcTaBnAOW M coboii
KOBa/NeHTHOE CoefuHeHne-lWnpdpoBo OCHO-
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Puc. 19-3. CxeMa, nosicHsatowWas AeiAicTBne nupu-
fokcanbocdara B TpaHcamMuHasax. AMUHOrpynna
npuxoasuieil a-aMMHOKUCNOTbl (A) B3auMopelicT-
ByeT ¢ Kap60HUNbHONM rpynnoii nupuaokcansdoc-
(haTa, MPOYHO CBA3AHHOrO C (hepmMeHTOM. [pu
3TOM B KayeCTBe MPOMEXYTOYHOIO MPoAyKTa 06-
pasyetca wupposo ocHosaHue (b), KOTOpoe nepe-
XOA4WT 3aTeM B CBOI TayToMepHyt dopmy (B).
MocnefHsas rngponunsyerca ¢ obpasosaHnemM co-
OTBETCTBYHOLL e a-KeTOKUCNOThI, KOTOpas yaans-
eTcs, B TO BpeMs Kak aMMHOrpynna ocTtaetcs
KOBaNneHTHO CBA3aHHOI C TpaHCcaMWHa3oii B dop-
Me nupugokcamuHgocdata (). MOCKONbKY 3aTH
peakuun obpaTtumMbl, aMUHMPOBaHHAA opma
TpaHCaMuWHa3bl NepefaeT 3aTeM CBOIO aMWHOrpyn-
ny Ha NPUXOAALLYI0 a-KeTOKUCNOTY 2, B pe3ynbTa-
Te yero o6pa3yeTcsa HOBas aMWHOKMUCOTA.

BaHue. 3aTeM MPOUCXOAWNT CABWUM [BONHON
cBA3n C=N ¥ rMaponnMTUYecKoe oTuiene-
HWe YIrNepogHOro CKeneta aMMHOKMWCOTbI;
npu 3TOM ee aMWHOTpynna oCTaeTcs KoBa-
NEHTHO CBA3aHHON C NPOCTETUYECKON rpyn-
noin B hopme nupugokcamuHdoceara. Mu-
pugokcamuHpochar  obpasyeT  Tenepb
WnHHOoBO OCHOBAHME C NPUXOAALLUM a-Ke-
TOrNyTapaTtom, Ha KOTOPbIA 1 NepeHocuTCA

B 06paTHOW peakuumn)

aMmuHoOrpynna; nepeHoc COBepLUaeTCcs, Mo
CyTW, MyTem obpaleHns Tex peakuuii, B Ko-
TOpblX o06pasoBancad nNUpULOKCaMUHADOC-
thar.

B meanumHe onpegeneHne anaHWH-TpaHc-
aMuHasbl U acnapTaT-TpaHCaMnHasbl B Cbl-
BOPOTKE KPOBW CNYXWUT BaXHbIM MeTOLOM
[VNarHOCTUKM U OLEHKN pe3ynbTaToB fedye-
HUA NpU UH(apKTe MUoKapga. TOT Xe Me-
TOA NCNOJb3YeTCA U ANA 0OHAPYXeHNs TOK-
CMYECKOTO AeliCTBUA HEKOTOPbIX XUMUYe-
CKMX peakTMBOB (gononHeHue 19-1).

19.2. AMMuak obpasyetcs
13 rayrtamara

Mbl y>e BUAENMW, 4TO NOYTU BCE a-aMUHO-
KMCNOTbl OTAAKT CBOM aMUHOTPYNMbl B pe-
aKLMmn TpaHCaMUHUPOBaHWA C a-KeTornyTa-
paTom, npuBofsAweii K obpasoBaHui L-
rnytamarta. Kakum 06pasom 3Tu aMuHO-
rpynnbl OTWeENAATCA OT rayTamara u
B KaKoli (hOpMe OHW BbIBOAATCS U3 OpraHus-
ma?
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OononHeHnne 19-1. OnpegeneHne cogepxaHus
TpaHcaMnHa3 u Apyrux pepMeHTOB B KPOBU
MCNonb3yetTca B MefuUUMHE AN AUATHOCTUKU

AnaHVH-TpaHCcamMuHasa (HasblBaemas TaKxe rnyramar-nupyBaT—TpaHC-
amuHasoin, I'MT) n acnapTar-TpaHcamuHasa (HasbiBaeMas Takxke rayTa-
MaT-oKcanoaueTaT—TpaHcaMunHasoi, FOT) nrpaloT BaXHYI pofib B Auar-
HOCTWKe 3aboneBaHWii cepaua u nedeHn. Tpom603 Kakoin-nm6o n3 BeTBel
KOpOHapHO apTepuy Bbi3biBaeT MECTHYIO aHOKCUIO M B KOHEYHOM WTOre
0TMMPaHME OQHOM0 M3 YHacTKOB CepAeYHOM MbllLbl, TAK Ha3blBaeMbl WH-
hapkT Muokapga. Mpu atom 3ab6osieBaHUM anaHWH-TpaHcCaMMHa3sa u acnap-
TaT-TpaHcaMuHa3a BMecTe C ApYrMMu (epMeHTaMu BbIXOAAT U3 NOBpe-
XAEHHbIX KNEeTOK MuoKapga W nonafjatoT B KPoOBOTOK. OnpepgeneHue
B CbIBOPOTKE KPOBMW KOHLIEHTpaLMu 3TUX ABYX TpaHcamuHa3s v elie ofHOro
(hepMeHTa MMOKapAa, KpeaTUHKWHa3bl, MOXET faTb LEHHYIO UHDOPMaL U0
0 CTeneHW TSXXKECTU M O CTafuW NOBPEXAEHUA CepheqyHOoi Mbiwubl. Kpea-
TWHKMHAa3a - NepBblii (hepMeHT MUoKapAa, NOSBAAKLWMIACA B KPOBW Mochne
npucTyna uieMmyeckoin 6onesHn. OH Takxe ObICTPO McCYUe3aeT U3 KPOBW.
Bo BTOpyto ouepenb noasnsetca FOT, a 3atem [TIT. V13 noBpeXaeHHbIX
KNeToK MMoKapfa Uam u3 KeTok, UCMbITbIBAIOLMX HELOCTATOK KUCOPOa,
BbIXOAUT HapyXy W nonajaet B KPOBOTOK TakXe W naktaTAaerujporeHasa

Onpegenenne TOT u 'MIT B CbIBOPOTKE KPOBM UrpaeT BaXHYH Pob U
B AMarHocTuke npodsabonesaHnii. Takum nyTeM BbISBNAOTCA MOBPex/e-
HWSA NeYeHn y nuu, paboTalWwmnx ¢ pasnMyHbIMU OPraHMyeckumMm pacTBopu-
TeNAMU (YeTbIPEXXNOPUCTLIM YT/IepoAoM, X0po@opMOM U T.M.), NpuUme-
HAEMbIMW B XMMWUYECKON 1 APYTUX OTPacnsax MPOMBbILLIMIEHHOCTH, a TaKxe,
Hanpumep, 415 CYXOWA YNCTKM OAeXAbl. DTN pacTBOPUTENN Bbi3biBaKOT Aere-
Hepauuio TKaHW MeYeHW, B pe3ynibTaTe Yero U3 NOBPEXAEHHbIX KMeTOoK no-
CTynaT B KPOBb pa3/inyHble )epMeHTbl. Y J06Hee BCero npu cucrtemarunye-
CKUX aHann3ax KpoBW Yy /WL, COMPUKACAOWMUXCA C TAKUMU XUMUYECKUMU
BellecTBaMu, Onpefenatb CoAepKaHne TpaHcaMuHas, TaK Kak akKTUBHOCTb
3TUX PEPMEHTOB B MEYEHWN OYEHb BbICOKA W flaXKe CaMble Mable UX Koaunye-
CTBa /IErKO NOALAlOTCH OBHAPYXEHUIO.

OnpefieneHne ypoBHA pas/INYHbIX PEPMEHTOB B CbIBOPOTKE KPOBU Cy-
XUT UCTOYHUKOM BaXHON MHGOpMauuu npu Lenom psage 3aboneBaHWiA.

OKUCAMTENbHOE [e3aMUHMPOBaHWe FNyTa-
mMaTa KaTanusupyetcs L-rayTamaTgeru-
[pOreHasoid, 41 KOTOPOIi akL,enTopom BoC-

CTAHOBUTE/IbHBIX 3KBWBANIEHTOB  CNYXWUT
NAD +:
L-rnytramat” + NAD + + H20 ua

¢ a-Ketornytapatz“ + NHas +

+ NADH + H+.

3T0T PEepPMEHT NPUCYTCTBYET TONLKO B MU-
TOXOHAPUSAX, TAe OH COAEPXMTCA B MaTPUK-
ce. VIMeHHO riyTamatherugporeHasa oT-
BETCTBEHHA 3a 6O/MbLIYI0 4acTb amMMMWaka,
06pa3yloLLerocs B XMBOTHbIX TKaHAX, no-
TOMY uTO TFyTamaT-3TO eAMHCTBEHHas
aMWHOKMC/IOTa, CMoco6Has TakuM MNyTeMm
€ 60NbLWOKA CKOPOCTbLIO OTLLENNATL CBOIO a-
aMmuHorpynny. MoHATHO NO3TOMY, UTO Fy-

TamaTt ¥ raytamaTAerujporeHasa urpatoT
COBepLUEHHO 0coGyilo posib B 06MeHe amu-
Horpynn.

[nyTamaTaernaporeHasa- CAOXHbIA an-
noctepnyeckuin depmeHT. MonekynspHas
macca rnyrtamartfierufiporeHassl papHa npu-
6nmsntensHo 300000 Monekyna 3Toro
(hepMeHTa COCTOMUT M3 LUECTU WUAEHTUYHBIX
cy6beanHuML, Kaxaas n3 KoTopbiX npeacta-
BAseT co60i 04HY NOMMNENTUAHYIO LeMb,
NnoCcTpoeHHyt0 u©3 500 aMMHOKUCIOTHBIX
0CTaTtkoB. MON0XNTENbHLIM MOAYNATOPOM
(hepMeHTa, 0Ka3blBalOLWMM Ha HEro CUIbHOe
aKTuBMpyruiee peiicteue, cnyxut ADP
N UHTNO6UTOPOM - GTP (MPOAYKT CYKUUHUN-
COA-C/MHTETa3HOW peakLWmn B LMKNEe TMMOH-
HOl KucnoTel; pasfg. 16.5,4). Bceskuin pas,
KOrjga kneTkaMm neyeHu tpebyetca 60nblie
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TONAWBa ANA LMKNA NUMOHHOW KWCNOTHI,
CTeM uTO6bI OHM MOrnM o6pa3oBaTb 60/b-
we ATP, aKTUBHOCTb rfyTamargerngpore-
Hasbl MOBbIWAETCA, BCMeACTBME Yero no-
ABNAETCA a-KeTornytapart, KOTOpbIi MOXeT
6bITb NCMONb30BaH B LMKIE TUMOHHOW Kuc-
NoTbl, W BbLICBOBOXAAETCA aMMUaK-g4Nnsa
BbIBEAleHUA 13 opraHnsma. Ecnm xe s MUTO-
XOHAPUWAX B pe3ynbTaTe yCuneHHol paboTsbl
uMKna NMMOHHOW KWCNOTbl HakanausaeTcs
GTP, T0o OKUCNUTENIbLHOE Ae3aMUHMUPOBaHUe
rnytamara nofasnseTcs.

AMMUAK MOXET U COXPaHATLCA, a 3aTEM
McnonbL3oBaTbCA ANA CUHTE3a aMWHOKKUC-
noT. B aTom cnyvae rnytamaTtaernaporeHa-
3a feicTByeT B 06paTHOM Hampas/ieHuUM,
T. €. KaTaJn3mpyeT BOCCTaHOB/IEHNE aMMMUa-
Ka v a-keTornyTapaTa c o6pa3oBaHueM rny-
TamaTa. 9Ta peakuus, 0gHaKo, He ABNAeTCA
npocTbiMm obpaweHnem NAD-3aBUCMMOI
peakuuun, MpeAcTaBfeHHON Bblille; BMECTO
NAD B Helt yyactByeT NADP:

NADPH + H+ + NHas +
+ a-Kertornyrtapatz ' ->

-» NADP+ + [nytamat® + H:20.

o 06CTOATENbCTBO, UTO FNyTamaTAeru-
AporeHasa WCMO/Mb3yeT pasHble  Kogep-
MEHTbI [/15 OTLLENIEHUS U MPUCOELUHEHNS
ammuaka, 06ecneynBaeT He3aBUCUMYH pe-
rynsyuio 3Tux ABYX peakuuii-fe3amMuHu-
poBaHWs rAyTamaTa U aMUHUPOBaHUSA a-Ke-
TOrnyTapaTa, XoTs 06e peakuuu Katanusu-
pylOTCS OAHUM W TeM >e (epMeHTOM.

OGpaTumMcs Tenepb B COOTBETCTBUM
C TeMOVi MpeablAyLinX rnaB K paccMoTpe-
HUI0 OKUCNUTE/IbHBIX MyTel, Ha KOTopble
HanpaenALTCA fe3aMUHMPOBaHHbIE AMUHO-
KMCM0Thbl. Peub noiifer o KaTabosmuyeckux
nyTsx, o6ecneunBaoLL X OKUCeHNE
rNaBHbIX MUTATENbHbIX BELLECTB W UX MC-
MoNfb30BaHWe B KauyecTBe WCTOYHMKA 3Hep-
ru. Mo3xe Mbl elle BEpHEMCA K BOMPOCY
0 cyabbe amuHorpynnm.

19.3. CyuwecTtByeT 20 pasnnyHbIX
nyTed ANA pacliensieHns
yrnepogHbiX CKenetos
amMUHOKKUCNOT

B coctaB 6enkoB BXOAUT 20 06bIYHbIX
aMWHOKMCNOT, pasnyarowmxca CBOUMMU
yrnepogHbiMun ckenetaMmn. CooTBETCTBEHHO

CYLLEeCTBYeT W.20 Pa3NIMyHbIX KaTtabonuye-
CKUX MyTei AN nx pacienneHus. N3 obuie-
ro KonmMyecTBa aHepruu, notpebnsemoin op-
raHW3MOM, Ha [O0 BCeEX 3TUX MyTei
npuxoamtcsa He 6onee 10%. 3TO 3HAYUT, YTO
yyacTue Kaxoi N3 aMMHOKMCOT B 06Lem
mMeTabonn3Me BblpaxaeTcs B CPeAHEM Benu-
ynHoi nopsgka 0,5%. fcHo, Takum obpa-
30M, YTO 3HAYEHME 3TUX AMUHOKUCNIOTHBIX
nyTei, B3ATbIX NO OTAENbHOCTU, HE MOXET
WATW HU B KaKOe CPaBHEHWEe CO 3HayeHuem
rAMKOAN3a UAN UMKNa TMMOHHOA KWUCAOThI.
MoaToMy Mbl He 6yfeM paccmaTpuBaTb UX
nogpo6Ho. Aeno B ToM, 4TO 20 pasIUYHbIX
KaTabonmyeckmx nyTei, N0 KOTOPbIM WaeT
pacwienneHne amMHOKWUCIOT, B KOHEYHOM
cyeTe C/IMBAKOTCA U NPUBOAAT BCErO /LWL
K MATU MPOAYKTaM, KOTOpble 3aTemM BCTYy-
nawT B LUKA NTMMOHHON KWUCNOTbI U 34eCb
okucnaTca nonHoctelo o CO2 n H20
(puc. 19-4).

Ha pwuc. 19-4 BuAHO, 4YTO YrnepofHble
CKeneTbl AecATN aMUHOKUCIOT paspyLuarT-
ca ¢ obpasosaHuem aueTun-CoA. Matb
aMWHOKWCNIOT NpeBpaLLlalTCcs B a-KeTorny-
TapaT, Tpu-B cykunHun-CoA, ABe-B OKca-
noaueraT W fBe-B (QymapaT. WHAuBYK-
fyanbHble NMyTU ANS 20 a@MWHOKUCNOT Mbl
06beANHNM 3eCb B CXEMbl, B KX 0W U3 KO-
TOPbIX 3TN NYTW BYAYT BECTU K ONpejeneH-
HOMY MPOAYKTY, CNOCOOGHOMY BKAHOUMNTLCA
B LUWKN NUMOHHOW KUcnoTbl. (YrnepogHbie
aTOMbl, KOTOPbIM MNPEACTOUT BKAOYUTLCA
B LMK NMMOHHON KUCNOTbI, BblAe/leHbl Ha
cxemax KpacHbIM.) HekoTopble depmeHTa-
TUBHbIe 3Tanbl 3TUX MyTeil, NpeAcTaBsAi0-
Wwmne ocobblii MHTepec nnbBo u3-3a CBOe-
06pa3HOro mMexaHusma peakuum, nm6o us-
3a TOro, YTO OHW BAXHbl C MeAULMHCKOW
TOYKN 3pPeHWs, Mbl 06CYLWM OTAENbHO.

19.4. [ecaTb aMWHOKUCNOT

npespallaloT cA B pesynbTaTe
pacwienneHnsa B auetun-CoA

YrnepofHble CKeneTbl AeCATU aMUHOKUC-
NoT, paspyluanacb, fpespawjaroTca B aue-
TUn-CoA, HenocpeAcTBEHHO BKIHOYAKO LWL MIA-
CA B UMK NUMOHHOW KucnoTbl. MATb u3
3TUX [eCATM aMUHOKWUCNOT pacLiensisaTca
fo auetun-CoA uepes nupysaT', Apyrue
NATb NMpeBpaLwlalTca CHayana B aueToale-
Tun-CoA, a 3aTeM YyXe 3TOT MNOCNeAHWIA
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pacwennsetrca o auvetun-CoA (puc. 19-4).
Yepe3 nupysaT MAET pacluenfieHne anaHu-
Ha, UMCTenHa, ruumnHa, ceprHa u TpeoHnHa
(puc. 19-5). AnaHuH npespaliaeTcs B NuUpy-
BaT HEMOCPEACTBEHHO B peakLuuu TpaHcamm-
HUpPOBaHUA C a-KeTornytapatomMm. YeTbipex-
yrnepogHas aMmMHOKUCNOTa TPEOHWH pac-
wennsetca ¢ o6pasoBaHnemM ABYXYrnepoa-
HOM aMWHOKWUCNOTbI [NLUWMHA, KOTOPbIWA
MOXeT NnofBepraTbca fanbHelLwnm npespa-
L eHnam no ABYM nyTaM. Ha oAHOM 13 HUX
rMUUWH CHavyana npe.spaliaeTca B CepuH
(TpexyrnepoAHyt0 aMWHOKMUCNOTY) B pe-
3ynbTaTe (PEPMEHTATUBHONO MNpUCOeAnHe-
HWUSA TMAPOKCUMETUIbHON TPYMMNbl, NepeHo-
CYMKOM KOTOPOM CNYXMWT KO(epmeHT Te-
TparugpodonaT (puc. 19-6). N3 npeablgy-
lwero Mbl Yyxe 3HaeMm (pasg. 10.10), 4TO
TeTparnapodonaT BbICTYNaeT B poau nepe-
HOCYMKa OfHOYTNEPOAHbIX TPYMM, TaKuXx,
Kak MeTanbHaa, hopMusbHas, rugpokcume-
TunbHasa n popMmumMmuHorpynna (puc. 19-6).
OAHaKo rnaBHbll NyTb KaTabonusma ram-
LWHa BefleT yepe3 APYryt peakuuto, Takxe
TpebyoLlyo NpuCyTCTBUA  TeTparumgpo-
thonata. B aToi peakunm NpoOMCXOLUT OKMUC-

OHH
H*c—C-C--COO-
H NH3  TpeoHuH
HC—C
AueTanbaerng
AnaHnH
Auetun-CoA

Puc. 19-5. Cxema nyTeid, Befylnx OT TPEOHUHa,
rMULUWHA, CepuHa, UUCTenHa N anaHuHa K aletu-
COA u4epes nupysar.
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>S?9TMK>""1 -

CH2
N Ne

H.N-
|
H
TeTparngpogonat
A

NnTenbHOe pacuienneHue ramynHa go CO2,
NHs n metuneHoBoi rpynnbl (—CH2—),
KOTOpas npucoeaunHsaeTcs K TeTparngapodo-
naty. Peakums nerko o6paTtuma; Katanusm-
pyeTcs OHa FAWLWH-CUHT a3oii:

HsN—CH:—COO*
+ NAD+ ~
Ns,Nio-MemneH-FH4 + CO:2 +
+ NADH + NHIJ

+ FH4 +

Ha aTom kaTabonuuyeckom nyTu fiBa yrne-
pOAHbLIX aToMa rAuMuMHa He MocTynawT
B LMK NMMOHHON KucnoTbl. OANH U3 HKX
oTwennsetrca B Buge CO2, a BTOpON wuc-
nonb3yetca Ana 06pa3oBaHUA MeTU/IEHO-
Boi rpynnbl NsNi1°-MeTueHTeTparngpo-
thonata (puc. 19-6), KOTOPbIA CAYXUT JOHO-
pOM METW/IEHOBLIX TPYNn B HEKOTOPbIX
O6VMOCUHTETUYECKNX PpeakLmsX.

®parmMeHTbl yriepofHoro ckeneta de-
HUNanaHwHa, TUPO3nHa, NN3nHa, TpunToda-
Ha W neiiuMHa npespawalTCca B aueToale-
Tun-CoA, 13 KoToporo 3atem obpasyetcs
auetun-CoA (puc. 19-7).

Oco60ro BHUMMaHMA 3aCNy>XMNBaKOT B 3TOM
rpynne gpa katabonuyeckux nytu. MyTb,
BefywWwmnin oT TpuntotaHa K aueTun-CoA,-
Camblii CMIOXHbIA B @MUHOKWCNOTHOM KaTta-
6011M3Me XMBOTHbIX TKaHel: OH BKIOYaeT
13 3TtanoB. HekoTopble MNPOMEXYTOUHbIE
NpoAyKTbl Katabonusama TpuntodaHa cny-
XaT npefwecTBeHHUKaMn B OUOCUHTE3e
LPYTUX BaXHbIX 6MOMONEKYN, Hanpumep
HeporopmMoHa CepoTOHWHA UK Takoro BU-
TaMWHa, KakK HUKOTUHOBAf  KuCnoTa
(puc. 19-8). Takum 06pa3om, NyTb, N0 KOTO-
pomy umaeT Katabonmsm TpunTodaHa,
MMeeT HEeCKONbKO OTBETBEHWIA, 4TO CcoO-
3/laeT BO3MOXHOCTb AnA 06pasoBaHua paja
OPYTUX NPOAYKTOB U3 eJUHCTBEHHOrO Nnpej-
LIeCTBEHHMKA - TpUNTO(aHa.

BTOpO# MHTEpPeCHbIN NyTb-3TO MyTb, Be-
oywunii oT ¢eHunanaHmHa (puc. 19-9). de-
HUNanaHWH 1 NPOAYKT ero OKUCeHUs TUpo-

COO-

N- -CHr
\6 9 N10
CH2-CH,—CO00- /Cl—CH"—N—
H/ CH2

NN ,0-meTuneHnteTparngpogonar

b

Puc. 19-6. A. Tetparugpoconat (FH4). Yactb
MOfieKy/bl, yHacTBylOLan B MepeHoce OfHOYre-
pPOAHOI rpynnbl, MokadaHa Ha KpPacHOM (hoHe.

B. M5bl10-meTuneHTeTparnapodonat, o6pasyto-
Wuiica B FMMLMH-CUHTA3HON peakuun. MeTuneHo-
Bas rpynna nokasaHa Ha KpacHOM hoHe.

3MH pacnagalTca Ha gBa parmeHTa; oba
OHW MOTYT BCTYNaTh B LUK IMMOHHO KuC-
NOTbl, XOTA W Ha pasHbIX YPOBHAX. YeTbipe
n3 [eBaTn YrnepofHbIX aToMoB
(heHUnanaHMHa W TUPO3MHA [JakwT CBO-
604HbIN aueToaueTaT, KOTOPbIA 3aTeM npe-
Bpawiaetcsa B auetun-CoA (puc. 19-7). Bro-
POl YeTbipexyrnepoaHblii hparMeHT TUpo-
3uHa ¥ (eHwnanaHuHa npespaliaeTcs
B (hymapaT-NpoMeXyTOUHbIA NPOAYKT Uu-
Kna TMMOHHOW KUCNOTbI (CM. HUXKE). Takum
o6pasom, BOCEMb M3 AeBATU aTOMOB 3TUX

H
,,C—&H
H C--c—c]—coo
sw |
H H H NH,
DeHnnanaHnH
AH WY
CR
TWpo3nH
H—t
H—C—CH,
H—C—NH,
C00-
/ TeliumH
HC—C—CH,—Coo_
o AueToauertar
Cnytapun-CoA

CH,—€ -c¢ H—C—S—CoA
Auetoauetnn-CoA

CH,-
Auetun-CoA
Puc. 19-7. Cxema nyTeii, BeAywWmx oT NN3NHa,

TpunTothaHa, GeHunanaHnHa, TMpPo3nHa n neiyuHa
K auetun-CoA uepes auertoaueTun-CoA.
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-CH,—CH—CO0O- _j_o_
J +NH3
N
TpunTodaH HukoTuHAT (BUTAMUH)
HO -CH,CH,NH3 -CH,COO0-
N N
H H
CepoTOHUH  (FOPMOH, MHuponauetaTt (o6pasyeTcsa B
Bbl3bIBAOLL NN pacTeHuax; cTumynupyeTt
CY>XeHue cocyfoB) pOCT pacTeHuit)

Puc. 19-8. TpuntothaH U HEKOTOPble BaXKHble NPO-
[OYKTbl €ro MeTabonmyecknx npespaiieHuit.

H
4-manennayetoauerar
Y~ cH2-C—coo- ManeunaueToaueTa't-
+NH3 deHunanavus wso@lepasa
02, NADPH, H+
o OedhekTHa |
eHUNanaHnH-
npu ¢evun - ~O00C—C=C—C—CH2—C—CH2—COO"
MOHOOKCUTeHasa 4 dymapnn
KEroHypun - -
H20, NADP+ yp H o o y
ayeTtoauerat

H
I_D/\ dymapunaueroatrerasa
Y cHz—c—coo-
H

+NH3 Tuposuu CiOO-

C—H

a-Ketornyrapar. CH3—C—CH2— COO- I ®ymapat
TuposnH- H_C

rpaHcamuHasa O AlueTtoaueTar |

Fnytamart * _
CykunHun-CoA coo

\' 3-keToayun-CoA -

HN CH,—C—COO- J TpaHchepasa
CyKumnHat
O 4-rngpokcudeHnn -

02 nupysat CH3—C—CH2— C—S—CoA
4-rngpokcngeHnn - o O AueToaueTun-CoA
nupyHar-guokKcureHasa

CO.
HO
(W coo-

OH FomoreHTmsart

02 rowmo-
reHrusar- AedekTHa npy
1,2-AuoKcu- ankanToHypuu
reHasa .

Puc. 19-9. HopmanbHbIl NyTb npeBpaLieHuns ge-
-00C—C=C—C—CH2—C—CH2—COO- HuWnanaHnMHa U TUpo3nHa B auetoauetun-CoA u
| | 1 1 hymapoByto kucnoty. Mpu GeHUNKeToHYypumn Ha-

H H O (6] pylleHa aKTUBHOCTb MepBOro ()epmMeHTa 3TOro
4*manennaueroaueTtar nyTu.
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aMWUHOKWUCNOT NOCTYNakwT B LUKA IMMOH-
HOW KUCNOTbI; AEBATbIA aTOM OTWEennseTcs
B Buge CO2. ®eHunanaHuH (nocne rugpok-
CUNNPOBaHUA, T.e. uepe3 TUPO3UH) Takxe
B KOHEYHOM CcyeTe MCNONb3yeTcs Kak npef-
LECTBEHHUK TOPMOHA LWMWTOBUAHOW XKe-
ne3bl TUPOKCUMHA U [ABYX FOPMOHOB, Bblpa-
6aTblBa€MbIX MO3r0BbIM BeLIeCTBOM Haj-
MOYEYHWKOB - afjpeHannmHa u HopagpeHanumHa
(rn. 25).

19.5. HacneactBeHHble
HapylweHus Katabonusma
(heHnnanaHnHa

Y 4enoBeka U3BECTHO MHOTF0 pasNMYHbIX
HacnefCTBEHHbIX HapyLWeHWA aMUHOKMUC-
NOTHOro o6meHa. B ocHOBe Bcex 3aTux Hapy-
WeHNA (60NBWKNHCTBO M3 HUX BCTpevyaeTcs
PefKo) NexuT MyTauusa Kakoro-Hubypab re-
Ha, KOAMPYHOLLEro oNpeaeneHHbIn hepmeHT,
yyacTBYHLW WA B MpeBpalleHUAX [aHHOM
aMWHOKNCNOTbI. MOA4 KOHTPONEM MYTaHT-
HOro reHa cuHTesnpyeTcs feeKTHbIA dep-
MEHT, Y KOTOPOro B TOM WU UHOM KAloue-
BOM Yy4yacTKe NMOMMMNENTUAHON Lenn MOXeT
CTOATb «HenpaBWlbHaA» amMWHOKUCNOTA;
KpoMe TOro, Kakoi-Hubyab amMUHOKWUC-
NIOTHbI OCTaTOK MOXET ObITb YTpayeH um,
Hao60pOoT, BK/KYEH B MOAUNENTUAHYHO
uenb. B ogHUX cnyyasx Takoi HacneAcTBEH-
HO U3MEHEHHbIN (PepMeHT HeaKTUBEH BOOG-
e, a B APYrux npossageT AUWb YacTb Npu-
Cylleil eMy aKTMBHOCTW, MOCKOMbKY Xapak-
TepHoe Ans Hero 3HadeHuve Km (unun Tmax)
He COOTBETCTBYeT HOpMe. bBonbLWMHCTBO
BPOXJEHHbIX HapyLeHU aMWHOKUCNOTHO-
ro o6mMeHa y 4efioBeKa COMPSXEHO C Hako-
NAeHWeM TexX WU WHbIX MNPOMEXYTOUYHbIX
NpoAYKTOB 3TOro o6mMeHa. Npu HEKOTOpPbIX
HacnefCTBEHHbIX 3a601eBaHNAX TaKOro po-
[la HapyllaeTcs HopMa/ibHOe pa3BUTUE He-
PBHOI TKaHW, 4TO MPUBOANT K YMCTBEHHOIA
oTCTanocTu.

deHnnanaHNH-TUPO3UHOBLIN NYTh 3acy-
XXWBaeT B 3TOM CMbIC/e CMeynanbHOro
YNOMWUHaHWUS, MOCKONMbKY Tpu (epMeHTa-
TMBHBIX 3Tana 3TOr0 MyTU 0COGEHHO yA3-
BMMbI, T.e. MOABEPXEHbI TEHETUYECKUM W3-
MEHEHUsIM, B pe3y/ibTaTe KOTOPbIX BO3HU-
KaloT TpU BUAA BPOXAEHHbIX HapyLleHWi
o6MeHa. Y HeKOTOpbIX Ntofeil getekT 3a-
TparvBaeT MepBblil PEPMEHT AAHHOFO MeTa-
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6onunyeckoro nytu (puc. 19-9)-ceHunana-
HWUH—4-MOHOOKCUTeHa3y (ee Ha3bIBAlOT TakK-
Xe (heHunanaHuH-ruApoKcMnNasoii), Karanu-
3UPYIOLLYI0  TUAPOKCUNUPOBaHWe deHun-
anaHMHa [0 TUpo3uHa. ITOT JedekT
CNYXWUT MNpUYMHONK 3aboneBaHUA, KOTOpOe
HOCUT Ha3BaHue (heHNNKET OHYPUU.
®eHnnanaHMH-MOHOOKCUTEeHa3a KaTanusu-
pyeT peakuuio, B KOTOPOW OAUH M3 [BYX
aToMOB MoOJfieKynbl Kucnopofia Oz BKIHO-
yaeTca B (heHMnanaHuH, 4Tobbl 06pasoBaThb
TMAPOKCUAbLHYIO TPYNNy TUPO3UHa; BTOPOIA
aToM Kucnopoja BOCCTaHaB/MBAaeTCA npu
3Tom fo H20 3a cyer NADH, koTopblii
Takxke TpebyeTca Ans 3TON peakuuu:

L-peHnnanaHuH + NADH +
+ H+ + 02 -

-+ L-TMpo3uH + NAD+ + H20

Mpw HacneAcTBeHHOM AdedhekTe, 3aTparu-
BalLWem geHunanaHnH-4-MOHOOKCUTEHA3Y,
Ha nMepBbli NnaH BbICTynaeT BTOpOCTe-
MeHHbI NyTb o06MeHa (eHunanaHuHa,
B HOPMe Mano MCcnonb3yemblil. Ha 3Tom
BTOPOCTENEHHOM MyTW (eHunanaHuH npe-
TepneBaeT TPaHCaMUHUPOBAHWE B peakuun
C a-KeTtornyTapaTtom, 4to NpUBOAUT K 0bpa-
30BaHu0 eHunnupysaTa (puc. 19-10):

deHunanaHnH + a-Kertornyrtapat ”
®eHnnnupysat + [nyTamart.

OfHaKo fanbHellwmnm npeBpaleHnaM dge-
HUNNWPYBaT He nojsepraeTcs, T.e. 3TO Ty-
NUKOBLIA MyTb; (eHunnupysaT (a Takxe
M heHWNanaHWH) HakannMBaeTCs B KpPOBWU
M TKaHAX, a 3aTem BbIBOAUTCA C MOYOM. W3-
6bITOK (heHUNNUpyBaTa B KPOBM Yy HOBOPO-
XAEHHOro HapyllaeT HOpManbHOe pasBu-
TUE MO3ra U CNY>XWUT NPUUNHON YMCTBEHHON
oTctanocTun, deHnnketoHypus (P KY)-oa-
HO 13 MepBbiX BPOXAEHHbIX HapyLwweHuii 06-
MeHa, OTKpPbITbIX Yy YenoBeka. Mpu pocTa-
TOYHO PAHHEM BbIIBIEHUN (EHWUIKETOHY-
PV MOXHO C NOMOLLbIO COOTBETCTBYIOLL el
[LuneTbl co34aTb YCN0BUS ANA HOPManbHOro
pasBuTUA U KM36exaTb YMCTBEHHOI OTCTa-
noctn. M3 pauuoHa [OMKHbI ObiTb MpK
3TOM UCK/KOYEHbl N06ble NPOLYKTbI, B CO-
CTaB KOTOPbIX BXOAAT BENKN C BbICOKUM CO-
fepXxaHuem theHunanaHnHa. NMockonbKy no-
YT BO BCEX Genkax COLEPXUTCA Kakoe-To
KONMYeCTBO (heHunanaHuHa MW TaK Kak
B Ma/iblX KOMMYecTBax OH BCE >Xe Heobxo-
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H
N > CH 2-C—COO~ deHnnanaHnH

NH,

COO-
|

Cc=0
|

AUM NS HOPMaNbHOTO pocTa (3TO OfjHa U3
He3aMeHUMbIX aMUHOKWCAOT; ra. 26), co-
CTaB TaKOro paluoHa 40/KeH KOHTPONpPO-
BaTbCS OUeHb TUaTenbHO. MpupoaHble 6en-
KW, Hanmpumep Ka3euH MOJOKa, cnegyet
npeLBapuTeNbHO MOABEPraTb TFUAPONU3Y
W yoansTb U3 HUX (heHUNanaHuH.
BbIsiBUTb (DEHUNTKETOHYPUIO 1 HAa3HAUYNTb
pebeHKy COOTBETCTBYIOLLYIO AUETY HEOGXO-

LVMMO B MepBble e HeAenu mnocne poxge-
HWSA, B MPOTMBHOM Cjly4ae Heu3bexHa He-
| obpaTumasn 3afep>xKka YMCTBEHHOr0 pasBu-
COO0- Tns. Tpu OTCYTCTBMM JIEYEHUS MHOTUeE
60/bHble (PEHUNKETOHYPUEn He LOXWBaKOT
00 25 neT; Apyrux npuMxXOAUTCA BCH XKM3Hb
coflepXaTb B COOTBETCTBYHLUX Yy4upexne-
HMAX W TpaTUTb Ha 3TO MHOro Tpyaa
n cpeacTs (gononHeHne 19-2). deHunketo-
CH2—C—CO00- deHunnupysar Hypusa-cepbesHas npob6nema 3apaBooxpa-

o HeHusi. bone3Hb 3Ta [OCTAaTOYHO LIMPOKO
pacnpocTpaHeHa: Ha 10000 HOBOpPO-

CH2 a-Ketornyrapar

CH2

TpaHcamuHasa

I %

+
XEHHbIX MPUXOAMTCA B CPELHEM OfMH C Ta-
COO- Kum gedektom. B CLUA B 60nblueit yacTu
H3N—(IZ—H LITATOB BCE HOBOPOX/EHHbIE MOABEPratT-

cs 0653aTebHOI NpoBepke Ha eHUNKeTo-
CH2 Tnytamart Hyputo. OGHapyxeHue 3TOro 3aboneBaHns
CH2 He MpeAcTaBnseT 3aTpyfAHeHUii: TpebyeTcs
I TO/bKO OMpeAeNnuTb COAEpXaHue (eHu-
COO- anaHuHa u QeHunnupysaTa B MOue.
Puc. 19-10. OGpasoBaHue (eHUANMpyBaTa Ha B HekoTopbIX ciyyasx B pesynbTarte reHe-
anbTepHaTUBHOM MyTW, AelicTBYylOLLEM NpuU de- TUYECKON MyTaunn geeKTHbIM OKa3bliBaeT-
HUNKETOHYpUM. €Al TaKXKe YeTBepTbli hepMeHT (eHnnanaHm-

[ononHeHune 19-2. 3HayeHWe HEKOTOPbLIX HACNEACTBEHHbLIX
6onesHell ANna 4enoBeKa, 06LWECTBA U 3KOHOMMUKM

B HacToflee BpeMs y Ye/loBEKAa M3BECTHO MO NPUGNN3UTENbHBIM MOACYe-
TaMm Y>Xe CBblLe 2000 Pa3NUHbIX HaCNeACTBEHHbIX HapyLeHWid nnm 6ones-
Hel n umcno ux 6bicTpo pacTeT. ExerogHo B CLUA poxpaeTtca 60nee
120000 peTeit ¢ HacneACTBEHHbIMM 3a60/ieBaHMAMMU. Bo MHOrMX cnyvasx
3TO TAXKKOE HecyacTbe OTAENbHbIX N0AeN, BCO rNy6UHY KOTOpPOro He BCer-
fa MOXHO cebe flaxke NpeacTaBuUTb. TAXENbIM 6peMeHeM noxartca 3Tn 60-
Ne3Hn 1 Ha 06LWecTBO; He06X0ANMO, CefoBaTe/lbHO, M03ab0TUTLCA O TOM,
uyTtobbl 6yAylive pOAWTENU WUMeNW BO3MOXHOCTb BOBPEMSA MNONYYUTH
HY)XXHble peKOMeHaLuy u YTo6bl COOTBETCTBYIOLLME 3HAHUA WNPE pacnpo-
CTpaHAnucb B obLiecTBe.

PEeHUNKETOHYPUSA MOXET CNYyXUTb MPUMEPOM [A0BOJSIbHO 4acTo BCTpe-
yaloLlenca reHeTMYeCKoi 60n1e3HN, KOTOPYHO SIerKO pacno3HaTb M KoTopas
noffaeTcs fievyeHunto. Ecnm BbIBUTL 3TO MaTO/IOTMYECKOEe COCTOAHMNE cpasy
Xe rnocne poXxeHus pebeHKa U B TeYeHUe NEPBLIX 6 1T ero XWU3HU 0YeHb
cTporo cob6nogaTb ONpefeNneHHy AWEeTY, TO OH BbIpacTeT HOPMa/bHbIM
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yenosekoM. O6Hapy>KeHune 1 neyeHne 601e3HN CTOAT BeCbMa Hefeweso. Ho
0TKa3 OT HUX 06XOAUTCA B KOHEYHOM CYeTe HAMHOr0 [0poXe, Jaxe ec/un
0CTaBWUTb B CTOPOHE YMCTO FryMaHHble coobpaxeHus. B 1980 r. cToumocTb
TecTa Ha PKY cocTaBnsina 0KoMo ABYX A0ON/1IapOB Ha O4HOro pebeHka. 3TO
03HayaeT, YTo Ha 3 M/IH. fieTeid, eXXerogHo poxgarwuxca B CLLUA, Heobxo-
AMMO 3aTpaynBaTh OKOMO 6 M/H. f0/1apoB. MOCKONbKY YacToTa NOM0XMN-
TenbHbIX TecToB Ha ®PKY paBHa 1Ha 10000 HOBOPOXKAEHHbIX, TaKOE TECTU-
poBaHMe [O/MKHO BbIABAATL exerogHo 300 geTeil, HyXJatowmxcs
B cneymnanbHoOi anete (6e3 peHunanaHnHa). 3aTpatbl Ha MNOAOOHYH AUETY
npesbiwakT 1000 gonnapoB B rog Ha ofHOro pebeHka. Takum 06pasom,
€XerofHo Ha fe4ebHOe NUTaHWe AN 3TUX feTeil (BNOTb A0 6 -NETHErO BO3-
pacTa) npugeTtca BblfenaTs 1,8 MAH. fonnapos. B uenom no ctpaHe ctou-
MOCTb 3TOW nNporpammbl ByaeT NpuGAMXKATLCA K 8 MAH. AON1APOB B rof,
W uupa ata, 04eBNAHO, 6ydeT pacTu. 3Ta CymMMa, KOTOpPYH noTpebyetcs
€XerofHo pacxofosatb Bcero Ha 300 feTeid, MOXET NOKa3aTbCA OFPOMHOIA,
HO Mbl Ceiivac yBMAUM, YTO anbTepHATUBHbIA MyTb CBA3aH C ropas3fo 60/b-
WuMy 3aTpatamu. Ecnum y HOBOPOXAEHHbIX He 6yLyT NPOBOAUTLCA TECTbI
Ha ®KY, a3t 300 geteidi 6yayT, BepOATHO, 06peyeHbl Ha TO, YTOObI NpoBe-
CTW CBO XU3Hb (B cpefHeM 0Kono 30 N1eT) B CMeunanbHbIX YUpexaeHnax
ONS YMCTBEHHO OTCTanblX, rae obwas CTOMMOCTb COAEpPXaHWs O4HOro Ye-
noseka coctanfeT 10000 gonnapos B rof. OTcro4a cnefyeT, UTo, 3aTpayn-
Bas Ha BbIABNEHWE U NledeHNe DeHUTKETOHYPUU B LLeSIOM N0 CTPaHe CBbille
8 MJ/IH. JONNAPOB B rof, Mbl B KOHEYHOM cyeTe cbeperaem BAecATEPO 60/b-
Wwyto cymmy. Takum 06pa3om, No KpaviHein Mepe B OTHOLIEHWUMN (DEHUNKETO-
HypuW pacxofbl BMOMHE onpaBAbiBaloTcA. [10 BCeil BEPOATHOCTU, TaK Xe
06CTOMT fAeNno U ¢ APYrUMU HAcNeACTBEHHbIMWU 6GONE3HAMMU.

Mpn HEKOTOPbIX FeHeTUYeCKNX 3aboneBaHUAX NpoBepKa OyAyWwmx pogm-
Teneli NO3BONIAET BbIABUTb HOCKTENEN Ae(eKTHbIX TeHOB. Takas npoBepka
He rapaHTMpyeT OT OWWBOK, N B 6ONbLIMHCTBE C/lyYaeB ee NPOBOAAT Ha 40-
6poBO/LHOW OCHOBE. Y faeTcs, Hanpumep, BbIBUTb HOCUTENe cepnoBufi-
HOK/IeTOYHOW aHeMunm (pa3g. 8.17) unu 6onesun Tesa-Cakca (rn. 21). K co-
XaneHuto, ANA MHOIMX [PYrux TreHeTU4Yecknx 6onesHeid cpenatb 3TO
HEBO3MOXHO. B HEKOTOpbIX Cnyyasax MeTOf, aMHMWOLEeHTe3a No3Bo/iseT 06-
HapYyXWTb TY XN UHYIO NaTONOrMIO ewwe y nnofa. Tak MOXeT 6biTb BbIfiB-
NeHa, B YacTHOCTU, 6one3Hb Tea Cakca (rn. 21). MpaBga, s paja rede-
TUYeCKNX 60Ne3HeN, BbIABASAEMbIX METOL0M aMHUOLEHTE3a, e4UHCTBEHHbIM
BO3MOXHbIM «/leyeHneM» sBnseTca abopT, a 3TO CTaBUT Ntofeil nepep
TPYAHbIM BbIGOPOM.

Bcero cTpalHee Te reHeTuyeckue 60/1€3HN, KOTOPbIe Mbl HE B COCTOAHUNU
npeAckasatb Ha OCHOBE MPOBEPKM OyfyWwUX POAUTENei, He MOXEM Bblfi-
BWTb [JOCTATOYHO PaHO WM MNOKA elle COBEPLUEHHO He YMEEM JIeYunTb.
XKepTBbl Taknx 60ne3Hel TpebYIOT yX04a, 3aTpaThbl Ha KOTOPbIA 06bIYHO He
MOA CUMY YaCTHbIM fiMLaM, TakK 4To 06LLecTBY NpuUXoanTca 6paTb Ha cebs
3a60Ty 06 aTux noaax. Ecnm 6bl faxke 6UOXUMUKM U MOTIIN ANS KaXXJ0W re-
HeTMYeCKO 60Me3HN yKasaTb NPUUMHY B BUAe AeeKTHON CTPYKTYpbI reHa,
TO BCE paBHO OAHOW 6MONOrMM HEAOCTATOYHO [ANS peleHus Tex Co-
LManbHbIX N 3TUYECKUX NpPo6/1eM, KOTOPble MOPOXAAKTCA 3TUMKN 60NE3HA-
MU.

nytm  (puc. 19-9)-romMoreHTU- fanbHelileMy pacllenseHnio 0aUH U3 Npo-

3a«—1,2-AMOKCHreHasa. Y Nodeid ¢ TakKUM  MeXYTOUYHbIX MPOAYKTOB KaTtab6osusma de-
FEHeTUYECKUM [edeKTOM He MOZABEPraeTcsi HWAaNaHUHA-rOMOTeHTM3aT, KOTOpblii Ha-
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KannmBaeTcs B XXUAKOCTAX Tena v BbIBOAUT-
ca M3 opraHMsma c Mmo4oi. Ha Bo3gyxe
Takas Mouya TeMHeeT. OO6bsAcHAeTcA 3To
TEM, YTO M3-3a PA3NOXEHUA YacTu MoYe-
BUHbI C 06pasoBaHnemM ammuaka pH mouun
CABWIraeTcA B LLENOYHYI0 CTOPOHY; romo-
reHTM3aT npu 3TOM CMOHTaHHO OKWCAAeTcs
atmocepHsiMm  O2 M npeBpaLjaetcs
B TEMHbIA MUTMEHT, CXOLHbIA C Tem, KO-
TOPbIA COAEPXMUTCS B KOXe NH0Aei YepHON
pacbl. 9TO BPOXAEHHOE HapyLleHne obMeHa
HOCMT Ha3BaHWe ankanTOoHypuu. ¥ HocuTe-
neil Takoro fgedekta 340pPOBbE SABHbIM
06pa3omM HM B YeM He CTpajaeT, ecnm He
cyntatb  6ecrnokoicTBa,  BbI3bIBAEMOTO
Yy HUX CaMWUM BWULOM YepHOli Moyu. ITO TO-
)K€ HEMa/IOBaXXHO: M3BECTHbI CAyyaun, Koraa
NN AelicTBUTENbHO 3a601eBann 0T OfHO-
ro TONbKO CTpaxa-4epHas mMo4a cumTanacb
OYPHBIM 3HAKOM.

B 1a6n. 19-1 ykasaHbl U HEKOTOpble ApY-
rme BPOX[EHHbIE HapyLeHUs aMWUHOKMUC-
NOTHOro 06MeHa.

Ta6nuya 19-1. HekoTopble BPOXAEHHbIE
HapyleHNs aMWHOKWCNOTHOro o6MeHa Yy
yenoseka

HapyweHune 3aTPOHYThI (hepMeHT

Anb6UHN3IM TNpPO3NH— 3-MOHO-
OKCUreHasa
FomoreHTusar— 1,2-
ANOKCUreHasa

ApPruHUHOCYKLMNHAT-

AnNKanToHypus

APrMHNUHOCYKLM-

HaTauuaemus nnasa
FomMouncTuHypus LmcTaTMOHUH— B-
CMHTa3a

BonesHb KNeHOBO-
ro cupona (neiym-
HO3)
®eHUNKeTOHYpUA

ferngporeHasa
a-KeToKMcnoT ¢ pas-
BETB/IEHHOW Lenbio
deHnnanaHNH—4-
MOHOOKCUTeHasa

FvnepBaninHeMus BanuH-TpaHcamMuHasa

19.6. MATb aMWUHOKWUCMIOT
npespalialTca B a-kKeTornyrapar

YrnepoaHble cKeneTbl MNATM aMWHOKMC-
NOT MOCTYNAKT B LMK IMMOHHOI KWUCAOTI
yepes a-KeTorayTtapar; K 3TUM aMUHOKUC-
NnoTam OTHOCATCHA apruHuH, TUCTULMH, TNy-
TaMWHOBas KMCNOTa, FyTaMuUH U NPOVH
(puc. 19-11).
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NH,

C=NH

a-Ketornyrapar

cto-

Puc. 19-11. Cxema nyTeii, BeAylux oT apruHuHa,
TMUCTUAWHA, NPOANHA, FAyTaMuHa W rayTamara
K a-KeTornyTaparty.

19.7. Tpn aMMWHOKWUCNOTbI
npespatiaroTca B CyKunmHun-CoA

YrnepofHbole CKenetbl MeTWOHUHA, W30-
neiiuMHa n BanMHa pacliennalTca B peak-
LMAX, MPUBOAALLNX B KOHEYHOM CYETe K CyK-
unHUN-CoA, T.e. K OLHOMY U3 NPOMEXY-
TOYHbIX NMPOAYKTOB LMK/a NTMMOHHOW KuC-
notel (puc. 19-12). MpeBpalieHna n3onen-
UMHa W BanMHa MNPOTEKAT CXOAHbIM
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s

S

|
CH2

CH2 CH,

CH2

|
H—  CHs

CH, H—C—NH,
H3C-C—H coo-

H—C—NH3  MemmoHnH  H__¢__NH,

cho-
BanuH

coo-
' NsoneiilyuH

CHs

CH2

CI—S—CoA

0 MponnoHnn-CoA

1

coo0-

|
H—~—CH3

¢ —S—CoA

0 MeTtunmanonun-CoA

1

COO-

|
CH2

CH2
C—S—CoA
o CyKumHun-CoA

Puc. 19-12. Cxema nyTeid, Befywmux oT N30 nei-
LMHa, METUOHWHA U BannHa K CYyKUuMHUN-COA.

06pasom. O6e 3T aMUHOKMCIOTLI NpeTep-
MeBalT TpaHCAMUHUPOBAaHME C NOC/EAYH-
WMM OKUC/UTENbHLIM [eKap6oKCuImpoBa-
HMeM  06pa3oBaBLUIMXCA  a-KETOKMCNOT.
B AHTapHYl KWCMOTY BKIKOUYAKTCA YeTbipe
U3 NATU YrNepoAHbIX aTOMOB BalMHa U TPK
3 LUECTU YT IEPOAHbIX aTOMOB U30/eLMHa.

OKUCAUTENIbHOE  [eKapBoKCUIMPOBaHUE
Tpex a-KeTOKUCNOT, SABASIOWUXCH MPOAYK-
TaMu [e3aMUHUPOBAHUS BajWHa, W30/eii-
UMHa W neliunHa, KaTanusupyeTtcs OAHWM
1 TeM Xe DEepMEHTHbIM KOMMIEKCOM - fieru-
APOreHasoil <x-KeTOKUCNOT. Y HEKOTOpbIX
nofeil BCneAcTBUE TeHETWYECcKol aHoma-
NN 3TOT )epMEHT HeaKTUBEH, N NOTOMY a-
KETOKUCNOTbI HaKanaMBalTCs Y HUX B KpO-
B W MOMajalwT B MOYy, YTO npujaet e
cneuyudmueckuii 3anax, n3-3a KOTOPOro AaH-

BMOSHEPTETUKA N METABOJ/IN3M

HYt0 60/1e3Hb Ha3blBalOT GONE3HbID KNEHOBO-
ro cupona. dTa 4OBOJSILHO pefKas aHOManms
NPMBOAMT K HapyWeHWto HOpManbHOro
pasBMTMA MO3ra U Mpu OTCYTCTBMM feye-
HUA-K CMepTW B paHHeM Bo3pacTe. Jleue-
HWe CBOAWNTCS K CTPOroli AneTe, K BOSMOXHO
60see MOMHOMY MCK/IOYEHUIO W3 palMoHa
Tpex 06blYHbIX aMUHOKWNCNOT-BannHa, n3o-
neunHa u neiunHa. CTOMT TaKoe «Jeyve-
HMe» upe3BblYyaliHO A0OPOro.

19.8. N3 eHnnanaHnHa wu
TUpo3nMHa obpasyeTca dymapart

Bblle Mbl OTMeYanu, 4To M3 (heHunana-
HWHA U TUpo3nHa obpasyeTca No ABa YeTbl-
pexyrnepogHblXx NpoAykKTa- aleToalueTaT
n dymapaT (puc. 19-9). AuetoaueTaTr no-
CTynaeT B LUK TMMOHHOW KNCNOTbl B op-
me auetun-CoA, a pymapat cam siBnseTtcs
NMPOMEXYTOYHbIM MPOAYKTOM 3TOr0 LMKNA.

19.9. OkcanoaueTaTHbIi NyTb

YrnepofHble CKeneTbl acnaparvHa u ac-
naparMHOBOM KNCMOTbl NOCTYNatT B KOHeY-
HOM CcYeTe B UMKA NTUMOHHOW KWUCNOThbI Ye-
pe3 okcanoauetat (puc. 19-4). depmeHT
acnaparuHasa kKatanuMsmpyet rmgponus ac-
naparnHa c o6bpasoBaHuMeM acnapTaTta

AcnaparuH + H20 -*

-» AcnapTtat- + NHA.
AmMuHOrpynna acrnapTata rnepefaeTcs 3a-
TeM a-KeTornyTtaparty B peakuuu TpaHcaMu-
HWPOBaHWA, NPOAYKTOM KOTOPOW fiBNsieTCA
rnytamar

AcnapTtar + a-Ketornyrapatr *
N Okcanoauetar + [nyTtamar.

OcTalolyuniics yrnepofHblil cKkenet acnap-
TaTa, B JopMe OKcasoaleTaTa, BK/HOYaeTcs
B LMK JIMMOHHOW KMCNOTHI.

MNTakK, Mbl MO3HAKOMUIUCL TEMEPb C TEM,
KakuM 06pa3oM 20 pas/MYHbIX aMUHOKMUC-
NOT paclyensisoTcs - noc/e e3aMUHUPoBa-
HWS-B pe3y/ibTaTe [erMAPUPOBaHUS, [e-
Kap6OKCUNMPOBaHUS U [pYrMxX npeBpalle-
HWIi 40 nNATU U3BECTHbIX MeTaGoNnTOB,
B BMAE KOTOPbIX (parMeHTbl WX Yyrfe-
POAHbIX CKEeNeToB MOTYT  BK/IOYATbCH
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B LUMKA JIMMOHHON KWCNOTbl. 3[4ecb 3TK
(hparMeHTbl OKMCAAOTCA YK€ NONHOCTbIO-
[0 ABYyOKucK yrnepoga v Boasl. Bo Bpems
nepeHoca 3NeKTPOHOB B MpoOLecce OKUCIU-
TeNbHOro  pochopunnpoBaHna  CUHTE3N-
pyetca ATP. Takum nytem aMMHOKWUCNOTHI
BHOCAT CBOM BKfag B 06uiee obecneyeHue
opraHn3ma 3aHeprueii.

19.10. HekoTopble aMWHOKWUCOTbI
MOTyT MnpeBpawaTbCsa K i.MOMHY,
a [pyrme B KETOHOBblE uvVia

Mbl y>Ke 3HaeM, 4To MATb aMUHOKUCNOT,
pacnagascb, nNpespalialoTcAd B KOHLE KOH-
uoB B auetoauetnun-CoA. B neueHn m3 atux
aMWHOKMCNOT MOTyT 006pa3oBblBaTbCA Ke-
TOHOBbIE Tefla, NOTOMY 4TO aueToaueTusn-
CoA cnocobeH npespaLiaTbca B aleToale-
Tat u B-ruapokcmbyTupaTt (pasg. 18.10).
f[ATb aMUHOKUCNIOT, O KOTOPLIX UAET peyb,
HOCAT MNO3TOMY Ha3BaHME KETOreHHbIX
(Tabn. 19-2). x cnoco6HoCTb 06pasoBbl-
BaTb KETOHOBbIe Tena NPosABAAeTCA 0CO6eH-
HO OTYeT/NINBO B C/lyyae HeneyeHoro caxap-
HOro Auabeta; B MeYEHW NpuU 3TOM Bbipa-
6aTbiBalOTCA 6OMbLWIME KOAMYECTBA KeTO-
HOBbIX TeN, UCTOYHWKOM KOTOPbIX CNyXaT
NOMUMO XXMUPHBIX KWUCNOT ele W KeTo-
reHHble aMUHOKMWCNOTHI.

Ta6nauua 19-2. TNIOKOTEHHbIE U KETOTEHHbIe
AMWHOKMCAOTHI

IOKOTEeHHble Mponu
AnaHuH CepuH
ApPruHuH TpeoHuH
AcnaparuH TpuntodaH
AcnaparnHosas Lnctenn
Kucnorta KeTorenHble
BanuH Neyunx
FnytammnHoBas NnsnH
Kucnota TpuntotaH
Fnytamun KeTorenHuole n
rnnymnH KOTEHHbl e
ruectngunu Tuposu
MeTnoHnH ®eHnnanaHunH

MATHagUaTb aMWHOKUCNOT, pacnajar-
wuxecs ¢ obpaszoBaHWeM OC-KeTornytapaTta,
CyKumMHata W oKcanoaueTara, MOryT npe-
BpallaTbCA B rKOKO3Y M FIMKOTEH NO NyTw,
onucaHHomy B . 20. VIX HasblBalOT rNio-

KOTeHHbIMU aMUHOKuUcnoTamun (tabn. 19.2).
MeXAy KeTOreHHbIMW W TNHOKOTeHHbIMU
aMWHOKMC/IOTAMMW HET YETKOIN rpaHuLbl, no-
CKO/IbKY AiBE aMWHOKUCOTbI (heHnnanaHuH
MW TUPO3WH) MNpUHaANexar O4HOBPEMEHHO
W K TORN, N K Apyroi rpynne. HekoTopble ©3
aMWHOKMCNOT, MpeBpallalowmxca B nupy-
BaT, B YaCTHOCTMW aNaHWH, LUCTENH U CEPUH,
TaKXe NoTeHLManbHO cnocobHbl 06pa3oBbI-
BaTb aueToauerar yepes auetun-CoA, oco-
6eHHO y 60MbHbIX CaxapHbiM AnabeTom
(pa3g. 18.10, 19.3).

19.11. AMMMaK ANA XWUBOTHbIX
TOKCUYEH

Boiwe Mbl npepBany HavyaToe 06CyXfe-
H/e obMeHa aMMHOrpynn, 4Tobbl paccmoT-
peTb npouecc pacliensieHna Ae3aMUHUPO-
BaHHbIX aMUHOKUCOT, CAyXaluxX UCTOUYHU-
KOM 3Hepruu. BepHemca Tenepb K TOMY, Ha
4yeM Mbl OCTaHOBMAUCL paHee, U 3alimemcs
cyabboii ammumaka, obpasyrolerocs B pe-
3y/ibTaTe OKWUCAUTENLHOro fAe3aMWHUpOBa-
HWA rayTamata noj AeiicTBuem rayrtamart-
ferngporeHassl, T. e. B pe3ynbtaTe npouec-
ca, MpoTeKaloLwero MNPakTUYECKN BO BCEX
TKaHAX. 3[eCb Mbl CTalKuBaemcs C Cepbes-
HOW 6MoXMMuUYeckoih nNpobaemoit, noTomy
4yTO aMMMaK - KpaiiHe TOKCMYHOE BeLLecTBo,
oco6o onacHoe fnda mosra. AMMUAK Ha-
CTO/IbKO TOKCMYEH, YTO UHBEKLMA XNBOTHO-
MYy Jaxe camoro cnaboro ero pactsopa Mo-
XET BbI3BaTb KOMY.

MpnynHa CcTONb PEe3Koro [AeicTBua am-
MWaka Ha MO3r NoOKa He BMOJSIHE fACHa.
O6bACHEHME MOXHO, OYEBUAHO, WCKaTb
B [ByX IN1aBHbIX pakTopax. 1) AMMMUaK xa-
paKTepu3yeTcs OYeHb BbICOKMM 3HayeHuem
pK', noatomy npu pH KpoBM OH CyLLLeCcTBYeT
noyTM LEeINKOM B BUAE MOHA aMMOHUA
(NH*). Woubl NHJ npoHukalT uepes
nnasMaTnMyeckyro uU MUTOXOHAPUANbHYIO
mMem6paHbl ¢ 60nbW KM TPYyAOM. B oTanyne
OT HWUX HelTpa/ibHble MONEKYbl CBO6OAHO-
ro ammmnaka (NH3) nerko npoxogaT yepes
3T MeMbpaHbl. N xoTs B KpoBu npu pH 7,4
fona CcBO6GOAHOrO ammuaka cocCTaBifeT
BCEro Wb 0K0M0 1% 0T 06LWEero ero Kou-
yecTBa, 9TOT CBOOGOAHbI aMMUaK NpPoxXoanT
CKBO3b MeMOpaHbl U MPOHWUKaeT B KNETKU
M03ra, a TakXe B UX MUTOXOHApuK. 2) TMo-
nas B MUTOXOHAPWUU KNeTOK MO3ra, aMMuak
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B3aMMO/ENCTBYeT 3fech C a-keTornyTapa-
TOM, 06pa3ys rnyTamart; 3Ta peakuus npej-
cTaBnseT co6oii 0bpalieHne rnyTamaraeru-
LAPOTeHa3Hoi peakunu:

NH4+ + a-Ketornyrapatz~ +
+ NADPH + H+ -
Mnytamat” + NADP+ + H:20.

Pe3ynbTaToM ee SIBNSIETCS B KOHEUHOM CYe-
Te OTTOK a-KeTorfyTapaTa M3 nyna npome-
XYTOUHBbIX MPOAYKTOB LMKAA NUMOHHOIA

KWCNOTbl B MUTOXOHAPUAX MO3ra U KakK
cnepcrtene 3TOr0 - CHMXXeHne CKOpoCTH
OKNUCneHna TrnrKOo3bl, Mrparow,eﬁ ponb

rnasHoro tonamea Ana KAeTok Mo3ra. Oba
Ha3BaHHbIX (*)aKTOpa, HECOMHEHHO, O4YeHb
Ba)XHbl, HO €CTb, O4EBNAHO, N KaKNe-T0 Apy-
rme npuynHbI BbICOKOWA YYyBCTBUTENNBHOCTU
MO3ra K aMMmunaky, noka euie HeQoOCTaTO4YHO
MN3y4YEeHHbIE.

19.12. AMMMaK nepeHocUTCcAa
B MeyeHb W3 MHOIUX
nepuepmnyeckux TKaHewn

B Buae rnyrammHa

Monpobyem Tenmepb OTBETUTb Ha Che-
Lylouimnii BOMpoC: Kakum 06pa3om TOK-
CUYHbI/A aMMMaK nonagaeT U3 nepugepuye-
CKUX TKaHell B Te oOpraHbl, KOTOpPble €ro
06€3BpEXMBAKOT UM BbIBOAAT U3 OpraHuns-
Ma, U MO3r npuM 3TOM He MofBepraercs
onacHocTn?

Y 60MbWIMHCTBA XXUBOTHLIX aMMMWaK npe-
BpaliaeTcsa cHayasa B HETOKCMYHOE COefu-
HeHVe M NUWb = TAaKOM BUAe NepeHocuTcH
KPOBbIO OT Nepuepuyecknx TKaHel K neve-
HW AN NoYKam. BO MHOTrMX TKaHAX, BKAO-
yags M MO3r, amMuak B3aumofeicTByeT
crnyTamMaTtoM B (pepMeHTAaTMBHOW peakuuu,
KaTanmsmpyemoi rNyTaMWHCUHTeTa30M,
B pe3y/nbTaTe 4ero obpasyeTcs rnyTamuH

ATP + NH”~ + T[pyrtamar -*

-> ADP + P( + TInytamumH + H+.

3Ta peakuus npoTekaeT uyepe3 CcTaguto
06pa3oBaHNA BbICOKOIHEPTeTUYECKOro npo-
MEXYTOUYHOr0 NPOAYKTa, CBA3AHHOIO C (ep-
MeHTOM (puc. 19-13). Ponb Takoro npome-

COO-
H3N—C—H
CH2 T nytamart
CH2
C!OO-
ATP

H+ + ADP
Noo-
+ |
HN -C -H

3CH2 rnytamun-

5-pocar
(cBs3aHHbIN ¢
(hepMeHTOM)

|
4ecn?2
5=o0

-0—P—o-

|
(0]

NH,*—

NP2 o+ H¥
c00-
|
HN—C—H

CH2
FnytamuH
CH2
i—o
|
nh2

Puc. 19-13. O6pasoBaHue rnytamun-5-gocdara B
KayecTBe CBA3aHHOrO C (hepMEHTOM MPOMEXYTOu-
HOro NpoAyKTa MpW rnyTaMWHCUHTETa3HOW peak-
Lmm.

XKYTOYHOr0 NPOAYyKTa urpaet rnyrTamua-5-
tochaT - auwmndocdar, obpasyrLuiics
B pesynbTaTe (ochopunmpoBaHua rnyTa-
mata (3a cyeT ATP) no Kap6GOKCU/bHOWA
rpynne B 5-M nonoxeHun. CBsA3aHHbI
c (hepMeHTOM rnytamun-5-gocdar coeau-
HAeTCA C aMMMWaKOM B aKTWBHOM LeHTpe
rnyTaMUHCUHTETa3bl; MPY 3TOM 06pasyeTcs
rnyTamMuH n BbicBo60XaeTca (ocdar. My-
TaMWH MpejcTaBnseT coboi HelTpanbHoe
HETOKCUYHOE COefjMHeHNe, CNOCOBHOe Nerko
MPOXOANTb Yepe3 KeTOYHble MeMOpaHbl;
3TUM OH OT/MYaeTca OT raytamarta, Ko-
TOpbI He 06najaeT Takoi CNOCOBHOCTLIO,
MOTOMY 4TO €ro MOJIEKY/lbl HECyT CyM-
MapHblil oTpuuaTensHblii 3apsfg (puc. 5-6).
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Y 60MbLUIMHCTBA HAa3EMHbIX XXWUBOTHbIX /Y-
TaMWH [OCTaB/fETCS KPOBbIO B TMEYeHb.
34ecb OH mof feiicTBUEM (epMeHTa [ny-

TamuHasbl npespawaerca B rayrtamar
N aMMMak
Fnytamue + H20 ->

-» [nytamat- + NHa.

B neyeHu MpoOMCXOAWT 3aTeM MpespalyeHune
06pa3oBaBLIErocsl aMMuaKka B MOYEBUHY.
FnyTamuH-3To Ta (opmMa, B KOTOPOI
rnaBHbIM 06pa3oM W TpaHCNOPTUPYeTCS
aMMMaK; B KpOBU 3[0POBbLIX Nt0Aeii ero co-
AepXXaHue CyLLeCTBEHHO MpPeBbIWaeT coaep-
XaHue ApYrux aMUHOKMCNOT.

19/13. AMMMaK nepeHocUTcA
M3 MbIlWL, B MNeYeHb B BUAe anaHuHa

Oco6yio ponb B MepeHoce aMMuaka B ne-
UeHb B HETOKCMYHON (hopMe MrpaeT Takxe
anaHuH. B MbllLax, Kak v B MPOUYUX TKaHSIX,
aMMuak o6pasyeTcs npu  pacliensieHun

Puc. 19-14. T'NOK030-aNaHUHOBBLIA LUK, ITOT
LUMKN BbINONHAET ABe (YHKUMM: 1) nepeHOCUT
aMUHOTPYMMbl U3 CKENETHbIX MbILL, B MEYeHb,
rje OHW npeBpallaloTCA B MOYEBUHY, U 2) obec-
neymsaeT paboTaloLime MbilLbl FOKO30IA, noc-
Tynatouieil ¢ KpOBbIO U3 NeyeHn, rae Ans ee
06pa3oBaHNA UCMNONb3YETCA YrNepPOAHbI CKeneT
anaHunHa.
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aMumHoKucnoT. Kpome TOro, B CKe/eTHbIX
MbIlWLAaX NPU Hanps>XXeHHON paboTe BaxHoOe
3HayeHMe npuobpeTaeT M Takoil npouecc,
Kak fes3amuHuposaHue ageHunata (AMP),
TOXE ABNAOLLErocqd UCTOYHUKOM aMMuaka.
MocTynaowmii U3 3TMX ABYX WCTOYHMKOB
aMMMaK NepeHoCUTCH U3 MbIlWL, B MeYeHb
B BMUAE aMUHOKMCNOTbI anaHuHa 4yepes riio-
K030-anaHWHOBbLIN Uukn (puc. 19-14). B 3Tom
uMKne amMmmak mnpeBpaliaeTcs B aMUHO-
rpynny rnyramaTta B peakuuu, Katanusu-
pyemoi raytamaTaerngporeHasoi

NH* + a-Ketornyraparz~ +

+ NADPH + H+ ->

-> [nytamat- + NADP+ + H:20.

O6pasoBaBluniica raytTamaT NepeHoCcuT 3a-
TeM CBOK OC-aMWHOrpynny Ha nupy.ar,
BCErfa MMeKLNAcs B JOCTAaTOYHOM KO/U-
yecTBe, NMOCKO/bKY 3TO MPOAYKT NpOTeKato-
Wero B MbllLax rAnkonmsa. Peakyus nepe-
Hoca Katanmsupyercs anaHuH-TpaHc-
aMuHasom

Fnytamat + [upysat

<s a-KeTornytapat + AJaHuH.

ANaHWH (HeliTpanbHas aMUHOKMCNOTA, He
Hecyllas CyMMapHOro 3apsifa npu 3Haue-
HUAX pH, 6M3KUX K 7) BbIXOAUT U3 K/IETOK

Mblwwya KpoBb MeyeHb
MblLWeYHbId  _ a
6enoK Trniokosa — Fnoko3a Fnoko3a
* MoueBunHa
I Hukn
AMWHOKNCNOTHI MOUYEBUHbI
I Tnukonus FnokoHeo
redHes NH
NH
\ 3 w/r}mtf Mupysat
Fnytamat Fnytamar
AnNaHuH- AnaHuH-
rpaHcamMmHasa rpaHcamMmHasa
cc-Ketornytapa® AJ/faHuH AnaHuH a-Ketornyrtapat
AnaHuH

KpoBb
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B KPOBb ¥ JOCTaB/AETCA KPOBbI K NeYeHu.
3gecb OH noj AelCTBMEM anaHUH-TpaHc-
aMnHa3bl nepefaet CBOK amMuHOrpynny a-
KeTornytapaTty, B pesynbTaTe 4ero ob6pa-
3yeTcs rnytamar. [lanee aToT raytamat B
peakuuun, KaTannm3npyemon rnytamatgerng-
poreHasoii, fesamumHupyetcs ¢ o6pasoBsa-
HWeM a-KeToraytapaTa M amMmuaka, KoTo-
pblii B MeYyeHW MpeBpalLaeTcs B MOYEBMHY.

Bbi6op TaKoro COeAMHEHUS, KakK anaHuH,
L5 nepeHoca aMMMaKa U3 HanpsXXeHHO pa-
60TaloWmX CKeNeTHbIX MbIWL, B MeYeHb -
3TO ele Of4WH HarnaAHbIA NpUMep NPUHLK-
na 3KOHOMUW, AeACTBYIOLLEr0 B XWBbIX Op-
raHusmax. MNpu Taxenoit pab6ote B COkpa-
LAl LWMNXCA CKENETHbIX MbllwLax obpasyeT-
CA He TO/MIbKO amMMak, HO ele n 6onblwmne
Konm4yecTBa nupysaTta, MpeAcTaBAAOLLErO
coboin npoayKT rankonusa. O6a aTux npo-
OYKTa LONXKHBI ObITb OCTaBNEHbI B NEYEHb,
roge aMmuak MpeBpaTUTCA B MOYEBUHY U
B Takoii popme 6yfeT BbIBEAEH U3 OpraHuns-
Ma, a U3 NMpyBaTa pecuHTe3npyercsa riaoKo-
3a, KOTOpas 4epes KPoBb 6yAeT BO3BpaLLeHa
B MbllWLbl. XXBOTHbIE HaW AN NyTb, B KOTO-
pOM OAWH UMKN pewaeT o6e nNpobnemsbi:
B 3TOM LMK/Ie aMMMWaK, CoeanHAACh C NUpy-
BaTOM, 006pasyeT aflaHWH-HETOKCUYHYIO
HeTpanbHYH aMMHOKUCNOTY, KOTOpas Ye-
pe3 KpOBb HanpaBAsfeTCA B MeYeHb U YXe
3[ecb NofBepraetca fanbHelWMM npeBpa-
weHuam (puc. 19-14).

19.14. BbliBefleHMe aMWHHOIO
asoTa uM3 opraHusma cocTtaBnseT
ele OfHY CJ/IOXKHYIO
6UoXMMUYECcKyto npobnemy

Kakum 06pa3om BbIBOAUTCS U3 OpraHus-
Ma M36bITOK aMUHHOTo asoTa? CpaBHU-
TeflbHble GMOXMMUYECKNE UCCNEef0BaHUS Ha
pasHbIX BUAAX XUBOTHbIX MOKa3anu, 4To cy-
LecTBYIOT TPU rNaBHble POPMbI, B KOTOPbIX
MOXeT  BbIBOAMTbCH M3  OpraHu3Ma
aMUHHbI a30T-CBOGOAHbLI aMMuak, Mo-
yeBMHA M MOueBas KMCNOTa. BONbLWMHCTBO
XWUBOTHbIX, 0GUTAOLWMX B BOAE, HAaNpuMep
KOCTHbIE pPbi6bl, BbIAENAT aMUHHbIA a30T
B BMfe aMMUaKa; Takue OpraHu3mbl Hasbl-
BalOTCA aMMOHMOTENNYECKUMU. Y 60/b-
WMHCTBA HA3eMHbIX >XWBOTHbIX aMUHHbII
a30T BbIBOAUTCA B BUE MOYEBUHbI; UX Ha-

AMMOHUMOTENNYECKMNE

XMWNBOTHbIE:
60NbWMNHCTBO BOAHbIX
NO3BOHOUYHbIX,
rnaBHblM o06pasom
KOCTHbIE Pblbbl U
NNYUHKN amMmpuoni

NH3

AMMUMaK

H2N— C—NH2 YpeoTennyeckue

XXUBOTHbIE:
60NbWNHCTBO
Ha3eMHbIX

MO3BOHOYHbIX,a
TakXe aky/bl

]
MoueBuHa

(6] H

H—N C \
1 I c=0
— YpuKoTenuyeckune
| XXNBOTHbIE:
H H NTULbI, 3Men,

MoueBas KMCMOTa  sLlepULbl

Puc. 19-15. Pa3nuuHble opMbl aMUHHOTO a30Ta,
B KOTOPbIX OH BbIBOAUTCS W3 OpraHusMa y pas-
HbIX BUAOB XXWUBOTHbIX.

3bIBAOT ypeoTenMyeckumu. ¥ nNTuy, Auwe-
pvL, 1 3Meid OH BbIBOAUTCA B BUAE MO4YEBONA
KWCNOTbl; Taknme opraHu3mMbl HOCAT Ha3sBa-
HWe ypukoTenuyeckux (puc. 19-15).

3TN pasnnymna o6ycnoBieHbl aHaTOMUYe-
CKUMWU U (DU3NONTOTUYECKUMUN PA3NTNUYNAMU
YyKa3aHHbIX FPYMM XXWBOTHbIX, CBA3aHHbIMU
CO Cpefoil nx o06uTaHusA. Y KOCTHbIX Pblb
aMWHHbIA a30T TPaHCNOPTUPYETCH KPOBbIO
B BMAE rnyTaMuHa, HO Yepes xabpbl OH Bbl-
BOAWTCA B BMAE amMMuaka, NOTOMYy 4TO
B )Kabpax cofepxutca rnytamuHasa, karta-
nmsnpytowas rugponns rnyTammHa, npuso-
AAWKA K o6pasoBaHWMI0 rnytamaTta M am-
Muaka. MocKonbKy aMMuak Nnerko pacTso-
puM B BOAe, OH 6biCTpo pasbaBnsaercs
1 YHOCUTCA TOKOM BOfbl, B 60/1bLIOM KOAU-
yecTBe OMbIBatoL e Xabpbl. KOCTHbIM pbi-
6am, crnegoBaTeNnbHO, He TpebyeTcA CNOX-
HOi MOYEeBOW CMCTeMbl [1S BblgeNeHus
amMumaka.

OpAHako, Korjga B npoLecce 3BOMOLNAN He-
KOTOpble BOAHbIE XWBOTHblE Hayanu npu-
cnocabnmeaTbCA K Ha3eMHOMY 06pasy Xus3-
HW, BblfeneHWe aMWHHOro asoTa B BuAe
aMMuaka yepes Xabpbl CTano ANS HUX Yxe
HEBO3MOXHbIM. CO BPEMEHEM Y Ha3eMHbIX
XWBOTHbIX BO3HWKAWU ApYyrue cnocobbl Bbl-
JeNeHns amMWMHHOro asoTa. Takum Xu-
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BOTHbIM [/1 BbiBefleHUs U3 opraHu3ma BoO-
[0pacTBOPMMbIX NPOAYKTOB a30TUCTOrO
06MeHa TpebylTCA NMOYKM M MOYEBOM ny-
3bIpb. ICHO, OAAHAKO, YTO Bblfe/eHe NPAMO
B MOYy 60/bLINX KOMMYECTB CBOBGOAHOrO
NH3, nerko npoHMKalLIero CKBO3b MEM-
6paHbl, MOrfio 6bl NPUBOAUTL K ero peab-
copbuuun, T.e. K ero BO3BpaLLEHUIO B KPOBb.
EcTb B 3TOM ¥ ele 0A4HO Heyao6CTBO: Mo-
CKOMIbKY aMMMWaK HaxofuTca B  KPOBU
rnaBHbiM o6paszom B BuAe noHa NH?”, ero
BbiBeJeHMe noTpe6oBano 6bl OAHOBPEMEH-
HOro BbIBEJIEHNA TaKOr0 Xe KONM4YecTBa Ka-
KMX-HWOYfb aHWOHOB, HamNpuWMep XNOpUA-
MoHa unu gocgar-noHa. YTtobbl n3bexarb
3TUX OCNOXHALWMNX 06CTOATENLCTB, 60/b-
LWMHCTBO Ha3eMHbIX XXWBOTHbLIX NPMo6peno
B Nnpouecce 3BOMOLMMN CNOCOOHOCTL Bbife-
NATb aMWHHbIA a30T B BUAE MOYEBMWHbI -
HeNTPanbHOro XOpoLWO pacTBOPUMMOro B
BOfle M HETOKCMYHOro coefuHeHus. OpHa-
KO Takas crnocobHocTb 06pa3oBbiBaTb U
BbleNATb MOYEBUHY He [aeTca [apoM:
KaK Mbl YBUAWM fanee, AN 3TOro opra-
HU3MY MPUXOAUTCA 3aTpavynMBaTb 3HauU-
Te/IbHble KONMYeCcTBa aHeprun B popme ATP,
Ona ntuy oyeHb BaxkeH MxX Bec. Mexay
TeM BMeCcTe C MOYEBMHOW B MOYY [OSMKHbI
noctynatb U A0BOMbHO 6O/bLINE KOMNYE-
cTBa BOAbl. [M03TOMY Yy NTUL B npoLecce
3BOMOLMM BbipaboTancs Apyroi cnoco6
BbiBefleHNs aMMHHOTO a30Ta, B KOTOPOM BO-
[la B 3aMETHbIX KONMYecTBax He y4yacTByerT.
Y HUX aMUHHbIA a30T npeBpalLaeTcsa B MO-
YeBYH) KWC/MOTY, KOTOpas OTHOCUTENbHO
MnJoxo pacTBopuMa B BOJe, TaK 4TO MoOuYa
nTuY, npepacTaBnsetr coboii MonyTBepAyHo
Maccy, COCTOALLYIO W3 KPWUCTanjoB Moye-
BOV KNCNOTbI M 04eHb HEGOMLLLOTO KOoMnye-
cTBa BOAbl (puc. 19-15). [MpeumyLiecTso,
KOTOpOe faer BblBEAeHWe aMWHHOro asoTa
B BUAe TBEPAO MOYeBOW KWMCNOTbI, Opra-
HU3M NTWL, ONNaynBaeT yCUNEHHON MeTabo-
nuueckoii paboToil, NOTOMY 4TO 6MOCKUHTES
MOYeBOlM KMCNOTbI-3TO CNOXHbIA MpoLecc,
TpebyloWwmnin 3aTpaThl 3HEpPruu.
MpounnocTpupoBaTb  BaXHYK  pofib
cpedbl 06uTaHus B onpeAeneHny cnocoba
BbIBEJIEHMA M3 OpraHu3Ma aMWHHOTO asoTa
MOXHO Ha MpuUMepe ronoBacTUKOB, Y KO-
TOPbIX B MpoLiecce meTaMopo3a 3ToT Cno-
cob6 MmeHseTcd. [0noBacTuMKKU, obuTarLune
TONbKO B BOAE, BbIAENAOT aMUHHbIA as30T

B BMAe aMMuaka u4epe3 >abpbl. B neuenun
y rofoBacTuka HeT (epMeHTOB, Heo6xo-
AUMbIX ANs TOro, 4To6bl BblpabaTbiBaTb
MOYeBUHY, 04HAKO B npoLiecce meTamopdo-
3a 3TV (hepMeHTbl Y HEro NoSBAAKTCA W OH
yTpaymBaeT CMNOCOGHOCTb BbIAENATH aMm-
MMWaK. Y B3pOCN0ON NArywKku, Kotopas 60/b-
WY 4YacTb BpPEMEHM MPOBOAWUT Ha Cylle,
aMUWHHbI @30T MOYTW LENMKOM BblAenseTcs
B BWAE MOYEBWUHbI.

19.15. B BbigeneHnn ammuaka
yyacT Byei iy saMuHa3a

Y aMMOHUOTENNYECKMNX XUBOTHLIX amm-
HOTPYMMbl OT PasM4HbIX aMWHOKWCNOT
nepefalTcsa B peakymax TpaHCaMWHKUPOBa-
HUA Ha a-KetorayTapaT, 4YTO NpuUBOAUT
K o6pa3oBaHWi0 raytamatra. B MWUTOXOH-
LPUSAX NeYeHn Npu yyactuu raytamaTaeru-
AporeHasbl NPOUCXOAUT OKUCANTENIbHOE fe-
3aMWHUPOBaHMWe 3TOro rayTamarta ¢ o6pa-
30BaHMeM CBO6OAHOro ammuaka. bByayum
KpaiHe TOKCUYHbIM, CBOBOAHBI aMMUaK He
MOXET TPaHCMOPTUPOBATLCS KPOBbK; OH
BK/II0YaeTCH B BUAE aMUAHON Fpynnbl B FAy-
TaMuH, obpasywuwuiica nog [AelicTBUEM
rNyTamMyHCUHTeTasbl. HEeTOKCUYHbIWA Hel-
TpanbHbIA FAyTaMWH 3aTeM MepeHocUTCs
KpOBbIO B Xabpbl. 3gecb OH TepsieT CBOM
aMUAHbIA a30T, KOTOPbIA oTuwennsercs
B BUAe MoHa ammoHusa (NHa) B peakuuwu,
Katanusnpyemoi rayTamuHasoin

Mnytamne + H20
“a [nytamat™ + NHA?.

19.16. MoueBuHa o6pasyeTcs
B LMK/Ie MOYEBUHbI

B opraHm3me ypeoTennyeckux >XMBOTHbIX
aMmMuak, obpasyoLniics npu ge3ammHUpo-
BaHMM aMUHOKMCNOT, npespawjaetcs B Mne-
YeHu B MOYEBMHY. TO NpeBpaLleHne coBep-
waetcqa B (opmMe LUMKNA, KOTOPbIA 6biN
HasBaH LUWKIOM MOYEBWHbI. Ero oTKpbIu
I aHCc Kpebc (pa3a. 16.4) u KypT XeHcenanT
B 1932 r. Kpebcy, TakuMm 06pa3om, npuHaa-
NEXWUT YecTb OTKPbITUA [ABYX BaKHEMLINX
mMeTabonnyecknx LUMKNoB. Linkn moyeBuHbI
Obl71 OTKPBLIT MePBbLIM B NpoLiecce nUccnego-
BaHWiA, KoTopble Kpebc nposoaun, paboras
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COO-

HN- - H
|
CH2

CH2  Hco,  NH/

|
CH2

uHS

OpHUTUH

B 0fHOI 13 6onbHuL Ppeitbypra B Mepma-
HUN. BmecTe CO CTYAeHTOM-MeSUKOM XeH-
cenanToM OH M3yyan npeBpalieHne ammua-
Ka B MOYEBMHY B TOHKMX Cpe3ax MeyeHu,
CyCMNeHANPOBaHHbIX B 3abydepHoil aspob-
HOVi cpefie. OHM 06HaPYXUAKN, YTO CKOPOCTb
06pa3oBaHMs MOYEBUHbI Pe3KO BO3pacTaer,
ecnm fo6aBuTb K cpefe OPHUTWH, UMTpy:n-
MH AN apruHuH (puc. 19-16). ApPruHuH-
3TO 04Ha M3 00bIYHLIX aMWHOKMWCAOT, CO-
fepxawmxca B 6enkax. YTo >xe kacaetcs
OPHUTWHA U LMTPYNNIMHA, TO, XOTA 3TO TOXe
a-aMWHOKWCNIOTBI, OHW He MnpuHaanexar
K CTpouTenbHbIM 610Kam 6enkos. Bce Tpu
Ha3BaHHbIX COEAMHEHUS CTUMYNUPOBaIN
o6pa3oBaHe MOYEBUHbI FOpasfo CuibHee,
YyeM Kakoe Obl TO HY 6blN0 Apyroe u3 obbly-
HbIX a30TUCTbIX COEANHEHWI, KOTOPbIe TOXe
6blM MCNbITaHbl. PaccMOTpeHue CTPYKTyp
3TUX TPeX aKTUBHbIX COEANHEHWNI HABENO Ha
MbIC/b, YTO OHW, BO3MOXHO, CBA3aHbl B He-
KOV nocnefoBaTenbHOCTH, B KOTOPOI OpHM-

TUH SBNAETCS MpPeAWecTBEHHUKOM  Lu-
TPYANMHA, @  UWTPYIMH B CBOM
ouepefb - NPejLIeCTBEHHUKOM  aprHUHa

(puc. 19-16). 3agonro A0 3TOro 6bINO YyXe
M3BECTHO, YTO aprMHWH MOXEeT FMAPOIn30-
BaTbCA ¢ 06pa3oBaHMeEM OPHUTUHA U MOYe-
BUHbl MOA AeiicTBMEM (hepMeHTa apruHasbl

ApruHnH + H20 ->

“m OpHUTUH + MouesuHa.

N3 atux gaHHbIX Kpebc caenan BbIBOA,
4yTO 3[eCb NpOTeKaeT KakKoW-TO LMKAuue-
CKWIA mpouecc, a OPHUTUH WrpaeT B HEM
ponb, MOAOGHYK TON, Kakyl (Kak Mo3xe
CcTano W3BEeCTHO) OKcanoauerat wurpaet
B LMWKNe NUMOHHOW KucnoTel. Monekyna
OPHWUTWMHA NPUCOEMHSAET NO OAHOW Mone-
Kyne NHs n CO2 B pesynbTaTe 4yero obpa-

H,O + 2H+

COO- COO-
+ | .
HN—C—H HN—C—H
|
CH, CH2
CH2 NIV H20 CH2
CH2 CH2
| |
NH NH
| I+
C=0 c= nh2
nh2 nh2
LUuntpynnuH ApPrvHUH

Puc. 19-16. Tpu aMMHOKWCNOTbI, CNOCOGHbIE, Kak

yctaHoBMn Kpebe, cTuMynupoBaTb npespaLlieHue

amMMunaka B MOYEBMHY B cpe3ax nevyeHu. OpHUTUH

N UATPYNAUH MOXHO, 0YEBUAHO, CUMTATb MpeALle-
CTBEHHMKaMMW apruHuHa. 'pynnsl, o6pa3oBasLimne-
CA M3 amMMuaka, BblfeNneHbl KpacHbIM.

3yeTcs LMUTPYNIuH. BTopas monekyna am-
MuaKa MPUCOEAMHAETCA K  LUTPYAIUHY,
KOTOPbIA Mpy 3TOM MpeBpaLLaeTcs B apru-
HUH. TocnegyoWwniA rMAPOAN3 aprMHMHA
npuBOAUT K 06pasoBaHU)  MOYEBUHbI
C 04HOBPEMEHHOW pereHepauunein MoneKky bl
opHUTUHa (puc. 19-17). Peakuun, 3aBep-
watownecs 06pasoBaHMeM apruHuHa, CBOA-
CTBEHHbl BCEM oOpraHu3mMam, CMOCOBHbIM
CMHTE3MPOBAaTb aprMHWH, HO TONIbKO Ypeo-
TeNMYeckme >XMBOTHble 06nafjalT AocTa-
TOYHbIM KO/MYECTBOM apruHasbl, Katanum-
3upyloLweil Heo6paTUMYO peakLuilo rngpo-
Nn3a aprHnHa, B XoAe KOTopoii ob6pasyeT-
C MOYEBUHA W pereHepupyeT OPHUTUH.
3TOT pereHepupoBaBLUNA OPHUTUH MOXeT
ncnonb3oBaTbCA NS HOBOro 060poTa
uukna. Mo4yeBMHaA-NPOAYKT LMKNa-npes-

Puc. 19-17. LiKN MOYEBWHbI B TOM BWAE, KaK ero
noctynuposanu Kpe6c n XeHcenanr.
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CTaB/ifeT co60i HeidTPaNbHOE HETOKCUYHOE  cq  rnyTamaTAernaporeHasoil, Ans  feii-
BoJopacTeopumoe coegmHeHne. OHa focTa-  cTBUA KoTopoi Tpebyetca NAD +
BNAETCA KPOBbIO B MOYKM W BbIBOAUTCA

C MOYOiA. Mhytamat® + NAD+ + H20 ~

N ~
19.17. LMK MOYEBMHbI BKAlOYaET a-Ketornytapatz~ + NHa4 +

Al CNOXHbIX CTaAni
PAA A + NADH + H+.

[Mo3sHakoMuMCA Tenepb C COBPEMEHHbIMU

npeacTaBfeHNs MU O Noc/efoBaTeNbHbIX AMUHO-
cTaguax LuuKna MoueBuHbl (puc. 19-18). KUCNOThI
Nlepeas  amuHorpynna, nocrynatouwas -
_ paHcaMWHUpOBaHVe
B 3TOT LUK/, NONyYaeTcs B BMAe CBO6GOAHO C a-KeTOT/yTapaTom
ro aMMuaka npu OKUCIUTeNbHOM fe3aMu-
HWPOBAHUW TrnyTamata B MUTOXOHAPUAX
poBa NnyTamarta 0XoHp FnyTamar
KNETOK NEeYeHn; aTa peakunsa Karanmsmpyer-
nytamar
LinTo3onb NH2—C—nh2
nytamat-
Moye- a-Keto- | perupporeHasa
BiHa rnyTapar
ApPruHuH
Kap6amounndocar
dymapar
LInkn moueBUHbI
ApryHWHOCYKUMHAT
AMP + PP(
bltpynamu Martpuke
AcnapTar
MuToxoHapuA

TpaHcaMUHUPOBaHMe
C oKoasoaleTaTom  Puc. 19-18. LiMKN MoueBMHbI (MOKa3aH KpacHbIM)
COrNacHoO COBPEMEHHbIM NpeAcTaBneHnamM. 3gecb
Cnytamat nokasaHbl TakXe NyTW BKAKOUYEHUA aMUHOrpynn
B UMkN. O6paTtuTe BHUMAHUE, YTO (DEPMEHTHI,
TpaHCaMVHUPOBaHWNE KaTanuaupylouine peakuyuiu LUKa MOYEBUHbI, pac-
C a-KeTornyrapaTt OM npefeneHbl MeXgy MUTOXOHAPUAMU W LUTO30/1EM
M TaKUM MyTeMm OCYLeCTBNAT MeTabonnyeckoe
AMuHo- B3aumogeiicTeue. OaHa aMMHOrpynna nocrtynaet
KUCNOTbI B LUMKN MOYEBUHbI B MUTOXOHAPUAX; BTOPYHO
noctasnfeT acnaprar U3 LUTO30NA.
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O6pasoBaBlIniics CBOGOAHbLIA amMMMak
BMeCTe C [BYOKUCbIO Yrnepoga, WUCTOYHU-
KOM KOTOPOI CAYXUT B MWUTOXOHAPUAX
npoLecc AbIXaHWnA, HEMeLNEHHO e UCNOo/b-
3yeTca Ans obpasoBaHus kapbamoundgocda-
Ta B ATP-3aBUCMMOIA peaKkLmmn, NpoTekar-
el B MUTOXOHAPUANbHOM MaTpukce. 3Ty
peakuuio KatanusmpyeTt (EpPMEHT, Hasbl-
BaeMblii kapbamoundgocgaT-cuHTEeTa30M |.
PumMmckas umppa | fobasneHa K ero Haspa-
HUIO 4018 TOro, YTO6bl OTANYATL 3Ty MUTO-
XOHApWanbHyo ¢opmy ¢depMeHTa OT ero
LUTO30NbHON hopMbl - Kapbamounndgochar-
cuHTeTasbl Il. Y 3Toli nocnegHein apyras
(DYHKLMSA - OHa y4yacTByeT B GUOCUHTE3E HY-
KneoTugos (rn. 22). Peakuus, npoTekalo-
as B MUTOXOHAPUAX, OMUCLIBAETCA YpaB-
HeHnem

HCO3 + NH/ + 2ATP"-m

HN—C—0—PO3- + 2ADP3 + PT + H+

A

Kap6amoundgocdar

AGO0 = —3,3 kKan/mons

Kapbamoundgochar-cuHtetasa | npegera-
BNSeT CO60N perynaATtopHbll )epmMeHT; no-
NOXWUTENbHBIM, WIN aKTUBUPYIOLWWUM, MO-
LYNATOPOM CNYXUT ANA Hee N-aueTunrny-
Tamat. Kapb6amoundgoceatr (puc. 19-19)
NPUHAANEXUT K BbICOKOIHEPreTUYECKUM
COEIMHEHNSAM; €r0 MOXHO CYUTaTb aKTUBU-
pPOBaHHbIM  AOHOPOM  Kapb6amoWbHbIX
rpynn. OTMeTUM, 4TO nNpuM 06pasoBaHum
OfiHO Monekynbl kapbamowungocdata wmc-
NnoNb3yTCA KOHLeBble (hocthaTHble rpynmbl
AByX Monekyn ATP.

Ha cnegytoleli ctagum Lukna MOYeBMHbI
Kapbamoungocgar nepefaeT cBol Kapba-
MOMWMbHYIO FPYNny Ha OPHUTUH, YTO NPUBO-
AWT K 06pa3oBaHuIo LUTPYNMHA U BbICBO-
6oxaeHnto ocparta (puc. 19-20). STa pe-

0_

HN—c—0—P—0-
6 d

Puc. 19-19. Kap6amoundochart. OH npeacTasns-
eT co6oil aumngochaT-cMelwaHHbli aHTMApPUA
Kap6oHOBOW 1 hocdhopHoli KucnoT. Beneacteme
3TOr0 OH SIBNAETCS BbICOKOIHEPreTUYECKNM COefu-
HeHvem. Kap6amounbHas rpynna BbifeneHa kpac-
HbIM.

coo-
¢ |
H3N—C—H
CH2

CH2 OpHUTUH

CH2

NH3

c=0

OI Kap6amowun-

-o—Fl'— ) thochar

N
1 OpiHnTHH-
P(¢—-j TpEHcKap6amonnasa

Ccoo-
*

|
HN—C—H

CH2

|
CIHZ LuTpynnuu

CH2

NH

U

|
NH,

H+

Puc. 19-20. O6pa3oBaHue LUTPYNNMHA U3 OPHU-
TWHa n3 Kapbamoundocharta. Bknoumsluascs
Kap6amounbHas rpynna BblfefneHa KpacHbIM.

akumsa katanusmpyetca Mgz +-3aBUCUMbIM
MUTOXOHAPUANbHLIM  (EPMEHTOM, KO-
TOpbIA HOCUT Ha3BaHWe OPHUTMWH-TPaHC-
Kapbamownassl

Kapbamoundochatr + OpHUTUH m

> UnTpynamH + P- 4+ Ha

OGpasoBaBWUiics LUTPYIIUH MEPEXOAUT
U3 MUTOXOHAPWIA B UWTO30/1b KNETOK Me-
UeHw.

Tenepb B UMK BBOAUTCS BTOPas aMuHO-
rpynna B ¢opme L-acnapTtaTa, KOTOpbIid
06pasyeTcs B pe3ynbTaTe TpPaHCaMUHWPO-



. 19. okucnutenbHoe pacuwennenne AMUHOKNCNOT 593

BaHMA u3 L-rnytamarta nog ,CI.EI7ICTBVIGM
acnapTaT-TpaHCaMhHa3bI

Okcanoauertatr + L-rnytamar

AN L-acnapTtat + a-KetornyTtapar.

L-rnyTamaT MOXeT, pasyMeeTcs, NONy4nuTb
CBOIO aMMWHOrpynny noytu oT Nboi us
LPYTrMX 06bIYHBIX aMUHOKMCNOT B peakuum
TpaHCaMUHUPOBaHUA C a-KeTornyTapaTtom.
MepeHOC BTOPO/ aMUHOTPYNMbl HAa LUTPYN-
NNH MPOUCXOAUT B pe3ynbTate peakuuun
KOHAEHCaLMW MeXay aMWHOrpynnoi acnap-
Tata W Kapb6OHWNbHLIMW YrNepoAoM Lu-
TpynnnHa B npucyTtctsuu ATP; npu 3atom
obpa3yeTca apruHUHoCyKumHaT (puc. 19-21).
Peakumsa KaTanusaupyeTtcs apruHWHOCYKLU-
HaT-cMHTeTason (Mgz+-3aBUCUMBIM (ep-
MEHTOM, COAepXawmmMmca B LUTO30/e Kie-
TOK nNeyeHwn)

UnTtpynnuH + Acnaprtatr + ATP -*

-* ApruHuHocykumHat + AMP +

+ PP, + H+.

Ha cnepytowein crtagum apruHWHOCYK-
LUMHAT Noj AeliCTBMEM APTrUHUHOCYKLMHAT-
nmasbl (puc. 19-22) obpaTumo pacluennseT-
ca ¢ o6pa3oBaHMeM apruHuHa u ymaparta

ApPruHMHOCYKUMHAT A  ApPIrUHUH +

- dymapar

O6pasoBaBsliniica ymapaT BO3BpaLLaeTcs
B NMyN NPOMEXYTOYHbLIX MPOAYKTOB LMKNa
NUMOHHOW KucnoTbl. CnefoBaTenbHo, 3Ta
peakuus npefcTaBnseT co60ii 3BeHO, CBA3bI-
BaloLLee UMK MOYEBUHBI C LUKNIOM JIMMOH-
HOW KkucnoTbl (MoaTomMy o06a 3TM uMKna
BMeCTe Ha3blBalT UHorga 6uumknom Kpeob-
ca).

MocnefHlOl CcTaguio UUKNA MOYEBUHBI
COCTaBNAET pacliensieHne apruHuHa nofg,
[eicTBMEM  apruHasbl,  cojepxalyeiics
B MNeyeHW; MNpoAgyKTamuW 3TON peakuuu
ABNAOTCA MOYeBUHa " OPHUTUH
(pnc. 19-23)

ApruHmH + H20 -»

“* OpHUTUH -I- MouyeBuHa.

Taknm 06pa3oM, pereHepupoBaHHbIi OpHU-
TUH MOXET CHOBa MOCTynaTb B MUTOXOH-

8-950

CooO-

*

HN—C—H

CH2

|
h, LintpynnvH

H3N
Acnaprtar

ATP "N ApruHnHocyKumnHar-
CMHTeTasa
AMP" + PP,

Coo-
H. I
HN—C—H
CH,

CH2

|
CH2

ApPrUHUHOCYKLUUHAT
i=NH,
NH

H—C—CoO0"

Puc. 19-21. O6pa3oBaHWe aprMHUHOCYKLMHATA.
Kap6amonnbHas rpynna yuTpyaiMHa 1 aMUHO-
rpynna, noctaBnsemasi acnapTaToM, BblJeNeHbl
KpacHbiM. OcTaNnbHas 4acTb MO/eKynbl acnapTaTta
nokasaHa Ha cepom (oHe.

APUM 1 3anyCcKaTb 3[eCb HOBbLIA 060pOT K-
Kna MOYEBUHbI.

CyMMapHOe ypaBHEHWe LMKNa MOYEBUHBI
UMeeT BUZ

2NH” + HCOs

+ H20 ->

+ 3ATP4- +
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-* MoyeBnHa + 2ADPs + 2P; +

+ AMP- + PP?- + H+

B UuMKne MOYEBUHbLI [Be amMUHOrpynnel
n noH HCOs, coefnHssAch, 06pasy0oT MO-
NeKyny MOYeBUHbI, KoTopasa guddyHampyet
M3 KNeTOK MeYeHn B KPOBb U Yepe3 MOoYKK
BbIBOAMTCS M3 OpraHnsMa ¢ Mouoil. Takum
obpasoM, B OpraHu3Me YypeoTennyeckux

Co0-
gy |
H3N—C—H
CH2
CH

|
CH2

H APrUHUHOCYKLUUHAT

APrUMHUHOCYKLMHAT-
nnasa

COO-
. |
H3N—C—H
CH2
|
CH2 ApPruHuH

CH,

NH

U NH,
|

NH;

dymapaT

Puc. 19-22. O6pasoBaHue apruHMHa U3 apruHn-
HOCyKLMHaTa.

COO-
* I
HN—C—H

CH2  Apruun

CH2

|
CH2

|
NH
|+
C=NH

|
nh2

H20 wn Aprunasa

COO-
+ |
HN—C—H

CH2
| OpHUTUH

CH2

|
CH2

|
uH3

| MoueBuHa

Puc. 19-23. O6pas3oBaHMe MOYEBUHbI B peakuyuu,
KaTanu3mpyemoil apruHasoi.

XMBOTHbIX TOKCWYHbIi amMMuak npespa-
Wwaetca B Oe3BPEAHYIO MOYEBUHY.
OTMeTUM, 4YTO Ha Kaxpyw o6pasyto-
WYyocA MOJIeKY/ly MOYeBUHbI noTpebnserca
oAanH noH HCOs . Linkn mMo4YeBMHbI NO3BO-
NnseT, cnefosaTeNbHO, OpraHWsmy usba-
BNATLCA OT fBYX NPOAYKTOB, NpeAcTaBNAt0-
wmx coboih oTxogbl MeTabonusma,-ot
amMunaka n 6ukapboHaTa. 3TOT (hakT faer
Tak)Xe 0CHOBAaHMUA cyuTaTh, YTO LMKN MOYe-
BUHbI MPUHUMAET yyacTue B perynuposa-
HUM pH KpoBW, MOCKO/MbKY BenuyunHa pH
KpOBW oOnpefenserca COOTHOLIEHWEM pac-
TBOpeHHoO CO2 u HCOM (pas3gp. 4.11).

19.18. OHepreTmyeckas LUeHa
CMHTE3a MOYEBUHBbI

3 npoBefeHHOro Bbille YPaBHEHWUS Crie-
[YEeT, UTO HA CMHTE3 OfHON MOMEKY/bl MO-
UEBUHbI PACXOAYHTCS YeTbipe BbICOKO3IHEp-
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reTyeckue ocatHble rpynnsl. flse Mmone-
Kynol ATP TpebytoTcd gna obpa3oBaHus
Kapbamowungochara u ogHa-gnsa ob6paso-
BaHWA aprmHUHOCyKuMHaTa. OfHako B no-
cnefHelt peakuun ATP npeTepneBaeT nupo-
thocthatHoe pacwenneHue (pasg. 14.17),
npogykrtamum Kotoporo dasnsawtca AMP
n nupodgocdart, rmMaponunsyroLmnincs 3atem
c obpasoBaHMemM ABYX MOnekyn opTodoc-
thata. MoaTomy B 06l EN CMOXHOCTU Ha
o6pas3oBaHMe OfHON MONEKY/bl MOYEBWHbI
pacxofytTcsa 4yeTblpe mMoJiekynbl ATP.

Bbifenas BMeCTO amMMuaka MOYEBUHY,
YypeoTennyeckne >KWBOTHbIE OMiavynuBaloT
3TO CBOEe MNPeuMyLLecTBO, Tepas, COrnacHo
OLEHKe, 0KON0 15% 3Heprum Tex aMUHOKMKC-
NOT, KOTOPble CAYXAaT MCTOYHUKOM 3TOW
MOUYEBUHBI. Y HEKOTOPbIX >XBAYHbIX XW-
BOTHbIX 3TW MOTEPW 3HEPruM B TOMN UMM
WHO Mepe BO3MellaloTcA. Tak, y KOpOBbI,
Hanpumep, 3HaynTenbHasd 4aCTb MOYEBUHBI
nocTynaeT W3 KPOBU B MNepBbI OTAEN XXe-
nypka (pyéeu). O6utatouwme 3gecb 6akTe-
pvn UCMONbL3YIOT ee B Ka4ecTBe UCTOYHMKA
NHs ana cuHTesa aMMHOKUCNOT, KOTOpPbIe
3aTeM BCaCbIBaOTCA U YTUIN3IUPYIOTCA Op-
raHnM3mMoMm Xo3saunHa. Y Bep6/tofa MOYeBUHA
MocTynaeT B XeNyAOYHO-KULIEYHbIA TpakT
1 BO3BPALLAETCA B LMK/ TEM Xe Cnocobom,
4yTO N36aBNAET XMUBOTHOE OT NOTEPb BOAbI,
Hen3beXHbIX Mpu  BblAENIEHUN MOYEBUHbI
C MOYOW. 3TO OAHO U3 TeX BUOXUMUYECKMX
M (M3NONOTMYECKNX MNPUCNOCOBNEHNIA, KO-
TOpble [al0T BO3MOXHOCTb Bepbaogy 06-
XOLMTbLCA OYeHb MajibiM KO/IMYEeCTBOM BO-
Abl. Hu >XBauHble, HU Kakue-nnbo gpyruve
rpynmnbl XUBOTHbIX HE CMNOCO6GHbI camy no
cebe, 6e3 NOmMoOLM MUKPOOPraHM3MoB, uC-
MnoJib30BaTb MOYEBUHY B Ka4eCTBE NCTOYHU-
Ka aMMHOrpynn Ans CUHTe3a aMUHOKUCIOT.
lMprvynHa 3TOro B TOM, YTO Yy HUX OTCYT-
CTBYHOT (hepMeHTbl, He06X0aMMble ANS TO-
ro, 4To6bl rMAPONN30BaTL WM WUCMONbL30-
BaTb MOYEBUHY.

19.19. TFeHeTuYeckue fedeKThl,
3aTparvBalLwme LMK MOYEBUHbI,
BbI3blBAOT HaKOM/IeHWe ammMuaka
B KpOBM

Mpn HacnesyembiX FeHeTUYECKUX fedek-
Tax, 3aTparuBalolMX TOT WAM WHON dep-
MEHT B LiMK/Ie MOYEBWHbI, OPraHn3M OKa3bl-

BAeTCA NULLIEHHbIM CMNOCOGHOCTW CUHTE3M-
poBaTb MOYEBMHY W3 ammuaka. Jloau
C TaKUMMN fedeKTaMn He MepeHOoCAT MNULLK,
6oratoin 6enkom. Ecnm KonmyecTtso notpe-
6n9eMblX UMW aMWUHOKWUCNOT npeBblllaeTt
MUHUMaNIbHYIO CYTOYHYIO NOTPeGHOCTb,
CBA3AHHYI0 C CUHTe30M 6enka, TO Yy HUX
B KPOBW MOABMsAETCA CBOOOAHLIA amMMuak,
obpasytowuiica Npu ge3aMmmMHUPOBaHUN U3-
6bITKa aMUHOKUCAOT B NeyeHn. Kak Mbl yxxe
3HaeM, aMMMakK 4pe3Bbl4ainHO TOKCMYeH. OH
BbI3bIBAET MCUXMYECKME paccTpoiicTga, 3a-
[epPXXKY YMCTBEHHOrO pa3BuTUA, a Npu Bbl-
COKMNX KOHLEeHTpaLnsax-komy v cmepTb. de-
Tell C TaKUM HapyLlleHWeM 4acTo fieyaT Tem,
4yTO BMECTO HEOO6XOAUMbIX ANA pocTa amMu-
HOKMCNOT (rn. 26) B UX pauuoH BBOAAT a-
KeToaHanorn aTmx aMmmHokmcnoT. Kak u3s-
BECTHO, B MOJIEKY1aX HE3aMeHUMbIX aMUHO-
KUCNOT BaXHbl WX YrnepofHble CKenetbl,
a He amuHorpynnel. a-KeTtoaHanoru Hesa-
MEHUMbIX aMWHOKMCAOT MOFYT noj fei-
CTBMEM TpaHCammHa3 NpUCOeLUHATb amu-
HOrpynnbl OT WMEKLWMnXca B U36bITKE
3aMEHUMbIX aMUHOKUCNOT  (puc. 19-24).
370 npegoTBpaliaeT BO3MOXHOCTb Momna-

COO-
|

cC=0
|

Re

+
COO-

¢ |
H3AN—C—H 3ameHuMble
aMUHOKUCNOTbI
Rn

COO-

+
COO-

* I
H3N—C—H
He3zaMeHUMble
Re  aMWHOKMCNOTHI

Puc. 19-24. AMUHMpPOBaAHWE a-KeToaHanoroB Hesa-
MEHUMbIX aMWHOKUCNOT (MHAEKC E) B peakumax
TpaHCaMUHUPOBaHNA C 3aMEHUMbIMU aMUHOKNC-
notamu (MHgekc N).
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[aHWs 3TUX aMWUHOTFPYnn B KPOBb B BUAE
amMmmMuaka.

19.20. Y nTuy, 3mMeli 1 Awepu
U3 opraHusmMa BbIBOAUTCA
MouyeBas Kucnorta

YpuUKOoTeNnYeckne XUBOTHble (NTULbI,
3MeM W AWepulbl) BbIAENAIOT aMUHHbI
a30T rnaBHbIM 06pa3om B BUAe MOYEBON
kucnotel (puc. 19-25). MoueBas Kucnota
ABMACTCA TaKXe rNaBHbIM KOHEYHbIM Mpo-
LYKTOM 0O6MeHa NypyHOB Yy NpMMaToB, NTuL,
n penTununii. Monekyna mMo4YeBOR KMUCNOTbI
MMeeT [0BOMIbHO C/IOXHOe CTPOEHMe: OHa
COCTOUT W3 [ABYX KOHAEHCUPOBaHHbLIX KO-
Nnel, COCTaBNAOLIMX TaK Ha3blBaeMOe Nypu-
HOBOe Afp0. K nypuvHam OTHOCATCA Takxe
afleHWH U ryaHuH, BXOAfliMe B COCTaB CO-
OTBETCTBYIOLWNX HYKNEeOTNA0B. CUHTE3 MO-
4eBOW KWCMOTbI M3 aMMHOrpPynn npejcra-
B/SieT COOOW MHOroaTanHbIA Mnpouecc, no-
TOMY 4TO TMypuUHOBOE ALPO CTpoOUTCA
MOCTENEHHO M3 psAfa NPOCTbIX Npefgule-
CTBEHHMKOB. Ha puc. 19-25 ykasaHo npowuc-
XOXeHue YrnepofHbiX U a3oTHbIX aTOMOB
MOYEBO KWCNOTbI, YCTAaHOB/IEHHOE Ha OC-
HOBe OMbITOB C MCMO/Ib30BaHNEM MpefLle-
CTBEHHUKOB, MeYeHHbIX n3oronamu.
CNOXHbI/A NyTb CMHTE3a NYPUHOB U MOYe-
BOW KWCMOTbI Mbl PaccMOTPUM B T/, 22.
3[eCb e A0CTATOYHO OTMETUTb, YTO 3TOT
npouecc BKAOYAeT MHOro 3tamos W Tpe-
OyeT 3HauMTenbHbIX 3aTpat aHepruu. Ta-

Puc. 19-25. BbifjeneHne aMUHHOro asoTa B BUAE
MOYEBOW KUCNOThI Yy NTUL, 3Mel 1 Awepul,.
ATOMbI a30Ta MOYeBOW KMCNOTbI (MOKasaHbl Kpac-
HbIM) NMPOUCXOAAT OT a-aMUHOTPYNM aMUHOKMUC-
NOT; B MOMEKYNy MOYEBOW KMCNOTbI OHM
BK/1I0YAKOTCA OYEHb CNOXHBIM MyTeM.

MoY4eBYyt0 KUCMOTY Ha3biBalOT KUCAOTON, NOTOMY
YTO OHa CyLLeCTBYyeT B TayTOMepHbIX (opmax,
CNOCO6HbIX MOHM3MPOBaTLCA U 06pa3oBbIBATL
ypatbl. ¥patbl Na+ # K+ nwb HEMHOTO Nyylue
pacTBOpUMbl B BOfle, YeM CaMa MO4eBas KucnoTa.

o OH
I H |
K
H— N C-C!
| c=0 | 1
-0=C o/ HO-CArMC.
H H

NakTamHas Gopma JlakTuMHas

BUWO3SHEPTETUKA N METABONN3M

Puc. 19-26. OcTtpoB CaH-JlopeHuo 6113 nobe-
pexba Mepy-0ANH U3 TeX OCTPOBOB, Ha KOTOPbIX
MMelTCA 3anexu ryaHo. Ha atux octposax
rHe34ATCA COTHW ThICAY NTWL, TaK YTO 3a MHOrue
BeKa 3/leCb CKOMWUANUCH Lefible Topbl ryaHo, coCToA-
Llero B OCHOBHOM W3 TBepPAO/ MOYEBOW KWNCAOTbI.
yaHO-LeHHOe y00peHne; 0fjHa TOHHA ero cTo-
1T 6onbwe 100 gonnapos. Bo BTOpoil NONOBUHE
NpoLIOro Beka Lesble (PA0TUINN MapyCHbIX Cy-
[l0B pa3Bo3WAM FyaHO Mo BCeMY MUpY, Beas TOp-
rOB/I0 CO MHOTUMW CTpaHamu.

KUM 06pa3oM, YPUKOTENIMYECKNE XUBOTHbBIE
BbIHYXX/leHbl NNaTUTb BECbMA CONUAHYIO Lie-
Hy 3a TO MpPeMMYyLLecTBO, KOTOPOe OHMU No-
NyyaloT OT BblBEJEHUS aMWUHHOro asoTa
B nonyTeeppoi gopme. OTHacTu 3To, Npas-
[la, KOMMNEHCUpPYETCA TeM, YTO B BUAe MouYe-
BOW KWCNOTbl  BbIBOAWUTCA He TONbKO
aMWHHbIA a30T; OHa npeacTaBnseT coboii
TaKXe M KOHEeYHbIl NpofyKT KaTabonusma
NypuHOB (rN. 22).

Y nob6epexbs KOXXHON AMepUKN Ha MHO-
rMX 0CTPOBaX, KOTOPble CNYXaT MECTOM ru-
raHTCKMX NTuybMx 6a3apoB, UMeEKTCA
OrpPOMHble  3amacbl MOYEBOW  KWCOTbI
(puc. 19-26). OTn 6oraTeiwne 3anexu rya-
HO pa3pabaTbiBalOTCH; ryaHo NpuMeHseTcs
Kak ypobpeHue. Takum nyTem opraHuye-
CKWIN a30T BO3BPALLAETCA B MOYBY M MOXET
BHOBb UCMO/Ib30BaTbLCA 418 CMHTE3a AMUHO-

0_
\%
C—OH C—O0-
-0
H
hopma MONHOCTbIO MOHW3UPOBAHHbIN

ypat
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KMUCNOT paCcTeHunAMM W MNOYBEHHbIMW MWN-
KpoopraHnsmamu.

KpaTkoe cofepxaHue rnasbl

Hebonblias yacTb OKUCANTENbHOW 3Hep-
rmv, BblpabaTblBaeMOol B OpraHu3Me 4eno-
BEKA, WMEET CBOMM WUCTOYHWKOM OKUCNMN-
TeNbHbIA KaTabonm3m amuHokucnoT. [o-
cne ypaneHna amuHOTPynn B peakumax
TpaHCaMWHWPOBAHUA C a-KeTornytapaTom
yrepofHble CKeneTbl aMWHOKWUCNOT MNOfA-
BEPralwTca OKWUCNUTENbHOMY paclienne-
HUIO W MpeBpaLLalnTca B COefMHEHNs, cno-
co6Hble BKAOYATbCA B LWKM JIMMOHHOW
KUCNOTbl U oKuUcnATeca B Hem fo CO2
H20. EcTb NATb NyTeli, N0 KOTOPbLIM Yyrie-
poAHble CKeneTbl aMWHOKUCIOT MOTYT no-
cTynaTb B LMK IMMOHHON KNCNOTbI: 1) Ye-
pe3 auetun-CoA, 2) uyepes a-ketornyTrapar,
3) uepes cykuuHat, 4) yepe3 (ymapaTt
n 5) uyepe3 okcanoauetraT. AMUHOKNCNOTHI,
BK/OYAKOLMECA B LMUKA JAUMOHHOW Kuc-
noTbl Yepes auetun-CoA, nopapasgenatorcs
Ha [fBe rpynnbl: aMWHOKUCAOTbI MepBOWA
rpynnel (anaHwWH, UWCTEUH, FIMLUMUH, CepuH
N TPeOHWH) npesBpalwatoTca B auetun-CoA
yepe3 NupyBaT, @ aMUHOKMCNOTbl BTOPOIA
rpynnbl (NeAUNH, NU3NH, PeHunanaHuH, Tu-
pO3uH 1 TpunTodaH) - yepes aLeToaLeTun-
CoA. YrnepofHble CKeneTbl MPOAMHA, -
CTUAMHA, aprUHUHA, TNyTaMUHa 1 rnytamu-
HOBOW KMCMOTbl NOCTYNalT B LUKA TUMOH-
HOM KWCNOTbI Yepe3 a-KeTornyTtapar; Me-
TUOHWH, W30NeALWH U BanuUH Yepe3 Cyk-
LIMHAT; YeTblipe YrnepogHbiX atomMa (eHun-
anaHuHa W TUpO3uMHa-yepe3 QymapaT, W,
HaKoHel, acnaparuH v acrnaparMHoBas Kuc-
noTa-yepes3 okcanoaueTaT. Y yenoBeka u3-
BECTEH PAf BPOXAEHHbIX HapylleHWid amu-
HOKMCNOTHOrO 06MeHa. OCO6EHHO cepb-
€3HbIM W [O0BOMbHO LWMWPOKO pacnpocTpa-
HEeHHbIM HapyLUeHVeM TaKoro Tuna ABNAeT-
cA (DeHUNKETOHYpUS.

Y  aMMOHWOTENNYECKUX  >KMUBOTHbIX
(KOCTHbIX PpblO6, TOMIOBACTUKOB) aMMWHHbIN
a30T BbIBOAMTCA uepe3 xabpbl B BuAe aMm-
Munaka, KOTopblii obpasyeTcs B pesynbTaTe
rmgponusa rayTamuHa. YpeoTefnyeckue
XMBOTHbIe (K 3TOW rpynne oTHocMTCA 60/b-
LUIMHCTBO Ha3eMHbIX XXWBOTHbIX) BbIJENAOT
aMUHHbIA a30T B BMAE MOYEBMHbI. Moue-
BMHa o6pa3yeTcs B MeyeHW; 3TOT npoLecc,

OTKpPbITbI TaHcom Kpebcom, nonyyun Ha-
3BaHMe UMKna MoYeBUHbI. Henocpeg-
CTBEHHbIM MpPeALEeCcTBEHHUKOM MOYEBUHBI
CMYXWUT apruHuUH: Noj feicTBMEM aprmHasbl
OH rugponusyetca ¢ o6bpasoBaHMeM Moye-
BUHbI W OpPHUTUHA. W3 OpHUTUHA 3aTeMm
BHOBb CUMHTE3UPYETCA apruHuH; ANA 3TOro
OPHUTUH CHayana Kap6amounupyetca 3a
cyeT kapbamoundocharta ¢ o6pasoBaHueMm
LUTPYNNNHA, a 3aTeM K UMTPYIUHY npu-
COoefiuHAeTCA aMUHOrpynna, noctynawLias
OT acnaptata. OpPHWUTUH pereHepupyet
B KaXK,0M 060pOTe LMKNa MOYEBUHbLI. Y pu-
KOTeNMYyeckue >XUBOTHble (NTULbI, 3Men
M flepuubl) BbIAENAIOT aMUHHbLIA a30T
B MONYTBEPAOW hopme B BUAE MOYEBOW Kuc-
NnoTbl, KOTOpas npeAcTasnseT coboi npo-
M3BOfHOE nypuHa. BbiBeAeHWE aMWUHHOIO
as3oTa B BUAe HETOKCUYHOIo COeAWHEHWU:
(MOYeBMHBI) UKW B BUAE TBEPLOrO BeLLECTBA
(MoueBoOIt KMCNOThI) TpebyeT 0T opraHuM3ma
3Ha4YMTeNbHOW 3aTpaTbl 3Heprum ATP.
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Bonpocbl 1 3agauu

1 MpoAyKTbl TpaHCamMWwLlWpoBaHUd aMWUHOKNC-
noT. Has3oBMTe a-KeToOKWenoTbl, o06pasyto-
mneca N3 NepevynCcneHHblX HUXEe aMUHOKUCNOT
B peakuuy TpaHCaAaMWUHUPOBAHUA C a-KeTorny-
TapaToM. HanuwunTte CTPYKTYypHble DOPMY bl
3TUX CC-KeTOKMCNOT.

a) AcnaparuHoBsas KucnorTa.
6) MnyTamuHoBas KucnoTta.
B) ANaHuH.

r) ®eHnnanaHuH.

2. N3mepeHne CKOpoCTK anallTTpaHcaMuHas-
HOl peakuun. AKTUBHOCTb aNaHWH-TpaHcaMu-
Hasbl (ckopoCTb  aNaHWHTpPaHCaMMHa3HOM
peakuun) m3MmepstoT 06bIYHO, BBOAA B peak-
LMOHHY cuCTeMy M36bITOK OYMLEHHOW nak-
TatgernpgporeHassl 1 NADH. CkopocTb uc-
Ye3HOBEHWUA anaHWHa paBHa CKOPOCTM KUCYe3-
HoBeHUs NADH, KoTopyl u3MepsAT cCnek-
TpooTOMeTpuUyeckumM mMmeToaomM. O6bACHUTE,
4TO 3fleCb MPOUCXOAMNT.

3. PacnpegeneHne amuHHOro asora. byayTr nu
y Bac 0o6HapyXwuBaTbCA MNPU3HAKM HepocTa-
TOYHOCTM acmapTaTa Ha palWoHe, KOTOPbIN
6oratr anaHuHom, HO O6efeH acnapratom?
[daiiTe aprymMeHTMpPOBaHHbI OTBET.

4. O[HO N3 FTeHeTNYECKNX HapyLWeHN i aMUHOKHNC-
NoTHOro o6meHa. B 60nbHUUY [JoOCTaBneH
ABYXneTHUi pe6eHok. Mo cnoBam mMaTepu, OH
cTpajaeT 4acTbiMW pBOTamMWu. PBOTbI CAy-
yaloTCcA rnasHblM o6pa3om nocie npuema nu-
wun. PebeHOK oTCcTaeT B Bece U (puU3nYeCcKoM
passuTumn. Bonocbl TemMHble, HO nonajgatTcs
cefble Npagn. NMpo6a moyn nocne go6asneHuns
FeClj npnobpena 3eneHblii LBeT, 4YTO YyKa3bl-
BaeT Ha NPUCYTCTBME B MOYE PEHNINUPOBUHO-
rpagHoil kmcnoTel. KonnyecTBeHHbI aHanus
MOYM fan Cnefywlne pe3ynbraTthl:

CopepxaHue B moye, MMO/b T

BeuuecT BO

y 60nbHOro B HOpMe
®eHnnanaHuH 7,0 0.01
deHnnnupysar 4.8 0
deHunnnakTar 10,3 0

~

a) Kakoil (epMeHT, MNO-BUAWMOMY, HeaKTU-
BeH? TpeAnoxuTte fieyeHue ANS JAHHOTO
cnyyas.

Mouemy B Mo4ye B 60NbWINX KONMYECTBAX

nossnsaeTca eHwWnanaHuH?

B) UTO CNYyXMUT MCTOYHUKOM (eHMUnNnupysaTa
n peHunnnaktara? Mouyemy 3aToT nyTb (OT-
CyTCTBYWOLWMNA Yy 3[0pOBbLIX NtoAei) Ha-
YMHaeT PYHKLWOHMPOBATL, KOrfa KOHLEH-
Tpauus deHunanaHnHa NOBbIWaeTCA?

r) Mouyemy B Bonocax 60NbHOr0 uUMelTCA
cefible npagun?

Ponb kobanamuHa B KaTabonmsme aMUHOKMKC-

n0T. 3710KauyecTBEHHAA aHeMua ecTb pe3ynb-

TaT HapylweHWs npouecca ycBoeHus kKobana-

MWHa, YTO CBA3aHO C OTCYTCTBMEM o0C06OrO,

BblpabaTblBAEMOro >XeNyAKoM TAWKOnpoTe-

MHa (ero Ha3blBal T BHYTPEHHUM (akTopom).

Kak BnAmseT 3To HapylweHue Ha kKatabonusm

aMUHOKMCNOT? KacaeTcs M 3r0 BCEX aMUHO-

KUCNOT B paBHOW CcTemeHn?

CpaBHeHMe nakTaTa M anaHuHa B ponn MeTa-

60onnyeckoro Tonanea. 3aTpaThbl aHeprun ATP

Ha BbiBeJleHWe a3oTa n3 opraHusma. o cTe-

NeHn OKWCNeHWs rpex aTOMOB yrnepopja, BXo-

OAWKUX B MONEKYNbl naktaTa W anaHwHa, aTu

coefiMHeHNA W[eHTUYHbI; B XMUBOTHOM oOpra-

HM3Me ob6a 3TUX MUCTOYHMKA yrnepoja MOryT

CNYXWUTb MeTabonnyeckum Tonnmsom. Cpas-

HWTe CyMMapHble Bbixoabl ATP (uucno monei

ATP, o6paszoBaBwnxca Ha 1 monb cybcTparta)

npv nonHom okucnenumn (4o CO2u H20) nak-

TaTa M anaHWHa, yuyTd Npu 3TUX pacyeTax pac-

xoa ATP Ha BbiBejeHMe as3oTa B Gopme

MOYEBUHBI.

6

-

3agava 6
I-| H H H .
H— C- -d—d—
1T <o i 1V
H OH H fN\H, U
NakTat AnaHunH

MyTb yrnepoja nasoTa npu paclwennesHnn rnx-
TamaTa. B neyeHn KpbiCbl NPOUCXOAUT OKUC-
NUTeNbHOe pacljenneHne rNyTaMmuHOBOW Kuc-
NOTbl. MeYyeHHON 14C no 2-My yrnepofHomy
atomy u 15N no amuHorpynne. Huxe nepe-
yncneH pap MetabonmTosB. B Kakux atomax
Ha3BaHHbIX MeTaboNUTOB O6GHaApPYXMUTCA Kax-
fas n3 MeToK?

3apgava 7 H

A©

0jC— (CH22 _-‘cl_c
|
INH3 !

[nyTamuHoBas Kucnorta
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a) MoueBuHa.

6) CykuuHar.

B) APrUHUWH.

r) Lnutpynnun.

L) OpPHUTHH.

e) Acnaprar.

Xumunyeckas cTpaTerus kaTabonusma wuso-
neiiynHa. N3oneilumH pacwennserca 0 npo-
nnoHnn-CoA wun auetun-CoA B nocneposa-
TENbHOCTW peakUWit, cocTosweid M3 wWecTu
3Tanos.

3afava 8

V i

+ |
H,N—C—H CH,
6 cTapwuit

H—C—CHj TaAun iH, MponunoHun-CoA
|
CH, | S—CoA
CH, .

Vsoneiiymn CH3 Auetin-CoA

a) CTpaTernsa XxuMuyeckoro npouecca pacuie-
nneHns usoneilnHa aHanoruyHa crtpate-
rMn yuKna NMMOHHOW KUCNOTbI W npolecca
B-OKMCNEHNA XUPHbIX KUCNoT. Mpomexy-
TOYHble NPOAYKTbI pacujenneHns umsonen-
unHa (1—V) nokasaHbl HWXe He B TOM MoO-
psfKe, B KakoM OHM o6pa3ytTcs. Pacnono-
XUTe UX B Hajnexauw,eil mMeTabonmMyeckoin
nocnefoBaTeNbHOCTW Ha OCHOBaHUK TOTO,
4YTO BaM WM3BECTHO O LUKAEe NUMOHHOW Kuc-
NOTbl M 06 OKWCNEHUU XUPHbIX KUCNOT.

Ox S—CoA V O O |/ S—CoA
yuc C
| |

|
.C—CHs 0=cC H—c —CHs
H—C
H—c¢ —CH, > O
({H, a CH,
|
CH,
1l w

10. OkucneHue rayTamaTa.

Oy S—CoA o S—CoA
) é/ H
H—()—CHs H\
CH, HO—c/ 4 CHs3
CH, CH3
v

6) Ans KaxAoro M3 yKasaHHbIX Bbllle 3Tanos
onuwnTe XMMmUYeckunii npouecc, nogbepute
aHaNnoOrNYHbIA NpUMep U3 LNKNAa NTUMOHHOIA
KMCNOTbl MAW M3 npolecca B-okucneHus
KUPHBIX KUCNOT U YyKaxXnTe Heo6X0AnNMble
KO(aKTopbl.

OTpaBneHne ammuakom, Bbi3BaHHOE OTCYT-

CTBMEM apruHuHa B nuwe. Ony6NnMKoBaHoO CO-

obuieHune [J. Morris, Q. Rogers, Science 199,

431 (1978)] o cnepyrouiem 3KCnepuMeHTe.

Kowkam, He NOAy4yuMBWUM MUK HaKaHyHe

Beyepom, fanum yTpoM HaTolWw,ak aMWUHOKMKC-

NOTHYI CMeCb, COfepXaBlYyl Becb Habop

aMWUHOKWUCNOT, 3a WCKNIOYEeHWEM apruHuHa.

Yepes 2 4 cojepxaHue amMuaka B KpOBU

Yy XMWBOTHbIX BO3pocno pfo 140 mkr/n (npwu

HOopMe 18 MKI/n) M NOABUAUCH KAUHUYECKUE

CUMNTOMbBI aMMWUayHoOro oTpasneHus. OpfHa

M3 KOLWeK, CbeBllas BCEro NuWb 8 r Takoi

aMUHOKUCNOTHOW cMmecu, yepes 4,5 4y nornbna.

B KOHTPONbHOW rpynne, NOAYyYNBLLIENA NONHBINA

Ha6op aMWUHOKWCNOT WNW CMeCb, B KOTOPOIA

apruHuMH 6blN 3aMeHEeH OPHUTUHOM, HUKAKUX

HEOObIYHbIX KNWHWYECKUX CUMNTOMOB O6GHa-

py>XeHo He 6blno.

a) Kakyto ponb urpano B 3TOM 3KCNepuUMeHTe
npefBapuTenbHoe ronogaHue?

6) B yem npuymHa NOBbIWEHUA YPOBHA aMm-
Muaka B KpoBu? [loyemy OTCyTCTBUE ap-
rMHWHa B paynMoHe NPUBOANT K aMMUAUYHO-
My OTpaBneHuWt? ABNAETCA NN apruHUH
AN KOWeK He3aMeHUMOW aMWHOKWUCNO-
TOW?

B) MoyemMy apruHuUH MOXeT 6blTb 3aMeHeH
OPHUTUHOM?

Hannwwute oT-

fenbHble cbanaHcMpoBaHHble ypaBHeHUA

N CyMMapHoOe ypaBHeHWe NS OKUCNEHNA TNy-

TamaTa, npu KOTOPOM M3 2 mMonei rnytama-

Ta obpasylTcd 2 MONA a-KeTornyrapata u

1 MONb MOYEBUHbI (BbIBOAMMON U3 OpraHus-

ma).



0,5 MKM

3neKTpoHHas MuKpodoTorpadma rpaHyn ramko-
reHa, BblfjefleHHbIX N3 MeYeHn Kpbicbl (MeTOf Hera-
TUBHOTO KOHTpAcTa). TN rpaHynbl, NpejcTaBasio-
Wme coboli 3anacHy hopMy FIHOKO3HOMo «Ton-
NMBa» B MeYeHW, Ha3blBaOTCA a-yactTuuamn. OHU
cocToAT M3 6onee Menkux B-yacTuy. paHynbl
cofilepXat He TONbKO T/INKOTeH, HO U (DEePMEeHTbI,
Heob6xofuMble AN ero CMHTe3a U paclyenneHus,
paBHO Kak W (DepMeHTbl, OCyllecTBAAOL e pe-
LIMNPOKHYIO Perynsuunio 3TMX NpoLeccos.

Y%o#



FMABA 20

BUOCUHTE3 YIJIEBOJOB

B XMBOTHbIX TKAHAX

B paccMOTpeHUM KeToYHOro metabo-
nn3Ma Mbl JOCTUIN Tenepb Kak Obl NOBO-
POTHOrO NyHKTa. [0 CUX NOP Mbl 3HAKOMM-
NUCb C TeM, Kak rnaBHble TWUMbl NuTa-
Te/bHbIX BELWECTB YrneBofbl, XUPHbIe KUC-
NOoTbl M aMWUHOKWCIIOTHI,-pacLyennsach,
BK/IIOYAIOTCA MO CXOAALMMCS KaTabonuye-
CKUM MyTAM B LMKA NUMOHHOW KWCNOThI,
4yToObl nepefaTtb CBOM 6GoraTbie 3HEpruen
3NeKTPOHbI B AblXaTenbHYylo uenb. Mepeme-
Wwaacb No AblXaTeNbHOW Lenn K Kucnopoay,
3TN 3/1eKTPOHbLI MOCTaBAAOT 3Hepruto Ans
cuHTe3a ATP. Tenepb Ham NpeacTtouT pac-
CMOTpPeTb aHabonnyeckune nytn. Ha 3tux ny-
TAX XUMuUYeckas 3Heprus B (opme ATP
n NADPH wncnonb3yetca gna cuHrtesa Kne-
TOYHbLIX KOMMOHEHTOB M3 MPOCTbLIX NpejLue-
cTBeHHMKOB. KaTtabonmsm u aHabonnsm
NpoTeKalwT O4HOBPEMEHHO; NPV 3TOM NOA-
[lep>XnBaeTca JMHaMUYECKOe CTauMoHapHoe
COCTOAHME, TaK YTO paclienneHne Kre-
TOYHbLIX KOMMOHEHTOB, 06ecneynBatoLlee
KNeTKU 3Heprueli, ypaBHOBellINBaeTCA 6no-
CUHTETUYECKUMW npoLieccamun, KOTopble Co-
34al0T U NOAAEPXKMNBAIOT B XUBbIX KeTKax
NPUCYLLYI0 UM YNOpALOYEHHOCTb.

30ecb YMeCTHO BCNOMHUTL (rn.  10)
1 NLWHWIA pa3 NOSYepKHYTb HEKOTOPbIe Op-
raHu3aumnoHHbIE NPUHLMNBLI BUOCMHTE3A.

1. [yTw GuocMHTe3a U NyTU paclyenne-

HUA TEeX UM UHbIX GUOMONEKYN, KaK npasu-
N0, He WAEHTUYHbI. T NYTU MOTYT BKIIO-
YyaTb KaKylo-HUOYyAb 06wy o06paTtumyto
peakuuio UM faxKe HECKO/IbKO TaKUX peak-
LMIA, HO Y HIX BCErfja MMeeTcs XOTS 6bl 0fHA
(hepmeHTaTMBHaA CTagus, NO KOTOPOW OHW
pasnuyatoTca. Ecnm 6bl katabonunueckme
1 aHabonnyeckme peakuun KaTanum3nposa-

JINCb OJHWUM U TEM XXe Ha6opoM (hEPMEHTOB,
[encTByOWMX 06paTUMO, TO HMKakas 6uo-
norvyeckas CTPYKTypa He3aBMCMMO OT ee
CMIOXHOCTWU MONPOCTY He mMorna Obl cyule-
CTBOBAaTb. MOTOMY YTO YMC/O K/ETOYHBIX
MaKpOMOJIEKY/l MeHAN0Cb 6bl B OTBET Ha
nobble KonebaHWs KOHLUEHTpauuii mMone-
KyN-npegLecTBeHHNKOB.

2. buocuHTeETMNYECKNE NYTU WU COOTBET-
CTBYylOUNE UM KaTabonnyeckne mMyTHU KOH-
TPOMMPYIOTCA  pasHbIMW - PErynsTOpPHbIMU
thepmenTamu. O6bLIYHO perynaumns cooTeeT-
CTBYIOLLMX BMOCUHTETUYECKMX U KaTabonu-
YeCcKMX NyTel OCYLLECTBNAAETCH KOOPAMHM-
poBaHHbIM 06pa3oM, pPeuunpoKHo, TaK 4To
CTUMYNNpPOBaHNE GMOCUHTETUYECKOTO NYTK
CONpOBOXAaeTcA MofjaBfieHneM KaTabonu-
Yyeckoro nyTtu, u Haob6opoT. Bonee TOrO,
O6vocUHTETUYECKME MYTWM  PErynupytoTcs
00bIYHO Ha OfHOM M3 NEPBbLIX 3Tanos. 370
n36aBNAeT KNeTKy OT HEMPOU3BOAUTENbHbIX
rpaTt: OHa He pacxogyeT npeflecTBEHHUKN
Ha CMHTEe3 TeX NPOMEXYTOUYHbIX NPOAYKTOB,
KOTOpble el He MNOHago6sTCA. Mbl BHOBb
y6exgaemcs Ha 3TOM MpuUMepe, YTO MNPUH-
LMN 3KOHOMUW NTIEXXUT B OCHOBE MONEKYNAP-
HOM NIOFUKMN XMBbIX KETOK.

3. Tpebywowwme 3aTpaTbl 3Heprum GMOCKH-
TeTuyeckue npoueccbl 0653aTenbHO conps-
>KeHbl C MOCTAaBAALWMUM 3HEpruo pactue-
nnednem ATP, BCneAcTBME Yero Becb Npo-
lecC B UENOM fABAfeTCA NpaKTUYECKM
HeobpaTuUMbIM, TOYHO TakK >e Kak B Le/om
HeobpaTum KaTabonusm. Takum obpasom,
obuiee KonuuyecTtso aHepruv ATP  (uam
NADPH), ucnonb3yemoe Ha fjaHHOM 6uo-
CUHTETMYECKOM NYTU, BCErfa npeBoCXoAuT
TO MWHMWMaNbHOE KO/IMYeCTBO CBOBGOAHON
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3Heprum, Kotopoe TpebyeTca Ans npespa-
LW EeHNA NpejLiecTBEHHUKA B BUOCUHTETMYe-
CKWUIA NPOAYKT.

PaccMoTpeHve OWOCUHTETUYECKMUX MpPO-
LleccoB Mbl HayHem C LieHTpanbHOro 6uo-
CMHTETNYECKOTO MNYTU, KOTOPbIA B >KK-
BOTHbIX TKaHAX MPUMBOAUT K 06pasoBaHuto
pasnnyHbIX YrneBoA0B W3 HeYrneBOAHbIX
npefLWwecTBEHHWKOB. Y BCeX BbICLUIUX XWU-
BOTHbIX 6MOCMHTE3 D-rntoKo3bi-abconoT-
HO Heob6xoAuMbIiA npouecc, NOTOMy 4To D-
rN0KO3a KPOBU CNYXUT AUHCTBEHHLIM UK
rNaBHbIM UCTOYHUKOM TOMNWBA ANA HEpPB-
HOli cucTembl (B TOM yucne U AN8 mosra),
a TaKkxe Ana noyek, CEMEHHUKOB, 3pUTPOLLU-
TOB 1 ANA BCeX TKaHei ambpuoHa. Y uyeno-
BeKa OfMH TONbKO MO3r noTpebnser 6onee
120 r rnOKO3bl B CYTKU. B opraHusme xu-

NMKoNpoTenHbl

FnukoreH

nokosa KROBVI

noko30-6-thocar

Avcaxapugbl

/ Tlpoune moHocaxapuibl
I 7

Mupysat TnoKoreHA

MpOMEXyYTOUHbIE  Hble aMUHO- MponuoHaT
NpoAyKThl LUMKNA  KMCAOTBI

J1akTaT 'IMMOHHOI KMCNOTbI

XKupHble knucnotsl ¢ baktepuu
HEeYeTHbIM YNC/IOM pyb6ua
aToOMOB yrnepoja

Puc. 20-1. MyTb, Begywuii oT pocdoeHonnupysa-
Ta K rnoKo30-6-gocdaty, anserca obwmm gns
npespaLeHns MHOTUX NpeALIecTBEHHWKOB B pas-
NINYHbIE YTNEBOAbl B XXUBOTHbIX TKaHAX.

BOTHbIX D-rntoKo3a HenpepbiBHO CUHTE3U-
pyeTcs B CTPOro PerynmpyemMbiX peaxumax
n3 6onee NPOCTbIX NpPeALWecTBEHHNKOB, Ta-
KWX, KaK nupysaT U HEKOTOPble aMUHOKUC-
NOTbl, & 3aTeM MocTynaeT B KpoBb. W3 He-
YrneBofHbIX  MpefllecTBeHHUKOB  obpa-
3YI0TCA TakXe U Apyrve BaXHble YrNeBoabl
(puc. 20-1). OcobeHHO 60NbLIOE 3HaYeHUe
MMeeT OWMOCUHTE3 T/IMKOTeHa, MpOoTeKal-
M4 B NeYeHn N Mblwuax. IMKOreH neyeHn
CNY>XWUT pe3epByapoM T/IIOKO3bl: U3 Hero
obpasyeTca r/110KO3a, KoTopas mnocTynaert
B KPOBb. MbILLEYHbIli Xe FMUKOreH, pacna-
flasgcb B npouecce rANKONN3a, CIyXUT uc-
TOYHMKOM 3Heprun ATP ANn8 MbIWEYHOTro
COKpalLeHna. Y O>KUBOTHbIX o06pa3oBaHue
D-rnoko3bl 13 HeYrnesoAHbIX MpejLue-
CTBEHHWKOB Ha3bIBAlOT T[/I0KOHEOTEHE30M
(o6bpa3oBaHMe «HOBOro» caxapa). BaxHbiMu
npegLwecTBeHHUKaMy D-rnoKo3bl ABNAIOT-
CA Y HUX NnlakTaT, nMpyBaT, rauuepon, 60b-
WWHCTBO aMWHOKNCNOT U MPOMEXYTOYHbIE
NPOAYKTbl  LUUKNA JSIMMOHHOW  KWCNOTbI
(puc. 20-1). T[NOKOHeoreHes npoTekaeT
Yy XXWBOTHbIX FNaBHbIM 06pa3soM B MeyeHn
M 3Ha4yNTeNIbHO MEHee MHTEHCUBHO-B KOp-
KOBOM BeLLEeCcTBe MOYeK.

Mbl 3Haem, 4TO B pacTUTENIbLHOM Mupe
OrPOMHbIE KOMMYeCTBa FNIHOKO3bl, a Takxe
Lpyrux yrnesofos o6pasytoTcsa nyTem Boc-
CTaHOB/IEHWA [BYOKUCKU Yrnepoja B npoLec-
ce (poTocuHTesa (rn. 23). B otnnune ot pac-
TEHW Y XUBOTHbIX He NMPOUCXOAUT peasib-
Horo (net) npesBpaweHus CO2 B HOBble
MONEKYNbl FNHOKO3bI.

20.1. TlyTb rNK>XXoHeoreHesa
BK/IlOYaEeT CeEMb 3Tanos,
06LWMX C MpOoLeccoM rnMKoIn3a

Mofo6HO TOMY Kak npespalleHue ro-
KO3bl B NMpPyBaT NpefcTaBnseT co60i LeH-
TpanbHbIA NyTb B KaTabonvM3me yrieso4os,
npeBpalleHne nNupyBaTa B [OKO3Yy ABMAET-
CA LEHTpanbHbIM MyTeM [/IIOKOHeOoreHesa.
MyTn 3TV He NAEHTUYHBI, XOTSA U BKAKOYalOT
pag obwumx atanos (puc. 20-2). Cemb ¢hep-
MEeHTaTUBHbIX peakuwWid FAMKOAM3a CBONA-
CTBEHHbI TaKXXe 1 FI0KOHeOreHe3y; BCe OHU
Nnerko o6patumbl.

B rnvkonuse umeroTCA, 04HAKO, TpK 3Ta-
na, NpakTUYecKn HeobpaTUMbIX, KOTOpPblE
M0 3TOW MPUYMHE He MOTYT NCNO/b30BaThCA
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rnokosa
ATP-
ree rie Fnukorex
| UTpP
6P
Linto3ons ATPY \»p. WHrn6upyetcs nog
W rl',qu7ICTBMeM AMP
[Wilo]
MyTb
FNKXOHeoreHesa
M?nat - \/~
Knadh
Okcanoauetar 1Ctumynupyert-
|ca nog peiicT-
BMeM al'.lkemn—
MupysBat I 1 J Co.
Mupysat

Puc. 20-2. TpoTUBONOMIOXHO HamnpaBneHHble Ny-
TU FIMKONN3a U TIIOKOHEOTeHe3a B MeyeHu

KpbICbl (MYTb FIOKOHEOreHe3a MokasaH KpacHbIM).
Y HeKoTopbIX BMAOB hocoeHonnupysat obpasy-
eTca B LMTO30/1€e 6€3 y4acTus MUTOXOHAPUIA. Ha
CXeMe MoKas3aHbl TaKXe /Ba rNaBHbIX PerynaTop-
HbIX MyHKTa FNOKOHeoreHesa. 6® -rnoKko30-6-
tocoat; M1P - rnokoso-1-pochar; PO6P-hpykK-
T030-6-hocthar; PAD - hpykTo30audochar;

[3® - ranuepanbgerna-3-pochat; ArA® - guruna-
pokcuaueToHdochaT; d P - 3-hochornuueponn-
tocar; 3PI -3-hochornumuyepart; 2 -2-hocho-
rauuepar.

B [/IIOKOHeoreHese. B o6xof4 3Tux 3Tanos
B I/IIOKOHEOreHe3e NpoOTeKalT fpyrue pe-
akuun, C WHOW CTeXuMoMeTpuen, Katanmsu-
pyemble ApPYrUMU (epMeHTaMu; OHM Yyua-
CTBYIOT TO/IbKO B [/IIOKOHEOTeHe3e, HO He
B rnnkonmse (puc. 20-2). 3Tn 06X04Hble pe-
akumMm (Mbl X paCCMOTPUM HUXE) TOXE He-
06paTuUMbl, HO OHW WAYT B HanpaeneHUu
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CUHTE3a rNKO3bl. TaknuM 06pasoM, u rau-
KONnM3, U TNIOKOHeoreHe3-Heo6paTUMble
npouecchl B KneTkax. bonee 10ro, Mbl yBu-
AWM, YTO 3TU NPOLECCHl PEryNMPYOTCS He-
3aBMCMMO Apyr OT fpyra: perynsuus ocy-
L ecTBNAETCA uepe3 Te (epMeHTaTUBHbIE
3Tanbl, KOTOPbIE He ABNATCA 06WUMU ANs
3TUX [BYX nyTei.

20.2. O6xofHbIA NyTb TpebyeTcs
418 MpeBpaleHna nupysaTta
B (pochoeHoNNupyBat

MepBas 06xofgHas peakuus B rNOKOHEO-
reHese-3To npespalieHne nupysaTa B (oc-
thoeHonnupysat (puc. 20-2). OHa He MOXeT
6bITb NPOCTbIM O6palweHneM nupyBeat-
KWHa3HoW peakuun (pasg. 15.7, o).

docdoeHonnupysat + ADP -*
“* [Mwunpysar + ATP

AGO0 = —7,5 kkan/mons,

KOoTOpas xapakTepusyeTtcs 601bWON OTPYU-
LuaTeNbHOW BENUYMHON W3MEHEHUA CTaH-
JapTHOW CBOGOAHOW 3HEPrMM U MNOTOMY
B MHTAKTHOWN KneTKe Heo6paTuma. BmecTo
aToro docdopunnposaHme nupysata f[o-
cTuraeTcs 06Xo4HbIM NyTeM-B NocnejoBa-
TeNbHOCTW peakLuil, KOTOpPble Y HEKOTOPbIX
XUBOTHbIX TpebylT COBMECTHOro fei-
CTBMS LNTO30/bHbIX U MUTOXOHAPUANbHbIX
(hepMeHTOB KNETOK MeyeHn (puc. 20-2).
MepBblil 3Tan B 3TON 06X0A4HON NocnefoBa-
TeNbHOCTW peakumin KaTannsmpyercs MUTo-
XOHAPUanbHOM nupyBaTKap6okcunasoii.
AT0T 6MOTMHCOAEPXALW MU DepMeHT KaTa-
nusupyeT obpasoBaHue okcanoauetata U3
nupysaTta (puc. 20-3)- aHannepoTu4yeckyo
peakuyuto (pasg. 16.11), cnocobHyto nonon-
HATb MyN NPOMEXYTOYHbIX NPOAYKTOB LMK-
Kna NMMOHHOW KWUCNOThI

Auetun-CoA
Mupysat + CO:2 + ATP

-> Okcanoauetatr + ADP + P, @
MupyBaTkap6boKcmnasa- perynaTopHbli
(hepMeHT; B oTcyTcTBue auetun-CoA, Ko-
TOPbIA CAYXWUT ANA Hee MOJIOKMTENbHbIM
perynaTopom, O0Ha MNOYTU MOMAHOCTbIO /U-
WeHa aKTWBHOCTMW.
OkcanoaueTat, o6pasyoumniica B MUTO-



604 UACTb Il. BMUOSHEPTETUKA N METABOJIM3M

02
+

CHs
C =0 TMupysar
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Auetun-CoA  yapgokcunasa

C'00-

CH2 Okcano -
auyerar

C==0
|
CoO
+
ADP
+

P.
+

H+

Puc. 20-3. Kap6okcmnupoBaHue nupyBsaTa, npu-
BoAsiliee K 06pa3oBaHWi0 oKkcanoaueTata. Bkito-
umBllascsa B coctas okcanoauetata CO2cHoBa
oTLenseTcsa B OAHOW M3 MocneayoLwmnx peakuyuii
(puc. 20-4).

XOHAPUAX M3 nupysarta, 06paTumMo BoccCTa-
HaBnuBaetcs 3a cyeT NADH c o6pasoBa-
HWemM ManaTa noj AelCTBMEM MUTOXOH-

LpvanbHON manatgerugporeHass  (pasg.
16.5,3)
NADH + H+ + Okcanoauetar
A NAD+ + Manar. )]

Manat nokuaaeT MUTOXOHAPUN NpK Yya-
CTUM  cneumnanbHoW  gukapb6okcmMnaTHONM
TPAHCNOPTHOWM CUCTEMbl, HaxoAALLeNcs BO
BHYTPEHHE MUTOXOHApUWanbHON Membpa-
He (pa3g. 17.19), u nocTynaeT B LMUTO30/Ib.
3pecb OH peokucnaeTcs nog AelcTBMEM Lu-
To30nbHOW (opmbl NAD-3aBUCMMOl Ma-
nataernaporeHassl ¢ o6pasoBaHnemM oOkKca-
noauertara, Temnepb yXe BHEMWUTOXOH-
LpnanbHOro:

Manat + NAD+ -» OkcanoauertaT +
+ NADH + H+. ?3)

Ha o6pas3oBaBliniics Takum MNyTeM OKca-
noaueTtaT AelcTBYeT (hochoeHoNNMpysaT-

KapbokcukmHasa (pasg. 16.11). MpoaykTom
3TO0N MQ2 +-3aBMCMMOI peakuun, B KOTOPOIA
[OHOPOM (hocthata CAYXWUT TYaHO3UHTpU-
thochaT (GTP), aBnseTcsa ochoeHonnupy-
BaT (puc. 20-4).

Okcanoauertar + GTP

dochoeHonnupysat + CO:2 4- GDP.
@
Mpn BHYTPUKNETOUHbIX YCN0BUAX 3Ta peak-
umMa obpatuma. B kneTkax neyeHn KpbiCbl
thocthoeHoNNMpyBaT-kapbOKCMKMHA3a Hall-
[leHa TONbKO B LLMTO30/1€, HO B MEYEHN HEKO-
TOPbIX APYrUX BUAOB 3TOT PepmMeHT obHa-
PY>XWBaeTcAd W B LUMTO30/€, U B MUTOXOH-
LpnsXx.

Tenepb Mbl MOXeM HanucaTb CYMMapHOe
ypaBHEHUWe NS 3TUX 06XOAHbIX Peakuuii,
nocpeacTBOM KOTOPbIX U3 mupysaTa obpa-
3yeTcs (pocthoeHoNnmpyBsart, T.e. ANS peak-
umii (1)-(4)

Munpysat + ATP + GTP -»
-» ®ocoeHonnupysatr + ADP +
+ GDP + P 5)

AGO' = + 0,2 Kkan/Monb.
00-

|

CH2 OkcanoauyeTar

c=0

i00-
+

GTP

dochoeHonnupysart-
Kap6oOKCUMKMHa3a

cH2 O“
C—0—P—0O-
I ®docpoeHon-

COO (6] nupysart

+

COo2
+
GDP3-

Puc. 20-4. TpeBpalieHne okcanoauerarta B ¢oc-
(hoeHonnupysaT. PMKCMpOBaHHasA B NUpyBsaTkap-
60KcnnasHoli peakymn CO?2 (puc. 20-3) Tenepb
CcHoBa oTwennaetca B suge CO2.
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MbI BUAUM, 4TO Ha docdopunmposaHme
OfHOW MONeKy bl NMpyBaTa 40 GochoeHon-
nupysara (Ha 3TOT npoLecc B CTaHAAPTHbIX
YCMOBUAX Pacxof, 3Hepruu cocTasnset
14,8 kkan/monb) 3aTpaymBaeTCca  3Heprus
[BYX BbICOKO3HEPTreTUYECKUX (OCKhaTHbIX
rpynn (ogHoit or ATP u ogHoli or GTP),
Kax/iasa U3 KOTOPbIX XapakTepusyeTcs Benu-
ynHoit AGO' rugponmsa —7,3 KKan/Monb.
Mexgy Tem. korfga docoeHonnupysart
npespaiiaeTca B nNupysaT B Npouecce rniu-
Konusa, n3 ADP cuHTe3npyeTca TONbLKO 04-
Ha monekyna ATP. XoTd U3MeHeHue CTaH-
JapTHoi cBo6ofHOl 3Heprun AG° CcyM-
MapHOIi peakuumn obpaszoBaHnsa gochoeHon-
nupysata coCTaBfisgeT + o,2 KKan/mons,
NCTWHHOE M3MeHeHWe CBOBOAHON 3Heprum
AG' B yC/I0BUAX KNETKWN BbIpa)kaeTcs 04YeHb
60nbWON  OTpULATENbHOM BEeIMYNHOA,
0KONI0 —s6,0 KKa/; ACHO, Taknum o6pasom,
4TO 3Ta peakuus NpakTU4yeckn HeobpaTmma.

20.3. BTopoii 06X0AHbIA NyTb
B /IIOKOHeOoreHese 370
npespaLleHne
ppyKTO30-1,6-gMhochaTta

BO (hpyKTO030-6-hoctar

BTopas peakuus raukonusa (nyTu, Begy-
LLEero «BHU3»), KOTOpPasA He MOXET MCMOJib-
30BaTbCA 407 i/110KOHeoreHesa (nyTu, seay-
Lero «BBepx»),-aro peakums ochopunm-
poBaHus (PYyKT030-6-poctara, KaTanusum-
pyemasa (octhodpyKTOKNHA30MA

ATP + ®pyKT030-6-(hOChAT -»
-f ADP + ®pykT030-1,6-gndocgar.

B MHTaKTHbIX KfleTKax 3Ta peakuus Heobpa-
Tuma. [lo3aToMy B i/HOKOHeo! eHese peli-
CTBYyeT 06X0AHbIA NyTb (PUC. 20-2) C Yua-
cTMeM QepMeHTa ¢pykTo3ogudocdarasbl,
KOTOPbIA Karannsmpyetr nNpakTU4eckn He-
obpaTuMbIl  TMAponu3  GpyKT030-1,6 -AN-
thocthata € oTwenneHnem gocgatHo
rpynnsl B MONOXEHUM 1, UYTr0 MPUBOAUT
K obpasoBaHUlO (PpyKTO30-6-thocthaTta

PpyKT030-Ls-guhochar +

+ H20 - —»®pykT030-6-(hOCPHaT + P,

AGO' = - 3,9 Kkkan.

®pykTo3ompoctarasa UMEET MONEKYNAp-
Hyto maccy 150000 u gnd nposBNeHUsA ak-
TUBHOCTW HYXJaeTcs B MoHax Mgz +. 3T0
TOXE PEerynatopHbii epMeHT. OH pe3ko
UHrMbuMpyeTca oTpuLaTesbHbIM MOAYNATO-
pom AMP, a NonoXuTenbHbIM MOAYNATO-
poM CAyXWUT ans Hero ATP.

20.4. TpeTuiAi 06X0A4HbIN NyTh -
3ro nNyTb, BefyLinii

OoT iflK030-6-hochaTa

K CBOOOAHOM r/l0KO03e

TpeTbeil 06X0AQHON peakuwueid, nocneg-
Hell, B npouecce cuHTe3a D-rnKo3bl,
ABNsfeTcA fetocthopunmpoBaHne FOKO-

30-s-(hochaTa ¢ 0o6pasoBaHMeM CBOGOLHON
rNOKO3bl, NOCTYNAoLW el N3 NeYeHN B KPOBb
(puc. 20-2). 310 pethochopunupoBaHue He
MOXeT MNpPouCXoAuTb nyTem obpauieHuns
reKCoKMHasHoi peakuumn (pasg. 15.5,a), no-
CKONbKY B MeYeHU 3Ta peakuus Heobpatu-
mMa. BmecTto 3atoro pecochopunmposaHue
rN0K030-6 -(hochaTa OCYLLECTBNAETCA MpU
yy4acTum rNKo30-6-gpochaTasbn Katannsu-
pyroweii Heo6paTUMy TMAPONUTUYECKYO
peakuuio
nokKo3o-s-pocpar + H20 —

—» [nwkKo3a + P,

AGO' = —2,9 kKkan/monb.

370T MQ2 +-3aBUCHUMBI (DEPMEHT Xapak-
TepeH CBOeN Nokanu3auunein: oH 06HapyXu-
BaeTCA B TON (hpakumm KNETOK NeyeHU no-
3BOHOYHBIX, KOTOpas COAePXWUT 3HAonNnas-
MaTUYeCcKnin peTukynym. [ 1OK030-6-(oc-
(haTasa OTCYTCTBYeT B TakKUX TKaHAX, Kak
MbILLbI WX MO3r, TaK YTO OHW He nocTa-
BNAIOT B KPOBb CBOOGOAHYIO T/IIOKO3Y.

20.5. 'nokoHeo! eHe3 TpebyeT
WaynTenbHbIX 3arpar 3sHeprum

B ra6bn. 20-1 npeacTtaBneHbl peakuuu,
BeAyliMe OT nupysBaTa K FNOKO3e KPOBU.
CymMmapHaa peakuusa uMeeT BUp

2lMunpysatr + 4ATP + 2GTP +
f 2NADH + 2H+ + 4H20 -
-> [nwko3a + 2NAD+ + 4ADP +

+ 2GDP + P;.



606 YACTb N. BUOSHEPTETUKA N METABOJIN3M

Tabmmua 20-1. MocnenoBaTenbHble peakuyun TNIOKOHeOreHesa, BeAyliMe OT NupysaTa K [N Kose"

Mupysatr + CO2 + ATP -» Okcanoauetat + ADP + P, X 2
Okcanoauyetatr + GTP docpoeHonnupysatr + CO, + GDP X 2
®dochoeHonnupysatr + H20 ~ 2-dochornmuepat X2
2-bochoranuepat § 3-pochornuuepat X 2
3-pochornuuepar + ATP ¢ 3-ochornuuepounndochpar + ADP X 2
3-pocornuuyeponngpocthar + NADH + H+ -> T[nuuepanbgerng-3-wochar + NAD+ +
+ Pf X 2
Mnyepanbgerng-3-gpochar wk AunrngpokcnaHetoHdpocdar
Mnuuepanbpernpg-3-pochat + AurungpokcumaHetoHgpochar » P pykTo3o-1,6-gugocear
®pykT030-1.6-gucochar + H20 ®pykTo30-6-hochar + P.
®pykT030-6-thoctart (1) Fnwoko3o-6-pocdar
Fnwoko3o-6-hochar + H20 == 'nwokosa + P,
CymmapHasa peakuua:
2Mupysar + 4ATP + 2GTP + 2NADH + 2H+ + 4H,O Fnokosa + 2NAD+ +
+ 4ADP + 2GDP + 6P(

11 O6x0oAHblEe peaKkuMnm BbiAENEHbl KpacHbIM; BCE MNpoYMe peakuuum npepcrtaBnswT coboil ob6paweHue
COOTBETCTBYWWMUX CTagWili FNMKONUTUYECKOW nocnepgoBaTenbHOCTU. Lindpbl cnpaBa ykasbiBaw*,, 4TO AaHHas
peakumsa L[OJIXHa 6bITh noBTopeHa pAgBaxAdbl, MNOTOMY 4TO Ana 06pa3OBaHVIFI OAHOVI MONeKynbl rNKo3bl

TpebyeTcs ABa TPEXYrnepofHbiX NpeAwecTBEHHUKA.

Ha KaXayt MONekyny rnokosbl, o6pasyto-
lyca 13 nupysaTta, pacxogyetcs LIeCTb
BbICOKO3HEPTeTUYECKNX (hocaTHbIX
rpynn-yetolpe ot ATP wu pase ot GTP.
Kpome Toro, Ans BOCCTAHOBUTE/bHbLIX 3Ta-
nos TpebytoTca ewe ase monekynsl NADH.
FICHO, YTO 3TO ypaBHEHME He ABNAeTCA Npo-
CTbIM 0OpalieHNeM YpPaBHEHUA, ONUCHIBALO-
Lero mnpeBpalieHne T/10KOo3bl B Mnupysat
B Mpouecce rAMKonu3a, MNOCKONIbKY TaKoe
npespalieHne conpoBoXpaeTcqd o6pa3oBa-
HMWEeM BCero nuwWbL AByxX Monekyn ATP

Fnwoko3a + 2ADP + 2P, + 2NAD+
2Mupysatr + 2ATP + 2NADH +

+ 2H+ + 2H:20.

Takum 06pa3om, CUHTE3 TII0KO3bl U3 NUPY-
BaTta 06X04MTCA OpPraHM3my A0BObHO f0-
poro. OgHaKo Hemanas 4acTb 3TOlW nnathbl
pacxogyeTcs NuWb Ha ro, 4To6bl 06ecne-
YnTb  HeobpaTMMOCTb  T/IFOKOHEOreHesa.
B ycnosusax, CywWwecTBYOLWNX B KNeTKe, B KO-
TopbiX BenunynHa ACp gna ATP moxeT fo-
cturatb 16 kkan/monb (pasg. 14.10), obuiee
n3MeHeHne CBOBGOLHON 3HepPrum B npouecce
rMMKONM3a coCTaBnseT MO MeHbiHed Mepe
—15 kKkan/monb. B Tex xe ycnoeusx obuiee

n3MeHeHne cBOOOAHOI 3HEPTrMM NpU KO-
HeoreHese (CUHTe3e FNHOKO3bl M3 MUpyBaTa)
BblpaXxaeTcs ropasgo 60nblieil BENUYNHOMN.
Mo3ToMy B HOpPMaNbHbIX BHYTpUK/e-
TOUHbIX YCMIOBUAX U FMNKONN3, U TNHOKOHEO-
reHes npeAcTaBfsAlOT co6oii HeobpaTUMbIe
npowecchl.

20.6. PeuunpokHau perynsauyus
rNIOKOHeOreHesa W rAnMKoan3a

Ha pwuc. 20-2 ykasaHbl pPeryfnatopHble
MYHKTbl T/IIOKOHEOreHesa W TXKONM3a.
[MepBbIM TakKMM MYHKTOM B IOKOHEOreHe-
3e ABMiAeTCA peakuua, KaTanusmpyemas pe-
rynaTopHbIM (epMeHTOM nupyBaTKapbok-
cunas3oil. 3TOT (hepMeHT NPaKTUYECKN Heak-
TUBEH B OTCYTCTBUe aueTun-CoA, KOTOpbIii
nUrpaeT poab €ro MoJIOXKUTENbHOrO anno-
CTepuyeckoro mogynstopa. Mostomy 6uo-
CUHTEe3 TNII0KO3bl U3 NupyBarta ycuaneaeTtcs
BCAKMWI pa3, Korga B KneTKe Hakanansaetcs
60/Nblle MUTOXOHAPUANbHOTO aueTun-CoA,
yeMm eii B JaHHbIA MOMEHT TpebyeTcsa B Kave-
cTBe TOMAMBa ANA LMKNA NMMOHHOW KuC-
notbl. Tlockonbky auetun-CoA  cnyxur
BMecTe C TEM TakKXXe OTPULATENbHbBIM, WU
VUHIMGMPYIOLWIUM, MOAYNSTOPOM MNWUPYBaT-
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[LernaporeHasHoro KoMmnnekca, HakonnexHve
auetun-CoA 3amefnseT OKMCNEHME NUpPYBa-
Ta fo auetnn-CoA n cnocobcTByeT GUMOCUH-
TETUYECKOMY  MpeBpalleHuto  nupysaTa
B T/IIOKO3Y.

BTOpbIM PEryfnaToOpHbLIM MYHKTOM [/110-
KOHeoreHesa C/yXWT peakuusa, Katanusu-
pyemasi pykTo3zogudgochartasoii, hepmeH-
TOM, Ha KOTOPbIA pe3koe WHrubupyiouee
peiictBne okasbiBaeT AMP. Tak Kak co-
OTBETCTBYIOLWMNA (epMeHT TAnKonuruye-
CKOro nyTu, pochopyKTOKNHA3A, aKTUBM-
pyetca AMP wu ADP, a wuHrubupyetcs
umtpatom u ATP (pasg. 15.3), gBa 3TuUX
NPOTUBOMOJIOXXHO  HanpaBfieHHbIX 3Tana
rMIOKOHeOreHe3a W TrIWKONU3a  perynu-
pyloTCA KOOPAMHMPOBAHHLIM 06pa3om, pe-
LUMMPOKHO. BcsAkWid pas, korga gns uukna
NUMOHHOI KWUCNOTbl MMEEeTCA A0CTAaTOYHO
Tonnuea (1n6o B Buae auetun-CoA, nuéo
B BUAe umMTpaTa- NepBoro NpPoMexyTo4HO-
ro NPoAYyKTa 3TOr0 LMKNa) Uan Korgja Knet-
Ka MonHocTblo obecrneyeHa ATP, ycnosus
61aronpmATCTBYIOT  BMOCUHTETUYECKOMY
nyTu, T.e. 06pa3oBaHNIO TNHOKO3bl U3 NUPY-
BaTa, a CnefoBaTesibHO, U 3anacaHuio rw-
KO3bl B (DOpPME T[/IMKOreHa.

B 13BeCTHO Mepe rNOKOHEOTeHe3 pery-
NMPYEeTCA WU HenpsaMmbiM cnocobom, yepes
nUpyBaTKUHa3y - 04UH U3 TNUKONUTUYE-
CKUX (PEepPMEHTOB, He Y4YacCTBYHOLWMUX B 10-
KoHeoreHese. lupyBaTKMHa3a CyLeCcTBYeT
B ABYX (popmax-L (oT aHrn. liver- neyeHb)
n M (ot aHrn. muscle- mbiwua). L-gopma,
npeobnajatoliasd B TKaHAX, CMOCOOHbIX
K TNIIOKOHEOreHesy, annoCcTepuyeckm WHru-
6upyetcs n3bbITKOM ATP 1 HeKOTOpbIMU
aMWHOKMCNOTaMK, rnaBHbIM obpas3om ana-
HWHOM, KOTOPbIA B  T/IOKOHEOreHese
ABNAETCA OLHUM W3 MNpefLecTBEHHUKOB
rNI0KO3bl. B ycnoBusax goctatoyHoro obec-
MevyeHns sHepruein n Npyu Hanuuum npeguue-
CTBEHHWKOB T[/IIOKO3bl [NIUKO/NN3-BCNes-
cTBME NHTMBMpPOBaHUA L-nupysar-
KWHa3bl-3aMefndeTcs, T.e. CO3JaeTcd Cu-
Tyauusa, 6naronpuATcTBYlOWas rnOKOHeo-
reHesy. M-nupyBaTKMHasa TakoW peryns-
UMM He MoJyMHAETCA,

B rn. 25 mbl yBUANM, UYTO T/IFOKOHEOreHes
perynupyetcs euie U HEKOTOPbIMU TOPMO-
Hamu.

20.7. MpoMeXyTOUHble MPOAYKTbI
LUMKAa NIMMOHHON KWUCNOTbI
ABNAIOTCA TakKxXe
npejlecTBEHHNKAMUN TNHOKO3bl

OnucaHHbIN Bblle 6UOCUHTETUYECKNIA
NnyTb WUCNOMb3YyeTCca ANA CUHTe3a TNoKO3bl
He TONIbKO U3 MupyBaTa; OH MOXET CNYXWUTb
N AN CUHTe3a r/I0KO3bl U3 pasHbiX Npeg-
LLEeCTBEHHWUKOB NupyBaTa Uam ¢ocmoeHoN-
nupysata (puc. 20-1). [naBHyl  posb
UrparT CpeAn HUX NPOMEXYTOYHbIe Npo-
OYKTbl LUKNa TMMOHHOW KUCNOTbI LUWTpaT,
n3oumTpart, a-KkeTornyrtapart, CyKuuHar, qy-
mMapaT u manat. Bce oHM MOryT nopasep-
raTbCs OKNCNEHWUIO B LMKNE NMMOHHOW KuUc-
noTbl € o06pa3oBaHMeM oOKcanoaleTaTa,
KOTOpblii 3aTem nog fgeiictemem ocdo-
eHoNnMpyBaT-KapboKCcMHa3bl MpeBpaLiaeT-
€A B (hOC(hOEHONMUPYBAT, KaK MoKa3aHO Ha
puc. 20-2. OgHaKo B COCTaB r/10OKO3bl MO-
XKeT BOWTW NWWb MO TPW YrNepoAHbIX aTo-
Ma OT KaXfAoro u3 mnpoMexyTO4YHbIX Mpo-
LYKTOB UMKNa NUMOHHOW KUCNOTbI.

BaXHO OTMeTUTb, YTO B HOPME aueTun-
COA He UCnonb3yeTcs Kak npefLuecTBeHHUK
rNIOKO3bl B XXVUBOTHOM OpraHu3me, Tak Kak
OH He MOXeT npesBpaTuUTLCA B nupysart. Ha-
NMOMHUM, 4YTO MUPYBaTAErMApOreHasHas pe-
akuuMa B YCNOBUAX K/eTKM HeobpaTtuma
(pa3g. 16.2). Takum 06pa3om, 06bIYHO B XKK-
BOTHOM OpraHu3me He NpPOWCXOAMT peasb-
HOrO  MpeBpalleHns  KUPHbIX  KUCNOT
C YETHbIM YMC/IOM aTOMOB Yyrnepoja B rnio-
K03y, MOTOMY 4YTO NPV OKUCAUTENBLHOM pac-
L enneHnn Takux KMcnoT obpasyerca TO/b-
Ko aueTtun-CoA.

20.8. BONbLWINHCTBO aMWHOKWUCAOT
OTHOCUTCHA K T/IIOKOreHHbIM

Mbl 3Haem 13 rn. 19, 4To B XXMUBOTHOM Op-
raHusmMe YrfiepofHble CKefneTbl MHOMUX
aMUHOKMCNOT, NoJlyvaroumxca npu pacna-
[ie 6en1Ko0B, NpeBpaLLalnTCa B KOHLE KOHL,0B
NOJIHOCTBIO WM YAaCTUYHO B NUpPYBaT WU
B ONpefenieHHble MPOMEXYTOUYHbIE MNpo-
OYKTbl LMKNa NTMMOHHOW KUCNOTbl. TO fde-
NnaeT BO3MOXHbIM peanbHOe MnpeBpalieHune
TaknuX aMUHOKUCIOT B FIFOKO3Y U FNINKOTEeH,
BC/IE[iCTBME YEro OHW ¥ 6bIIN Ha3BaHbI rNio-
KoreHHbIMu (Tabn. 20-2). B KayecTBe npume-
pOB MOXHO YyKasaTb anaHwH, rnyramar
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Ta6bnuya 20-2. TNOKOreHHble aMWHOKMCNOTbI1*

MpeBpawatTcH
AnaHuH
CepuH
LunctenH
FnnyunH

MpeBpauwatoTca
AcnaparuH
Acnaprat

MpespawatoTcH
Banux
TpeoHunH
MeTWOHUH

MpespawatoTca
Fnytamart
FnytamuH
MponuH
ApPruHuH
ruetngunu

MocTaBnAalT aToMbl yrnepojga Ans

N0 KO3bl M KETOHOBbIX Ten
®eHnnanaHunH
TuposunH
N3oneiyux
TpuntodaH
Nn3nuH

B nupysat

B OKcCanoaueTaT

B CyKUMHUN-COA

B a-kKetornytapat

CMHTe3a

3TN aMUHOKWUCNOTbI CNYXAT NpPefLecTBEHHN-
KaMW TAOKO3bl KPOBWM WM FWKOFEHa MeveHn, ne-
TOMY 4YTO OHM MOTYT TMpeBpalaTbCs B nupysaT
WAN B MPOMEXYTOYHblEe MNPOAYKTbI LWUKNA AUMOH-
HO  KuCnoTbl. OHW 06GbeAWHEHbl 34eCb B rpymnnbl
B 3aBMCMMOCTM OT MecTa WX BXOX[AEHWA B LMK
COBEpLIEHHO He CMoCoGeH NOCTaBAATb Yrnepog Ans
peanbHOro CUHTE3a F0KO3bl OAWUH TONBKO neliLuH.

M acnapraT, U3 KOTOPbIX B pe3ynbTaTte Aesa-
MWHUPOBAHMA 006pPa3ytoTCH COOTBETCTBEH-
HO MupyBaT, a-KeTornyTapaT WM OKcanoale-
TaT; BCE 3TW COEMHEHMUA CNyXaT npejlue-
CTBEHHMKaMK (hochoeHoNnupysata B peak-
LMAX, OMUCaHHbIX Bblilwe. pn caxapHOM
fnabeTe peanbHOe npeBpalieHne TKOo-
reHHbIX aMUHOKMNCNOT B FIFOKO3Y MPOMNCXO0-
AUT BECbMa WMHTEHCUBHO, C ropasgo 60/b-
el CKOpPOCTbIO, YeM Yy 3[0POBbIX /HOAEN.
Kak cnegcteue aToro y 60/bHbIX gnabeTom
BbIBOAATCA C MOYOW 60/blUIME KONMYeCTBa
MOYEBMHbI, 06pasytoLeiica Npu fe3aMmuHun-
pPOBaHUN TNOKOTEHHbIX aMUHOKWUCAOT.

20.9. T'.iiokoiicoi cut-j nponcxoauT
B Nepuoj BOCCTaHOB/eHMWA
nocfie MbIWeEYHON paboThl

CvHTEe3 TrNKOo3bl M3 ManblX MOJIEKYN-
npejlecTBeHHNKOB AeT ¢ 0C06eHHO 60/b-
IOV CKOPOCTbLIO B MEpUOJ BOCCTAHOBMEHUSA
nocne MbIWEYHOW Harpysku, TpebytoLei
Hanps>KeHuns BCeX CW/, Hanpumep nocne 6Ge-
ra Ha 100 m (gononHeHune 15-1). Mpwn Takoi
WHTEHCUBHOI MbileYyHON paboTe noTpeb-
HOCTb CKeneTHbIX Mbllw L, B ATP Hensmepu-
MO BO3pacTaeT W LUPKYNATOpHas cuctema
V)K€ He ycreBaeT [OCTaBNATb K HUM T/IHOKO-
3y U KNCNOPOJ, J0CTaTOYHO 6bICTPO ANS TO-
ro, 4to6bl 3Ty noTpebHOCTbL Y[OB/ETBO-
puTb. B 3TOM Ccrnyyae B Ka4ecTBe pe3epBHOro
TON/NBA UCMO/b3YeTCA MblLEYHbI FIMKO-
reH, 6bICTPO pacliennsWwuiica B npowecce
rnmkKonusa c obpasoBaHWem nakrarta; 370
conpoBoxjaetcs cuHTe3om ATP, KoTopblii
N CNYXUT UCTOYHWKOM 3HEPTrUM ANs Mbl-
LIEeYHOro cokpateHuns. MOCKONbKY B TaKMX
YCNOBUAX KMCNOPOAA He XBaTaeT, flaKkTaT He
MOXET NOABEPTrHYTbLCS B MbllULaxX AaNbHel-
WyUM npeBpaweHuamM u  AUQPyHIupyeT
B KPOBb, TaK 4TO ero CofiepxaHue B KpoBU
MOXeT ObITb OYeHb BbICOKMM. 3aKOHYUB-
LWINA CTOMETPOBKY CMPUHTEP BHavane fAbl-
LUWT eLlie OYEHb TAXKENO, HO MOCTEMNEHHO €ro
[biXaHWe BbIpaBHWBAETCA U Yepe3 HEKOTO-
poe BpemMs BHOBb CTaHOBUTCA  HOp-
ManbHbIM. B TeyeHue aToro nepuoga BOC-
CTaHOB/IEHNA BO3BpaLLaeTCa K HOPMasibHO-
MY HU3KOMY YPOBHIO TaKXe W cojepxaHue
nakKtaTta B KpPOBW. 3HauuWTenbHas 4acTb W3-
6bITKa Kucnopoga, notpebnsemMoro B ne-
puof BOCCTAHOBNEHMA (3TOT U3BBLITOK Cry-
XWUT Mepoi TakK Ha3blBaeMOl KUCNOPOAHON
3al0MKEHHOCTH), pacxogyeTca Ha o6paso-
BaHue ATP, KOTopbIii HeO6X04MM ANA TOTO,
4yT06bI M3 NakTaTa, 06pasoBaBLLerocs aHa-
3po6HO BO BpeMSA CMpUHTepcKoro 6era, Mo-
rnn 6bITb PECUHTE3MPOBaHbI TNHOKO3a Kpo-
BM W MbIWEYHbIA T[NIMKOTEH. 3a BpeMms
BOCCTaHOBJIEHUA (a ons MosHoro
BOCCTAHOB/IEHNSA MOXeT noTpeboBaTbCs [0
30 MUH) nakTaT ypanseTca U3 KpoOBU ne-
YeHbl0 W MpeBpallaeTca B rKOKO3Y KpoBU
nyTeM FIOKOHEOreHes3a, KOTOPbIA Mbl 0nNu-
canu Bbllle. [1I0KO3a KPOBM BO3BpaLlaeTcs
B MbILWLbI, U 34ecb U3 Hee obpasyeTca rnu-
KoreH (puc. 20-5). MockonbKy Ha obpasoBa-
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HVWe OAHOW MOMeKyNbl FOKO3bl U3 [ABYX
MONeKyn nakTaTa pacxogyetcq B 06Liei
CMOXHOCTW LWIeCTb BbICOKO3HEPreTUYeCKnx
thocaTHbIX rpynn ATP, a npu pacnage mo-
NEKYNbl FMHOKO3bl B MbILLILLAX CUHTE3NPYIOT-
Cs BCero fge monekynol ATP, cnepyet npu-
3HaTb, YTO UCNOMb30BAHWE MbILWEYHOTO
rMMKOreHa B KayecTBe aHaspobHOro Ton-
nuBa 06X0AMTCA KNeTKam B 3HepreTuye-
CKOM OTHOLUEHMW 04YeHb foporo. Kpome T0-
ro, 4ns MOMoOJHeHUA 3anacoB T[/IMKOreHa
TpebyloTcAd [AO0CTATOYHO ANWUTENbHbIe ne-
puofbl BOCCTAHOBNEHUA (fONONHEHME 15-1).

CkeneTHas MblLa MeyeHb
["nukoreH
2ATP<? s ATP S
Kposb
s 1 NlaktaT
["nukonuns ["NtoKoHeoreHe3

MOXHO, KOHEYHO, CYECTb 3TO C/IULWIKOM Bbl-
COKOW LieHO 3a NpaBo BbIATU NobegnTenem
Ha KOPOTKOWN anctaHumnm. OHaKo He cne-
fyeT 3abbiBaTb, 4YTO 3Ta CMAOCOGHOCTb
K MrFHOBEHHON MO6WaM3auumM BCeEX Cun,
nycTb M Ha KOPOTKOE Bpems, faeT Orpom-
Hoe npeumyLLecTBo, obecneunBas BbIXWBa-
HVe B 3BOMIOLMOHHON 60pbbe MeXAy Xuly-
HUKOM U XepTBoi (gononHeHue 15-1).

KpynHble MOPCKUME XXMNBOTHbIE, TaKue, Kak
TIONIEHW Y MOPXMW, @ TaKXKe PenTunuu, Begy-
e 3eMHOBOAHbLIA 06pa3 >XW3HW, Hanpu-
MEep annuratopbl M 4Yepenaxu, mMoryt no-
JONry ocTaBaTbCA MOJ BOAON He TOMbKO
NoTOMY, YTO B UX OpraHW3Me MMeeTcs 3Ha-
YNTENbHbIA 3anac KUCnopoga B BUAE OKCU-
mMuornobuHa, Ho ewe u 6narogaps CBoei
Cnoco6HOCTM reHepupoBaTb ATP 3a cuer
pacuiensieHns raMKoreHa B NpPoLecce rnmKo-
nmsa.

20.10. OC06eHHO aKTUBHbI
r/IIOKOHEOreHe3 CBOWCTBEH
XXBAUYHbIM XXUBOTHbIM

Mbl 3HaeMm, Hanpumep, 4To nabopa-
TOPHbIE KpbICbl MO CBOEMY MeTabonusmy

O4YeHb BAM3KM K YeNoBeKy, HO 3TO MOXHO
CKasaTb [aneko He MpO BCEX XOPOLIO M3-
BECTHbIX HAM XXWMBOTHbIX. Y >XBauHbIX XW-
BOTHbIX, B TOM YMC/ie Y KPYMHOIo poraroro
CKOTa, pacTuTeNnbHas nuwa, mMepesapu-
Bancb, NojBepraeTcs hepmeHTauum B pybue
noj LeicTBMEM HaxogAwmxca Tam bakTe-
puii. Pybuom HasbiBaeTCsi NepBbli 0TAeN
YeTbIPEXKAMEPHOTO  XKeNyfiKa  >KBayHbIX.
Y kopoBbl 06bem pybua gocturaet 70 n.
3T0 Kak Obl OrpoMHbIA  (hepMeHTEp
(puc. 20-6), B KOTOPOM pasnnMyHble 06UTal0-
Wmne 34ecb BuAbl GakTepuii pacuiennsatoT

Puc. 20-5. B3aumMopelicTBME CKENETHbIX MbILIL W
MeyeHn B npoLiecce BOCCTaHOB/IEHNA MOCNe TH-
Xenol MbllweyHol paboTbl, BO BPeMS KOTOPOIA
npoucxoAnT aHaspobHoe paclienfieHne rankoreHa
c o6pasoBaHueM [ByX MOJIEKY/ faKtata u AByX
MoJsiekyn ATP Ha KaxAaylo pacuienseHHyt rnto-
KO3HYI0 efiuHnLy. B nepuos BoccTaHOBNEHUSA
(NoKazaHO KpacHbIM) nakTaTt, NOCTYNMBLUWIA U3
MblILWL, B KPOBb, NpPeBpaLLaeTcsa B MeYeH B rNio-
K03y KpoBu. Ha oGpa3oBaHne OAHOI MONeKynbl
rNIOKO3bl U3 ABYX MOJIEKYN NaKTaTa pacxogyercs
wecTb mMoniekyn ATP. I'noKo3a focTaBnserca
KPOBbIO 06PATHO B MbIlWLbl U OTKNaAblBaeTCA
3[lecb B 3anac B BUfe rNIMKOreHa.

rnaBHble KOMMOHEHTbl PacTUTeNbHOW nu-
WK, B NEPBYIO ouvepefb LEenn0no3sy (rugpo-
NN30BaTb ee HecrnocobeH HU 04nH U3 06bIY-
HbIX NULLEBAPUTENbHbIX EPMEHTOB XMNBOT-
HOro opraHusma). >Kusyuime B pybue
6aKkTepun paclwennsaT uennonosy (B Ko-
TOPOW OCTaTKM FNIOKO3bl COefUHEHbI B ->

Puc. 20-6. PyGel, 3aHUMAIOLL NI 3HAYUTENBHYO
yacTb GPHOLIHOIK NONOCTWN KOPOBbI, NpeacTaBnseT
c060Wi Kak 6bl OFTPOMHbIA (hepMEHTEP, B KOTOPOM
6aKTepuu pacliennaoT Lennnosy pepmeHTaTuB-
HbIM NyTeM [0 FAOKO3bl. dTa rOK03a COpaxm-
BaeTCcA 3aTeM ¢ o6pasoBaHWeM nakTaTta, Nponuo-
HaTa, alleTaTa u GyTupaTta, KOTOpble BCacblBalT-
Cs B KPOBb. B neueHn nakTaTt v nponuoHat

BHOBb GbICTPO NpeBpaLialoTcs B [NHOKO3Y.
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-> 4)-cBa3aAMu) ¢ 06pa3oBaHMEM CBOGOAHON
D-rnokosbl. Ha 3Tom, 0fHako, AedTenb-
HOCTb GakTepuii He KOH4yaeTcA. OHU cbpa-
XWBAKOT MOYTU BCKO T/IIOKO3Y [0 nakrtara
M pafa pyrux npofykToB, Cpean KoTopbiX
rNaBHYI pofib UrparT aueTaT, NPoONMoHaT
1 ByTupaT. B cyTKM Yy KOpPOBbI MOCTynaeT w3
KULIEeYHNKa B KPOBb He 60/iee HECKONbKUX
rpaMmMoB HeCO6pOXeHHON rnokosbl. OfHa-
KO KOpOBa, TOYHO TaK Xe KaK Kpbica uim ye-
NOBEK, HYXJaeTca B rnoKose Kposu. OHa
HY)XHa eli He TONbKO KaK K/IeTOYHOe Tonau-
BO A/1A MO3ra W Apyrux TKaHel, HO Takxke
W B KayeCcTBe MpejllecTBEHHUKA NaKTO3bl
(MonoyHoro caxapa) B Mepuof nakrauuu.

OTKyfa e 6epeTcs y KOpPOBbl 3Ta Heo6-
X04MMas el T[l0Ko3a, ecnM nepesapu-
BaeMble YrNeBOAbl MOYTU HaLeno pacuie-
NNATCA y Hee B pybLe A0 KOPOTKOLENO-
YeUHbIX OpraHnyecknx KncnoT? OKa3sblBaeT-
€, OPraHW3M KOPOBbl 3aBUCUT B 3TOM
CMbICNe OT INIOKOHEeOoreHesa, NpoTeKarLye-
ro B MeYeHN >XXMBOTHOTO BeCbMa WHTEHCUB-
Ho. JlakTaT, o6pa3yemblii B pybue OakTe-
puAMKM, BCaCbiBaeTCa B KPOBb W B MNeyeHu
npespawiaeTcs B rMOKO3Yy Mo ONMUCAHHOMY
BbILLe MYyTU, TOYHO TaK e KaK 3TO MpOoUCXo-
OWT Yy 4YenoBeka WM Yy KpbiCcbl. [pyroin
BaXHbI/i MPOAYKT c6paknBaHWA TIOKO3bI
B pybue, TpexyrnepofHblii nponuoHaT
(pa3g. 18.8), npeBpallaeTcs B FOKO3Y B pe-
3yfnbTaTe Mnpouecca, KOTOPbIA CBOWCTBEH
KaK >KBayHbIM, TaK W HeXBayHbIM, HO
y MepBbIX UrpaeT 3HaYMTENLHO G0nee Bax-
HYl0 (B KO/MWYECTBEHHOM CMbICNE) POfb.
3T0T NyTh (puc. 20-7) MHTEPECEH B ABYX OT-
HOLUEHWAX: 1) B HEM MMeeTCH 3Tar, Ha KOTOo-
poM [BYOKUCb Yrnepoga «(UKCUPYETCA»,
T.e. MepexoAnT B OPraHWYeckyt qopmy
B pe3ynbTaTe KapboKCcMAMpoBaHUa Nponuno-
HUN-COoA; 2) TNIOKOHEOreHHbI NyThb, Befy-
WMA OT MpoMnMoHaTa K r0KO3e, BKAOYaeT
aTan, KaTtanmsupyemblii (hepmMeHTOM, CO-
fepXxalmMm B KayecTBe NpPOCTeTUYeCcKoW
rpynnbl MPOYHO CBA3AHHYIO KO(EPMEHT-
Hyl0 (opmy BuTamuHa B12-ge3okcuape-
Ho3unko6anamuH (pasg. 10.11). 3T0T hep-
MEHT Ha3blBaeTca MeTwuiManoHnn-CoA -
mMyTasoii (pa3g. 18.8). B peakyuu, KoTopyto
OH KaTanu3upyeT, CNOXHas 3aMelleHHas
ankunbHaa rpynna nepeHocuTca oT 04HOTo
atoma yrnepoga K gpyromy, cocegjHemy, B
06MeH Ha aTom BoAOpOfa, YTO MPUBOAUT K

CHs

CH, [ponuoHat

COOo
ATP + CoA
Auun-CoA-
CMHTeTasa
AMP + PP,
CH3
yH2  Mponuonun-CoA
C—S—CoA
H20 + ©
ATP + CO2
MponuoHun-CoA -
ADP + P Kapbokcunasa
COO" TI)-meTun-
ManoHun-CoA
H—C—CHs
d—s —cCoA
MetunmanoHun-C oA-
paLemasa
n— €Oo-
H\" X
Ho-T -T_- *Me™ -

v T ! I\I7IaJ'IOHI/IJ'I-C0A
H W._s-CoA

KothepmeHT B12 Mﬂ;‘ggﬂaﬂOHMH_COA'

COO0-

u -C-H

n—C—H CykuumHun-CoA
C—S-CoA

Puc. 20-7. lMpespalieHne nNponuoHaTa B CyKLK-
HUN-COA, KOTOpPbI/ 3aTEM MOXET NPEBPaATUTHLCS
B (pocoeHONNMPYBAT ¥ B KOHEYHOM CYeTe- B
rnokosy. CO2, npucoegnHmnsluasca npu o6paso-
BaHUn D-metunmanoHnn-CoA, cHoBa OTLLeNNAET-
€A, Korfja okcanoauertart npespatiaeTca B hoc-
toeHonnupysaT. O6paTuTe BHUMaHUE Ha 0O6MeH
3aMecTUTeN MM NpPU BYX COCEAHUX aTOMax yrie-
popa B monekyne L-metunmanoHun-CoA, katanu-
3upyemblii MeTuaManoHun-CoA—myTasoii, ans
feiicTBua KoTopoit TpebyeTcs kothepmeHT BI2.
Cwm. Takxe pasg. 18.8.
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o6pasoBaHUO cykumHun-CoA (puc. 20-7).
BO3HUKILINI TakuM nyTeM CYKUuHun-CoA
npeBpawaeTca B ManaT, fABAALOLWMIACA
npejLwecTBEHHUKOM  (DOCHOEHONTLLIPYBaTA
(puc. 20-2), n B KOHe4yHOM cueTe-B D-rnio-
Ko3y. CneslyeT oTMeTUTb, 4To CO2, hukcu-
poBaHHas npu KapbOKCMNMPOBAHUM MNpPO-
nnoHun-CoA, nosxe CHOBa TepseTcs.
Y HexBauHblX HKWMBOTHbIX o06pa3oBaHue
rMIOKO3bl M3 NpoMnuoHaTa WUAET f[aneko He
CTO/Ib UHTEHCWUBHO, NMOTOMY YTO MPOMMUOHAT
obpasyeTcsa y HMX TONbKO B pe3ynbTaTe
OKUCMIEHNA JKUPHBLIX KUCNOT C HEYETHbIM
yucnom aTtomoB yrnepoga (pasg. 18.8),
a TaKXe B MpoLecce OKUCMUTENbHOrO pac-
L enneHns Tpex aMMHOKUCNOT - METUOHUHA,
n3oneynHa n BanuHa.

20.11. Ankoronb ropmosur
rMIOKOHeoreHes

CyuwiecTByeT elle OAWH acrnekT, 0 KOTO-
pom cnegyeTt NOMHUTbL, paccMaTpuBas rto-
KOHEOreHe3 C TOUYKMN 3peHuns 61Monorum yeno-
BEKa U MefuLMHbI. TToTpebneHne 60MbWINX
KO/IMYeCTB ankorons pe3ko TOPMO3UT TH0-
KOHEOreHe3 B MeyeHu, BCMeLCTBME YEro no-
HWKaeTCa cofepXaHne rnKo3bl B KPOBU.
Takoe COCTOsIHME Ha3blBaeTCA TUNOrAnKe-
Mueii. 9TO feiicTBME aNKOrona ckasblBaeTcs
0COGEHHO pes3ko nocne TAXenow Gusnye-
CKOW Harpysky UM Ha FONOLHbIA >Kenynok.
Ecnn 4enoBek BbINbET CMWPTHOrO Mocne
OANTENbHOW W TAXeNnon (us3nyeckon pa-
60Tbl, YPOBEHb [/1IOKO3bl B KPOBUM MOXeT
noHmsutecs fo 40 v pgaxe pfo 30HO ot
HOpPMbI. TunornMkemusa He6naronpuATHO
CKasblBaeTCcA Ha (PyHKUUM mo3ra. OHa oco-
6eHHO onacHa Ans Tex ero ob6nacTeid, Ko-
TOpble KOHTpONMpylo! Temnepatypy Tena,
TakK 410, Hanpumep, Mofj BAUAHWEM TUMO-
rMUKEMUN TemnepaTtypa Tena MoXeT MOHU-
3nTbcs Ha 2'C u 6onee (NpU M3MepeHUM
B NpsAMON Kuike). Ecnn yenoBeky B Takom
COCTOAHWUM [aTb BbIMUTbL PacTBOP F/HOKO3bI,
TO HOpMasnbHasa Temnepartypa Tena 6bICTPO
BoccTaHoBUTCA. CTapblii  06blyali, npea-
NUCbIBaBWMNIA faBaTb CMaceHHbIM Ha Mope
WAN B MYCTbIHE TONOAHBIM UK obeccunes-
WM NIOAAM BUCKNU Unu 6peHaun, unsnono-
FMYEcKn HeonpasfaH U flaXe onaceH; B Ta-
KUX Cnyvasax crefyet [faBaTb [/HOKO3Y.

20.12. «XonocTble» UUKNbI
B YyrneBogHoOM obOMeHe

BHUMaTenbHbId ynTatenb, paccMaTpmBas
nyT¥ rAMKONM3a U TNIOKOHeoreHesa, npea-
CTaBNIEHHbIE HAa PUC. 20-2, HEN3BEXHO A0N-
XeH 3afiaTb cebe OAUH 0YeHb HEMPOCTOW BO-
npoc. Ha 3aTux NpoTUBOMONOXHO Hanpas-
NEHHbIX MeTaboNnyecknux nyTax Mexny
rMIOKO30/ W NUpPyBatoM WMeTCHs Tpu
MYyHKTa, B KOTOPbIX (DepMEHTATUBHbIE peak-
UMM Karabonmyeckoro Hanpas/feHWA 3ame-
HeHbl B aHab0NMYyeckoMm nyTu Apyrumu, o6-
XO[HbIMU peakunammn. ®ochodpyKTOKMHA-
3a, Harnpumep, KaTanusupyet ochopunmn-
poBaHve (pPYyKTO30-s-pocaTa 3a CcuyeT
ATP, a B Tr/lOKOHeoreHese eii COOTBET-
CTBYeT (pyKTo3ogudocdarasa, Katanusu-
pytowas 06XOfHYH peakuuto - rmgponus
(hPYKT030-1,6 -AUpOCtarta, B pe3ynbrare Ko-
TOporo u obpasyerca GpyKT030-6-hochar.
3anuwem aTu fBe NPOTUBOMOMOXKHO Ha-
npaBfieHHbIE peakLuunn:

ATP + ®pykT030-6-pocar -»
- ADP +
+ ®pykT030-1,6-gudocgar,

®pykT030-1.6-gnocpar + H20 -+
P pyKT030-6 -(hOCHAT + P

Cymmupys ux, Mbl MOMYyYUM peakuuio

ATP + H20 -> ADP + P,

B KOTOPOW 3Heprus, kak Mbl BUAMM, pacxo-
[yeTcs BNYCTYH, NOTOMY UYTO CyMMAapHbIii
rmgponns ATP He conpoBOXAaeTcsd B 3TOM
Cfyyae HWKaKON peanbHOW MeTabonuue-
CKON paboToil. FCHO, YTO ecAn fABe YykKa-
3aHHble peakuwnm 6ygyT OLHOBPEMEHHO W
€ 60/1bLLIOW CKOPOCTbIO MATK B OLHON U TOW
e KNneTKe, TO 3T0O MOXET NPMBECTU K 60/1b-
WMM NOoTepsM 3Heprun oHa bypdeTt pacceu-
BaTbCA B BUAE Tenna. TakoW UMK, pesyfb-
TaTOM KOTOporo sasnsetca pacnag ATP,
nofyymn HasBaHuMe XO/J0CTOro  LMK/a.
B nofo6HOM >e X0/M0CTOM LUMKNe Morna
6bl, 04EBMAHO, y4yacTBOBaTb M Takas napa
COOTBETCTBYHOLWMX (PEPMEHTOB, KaK reKco-
KMHasa u rnKo3o-s -hocgarasa



612 YACTb Il. 6nosHepreTuka n mMmetabonmsm

ATP + [ nwoko3a “m
-* [nkKo3o0-s-pocpatr + ADP
[noko3o-s-pochar + H20 -»

-* I'niokoza + P,

CymmapHasa peakuymsa: ATP + H20 -»
-+ ADP + P,

B HOpMaNbHbIX YC/MOBUAX  XOJIOCTblE
LIMKbl, BEPOATHO, HE UMEIOT MecTa, TaK Kak
X  NOABNEHWUIO  MNPenaATcTBYWOT  peuu-
NMPOKHbIE PErynaTopHble MexaHusmbl. Bcs-
Kuii pas, Korga npeo6nagaet kata6onmsm,
T.e. KOrga CyMMapHbli MOTOK HamnpaBfeH
B CTOPOHY F/AMKoNusa, gpykrosogudocha-
Ta3Has aKTUBHOCTb BbIK/OYaeTcda. W Ha-
060poT, KOrga cCymMmMapHbIii MOTOK Hanpas-
NeH B CTOPOHY T/IIOKOHEOreHesa, BbIK/IO-
yaeTcs (hoCcHOPpPYKTOKMHA3A.

HepaBHuWe uccnefoBaHua nokasanu, 0f-
HaKo, YTO MHOrfa XOM0CTble UWKIbl MOTYT
NpoONCXoAnTb U B (DU3NONIOTUYECKUX YCNO-
BMAX, WMeA MNpu 3TOM BMNOSMHE oOnNpefe-
NEeHHbIA  BMONOTrNYEeCKUn CMbICI-NPON3-
BOACTBO Tenna. J1060ONbITHLIA npumep
NoA0BHOro X0/0CTOr0 UuKia o6Hapy>XeH
Yy HEKOTOPbIX HAaceKoMbIX. B xonofgHyt no-
rofy WMenb He MOXET netartb 40 Tex nop,
MoKa OH He NPOrpeeT CBOM «MOTOP»; TEMMe-
paTypa MbIWL, JO/KHA MOLHATLCA Y Hero
npumepHo Ao 30°C v nopfepxmsarbCcsa Ha
3TOM YPOBHE 3a CYeT XOJIOCTOro LuKa
C yyactnem (pykT030-6-(hoctaTta u (pyk-
T030-1,6 -ANoctara v NocnefyoLwmnm rng-
ponunsom ATP, KOTOpbIi CAYXUT UCTOUYHU-
Kom Tenna. [llonaraloT TakxXe, 4YTO XO-
NoCTble  UUKAbI, TEHepupylowue Tenno,
UMEKOT MECTO, BO3MOXHO, U Y HEKOTOPbIX
XMWBOTHbIX, NPOOYXAaOLWMXCA Nocne 3num-
Hell cnaykuy, T.e. B Mepuog, Korga Temnepa-
Typa Tefa XXWUBOTHOro OblBaeT ropasfo Hu-
Xe HOpMblI.

20.13. MyTb 6MOCMHTE3a
raMKoreHa oT/nnyaeTcs
OT NyTW ero paclienneHus

Tenepb, KOrga Mbl YXXe 3HAeMm, Kakum
06pa30M N3 NpoCTbiX nNpeawecTBEHHNKOB
CUHTE3NPYyeTCa Tr/1I0KO03a, Mbl MOXXEM 3a-
HATbLCA PaCCMOTPEHMEM OGMNOCMHTETNYECKO-

ro nyTu, BefyLlero K npespaleHnto ocTaT-
KOB T/IIOKO3bl B TIMKOTEH. Y >KMBOTHbIX
FMUKOTEH CUMHTE3NPYeTCs NPaKTUYecKu BO
BCEX TKaHfX, HO 0COGEHHO aKTWBHbI B 3TOM
OTHOLIEHWUW MEYEHb U CKeNeTHble MblLULbI.
HaunmHaeTcsa CUHTE3 FAMKOoreHa u3 cobop-
HO TrNOKO3bl C TEKCOKWHA3HO peakumu,
T.e. C hochopuNMpoBaHMA FHOKO3bI, B pe-
3ynbTaTe KOTOPOro o6pasyeTcs raKo30-6 -

thocar
ATP + D-rnwokosa -*

-> D-rnoko3o-6-thocthat + ADP.

Ha cnegytowem atane F1H0K030-6-hoctaT
obpaTMmMo npeBpaliaeTcs B FHOKO30-1-
thocaT B peakuuu, Katanmanpyemoi doc-
cdorntokomyTasoin (pasg. 15.8).

noKo30-6-hochat
Intoko3o-1-docdart.

[anee cneayet KnuyeBas peakuus 6UOCKH-
Tesa rIMKOreHa, OTCYTCTBYIOLLAA B npouec-
ce ero paclienneHus. dTa peakuus npeg-
cTaBnseT cob6oil ob6pasoBaHWe YpUAUHAU-
ochaTrnoKosbl (UDP-rnokos3bl)
(puc. 20-8), KaTtanusupyemoe rNOKO30-1-
thochaT-ypnannTpaHctepasoi

UTP + [ nwoko3o-1-¢pochar ->

-+ UDP-rniokosa + PP(.

Peakuus BbIHYX[eHa WATW CneBa Hanpa-
BO Nnoj AeiicTBuemM nupodocdaTasbl, rmMapo-
nusytowein nupodocat (PP,) o optodoc-
thata (P-). PaHee mbl Bugenu, yto UDP-
rN0Ko3a Wrpaet pofiib MPOMEXYTOYHOrO

Puc. 20-8. Ypuguuguhocharrnokosa (UDP-rato-
K03a), urpatowas ponb AOHOPa FKO3UNbHbLIX
rpynn B rMWKOreHCUHTa3HOW peakunn.
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npoAyKTa B npouecce npespalieHns D-ra-
nakTo3bl B D-rnoko3sy (puc. 15-12). OHa Xe
CNYXUT W HemnocpeAcTBEHHbLIM [AOHOPOM
FMIOKO3WUAbHBIX Tpynn npu epmeHTaTuB-
HOM 06pa3oBaHWWM TNWKOTEHA; MepeHoC
rMIOKO3NNbHBLIX rpynn oT UDP-rnokosbl
Ha HepeayuupyroLwWnii KOHel, pa3BeTBJIEH-
HON MONeKY/Nbl FIMKOTeHa Katannsmpyercs
(hepMeHTOM, KOTOPbI HOCUT Ha3BaHWe run-
KoreH-cuHTasbl (puc. 20-9). B 310 peakymm
obpasyetrcqa HoBad a(l ->4)-cBA3b Mexay
1-M YrfepofjHbIM aToMoM fAo6aBnsaemMoro
WOCTaTKa rMOKO3bl U 4-M YrfiepofHbIM aTo-
MOM KOHLIeBOTO OCTaTKa F/Il0KO3bl JaHHOW
60KOBOW LEeNu rAnMKoreHa

UDP-rnwoko3a + ([nwokosa)« —
BokoBas uenb
rMnKoreHa

-> UDP + (I'nwokosa),+1

Y anvHeHHas 60KoBas
uenb rAMKOreHa

Puc. 20-9. YpnnHeHue ofHOl M3 GOKOBLIX Lienei
rINKOTeHa, KaTann3npyemoe raMKoreH-CUHTa3omn.
D-rntokosunbHas rpynna UDP-D-rnioko3sl nepe-
HOCUTCS Ha HepeAyuUMpYyOLWNiA KoHel, 60KOBOM
Llenn raukoreHa ¢ o6pasosaHnemM HoBoW a(l -+4)-
cBA3MN.

6CH.I
15

“KOH
HOV~A
B
H OH
UDP-rntokosa

o

UDP-

CH20H CH,OH
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O6llee paBHOBECME 3TUX Tpex peakunit
CUbHO CABMHYTO B CTOPOHY CUHTe3a Ffn-
KoreHa. [IMKOreH-cMHTa3e TpebyeTcs B Ka-
uecTBe 3aTpaBKM a (1-» 4)-MOAUFNIOKO3HAS
Lenb, WU BETBb MOJIEKY/bI [IMKOTEHA, CO-
cTofillas He MeHee YeM U3  ueTbipex
MIIOKO3HbIX 0CTATKOB, K KOTOPbIM (hepMEHT

nocnefoBaTe/lbHO MPUCOEAUHSET T/IOKO-
3U/bHbIE TPYNMbl  C  HepeayLupyoLLero
KoHLa.

Ponb UTP- n UDP-rnokosbl B 6MOCUH-
Tese MMMKOTeHa U MHOTUX APYrux yrieso-
[OB  BbIAICHUN apreHTUHCKUA BUOXMMUK
Nyuc Nenyap. 3a 3T paboTbl OH 6bIA ya0-
cToeH B 1970 r. Ho6enesckoil npemun. Bobl-
We Mbl Y)XXe MNO3HaKOMWUIUCL C ApYyrumu
npumepamy 6GUOCMHTE3a Yr/IEBOLOB U UX
MPON3BOAHBIX, B KOTOPbIX MPOMEXYTOUHbI-
MU NPOAYKTAMU TOXE CNYXWUIN HYKNeo3ns-
audocgarcaxapa (pasg. 15.9).

MKOreH-cMHTa3a HecrnocobHa KaTtanu-
3upoBaTb 06pa3oBaHMe a (1 -» 6 )-CBA3EA, Ha-
X0AAWMNXCA B TOUKAaX BeTBAEHUA Lenei rau-
KoreHa. CyllecTByeT crneLnanbHblii «BeTBA-

W nin» (hepMeHT - rnnMKosun-(4 —
->g)—TpaHchepasa. OH  KaTanusmpyet
MepeHoc  KOHLEBOr0  OJINrocaxapuiHoro

(*)paI'MEHTa, COCTOALLErO U3 6 UM 7 OcTaT-

KOB T/IH0KO3bl, C HEPeAYLMPYHOLLEro KoHua
O[iHOI M3 6OKOBBIX Lieneid, HaCUNTbIBAIOLLEN

CH,OH

H OH H OH
HepeayuupytoLwunii koHeL, 60K0oBOA
Lenu rIMKoreHa, cogepxalleit n

OCTaTKOB F/IOKO3bI

NuKoreH-
CUHTa3a

CH,OH

O—R

H OH
Y/ MHeHHast 6oKoBas LeMb
rMUKOTeHa, Ccofepxallias
N+ 1 0CTaTKOB [/HOKO3bl



614 YACTb Il. BMOSHEPTETUKA N METABOJIN3M

He MeHee 11 OCTAaTKOB, Ha 6-TMAPOKCUIIb-
HYI0 TPynny ocTaTka rKo3bl TON Xe uu
LPYroi uenu rAMKoreHa, pacnosfiodXeHHOro
6nMXe K BHYTPEHHell 4acTu MONeKynbl,
B pesynibTate yero o6pasyerca HoBas 60KO-
Bas uenb (puc. 20-10). Mocne 3aToro rauko-

A «----Hepeayuupyowmii KoHeLl,

60KOBOI Lienu
[} rnuKoreHa

"CeppLeBuHa'
MOseKy bl
rNMKoreHa

TpaHcrnmkosunasa

reH-cuHTasa MoxeT f06aBnATb K 370l 60-
KOBOM LeNM HOBble OCTaTKM T[/1HOKO3bl.
Buonornyecknii cMbiCl BETBNEHUS 3aK/H0-
YyaeTcs B MOBbILIEHNUN PacTBOPUMOCTU K-
KOreHa W B YBEe/IMYEHUWU uYuUCa Hepeayuu-
pylOLWKX KOHLOB Y ero MONEKY/, 4TO fenaeT
rAnKoreH 6onee JOCTYMHbIM ANS LeACTBUA
rMMKoreH-tocopmnasbl U TIUKOTeH-CUH-
Tasbl.

Kpaxman B pacTeHUAX CUHTE3NpYyeTCA Ta-
KWUM >Xe MyTem, HO JOHOPOM F/IIOKO3UJIbHbIX
rpynn cnyXut npu atom He UDP-rnokosa,
a ADP-rntokosa.

20.14. T'nuKoreH-cuHTasa
U rnukKoreH-gocopunasa
perynnpyoTcsa peuunpokKHo

PaHee Mbl BUAENW, 4TO pacLienneHune rau-
KOreHa perynupyeTcsa nocpeicTBOM KOBa-
NEHTHON W aniocTepuyeckor MoaynsaLuun
rnmkoreH-gochopmnassl (pa3g. 15.11).
docopunasa a, akTUBHaA popma (hepmeH-
Ta, cojepicalias CywecTBeHHble AN KaTa-
NUTUYECKON aKTMBHOCTK ochopuanpo-
BaHHble OCTaTKW CepuHa, feocdopunm-
pyeTcs nop geictenem gocaTasbl ocdo-
punasbl M npeBpawaeTcs B octopunasy
b-3HaUMTENbHO MeHee aKTUBHYK Gopmy,
KOTOpYIO MOXeT akTusmpoBatb AMP (ee
annoctepuyeckuii  moaynsatop). KwuHasa
thocopunassl npespauiaer Qocgopunasy
b cHoBa B ¢docthopunasy a 3a cyer ATP,
thochopmMAnpPyIOLLEr0 YNOMAHYTbIE 0CTaTKM
cepuHa.

[ MNKOTeH-CMHTa3a TakXe CyLiecTByeT
B [ABYX (opmax-hochopuanpoBaHHOIA
n fedocthopunnpoBaHHO, HO OHa perynu-
pyeTcs peLunpoKHO MO OTHOLIEHWIO K K-
KoreH-octhopunase, T.e. NPAMO MPOTUBO-
NoN0XHbIM o06pa3om (puc. 20-11). Ee ak-
TWBHaa hopma, rMUKoreH-cMHTasa a, gedoc-
thopunmpoBaHa. B pesynbTaTe KaTanusm-
pyemMoro npoTeuMHKMHa3oin dochopunmpo-
BaHMA 3a cyer ATP no pgABym rugpo-

Puc. 20-10. Cxema, NoACHAOLLAA, KakKuM 06pasom
Npy CUHTE3e FIMKOreHa B ero MoneKyse BO3HMKa-
eT HOBas TOYKa BeTBNeHUs. B ee o6pasoBaHun
y4yacTBYeT BeTBALMIA hepmeHT. YacTb Lenu, Bblge-
NeHHas KpacHbIM, NePeHOCUTCS Ha 0CTaTOK FNHOKO-
3bl, HAXOAALLMIACA B TOW Xe Lenu, Ho 6anke

K «CepALeBnHe», Kak NMoKasaHO NYHKTUPHOM
CTpenKkoii. MNepeHeceHHbIN GparMeHT NPUCOeANHS-
etcs a(l -»6)-cBAsblo.
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KCUMIbHBIM FPynnam CepuHa rANKOreH-CUH-
Tasa a npespaliaeTcs B MeHee aKTUBHYIO
hopMy, rAMKOreH-cuHTasy b

[nnkKoreH-cuHTaza a +
AKTUBHas opma

MpoTenH-
KnHa3a
+ 2ATP-—me- > NNKOTeH-CUHTasa b +
MeHee aKTuBHas
thopma

+ 2ADP.

Mepexod MeHee aKTUBHOW TNKOreH-CUH-
Ta3bl b 06paTHO B aKTMBHYK (HOpPMYy KaTa-
nmsnpyetcs  ocdonpoTenH-gocthaTasoin,
KoTopas oTwennsaeTt gpocdarHblie rpynmnbl OT
0CTaTKOB CepuHa

nuKoreH-cnHtaza b -- 2H20

-> [NKOreH-cMHTasa a + P,.

FnukKoreH-cuHTasa a
(akTUBHas gedocthopunnpoBaHHas popma)

ATpA, MpoTenH-

docho-  s.2p, K1Ha3a
npotenH - I 2ADP +"'f (Perynupyercs
thocaTasa \ ropMoHamu)

I nukoren-cuHTtasa b
(meHee akTuBHaA, ocdopunmpoBaHHas hopma)

Puc. 20-11. Perynaums akTMBHOCTU TINKOreH-
CUHTa3bl NyTeM (pepMeHTaTUBHOIO (octhopuampo-
BaHus 1 fedocopunuposaHns. Cama NPOTENHKM-
Hasa TaKXe CyLlecTByeT B ABYX (hopmax, akTuB-
HOM W HeaKTWUBHOW; WX COOTHOLLEHMWE perynmpyet-
cs ropmoHamm (rn. 25).

Ctumynupyertcs
CUHTE3 FN1KoreHa

Ctumynupyetcs
pacuiensieHve ravkKoreHa

Takum 06pasom, ravkoreH-pochopunasa
W TINKOTEH-CUHTas3a perynvpyrTcs peuu-
NPOKHO: B TO BPeMS Kak Of4UH U3 (epMeH-
TOB aKTMBMpPYeTCA, aKTUBHOCTb [ApYroro
nopaensetcs (puc. 20-12). Cka3aHHOe 03Ha-
YyaeT, YTo MPOABNATHL MOSHYI0 aKTUBHOCTb
OfiHOBpPeMEHHO o0ba 3Tu (epMeHTa, No-BU-
OUMOMY, He MOryT.

NNKOreH-CMHTa3a WM3MEHseT CBOK akK-
TWBHOCTb TakXe ¥ Nof BAMSHWEM annocre-
pryeckux mMoaynatoposB. MeHee aKTWBHadA
thopma, rMnKoreH-cmHTasa b, aktusmpyeTtcs
CBOMM anjoCTepuyeckum MOAYNSTOPOM,
rNoKo30-6 -pochaTtom. MOCKONbKY aKTUB-
HOCTb 3TON (DOPMbI TNKOFeH-CUHTa3bl 3a-
BMCUT OT T[/1l0K030-6 -hocthaTa, ee Hasbl-
BalOT 3aBUCUMOW hopmoit nan £)-popmoii
(o1 aHrn. dependent-zaBucumasn). nmko-
reH-CMHTa3a a He aKTUBMPYETCA TNI0K030-6-
thocthaTom, T. e. He 3aBUCUT OT Hero, U NOTo-
MY ee Ha3blBalOT HE3aBUCUMOW (hOPMOIA nnn
I-bopmoii (oT aHrn. independent-He3aBu-
cumas).

COOTHOLIEHNE MEXAY CKOPOCTAMU CUH-
Te3a v pacnafa riMKoreHa B neveHn perynu-
pyeTcs B KOHEYHOM CuyeTe ABYMS rOpMoOHa-
MU: ajpeHanuHom (BblipabaTbiBaeTcsd MO3-
rOBbIM BELLECTBOM HafMNOYe4YHMKOB) W [Nt0-
KaroHom (BblpabaTbiBaeTcs MOAXeNyaou-
HOWA >Kene3oin). 3TU TOPMOHbI AEACTBYHOT,
M3MEHAS COOTHOLIEHMWE AKTUBHON W Heak-
TUBHOW  (opM  rauKoreH-gochopmnassl
W TANKOreH-cuHTasbl. Cekpeuus agpeHanu-
Ha CTUMYNUMpPYeT paclienneHne raMKoreHa
B MeYeHM M MblWLaX, NOBbIWas OTHOLWEHNE
thocopunasbl a K pocopunase b n ogHo-

Puc. 20-12. PeuunpokHas perynauus riavkoreH-
CUHTa3bl U rAnkKoreH-gochopunasbl nyTem gocto-
puAnpoBaHna 1 getocthopunnmposaHns. AKTUBHasA
thopma Kaxjoro u3 epMeHTOB MOKasaHa Kpac-
HbIM, HEaKTUBHas-4epHbIM. CYMBO/IOM —0—(P)
0603Ha4eHbl (hochopunnpoBaHHbIe OCTaTKK ce-

puHa.
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BPEMEHHO MOHMXas OTHOLIEHUE TNKOTreH-
CMHTa3bl a K FNKOreH-cuHTase b. Mwoka-
FOH BbI3bIBAET TOT € KOHEYHbI 3(h(heKT, HO
felicTByeT uHave. MoApPO6GHO TOpPMOHanb-
HYl0 perynayuio o6MeHa TFMKOreHa Mbl
paccmoTpum B rn. 25.

20.15. Cyw,ecTBYOT reHeTn4yeckue
60M1e3HU, MpU KOTOPbIX
00MeH rNMKoreHa HapylueH

Y uenoBeka W3BECTEH PAA EHETUYECKUX
6onesHel, CBA3aHHbIX C HApYLIEHNEM CUHTe-
3a uAu pacnaga ravkoreHa. OgHUM  u3
nepBbIX 6bl1 OMMCaH Cly4Yail XPOHWYECKOro
YBE/IMYEHUA MeYeHn Y s-NeTHEN [eBOYKY,
y KOTOpPOI HabnwoAanuch Takxe pasinyHoO-
ro poga HapylweHus obmeHa. [leBouka
ymepna or rpunna. BCKpbiTMe nokasano,
4yTo ee neyeHb Obia B 3 pasa 6o/blue
HOPMbI; B Hell cofepXxanocb OrPOMHOe KO-
NINYECTBO T/INKOTeHa: Ha [O/I10 ero npuxo-
annocb noytn 40% cyxoro Beca opraHa.
BblgeneHHbId N3 NeYeHN FIUKOTeH B XUMMU-
4eCKOM OTHOLLEHWW OKa3ancs BMOJIHE HOp-
ManbHbIM. OLHAKO, KOrja KycouyeK TKaHu
neyeHn roMoreHn3npoBanm n NHKy6uposa-
nun B 6ytepe, 3TOT FMIMKOreH Tak 1 ocTacs
WHTAKTHbIM HW NaKTaT, HW T[1H0KO3a He
obpasoBanucb. Korfga e K rIMKOreHy fgo-
6aBUNN CYCMEeH3WI0, MPUTOTOB/EHHYIO W3
TKaHW HOPManbHOW MeyeHu, TO OYeHb Obl-
CTPO NpOW30W0 €ero paclenneHne fo
rN0Ko3bl. Ha ocHOBaHWM 3TON Buoxumuue-
CKOW MNPpOBEPKM WUCCefoBaTenn npuLLan
K BbIBOAY, 4YTO y 60NbHOW Obln HapyLleH
npouecc paclienneHus ramkoreHa (3ty 6o-
Ne3Hb 4acTo Ha3blBaloT 60/e3Hb0 MMpKe HO
MMeHN onucaBwero ee Bpaya). CHauyana
npeanonaranocb, 4to AeeKTHbIM (hepMeH-
TOM 6blNla B 3TOM Cflyyae rnOK030-6-(oc-
(hatasa, MOCKONMbKY 60NbHAA MNeyeHb He
obpa3oBbiBana rNOKO3bl; OfHAaKO OTCYT-
cTBMe 06pa3oBaHMA NnakKTaTa yKasblBano Ha
TO, YTO AedeKT 3aTparvsan 1M6o rMUKOreH-
thoctopunasy, nmbo AebpaHUYMHT-PEPMEHT
[a(l -> e)-rnoko3npasy]. Mo3sxe wuccne-
foBaTenyn YKpPenuancb B  MHEHUU, 4TO
B 3TOM K/acCM4yecKoM cnydae 6blna 3aTpo-
HyTa WMEHHO 001 -» 6 )-FIIOKO3KAa3a.
BcnepacTeume 3TOro B MOneKynax riMKOreHa,
Haxo4AWMXCA B TMeYeHW, MOrnuM paclie-
nnaTbcA € 06pa3oBaHWMEM T/HOKO3bl WK

Tvn Tun 20-3. BpoxaeHHble HapylieHns
o6MeHa inMKoreHa W TNIOKOHeoreHesa
y uyenoseka

NedheKTHbI (hepMeHT BonesHb
AenoHMpoBaHnA
rnnkKoreHa

Fnoko30-6-thoctaTasa Tun 1

a(l ->6)-rnokosnpasa Tun U

a(l -»6)-rnioko3mnpaasa Tun 111

BeTBAW M hepmMeHT Tun IV

dochopunasza MblwL Tun V

dochopunasza neyexun
KnHasza dochopunassl
neyeHu
dochodhpyKTOKMHa3a
M bl LU L,
FnnKoreH-cuHTasa
neyeHmn
®pykT030-16-gudocda-
lasa
MupysaT Kapbokcuna:«
®ochoeHonnupysa r-kap-
60KCUKNHa3a

NnakTaTa TONbKO BHeLWHWe 6OKOBbIe Lenun U,
3HauYUT, HakannMBasoCb MHOr0 MOMEKYN
FNKOreHa, KOTOpble YXXe He MOran paclye-
NNATLCA fanblue; B CYLWHOCTW, OT MOne-
Kynbl 0OCTaBanacb ee «CepAueBuHa» (Uam
«OCTaTOUHbIW AEKCTPUH»), HO B 3TOM Cly4ae
Heo6bIYHO KpyMHas.

K HacTofileMy BpemMeHW U3BECTHO He Me-
Hee 12 Pas3fIMYHbIX BUOB BPOXAEHHbIX Ha-
PYLIEHWI CMHTE3a UK pacLLenneHns ranko-
reHa. B KaK4oM 13 Takux cliyyaeB 3aTPOHYT
onpegeneHHblii pepmeHT (Tabn. 20-3). Oco-
60 cepbe3Hble HapylleHus, 06bIYHO MPUBO-
fAlWKe K CMepTW, CBA3aHbl C HeAoCTaTOM-
HOCTbIO [/1II0K030-6-(pOchaTasbl, ol -
-> 6)-FNOKO31Aa3bl U BETBALWLEro )epMeH-
Ta. JleTanbHbl TakXe TreHeTUYeckue fe-
(heKTbl, 3aTparnBar L e NupysaTkapbokeu-
nasy u tocdoeHonnmpyBaT-kapboKCMKMNHa-
3y, T e. hepMeHTbI, KaTanusmpylowme paH-
Hue aTanbl rNHOKOHEOreHesa.

20.16. CuHTe3 NnaKkrosbl
perynupyetcs ocobbim obpasom

MouT Bce TKaHU MO3BOHOYHBLIX COAEP-
XaT  ra/MKTOo3UNTpaHcgepasy - hepMeHT .
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KaTanm3npyoLwnii
3WUMBHBIX Fpynn Ha

nepeHoc D-ranakro-
N-aueTUnrnOKo3amuH

UDP-D-ranakrtosa
> UDP
N-aueTun-D-rnoKo3amuH.

+ N-auetunrio-

KO3aMWH + D-ranaktosun-

3ra peakuus y XUBOTHbIX SBASETCA OLHUM
13 3TanoB B BMOCKUHTE3e YINeBOAHON YacTu
ranakTo30CcofepXawmnx  FMKONPOTEMHOB
(pa3g. 11.11). OgHako B nepuoj Nnaktauum
D-ranakto3a B MO/IOYHOI >Kenese wurpaet
ponb NpegliecTBeHHWKa B 4pYroM 6MOCKH-
TeTUYeCKOM rpoLiecce, a UMEHHO B CUHTe3e
NaKTOo3bl, UM MONOYHOTO Caxapa, KOTopblii
npegcTasnset coboint gucaxapug D-ranak-
To3bl U D-rnokosbl (pasg. 11.6). B nakTu-
pyloleil MONOYHON >Kenese ranakTo3nf-
TpaHcgepasa y4yacTBYeT B CUHTe3€ 1aKTO3bl
BeCbMa Heo6bl4HbIM 06pasom. Bo Bpems
6epeMeHHOCTV B MOJIOYHON XKenese, Kak U
B 60/blIE/ YacTW ApPYrux TKaHewl, upucy r-
CTBYET rafakrosunTpaHcepasa, O4eHb aK-
TUBHAA, €CIM aKLEenTOPOM ranakTo3uibHbIX
rpynn  cnyxuT  N-aleTUNrnioKo3aMuH,
M MOYTN COBCEM HEaKTWUBHAS, eCin PO/b akK-
uentopa urpaet D-rnokosa. OgHako nocne
pofioB, C HayanoMm nakrauuu, crneyugpuy-
HOCTb ranakTo3uMnTpaHchepasbl MeHseTcs:
Tenepb OHa KaTanM3mpyeT C OYeHb 60Mb-
oK CcKopocTblo  nepeHoc D-ranakro-
3WUAbHBIX TPynn Ha D-rawkosy, 4To NpPUBO-
OUT K 06pa3oBaHWi0 NaKTO3bl

UDP-D-ranakto3a + D-rnioko3a ->
UDP + D-naktosa.

JTOT «HOBbIN» (hepPMEHT Ha3blBAKT NaKTO-
30CMHTa30i.

M3meHeHMe cneunpuyHOCTM ranakTo3ui-
TpaHcdepasbl Bbl3blBaeTCH 06pa3oBaHMEM
0Cc060ro NPUCYTCTBYIOLWErO B MONOKe 6en-
Ka - a-nakTanbbymuna. ®@PyHkuma a-nak-
TanbbyMuHa fonroe BpemMsa 6bina Hem3BecT-
Holi. Tenepb BbIACHWNOCb, YTO OH NpefcTa-
BNSET co6oi MogucmkaTop (epMeHTa;
CUHTE3 a-NakTanbbyMnHa B MONOYHOW Xe-
nese, pPerynvpyemblii ropmMoHamu, Bbi3bl-
BalOLWMMMN NaKTaLuto, NnpuBoagnT K 06paso-
BaHMI0 NaKkTanbOyMuH-ranakTosn.unpcTc-
(bepasHoro Kommnnekca, T.e. NAKTO30CUH-
Tasbl. Takum 06pa3oMm, BK/IIOUEHNE CUHTE3A
NaKTo3bl B MOMIOYHOW >Kenese nof Aei-
CTBMEM FOPMOHa NPOUCXOAUT B pesynbTaTe

06pa3oBaHus 0co60li cyObefMHULbI TaKTO-
30CMHTa3bl, M3MEHAWeNn cneunduyHoOCTb
thepmeHTa.

KpaTkoe cogepXxaHue rnasbl

[noKoHeoreHes - aro o6pasoBaHue «HO-
BOro» caxapa W3 HeyrnesofHbIX npefLle-
CTBEHHWKOB. CpPeAn KOTOPbIX HaubonbLiee
3HaYeHne MMelT nupysar, nakraT, npome-
XYTOUYHbIE MNPOAYKTbl LUWKAA UMOHHOI
KMCNOTbl U MHOTME aMMHOKUCOTbI. [10A06-
HO BCEM MNPOYMM OWNOCUHTETUYECKUM My-
TAM, (pepMeHTaTWBHbIA NYyTb FNHOKOHeore-
Hesa He WAEeHTUYEH COOTBETCTBYHOLLEMY
KaTabonnyeckomy nyTu, perynmpyeTcs He-
3aBMCMMO Or Hero u TpebyeT pacxofa Xu-
Muyeckoi aHeprum B copme ATP. CuHTe3s
rMOKO3bl M3 NUpyBaTa NPOUCXOAUT Y Mo-
3BOHOYHbIX TrNaBHbIM 06pa3oM B MeyeHu
M 0TYacTW B nMoykax. Ha aTom 6GMOCUHTETU-
YeCKOM MyTU UCNOMb3YHTCA CEMb (DepmeH-
TOB, YYacTBYIOLW WX B FUKONN3E; OHU (YHK-
LMOHUPYIOT 06paTUMO W MPUCYTCTBYIOT
B 60/1bWIOM M36bITKE. OAHAKO Ha TIMKONU-
TUYECKOM MNyTW, T.e. Ha MNYTU «BHU3»,
UMEIKTCH TakXe Tpu HeobpaTuMble cTaguu,
KOTOPble He MOTYT MCNO/Mb30BATLCA B 110-
KOHeoreHese. B aTuUX MyHKTax rntOKoHeore-
He3 ngeT B 06X04 MNKOMMTUYECKOTO NyTw,
3a CYeT [pyrux peakuuid, Katannmampyembix
Apyr uMn epmeHTamu. MepBblii 06X0AHBIN
NyTb-3TO MNpeBpalieHne nupysata B (oc-
(hoeHoNNMpyBaT 4epes oKcasnoaleTart; BTO-
poii - aTo AedocthopunnpoBaHue ¢pykKTo-
30-1,6-Auochara, KaTanmmpyemoe ¢pyk-
To3oaudocdaTasoin, W, HakoHeL, TpeTuid
06X0fHbI NyTb- 3TO Aedochopunnposa-
HUe TN0K030-s-(hochara, KaTanusmpyemoe
rN0K030-6 -hochatasoii. Ha Kaxayw mone-
Kyny D-rnwokosbl, o6pasylowycs u3 nu-
pyBsaTta, pacxofyloTca KOHLeBble docdar-
Hble Tpynmnbl YeTbipex monekyn ATP u gByx
monekyn GTP. Perynupyetca rnoKoHeore-
Hes uepe3 [ABe [flaBHble CTajuu: 1) Kap-
6okcunupoBaHue nupysaTta, KaTanusupye-
MOe nupysaTKapboKcunasol, KoTopas ak-
TUBUPYETCA anfiocrepuyeckum 3aPdekTo-
pom auetun-CoA, n 2) gedocthopunmposa-
HMe (pPYyKTO030-1,6-AUdoctara, KaTanusu-
pyemoe ¢pykTo3zogudochaTasoii, KoTopas
nHrnébupyetca AMP 1 aKTUBUpPYeTCA LMUT-
patom. Mo Tpu aToma yrnepofga oT Kaxfo-
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ro NpoMeXxyTo4yHOro npoAaykKrta uukna am-
MOHHOW KUCNOTbl ” yrnepogHble CKENeThbI
MHOrMX aMWHOKUCNOT CMNOCOGHbI npespa-
WwarbCca B TNHOKO3Y. W3 XUPHBLIX KUCNOT

C YeTHbIM 4YWUC/IOM aTOMOB Yyrnepoga
n u3 auetun-CoA peanbHoro o6paso-
BaHWSA T/IIOKO3bl He MPOUCXOAMT, TOorga

KaK TPW YrnepogHblX aToMa XWPHbIX Kuc-
NOT C HEYETHbIM YNCNOM aTOMOB Yrneposa,
a Takke o6pasyembliii 6GakTepusimu py6-
La nponuoHaTt MOryT npeBpaLiaTbCs B /i0-
KO3Y; NMpy 3TOM B KayecTBe MPOMEXYTOYHO-
ro npofykra obpasyercs MeTUIManoHUN-
CoA, npeBpawjarouiniica 3aTemM B CyKUU-
HUN-COA npu yyactum KogepmeHTa B12.
B nepuofbl BOCCTAHOBNEHMWS MOCNe Hanpa-
XKEHHOI MbILWEYHON paboTbl TIOKOHEOre-
He3 MpoTekaeT O4YeHb aKTMBHO, Bnarogaps
yemMy NPUCYTCTBYIOWMA B KPOBM naktaT
npespalijaeTcs B T[/IMKOTEH W  [/1IOKO3Y.

MyTb CUHTE3a F/IMKOTeHa Takxe OTAuW-
yaeTca OT NyTU, N0 KOTOPOMY WfAeT ero pac-
wenneHne. OH BKAKOYaeT npeBpalleHne
rnKo3o-i-ochara B ypuguHamdochar-
rNIOKO3y, KOTOpas 3aTeM-Npu y4yacTuu
FNINKOreH-CUHTasbl nepefaeT T/HOKO3NU/b-
Hble TPYNMbl Ha HepeayLMpPYOLWNA KoHel,
60KOBbIX Lenei raukoreHa. Hosble 60-
KOBble LeNnu BO3HWUKAKT B MOeKynax
rMNKOreHa B pesynbTaTe [eWACTBMA K-
KO3uNn-(4 -* ¢ )-TpaHcepasbl | 7.(14 »1,6)-
TpaHcrankosunasbl]. lpoueccbl CWMHTe3a
W paclienfieHns TAWKOTeHa PerynnpyroT-
CA HesaBMCUMO U peumnpokHo. CooT-
HOLIEHMe CKOpoCTeil 3TWX ABYX MpOLECCOB
KOHTPONMPYeTCA TOPMOHaMu ajpeHanu-
HOM W FNIIOKaroHOM. VI3BecTeH psf reHeTu-
YecKux AeteKToB, MPU KOTOPbIX CUHTE3 MIN
paclienneHne rAUKOreHa HapyLlUeHbl.

CWHTe3 NakTo3bl B MOJIOYHONM >Kenese
NPOMCXOAUT MNPU YYacTUW NakTanbOyMuH-
ranakTto3unTpaHcMepasHoro  KoMMJekca.
NaktanbbyMnH B 3TOM KOMM/EKCE BbINO-
HAeT ponb CY6beAUHWLbI, U3MEHA L el
cneunduyHocTb (hepmeHTa. Ero obpasoBa-
HWe perynupyeTcs ropMOHaMu, Bbi3blBato-
WMUMKU NakKTauuio.
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Bonpocbl n 3agauun

1 Ponb okucnuTenbHoro cochopuanpoBaHus
B rNoKoncoreHese. Bo3MOXeH nu peanbHblit
CWHTEe3 TN KO3bl U3 NupyBaTa B YCNOBUAX,
Korga UWKN NUMOHHOW KUCNOTbBI U OKUCAW-
TenbHoe (ochopunupoBaHme MNONHOCTbIO
WHIMBMUPOBaHBI?

2. TlyTb aTOMOB yrnepojga B [NlOKOHEOTEHE3e.
MeyeHOUHbI# 3KCTpPaKT, CNOCOGHbLI KaTanm-
3MpoBaTh BCe 06GbIYHbIE MeTabonnyeckue pe-
aKLuuWnW, WHKY6MpPYlOT HENnpojOoMXNUTenbHOE
BpemMA B OTAeNbHbIX OMbITax CO Chefytowm-
MU asyma NPeALIeCTBEHHUKAMMWU, MEYEHHbIMK

14C:
0-
a) W —
(0]
I*C- .6ukap6oHat
9 ,0
6) (H,-C —

0
| -"C-nupysat
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MpocnefnTe nNyTb KaXAoro wu3 3atux AByX
npeALecTBEHHNKOB B IO KOHeoreHese. B Ka-
KOM MNONOXeHUn o6HapyXuTtca MeTKa BO
BCEX NPOMEXYTOUHbLIX NPOAYKTaX U B KOHeY-
HOM NPOAYKTe, T.e. B rNOKo3e?

MyTs CO2 B rnwKoHeoreHese. B nepBoii
06X0AHOW peakuMnm TN KOHeoreHesa-npe-
BpaljeHUn nmpysaTa B hocoeHonnunpysar-
cHayana nofj feicTBuemM nupysaTkap6oKcu-
nasbl nupysaT Kap6okcunupyetca ¢ obpa-
30BaHMeM oKcanoaueTaTa, a 3aTeM OKCano-
aueTtat pgekapbokcunupyetca po Qocgoe-
HoNMupyBaTa B peakuuu, KaTanusmpyemoi
dhochoeHonnumpyBaT-kap6oOKCUKMHa3oh. Mo-
CKONbKY 3a npucoeguHeHnem CO2 Henoc-
pefCTBEHHO CrefyeT ee OTWEeNAeHWE, MOX-
HO 6bln0 6bl gymaTtb, 4To 14C wn3 14CO0O2
He 6yaeT Bk 4YaTbcA B (ochoeHONNUpY-
BaT W TNOKO3y, paBHO Kak ¥ B nwo6Goil
APYTOW M3 NPOMEXYTOYHbIX MNPOAYKTOB
rNIOKOHeoreHesa. BbiaCHMNOCbL, OfHAKO, YTO
ecnn cpesbl KPbICUHOW MeYeHW CUHTE3UpyloT
rnwKosy B npucytctsum 14C0O2, 10 14C
X0TA W He cpa3y, HO BCe Xe O06Hapy-
XuBaeTca B pochoeHoNNuMpyBaTe U B KOHLE
KOHLO0B-B 3-M M 4-M YyrnepoaHblXx atomax
rnoKosbl. Kakum obpasom mMeTka nonagaeTt
B pochoeHonnupyBat v B 3-ii n 4-i1 yrne-
poAHble aToMbl rnkKo3bl? (Mopckaska: ec-
NN TNOKOHEOTeHe3 MPOUCXOAMT B NPUCYT-
cTBun 14C0O 2, o HEKOTOPbIE YeTbipexyrne-
pOAHbIE NPOMEXYTOUYHbIE MNPOAYKTbl LMKAa
NWMOHHOW KMCNOTbl TOXEe OKa3biBalOTCA Me-
YeHbIMK.)

Perynauns dpykTo3oandochaTassl u ¢oc-
hodpykToknHasbl. Kak BAWSAET NOBbIWEHNE
KOHUeHTpayuik ATP u AMP Ha KaTanntu-
YeCcKyl aKTUBHOCTb hpyKTo3oancochaTasbl
n hochod@pyKTOKMHA3bl? Kak CKasblBaloT-
cA 3TU 3 dPeKTbl Ha OTHOCUTENbHOW Benu-
YMHe MoToKa MeTaboNMTOB B TFNIOKOHeOre-
Hese W rnnkonuse?

FnokoreHHble cy6cTpaTbl. UTo6b Onpepge-
NNTb, MOXET 1IN TO WUNU WHOE COeAMHEHUe
CNYXUTb NpefllecCTBEHHUKOM [0 KO3bl, NO-
cTynaiT 06bIYHO creAylWMUM o06pasom:
CHayana OCTaBAAKT XWBOTHOe ronofaThb,
noKa y Hero He UCTOWMUTCA 3anac rNMKOreHa
B Me4YeHW, a NOTOM falT eMy MCCNeAyemoe
coefjuHeHune. Te COeANHEHUA, NOJ BANAHUEM
KOTOPbIX KONMMYeCTBO FAMKOFeHa B MeyeHu
yBeNNYMBaeTCa, NPUHATO Ha3blBaTb FNHOKO-
reHHbIMU, NOTOMY 4YTO OHW CHayana npespa-
warwTCca B rnwokKo3o-6-pocdar. Huxe npuse-
feHbl (OpPMYynbl HEKOTOPbIX COEAUHEHUNA.
MoKaXnTe Ha OCHOBE M3BECTHbIX PepMeHTa-
TUBHbIX peakyuil, Kakue M3 HUX SABAAOTCA
MO KOTEHHbIMU.

a) "O0C-CH2—CH2—COO-
CykuunHat

6) OH OH OH
cdH—c— (h2
H T nuuepon
o

CH3—C—S—CoA
Auetun-CoA

° (6]
CHS—AEL

Mupysatr O-

,0
/
ﬂ) CH3—CH2—CH2-C
ByTtupat

6. YpoBeHb nakTaTa B KpPOBM Npu 6onblioil du-
3M4eckoil Harpyske. Ha pucyHke nokasaHa
KOHLeHTpalunsa nakTata B KpoBu A0 6Gera Ha
400 m, BO Bpemsa 6Gera M nocne Hero.

3afava s
ber

Ao i
6eraH I*

-Mocne 6era

20 40
Bpems, MUH

a) Yem BbI3blBaeTCA ObICTPOE MOBbIWEHMKE
KOHLeHTpaumm nakrata?

6) UTo ABNSETCA NPUUYUHOW CHUXEHUS YypPOB-

HA naktaTta nocne 6era? Moyemy CHUXe-

HWe MPOUCXOAWUT MeANeHHee, YeM NOAb-

em?

MouyemMy B COCTOAHUU MOKOSA KOHLeEHTpa-

UMA nakTata B KPOBWM He paBHa HYyn?

7. N36bITOYHOE NOTpebneHne Kncnopoga Bo Bpe-
MS  rnoKoHeoreHesa. f[lornowaemblii ne-
YeHbl fNaKTaT npespal,aeTcs B T[/HOKO3Y.
3710T npouecc TpebyeT 3aTpatbl ATP; 6 MO-

B

-
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nekyn ATP pacxoaytwTca Ha ob6pasoBaHue
1 monekynbl rnw0OKo3bl. O6 MHTEHCUBHOCTMU
3TOr0 npouecca B cpe3ax KpPbICUHON MeyeHM
MOXHO CyauWTb, BBOAA B cpepy 14C-nakTtat
M un3mepas KonuyectBo o6GpasoBaBlielics
14C-rnoKo3bl. MOCKONbKY CTexmomeTrpuye-
CKMe COOTHOWEHWUA MexXxAay notpebneHunem
02u cuHTesom ATP u3BecTHbl (rn. 17), mbl
MOXeM npefckKasaTb, Kakoe [OMONHUTENb-
HOe KONM4yecTBO Kucnopopga (cBepx 06bIYHO-
ro ypoBHA) AO/MKHO 6bITb MOTpebAeHO npu
BBEJleHUN [aHHOro Konu4yecTBa JlakTaTa.
®akTMyeckne M3MepeHWs MoKasblBawT, Of-
HaKo, 4To 3TOT M36bITOK O 2, HEO6XOANMbI I
Ans ob6pasoBaHMA TrNHOKO3bl W3 nakTaTa,
BCcerja Bblle NpejCcKa3aHHOro Ha OCHOBe W3-
BECTHbIX CTEXWOMETPUYECKMX COOTHOL EHUNA.
MpeAanoXute BO3MOXHOe 06bACHEHWE 3TOTO
thakTa.

B kakoll To4Yke perynupyeTcs CUHTEe3 rMunko-
reHa? O6bAcCHUTe, Kakum ob6pa3om ABa npu-
Be[leHHbIX HUXe HabNw geHnsa MorytT nomoyb
onpeAennTb perynupyeMmyto cTagnio cuHTesa
rNINKOreHa B CKeNeTHbIX MbllwLyax?

a) N3mepeHHaa aKTUBHOCTb TNUKOTEH-CUH-

Tasbl B nokosuieiics Mbiwlie (BblpaXeH-
Has B Mukpomonax UDP-rnwkossl, uc-
Nofb30BaHHOW Ha TrpamMM B MUHYTY)

HUXe, YeM aKTUBHOCTb (ocdo! nloKomy-
Ta3bl unu UDP-rnokosonupodochopu-
nasbl (BblpaXeHHas B MWUKpPOMONAX cy6-
cTpata, nmnepepaboTaHHOro Ha rpamm
B MUHYTY).

6) CTUMynauua CcuUHTe3a FNUKOTeHa Bbl3bl-
BaeT HEe3HaYMTeNbHOE CHUXEeHWe KOHLeH-
Tpauuit rnwkoso-6-hochata U rnKoO-
30-1-oceara, pe3koe MajeHWe KOHLEH-
Tpauun UDP-rnoKo3bl M Cyl ecTBEHHOe
yBenuyeHne KoHueHTpauuu UDP.

Bo 4TO 06Xx0AMTCH OpPraHnsmMy XxpaHeHue

rnKo3bl B opare ramkoreHa? HanuwunTte

pAA mocnepoBaTenbHbIX peakuniti u cymmap-

HYI0 peakuuio, KOTOpble NO3BONAT onpefe-

NNTb Yynucno monekyn ATP. pacxofyemblX Ha

npespalieHne UUTONNA3MaTUYECKOTO [0~

K030-6-thocaTta B TFAMKOFeH M TNUKOTeHa

06paTHO B rNtoKo30-6-hochaTt. Kakyt yacTb

3TO YMCNO COCTABUT OT MAaKCMMaNbHOro Yuc-
na monekyn ATP, obpa3sytoueroca npu K »

HOM pacuenneHnn rnwkKoso-6-pochara?

BoiaBnenne geekTHbIX PepMeHT OB yrnesos-

Horo obmeHa. MpoBogunocL Naronoro-aHa-

11.

12.

nevyeHn. Y 60NbHOr0 NoAoO3peBanu reHeTunye-
CKWii fedpekr ofHOT0 U3 PEepPMEHTOB YrneBos-
HOro o6MeHa. bbi10 MoKa3aHo, 4TO romore-
Har TkaHu 1) pacwennan TrAMKOreH [o
rnwkoso-6-thocdara, 2) He o6nagan cnocob-
HOCTbIO CMHTEe3MpoBaTb FUKOIeH W3 Kakoro
6bl TO HUM 6bINO caxapa, rak Xe Kak u cnocob6-
HOCTbIO MCMONb30BaTb ranakTo3y B KayecTBe
MCTOYHWKA 3Hepruu, u 3) CMHTe3upoBsan
rnioKoso-6-pocdar m3 naktata. Huxe Ha-
3BaHbl TP PepMeHTa; KaKoW M3 HUX 6bIN fAe-
(heKTHbIM B 3TOM Clyu4ae:

a) rnukoreH-ocgopunasa,

6) pykTo3zogudocharasa.

B) UDP-rniokosonupodocthopunasa?
AprymeHTupyiite cBoii BblGOp.

KeTo03 y oBey. Okono 80°, BCEA rNOKO3bI,
CUHTe3npyemoii B opraHm3mMe OBLbl, UCNOMb-
3yeTcs B BbIMEHUW. PacxofyeTtcsa rnwokosa Ha
obpa3oBaHWe MO0Ka, rMaBHbIM 06pa3oM Ha
CUHTEe3 NaKTOo3bl, a TakxXe rnunuepondocdara,
Heob6XoAMMOro ANA CUHTe3a Tpuauunraumue-
ponoB MonoOKa. 3UMOW NMPU HN3KOM KayecTBe
KOpMa 06pa3yeTca MeHblle MO/J0OKa W Y OBeL,
MHOTJa pa3BMBaeTCA KeTO03, T.e. MOBblLIaeTcs
KOHLeHTpaumMa KeTOHOBbIX Ten B Mnaasme
KpoBW. M 3-3a 4ero npoucxoaaT 3TU M3MeHe-
HUA? O6bLIYHO XWBOTHbIM B TakKux cay4vaax
patoT 6onbWMe A03bl NponuoHata. Ha uem
OCHOBAaHO ero AeicTeue?

ApanTayua K ranakrtosemuu. [anakrtose-
MWUSA - 3TO NaTONOrNYECKOe COCTOAAHME, B OC-
HOBE KOTOPOTO /IeXXUT HECnoCOo6HOCTb K YTH-
nusaumMm  ranakTtosbl, o6pasytoueiica u3
NnakTo3bl, coAepxaljeiica B nuwe. OfgHa u3
hopm 3Toro 3ab6onesaHus obycnosneHa oOT-
cyTcTBMEM (epMeHTa, Ha3blBaeMoro ranak-
To30-1-pocthaT - ypuguntpaHceepasoii. Ec-
nn pebeHOK ¢ Takum geeKTOM He ymupaeT
B PaHHEM BO3pacTe, TO MO3Xe Yy HEro MOXeT
B KakKoii-To Mepe pas3BWTbCA CNOCOGHOCTH
meTabonunsanposaTb ranakTosy. 3Tta cnocob-
HOCTb MOSABNAETCA 3a CYET yCUNIeHHOro obpa-
3oBaHNA ¢epmenta UDP-ranaktosonupo-
thocopunasbl, KaTanu3nupylLwWwero Cneayto-
Wy peakuuio:

UTP -4 TanakTo3o-l-hoctart -»

-> UDP-ranaktosa + PP,

Kaknm o6paszom 6narogaps npucyTcTBUIO
3TOro (hepmeHTa y Takux 6O0NbHbIX pa3Bu-
BaeTCcA CNOCOBHOCTb MeTabonm3npoBaTb ra-

1 OMMYeCcKoe MuccnefoBaHUEe Kycouka TKaHNAAKTO3Y ?
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BUOCUHTE3 TNTTNAOB

BuocuMHTE3 TpuauuMnraMueponos y Xwu-
BOTHbIX MpeAcTaBnseT cOBON OYeHb ak-
TUBHbI MeTabonnyecknii npouecc. B 3Ha-
YNTeNbHOW CTeneHn 3TO 06YCNOBMEHO TeM,
YTO XXMBOTHbIE MOTYT 3anacaTb 3T COeAu-
HeHuna B 60MbLIMX KONMYyecTBax. B opraHus-
Me uyenoBeka (B MeYEHW M MblLILAX) MOXET
COflepXaTbCs NULLb HECKO/IbKO COTEH rpam-
MOB T[/INKOTEHA, KOTOpbIX XBaTaeT ANA
obecneyeHns  noTpebHOCTM  opraHusma
B aHeprum He 6onee yem Ha 12 yacos. Ha
L0110 XXe TPMaLMArnnLepoaoB B opraHusme
MY>XUMHbI BECOM 70 KI NPUXOAUTCA OKOMO
12 kr. HakonieHHOl B HUX 3HEprumn pocTa-
TOYHO 4N5 NoAJepXaHUs OCHOBHOro ob6me-
Ha YefloBeKa B TeYeHMWe s Hefenb. B Tex cny-
Yyasx. Korga yrneesogbl noTpebnflTCA
C NULLER B U36bITKE U OPTraHM3M YXXe He Cno-
C00EeH OTKNafblBaTh UX B BUAE TIMKOTEHA,
OHW MpeBpaLLalTca B TpUaLUATINLEPONI,
KOTOpble B 6GOMbLIMX KOAMYECTBAX MOTYT
HakKannuBaTbCA B K/IE€TKaX XWPOBOW TKaHW.
Bonblwe Bcero Takux KeTOK HaxoguTcs
B MOAKOXHOW XMPOBOW KneTyatke MU
B 6GPIOLWHON nonocTu. PacTeHnsa Takxke Mo-
ryT 3anacaTb 3HEPIUIO B BUAE BbICOKOKAOo-
puWiAHOrO  TOMAMBA - TPUALUATANLEPONOB;
0COOGEHHO MHOr0 3TUX COEAVHEHMWIA cofep-
XUTCS B pasfMyHbIX  Nofax, opexax
N CeMeHax.

MonspHble NUNUALl MemObpaH, Takue, Kak
thoconmnuabl U COUHronunuibl, B opra-
HU3Me >KMBOTHbIX HEe 3anacaltTCs, HO OHM
TakXe MOCTOAHHO CUHTE3UPYIOTCA ANS BOC-
NOMIHEHNA NOTepb, 06YCNOBNEHHbIX paspy-
leHnem MembpaH B xofe MeTabonnyeckmx
npoueccoB. Hanpumep, Bpems MNONYXU3HM
MOfeKyn  MembpaHHbIX  (ochonunuaos

B NeYeHN KPbICbl COCTaB/IAET MEHEE TpPEX

CYTOK.
B 3Toii rnaBe Mbl CHayana pPaccMOTpUM
OMOCUHTE3  XKMPHBIX  KWUCAOT-OCHOBHbIX

CTPOUTENbHLIX 6/10K0B  Tpuauunrnmuepo-
JI0B 1 NoNIApHbIX Nnunungos. Bonee 90% 3Hep-
ru, 3anacaemMoil B Tpuauunrauueponax,
NPUXOANTCA Ha [0 XKUPHBIX KUC/OT.
XKvpHble KUCNOTbl NpUAalT TpUaLUrin-
Lueponam u Qochonnnuaam XapakTtepHble
[N8 HAX TMAPOGOBHbIe CBONCTBA. 3aTeM Mbl
nepeiifem K CMHTe3y TpuauuAraMLeponos,
NpocTeNNX MeMbpaHHbIX (hocthonnnngos
N XO0flecTepona-cywecTBEHHOro KoMMo-
HeHTa pafa mMembpaH M nNpefWwecTBEHHUKA
TaKMX BaXHbIX CTEPOUAHbIX COeAVHEeHWHA,
KaK >XeN4Hble KUCNOTbl, MOI0BblE TOPMOHbI
N TOPMOHbI KOPbl HaAMOYEYHUKOB.

21.1. MyTb 6uocmHTE3a
XXUPHbIX KUCAO0T OT/AnYaeTcs
OT MyTWU WX OKWUC/eHUA

Mpexpae BCEro BCMOMHWUM, YTO XXWUPHblE
KMCNOTbl B NUNUAAX >KMBOTHbIX TKaHein
MMeloT B OCHOBHOM YeTHOe YWUCI0 aTOMOB
yrnepoga. 3T0T (hakT YXXe AaBHO NO3BOMN
BbIBWHYTb NPEANO/0XEHNE O TOM, YTO Kak
OKWCNeHWe, TaK W CUHTE3 XXMPHbIX KUCAOT
OCYLLeCTB/AIOTCA MNYTEM COOTBETCTBEHHO
OTWENNEHNA W TMPUCOESUHEHNSA ABYXYrne-
POAHbIX hparMeHTOB. [1oCNe TOK Kak Bbl-
ACHMIOCb. YTO NPW OKWUCNEHUMN XUPHbIX KKC-
NOT MPOWCXOAMUT nocfiefoBaTeNlbHOE OKMUC-
NUTeNbHOE OTLWeneHne aueTUbHbIX rpynn
B Buae auetun-CoA, eCTecTBEHHO 6bI0
npegnonoXunTb, YTO 6GUOCUHTE3 XKUPHBIX
KUCNOT NPOCT MNpoTeKaeT B 06paTHOM Ha-



MonepeyHblii cpe3, Ha KOTOPOM BUZAHbI MUENVNHO-
Bble 060/104KMN aKCOHOB HECKOMbKUX HEPBHbIX BO-
NOKOH. MuennHoBasi 060/104Ka, COCTOsALLAs FNaB-
HbIM 06pa3oM M3 MONAPHbIX NUNUAOB U HEKOTO-
pbix 6enKoB, 06pa3oBaHa MaasMaTUyecKo Memob-
paHoi LWBaHHOBCKOI KneTkW. B npouecce pocTa
LIBaHHOBCKas KNieTKa MHOFOKpaTHO 06epThiBaeTcs
BOKPYT akcoHa (LMTonnasma ee npu aToM OoTTec-
HseTCcA K nepudepun). O6pa3oBaBLLasca TakKUM
nyTemM MUenMHoBas 060/104Ka UrpaeT B HEPBHbIX
BOJIOKHaX posfib U3onsTopa u obecneunBaet Gonee
6bICTPOE MPOBEAEHUE HEPBHLIX UMMY/LCOB.
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npaBfieHNN C UCMONb30BAHMEM TeX Xe (ep-
MEHTaTUBHbIX PeakLuuii, 4To 1 Npu UX OKUC-
neHnn. OZlHAKO OKas3anocb, YTo GUOCKMHTES
XWUPHbBIX KUCNOT UAET UHbIM NYTEM - C y4a-
CTUEM Jpyrux (hepmeHTOB U B APYIMX Ya-
CTAX KneTku. bonee Toro, 66110 ycTaHoBE-
HO, YTO GMOCUHTE3 XXMPHBIX KUCOT Mpouc-
X0AUT € 06pas3oBaHWeM TpexyrnepogHbIxX
MPOMEXYTOYHbIX MNPOAYKTOB U TpebyeT
Takxe npucytctemua CO,.

Tenepb Mbl 3HaeM, 4TO aTTasHas cu-
cTema Ana >XUPHbIX KUCNOT KaTanumsupyet
CYMMapHYI0 peakLuto, B X0fe KOTOPOWi oa-
Ha Monekyna auetun-CoA u cemb Tpexyrie-
POAHbIX MOMIEKY/1 MANOHOBON KUCNOTbI B BU-
fe THoaupa wmanoHun-CoA  (puc. 21-1)
nocnefoBaTeNlbHO  COeAUHATCA  Apyr
C LpYrom, B pesynbTare 4ero obpasyertcs
16-yrnepogHaa nanbMUTUHOBas KucroTa
n Bblgensercd cemb Mosnekyn COq:

Auerun-CoA + 7ManoHun-A-X'oA +
+ 14NADPH + 20H+ -

+ 7CO:2 +
14ANADP+ +

CHs (CH2)14CO0OO0 -

+ 8CoA-SH + 6 H20.
CnepyetT OTMeTUTb, YTO UCTOYHWUKOM BOC-
CTaHOBUTENIBHOrO MNOTeHLuuMana, Heobxoam-
MOT0 ANiA C03J4aHUA YrnepofHOro Cckeneta
XXUPHOW KMCNOTbI C OAMHAPHBIMU CBA3AMM,
cnyxut NADPH. lNepBas, npuyem Heoxu-
[aHHas, 0CO6eHHOCTb 3TOW peakuyum co-
CTOUT B TOM, YTO PO/ib HEMOCPELCTBEHHbLIX
npejLwecTBeHHNKOB CeEMU U3 BOCbMWU [BYX-
YIrNepofHbIX efMHNL, MONEeKY /bl NanibMUTU-
HOBOW KWCNOTbl MTPalT TPexyrnepogHble
0CTaTKy ManoHOBOW KMCAOTbl. ELWHCTBEH-
Haa monekyna auetun-CoA, Heobxogumasn
LN5 CUHTE3a XXUPHOW KMCNOThI, CYXUT «3a-
TpaBKoOli«. Y rnepogHble aToMbl MeTa/bHOW
N KapbOKCUbHOW rpynn 3TOW MOMeKy/bl
3aHMMaloT COOTBETCTBEHHO 16-e n 15-e no-
noxeHns B o06pasoBaBlUelicd Monekyne
nanbMUTUHOBOW kucnotbl (puc. 21-2). Ha-
YMHaa C aLeTUNbHOro ocTaTKa, PoCT Lemnu
Mo HanpasfeHNo K KapboKCUIBHOMY KOHLY
npojos/HKaeTcs nyTem nocnefoBaTeNlbHOro
NPUCOEfMHEHNA  OBYXYT/NIEPOAHbIX  (hpar-
MEHTOB, KaXAbli M3 KOTOpbIX 06pasyeTcs
n3 manoHun-CoA (puc. 21-2). Mocne aue-
TUN-CoA Kaxfblii nocneayoLwnii 4Byxyrie-

pOAHbIA (parMeHT o6pasyeTcs U3 [BYX

YINepoaHbIX aTomMoB ManoHWNbHOW
rpynnbl, HaxoAsWMXca B HENOCPeACTBEH-
Holi 6nm3octh oT COA; OLHOBPEMEHHO

C 3TUM ocBo6oxAaaeTcA 3-ii yrnepoaHblii
aToM HeaTepuuUMPOBaHHOW KapbOKCUb-
HOW rpynnbl c o6pa3oBaHnem CO2. OgHako
B KOHEYHOM CYeTe BCe Yr/epofiHble aToMbI
XUPHBIX KUCNoT o6pasytoTca u3 auetun-
COA, NOCKOMbKY, KaK Mbl YBUAUM fanblue,
cam manoHun-CoA obpasyetca u3 auetun-
CoA u fByoKucu yrnepoga.

BTopas BaxHas oTIMUUTENbHAA OCOGEH-
HOCTb MexaHu3Ma OMOCHHTE3a XUPHbIX
KWCNOT COCTOWT B TOM, YTO MNPOMEXY-
TOYHbIE NPOAYKTbI B 3TOM MNpouecce npea-
cTaBnAwT coboi Tnoagupbl He COA, Kak
3TO MMeeT MeCcTO MPU OKUCNEHUN XUPHBIX
KWUCNOT, a HU3KOMOJIEKY/IAPHOTO auunnepe-
HocAawero 6enka (AMB), y KOTOpOro ectb
peakLuMOHHOCNOCOBHbIE N-SH-rpynnol.

TpeTba XxapakTepHas yepTa GUOCUMHTE3a
XUPHBIX KUCMOT 3aknoyaeTcs B' TOM, 4TO

COO-
CH2

coo™"
ManoHat

3C0O0~
2CH2

1li —S—CoA

1
o

ManoHun-CoA

Puc. 21-1. ManoHun-CoA-HenocpeAcTBeHHbI
NpeALIecTBEHHNK ABYXYT/1IEPOAHbIX eANHUL, Lieneit
XUPHbLIX KucnoT. Manonun-CoA npefcrasnsaert
co60ii Npon3BofHOEe ManoHata - ah(heKTMBHOro
KOHKYPEHTHOr0 MHrMéuTopa CyKLUuHaTaernapore-
Hasbl (pasg. 9.13). Mo3aToMy MOXeT nokasaTbCs
CTPaHHbIM, YTO UMEHHO ManoHUN-COA CRyXuT
HOPManbHbIM NPeALLIeCTBEHHNKOM B GMOCUHTE3e
XWPHBbIX KncnoT. OaHako manoHmn-CoA Kak Ta-
KOBOW He WHIMOMpYeT akTUBHOCTb CyKLWHATe-
rngporeHasbl, BO3MOXHO, 13-3a TOr0, YTO Y Hero
HEeT ABYX CBOGOAHbIX KapbOKCWbHBIX Py, 0pu-
€HTUPOBaHHbIX B NPOCTPaHCTBE COOTBETCTBYHO-
W1M 06pa3om 1 06ecneymBatoLLnX KOMNIemMeH-
TapHOe B3aMMOJECTBME CyKLMHATA C LLleHTPOM
ero CBf3blBaHWA B MONieKyne epmeHTa. Kpome To-
ro, cB060/JHbIN ManoHaT He ABMAETCA NPeALlecT-
BEHHWUKOM ManoHnn-CoA; nocnegHui, Kak Mbl yBu-
ovM fanee, o6pa3yeTcs HeMmocpeACTBEHHO U3 alle-
T1n-CoA nyTem ero kap6oKCMANPOBaHUS.
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3TOT npouecc nNpoTekaeT B LMNTO30/1€ 3yKa-
PNOTNYECKNX KNETOK, Torga KakK OKUCNEeHne
XUPHbIX KUCNOT Nponcxoant B OCHOBHOM
B MUTOXOHAPUAX. CUHTE3NPOBAHHbIE B LU-
TO30/1€ XNPHblI€ KNCNOTbI, KakK Mbl YBUOANUM

ManbmnTUHOBaAA

npeALLIeCTBeHHVIKI/I Kucnota

(rn. 16) v XupHbIX Kucnot (rn. 18), a Takxe
npu paclensieHnn yrnepoAHbIX CKenetos
amuHokucnoT (rn. 19). OpHako, Kak Mbl
yXe 3Haem, (pasg. 18.2), MuToXxoHgpuans-
Has membpaHa HenpoHuuaema N5 aueTu-

Puc. 21-2. NcTouyHMK aTOMOB yrnepoga npu 6mo-
CUHTE3e XUPHbIX KWUCMoT. B npouecce pocTa Lenu
1-/i n 2-ih yrnepoAHble aTOMbl ManOHWUbHbIX
rpynn BcTpauBatoTCs B Uenb, a 3-1 aTOM Bblfens-
etca B Buge C02.

CH3 16CH3
N3 auetun-CoA
c—o0 JSHT
'00C— CH2 $4CH2
CON o 2
1 C=01xH2
"00C —CH?2 ,2CH2
AL I —*j
c=0 ” CH2
HanpasneHune |
pocTa uenu
~O0C*—CHT °CHT
COr «
cC=0 9CHr N3 manouun-CoA
|
‘O0C - cH, "CH2
cojM
'CH,
'00C— CH, 2CH,
COiJ
c—o0- "C—0O-
1 1
0 0

fanblie, NCNONMb3yOTCA B KayecTBe CTPOM-
TeNbHbIX 6/10KOB AN8 CMHTEe3a TpuaLunriun-
ueponos wunu ochonunuios.

21.2. ManoHun-CoA ob6pasyeTtcs
n3 auetmn-CoA

HenocpefCcTBEHHbIM NpeALecTBEHHUKOM
6onblueid YacTu ABYXYTNepOAHbIX ()parMeH-
TOB B X04e OMOCUHTE3a XXMPHbIX KUCMOT
cny>Xut Manouun-CoA; 0AHAKO caM OH
o6pasyetcs u3 auun-CoA B uuto3one. B uu-
Tonnasmy auetun-CoA nonagaet U3 MUTO-
XOHApuWiA. laBaiiTe nocnefosaTenbHO Mpo-
cnefum aTanbl 06pasoBaHUA  ManoOHW-
CoA.

MouTn Becb nofBeprawowwuiica metabo-
nnsmy auetnn-CoA obpasyercs B MUTOXOH-
Lpuax B pes3ynbTaTe OKUCMeHWA nupysaTa

CoA. Kak >Xe B TakOM cny4yae MWUTOXOH-
LpuanbHblidi auetmn-CoA MOXET CAyXuTb
MCTOYHMKOM LMUTOMMa3MaTU4ecKoro ate-
Tnn-CoA? 3Ta npobnema pewaetcs B KeT-
Ke npy noMOLM YEeNHOYHOro MeXaHu3ma
nepeHoca auuiabHbIX Fpynn 4yepe3 MUTOXOH-
opvanbHyto mebpaHy (puc. 21-3). B atoi
YeNHOYHON  cUMCTeMe  BHYTPUMMWTOXOH-
ApvanbHblii auetun-CoA cHavana pearu-
pyeT C okcanoauetatom, o6pasys uuTpart,
T.e. NPOUCXOAUT, NO CYLLECTBY, MepBas pe-
aKuMs LMKNa MTMMOHHOW KUCNOTbl, KaTanu-
3upyemas uutpat-cuHTasol (pasg. 16.5).

Auetnn-CoA + Okcanoauetar +
H20 LUntpatr + CoA + H

O6pa3oBaBLINiicA LUTpaT NEpPeHoCUTCs ue-
pe3 BHYTPEHHIOO MeMGpaHy MUTOXOHApPWIA
13 MaTpMKca B LMTO30/1b NPY NOMOLL Y Cre-
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BHyTpeHHAA

MeM6paHa MUTOXOHAPUI

Puc. 21-3. YenHouYHbI MexaHU3M MepeHoca aLie-
TUABHBIX TPYNM U3 MUTOXOHAPUIA B LUTO30Mb,
(YHKLUOHMPYIOLW I B NpoLecce CUHTE3a XUPHbIX
KMCNOT. KpacHbIM LBETOM BblJefieHa nocnejosa-
TeNbHOCTb peakLuuii, B X04e KOTOPbIX aLeTu/bHble
rpynnbl B BUAe LuTpaTa BbIXOAAT U3 MUTOXOHA-
puii B 4MTO30Mb, FAe UCNoNb3yTCH B hopme
auetun-CoA ANna CUHTE3a XUPHbLIX KUCAOT. Yep-
Hble CTPeNKn NokKasblBalOT, Kakum o6pas3om yen-
HOUHbI/ LMKN 3aMblKaeTCs B pe3ysbTaTe pereHe-
paumm MUTOXOHAPUANbLHOrO OKcanoauerara.

UManbHoO  Tpukapbokcunat-TpaHcnopTu-
pytouiein cuctembl (pa3g. 17.19). Lanee uu-
TpaT pearvpyeT C HaxoAALWMMCSA B LMTO30-
ne CoA wn ATP, o06pa3ysa UWMTO30/bHbIi
auetmnn-CoA. 3Ta peakuus Katannsnmpyertcsa
ATP-uuTpaT-nnasoinl (HasblBaeMoil TakKxke
UMTpaTpaclennaowmnM QepMeHTomMm).

Untpat + ATP + CoA -»
-» Auetun-CoA + ADP -- P, +
+ Okcanoauerar.

BO3HUKLINIA B X04€e peakuun okcanoaueTat
KaK TaKoBOl He MOXeT nonacTb 06paTHO

9-950

BHYTPb MWTOXOHApWI. OH BOCCTaHaBAU-
BaeTCcA Noj [feACTBMEM LWUTO30/1bHON Ma-
nataernfiporeHasbl A0 Manarta, KOTOPbIA
npu nomoLn AnkKapboKcmMnaT-TpaHCNopTu-
pyloleid cucTembl BO3BpaLLaeTcs B MUTO-
XOHAPWanbHbI MaTpuKc, rae BHOBb OKMWC-
NndeTcd [0 OKcanoauertara, 3aBepluas 4en-
HOYHBIA LK.

O6pasoBaBlwuniica B LWUTO301e aueTun-
CoA nopgpepraetca Kapb60OKCMAMPOBAHUIO,
B pe3ynbTaTte 4yero obpasyetrca ManoOHWN-
COA - HenocpeACTBEHHbI NpeALWwecTBEHHUK
14 13 16 yrnepofHbIX aTOMOB B MONEKYyne
nanbMUTUHOBOW KUCNOTbl. 3Ty HeobpaTu-
Myl peakuuto (puc. 21-4) katanusupyert
aueTun-CoA—kapbokcunasa:

ATP + Auetun-CoA + CO2 + H20 ->
-» ManoHun-CoA + ADP + P, + H+

YyacTBytowmii B peakuun CO2 obpasyeT
CBOGOAHYO Kapb6OKCUbHYIO Fpynny mMasno-
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CHs

C—S—CoA Auetun-CoA

|
o

ca

ATP

Hro

|AueTnn-CoA-kapbokcunasa

ADP
+

P(
+
H+

Puc. 21-4. Auetun-CoA-kapbokcmnasHas peak-
uns. Ponb nepeHocunka CO2 nrpaeT 6UOTWH, BXO-
OAWMIA B cOCTaB NPOCTETUYECKOW rpynnbl dep-
MeHTa. CTpoeHne 6MOTMHA 1 6BUOLUTNHA NOKa3a-
HO Ha puc. 10-11.

HUN-CoA. Auetnn-CoA-kapbokcunasa-
OYeHb CNOXHbIV PepMeHT, KOTOPbIA B Kaye-
CTBE MPOCTETMYECKOW FPynnbl COAEPXUT
6uoTuH (pasg. 10.9), KoBaneHTHO CBA-
3aHHbI aMUAHOW CBA3bID C e-aMUHOrpyn-
Mo NM3MHOBOTO OCTaTKa Of4HOWN W3 YeTbl-
pex cy6befuHUL  MONeKynbl (epmeHTa.
BnoTnHOBas rpynna CayXuT Kak Obl «nog-
BMXXKHOW PYKOM», OCYLLeCTBAAWOLLEN nepe-
Hoc CO2 Ha aueTtun-CoA:

CO2 + ATP + H20 +

+ BUWOTUH—E -» Kapb6oKCcUObUOTUH—
—E + ADP + P; + H+

Kap6okcnbnotTuH—E + AueTtun-
CoA -* ManoHun-CoA +
+ bBbuotnH—E

CymmapHasa peakuus:
ATP + Auetun-CoA + CO2 +
+ H20 -

-» ManoHun-CoA + ADP .- P, + H+

MpucoeanHeHne HOBOW  Kap6OKCUIbHONM
rpynnsl K auetun-CoA u Heob6paTUMOCTb
peakuumn obecneynBatoTCA 3a CUET IHEPruu
ATP.

Auetnn-CoA—kapbokcunnasa- peryns-
TOPHbIVi (hepMeHT; KaTanusmpyemas 3TUM
(hepMeHTOM peakuus ABNAETCA NUMUTU-
pylowum 3tanomMm, OnpefenalolnM CKo-
poCTb BCEro npouecca 6MOCMHTE3a XMUPHbIX
KWUCNOT B XXWBOTHbLIX TKaHAX. ['naBHbIM no-
NOXUTENbHBIM MOYNATOPOM 3TOro dep-
MEHTa CAYXWUT UWTPaT, WHULUMPYIOLWLNIA
nepexof hepMeHTa B BbICOKOAKTUBHbIA HW-
TeBUAHbIA nonumMep. Kak TONbKO cofdepxa-
HWe uuTpata B MWUTOXOHAPUAX YBenn4yu-
BaeTCsA, 4TO HabnwopaeTcs nNpu BbICOKOW
CKOPOCTU 006pa3oBaHUs MUTOXOHApPWUaNb-
Horo auetun-CoA n ATP, umMTpart BbIXo4uUT
M3 MUTOXOHAPWIA W BbICTynaeT OfHOBpe-
MEHHO B pPOMWU MNpejlWecTBEHHUKA LMUTO-
30/1bHOTO auetun-CoA u annoctepuyecko-
ro aktusaropa auetun-CoA—kap6okcuna-
3bl.

21.3. CuHTa3Hasa cuctema,
KaTanusupylouwas obpasoBaHue
XXUPHbIX KWUCMIOT, UMeeT CeMb
aKTUBHbIX LIEHTPOB

B TKaHAX >XMBOTHbIX CeMb (EePMEHTOB,
Yy4acTBYHOLWNX B BMOCUHTE3E XMUPHbIX KMWC-
noT, 06beANHEHbI B KNacTep, AN KOMMNJIEKC,
MONyYMBLIMIA Ha3BaHWE CUHTA3HON Cu-
CTEeMbl [ >XUPHbIX KUCNOT; CyMMapHas
MOJIEKYNApHAaA Macca 3Toro Kommniekca, Ha-
X04fleroca B uMTonaasmMe KneTku, cocTa-
BNnseT okono 400000. O6bveguHeHUe cemu
(hepMeHTOB NOHaA06MNI0Chb, BEPOSTHO, ANA
TOro, 4Ttobbl YCKOPUTb MOCNef0BaTeNbHble
aTanbl CUHTE3a XXWUPHbIX KUCIOT.

LleHTpanbHOe MeCTO B 3TOV cuCTeMe 3a-
HUMaeT auunnepeHocawuin 6enok (ArlB),
C KOTOPbIM KOBa/leHTHO CBA3bIBAKOTCA MPO-
MEXYTOUHbIE NPOAYKTbI 6rvocunHTe3a
KUPHbIX KncnoT. AlMB-cpaBHUTENbHO He-
60/bLION TEepMOCTabUbHLIN 6enok c Mmosne-
KynspHoi maccoit 9000. Ponb npocteTuue-
ckoi rpynnbl B AMB wnrpaet 4'-chocchonan-
TeTeuH (puc. 21-5), KOTOpbIA BXOAMT Tak-
Xe 1 B cocTaB KohepmeHTa A. B monekyne
thochonaHTeTeMHa COAepXaTca BUTaMUH
naHToOTeHOoBas KucnoTa (pa3g. 10.7)
n cynbrugpunbHas rpynna. docgonaHTe-
TeUH KOBaNneHTHO CBA3biBaeTCA uepe3 (hoc-
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MonunentngHas uens AMNB

OcTatok
cepuHa

O—P=0
CH3— C—CHj
CHOH
HaHToTeHoBas
Kucnota 4'-chocchonaHTe-

TeuH

ManoHunbHble TPynnbl
NPUCOEAMHAIOTCA 3(PUPHOIA
CBA3bl0 K- S H-rpynne

Puc. 21-5. TpocTeThyecKyto rpynny auuinepeHo-
cAwero 6enka o6pasyet 4'-gpochonaHTeTenH, Ko-
BA/IEHTHO CBSA3aHHbIN C TMAPOKCUNLHONW Fpynnoii
ocTaTka cepuHa nonunenTugHoi uenu. docto-
naHTeTenH, B COCTaB KOTOPOro BXOAWUT BUTaMWUH B
(naHTOTEHOBAA KWUCNOTa), COAEPXKUTCA B MONeKyne
CoA (pa3g. 10.7). Bo BpeMs CUHTE3a XMUPHbIX KUC-
not SH-rpynna gocdonaHTeTenHa CAyXUT Mec-
TOM CBSI3bIBAHWS ManOHUNbHbLIX FPynm.

thaTHyt0 rpynny ¢ rMAPOKCUALHON rpynnoi
ocTaTtka cepuHa B Mosiekyne ATlB.
OyHKuns ATB B 6MOCUHTE3E >XUPHBIX
KWCNOT aHanormyHa gyHKuumM KodepmeHTa
A B OKWCNIEHUM XUPHBIX KUCNOT. B npouecce
MOCTPOEHWS LeNM XXMNPHOIN KNCNOTbI Npome-
XYTOUYHbIE MPOAYKTbI 06pa3yoT 3(upHble
ceasn ¢ ATb, Torga Kak npu OKWUCNeHUU
XXUPHBIX  KUCMOT MPOMEXYTOYHbIE MNpPO-
OYKTbl 06pasytoT ahupHbIe CBA3M C Kodep-
meHTOM A. MpeanonaratoT, 4to 4'-thocho-
naHTeTeMHoBas MNpoOCTeTMYecKas rpynmna
AT1b BMecTe C OCTAaTKOM CEpuHa, K KOTOpO-
MY OHa MNPUCOELUNHEHA, CNYXUT «NOMABUX-
HON pyKoii», MepeHocsLeli B MpPaBU/bHON
nocnefoBaTeNbHOCTM  KOBa/IEHTHO  CBA-

g*
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ManoHunTpaHc AueTuntpaHc
thepasa (hepasa
3-keTtoauun- /
ATlb - . % | EHoun-ATlb -
CMHTasa 1 l 1 pepykTasa

3-rugpokcunayun-
ATIb -
ferungpartasa

3-ketoauun-Alb
pefykTasa

Puc. 21-6. CxemaTuyeckoe n3obpaxeHune cuHTas-
HOro Kommnekca, KaTanusupytouiero o6pasoBaHue
XWUPHbIX KUCNOT. B XXWBOTHbIX TKaHAX (EPMEHTHI,
yuyacTBYIOLME B CUHTE3e XUPHBIX KACNOT, Crpyn-
nupoBaHbl BOKPYT auunnepeHocsiero Genka
(AMB). 4'-hochonaHTeTenHoBas NpocTeTMYeckKas
rpynna (®n) cBsa3aHa c 0CTaTKOM CepuHa

(puc. 21-5). OHa o6pasyeT Kak 6bl «NOABWXHYHO
pYKy» (8n1MHOI 2,0 HM), KOTOpas NepeHOCUT oc-
TaTKW XUPHbIX KUCNOT OT aKTUBHOIO LieHTpa oa-
HOTro (bepMeHTa K aKTUBHOMY LieHTpY ApYroro
(Ha cxeMe MPOTWB YacoBOW CTpenkun). B kneTkax
6aKTepuil 1 pacTeHuidi epMeHTbl CUHTa3HOW cuc-
TeMbl XXWPHbIX KUCNOT CYLeCTBYIOT He B hopme
KnacTepa, a B BUAe OTAE/NbHbIX MOAUMNENTUAOB.

3aHHble OCTATKW XXUPHbIX KUC/IOT OT OfHOr0
aKTUBHOIO LeHTpa (epMeHTa K Apyromy
(puc. 21-6), nofo6bHO TOMY KaK 3TO uUMeeT
MecTo B MnupyBaTAernfporeHasHoMm KoMm-
nnekce MMTOXoHApwuiA (pa3g. 16.2). CuHTasa
XUPHBIX KUCMOT COAEPXUT CYLLECTBEHHbIE
ANs  ee  aKTUBHOCTU  CYyNb(MIuapunbHble

Puc. 21-7. B MofieKyfne CUHTa3bl XUPHbIX KNCNOT
MMelTCA [Be CYLLeCTBeHHble AnA Katanmsa SH-
rpynnbl. OgHa SH-rpynna npuHagiexuT npocre-
Tuyeckoid rpynne 4'-gochonaHtetenHa (®n), a
apyras-akTUBHOMY ocTaTKy uuctenHa (Cys).

O6e —SH-rpynnbl y4acTBYIT B CUHTE3E XUPHbIX
Kucnot. CynbrugpunsHas rpynna gocgonaHTe-
TenHa B mMosniekyne AlB CAy>XWUT MECTOM CBA3bl-
BaHUS ManoHWNbHbIX rpynn. bykea E o603HavaeT
BECb CMHTa3HbIli KOMNNEKC ANSA XUPHbIX KUCNOT.
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rpynnbl  AByx Tunos (puc. 21-7). OpfHa
— SH-rpynna npuHagnexut 4-gocgonaH-

TeTeMHOBOW npocTeTuyeckoii rpynne ArB,
a ipyras - cneunpuUecKomy ocTaTky LucTe-
nHa B Monekyne 3-ketoaunn-Alb—cuH-
Tasbl (pasg. 21.5,a). O6e 3T — SH-rpynnsl
y4acTBYOT B GMOCKMHTE3E XMPHbBIX KUCNOT.

21.4. Cynb(rugpunbHble rpynnbl
CUHTAa3bl XMWPHbIX KWUCNOT
BHayasie B3aMMOAeCTBYOT

C auunbHbLIMU TpynnamMmu

MocTpoeHme Lenu XUPHON KUCNOTbl MO-
XeT HayaTbCA NUWb Mocne TOro, Kak obe
CYyNbOruapunbHble rpynnel 6yayT «Harpy-
XEHbl» COOTBETCTBYIOLWMUMMN  auUIbHbIMU
rpynnamu. 3To NpOUCXOAUT B pe3ynbTrarte
[BYX nocnefoBaTe/lbHbIX (DepMEHTaTUBHbIX
peakumin (puc. 21-8). B xoae nepBoii peak-
umm, KaTanusmpyemoi AlMb-aueTunTpaHc-
tbepasoil, aueTunbHas rpynna aueTun-S-
CoA nepeHocuTca Ha — SH-rpynny ocrarka
LUucTenHa cuHTasbl (0603Ha4YeHHOW OYKBOM

E):
HS—Cys
\
Auetmn —S—CoA + E
HS—AI'IE/
Auetnn—S —_Cys
\
CoA—SH +
HS— Alb

B xoge BTOpPOM peakuuym ManoOHWNbHas
rpynna manoHun-S-CoA nepeHoCUTCA Ha
CynbrugpunsHyo rpynny gocgonaHteTe-
nHa ArlB. OTa peakuusa kartanusupyetcs
ATMB-mManoHUnT paHcdepasoii:

Auetn —S—Cys

ManoHnn— S — CoA +
HS— AIb

BMOSHEPTETUKA N METABOJIN3M

HS—Cys

CHj—C—S—CoA~\
A'b—aueti—
O TpaHcthepasa
AueTtnn-CoA

CH3—C—S-Cys-
o}

A'B—May1IoHW1—

TpaHarpasa

CuHrasa,
"HarpyxeHHasa"
aleTunbHON 1
ManoOHULHONA rpynnamu

Puc. 21-8. Harpyska CMHTa3sbl aLeTUNbHON U Ma-
NOHUNBLHON rpynnamu; nepeas CBA3bIBaeTCA C
—SH-rpynnoii ynctenHa (Cys), a BTopas-c
—SH-rpynnoii 4'-ocdonaHTeTenHa (dn). Bery-
natujne B peakLuio ManoHWAbHbIE FPynnbl BCer-
fa npucoeguHalTcs K SH-rpynnam gocdonaHTe-
TenHa.

Auetun — S—Cys
\

CoA—SH + E

CyMMapHbIii pesynbTaT aTUX ABYX peakuuii
COCTOMT B TOM, 4TO C CUHTA30/ 0Ka3blBalOT-
CSl KOBA/IEHTHO CBSA3aHHbLIMM [iBe aLU/bHbIe

/
Manoumn — S— AIlb

rpynnbl: aleTu/ibHas rpynna (npucoeam-
HUBLUAsCS
U MasloHUNbHas (NpMcoeauHUBLIAACA K SH-

K —SH-rpynne uuctenHa)
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rpynne dgocgonaHteTenHa). 3Tn  age
alubHbIe TPYNMbl PACNONO0XEHbI B MOMEKY-
ne QepmMeHTa A0BONBLHO 6AM3KO ApPyr OT
fgpyra. Tenepb CMHTasa roToBa K npoueccy
HapaliMBaHuUs Lienu XXUPHOWA KUCNoThl. Bax-
HO 3aMOMHWTbL, YTO MafioHU/bHaA rpynna
CBf3bIBAETCA TONbKO C — SH-rpynnoii naH-
TeTenHa.

21.5. lNpucoegnHeHne Kax[oro
LBYXYTrnepogHOro gparmeHTa
NPOUCXOANUT B YeTblpe 3Tana

a. KoHgeHcaumnsa

Ha nepsom u3 4eTbipex 3TanoB ya/uHe-
HWUA YINepofHON Lenu >XWPHOW KUCNOTbl
aueTunbHaa U MasloHWNbHAA TPYNMbl, KoBa-
NEHTHO CBA3aHHble ¢ —SH-rpynnamMu cuH-
Tasbl, NOJBepratTCA KOHAeHcauuu ¢ obpa-
30BaHMEM aLeToaLeTUNbHOM rpynnbl, KOBa-
NEHTHO cBfi3aHHOW ¢ — SH-rpynnoit gocdo-
naHTeTenmHa: O4HOBPEMEHHO C 3TUM MpPOMUC-
X04UT BblgeneHne monekynsl CO2. 3Ty pe-
akumio kKatanusmpyet 3-keToauun-Alfb—
CMHTas3a:

Auetun —S—Cys

\
E + H+

ManoHmn — S— ACP
HS—Cys

co,
Auetoanetnn — S — ACP

O6paTuTe BHUMaHWE Ha TO, YTO aueTW/b-
Haa rpynna nepeHocuTca ¢ — SH-rpynnel
LUCTeNHA Ha MalOHUNBbHYIO rpynny, KoTo-
pas cBf3aHa ¢ — SH-rpynnoii hocdonaHTe-
TenHa; TakuMm 06pa3om, OHa CTaHOBUTCA
KOHL,EBbIM [iBYXYT/IEPO4HbIM 3BEHOM BHOBb
06pa3oBaHHOl aueToaueTUbHOW Fpynmbl
(puc. 21-9). Mpwn aToM aueTunbHas rpynna
BbITECHAeT CBOOOAHYI KapbOKCUMbHYIO
rpynny ocrtatka ManoHata B Buge CO2.
B xope aToi peakummn obpasyetca Ta camas
CO2, KoTOopas UCXOAHO BK/KOYMNACL B MO-
nekyny manoHun-CoA nyTeMm ONUCaHHOWN
Bbiwe aueTun-CoA-kapboKcMnasHoli peak-
uun. Takmm o6pas3om, B xofe 6GMOCMHTE3A
XXUPHOW KWCNOTbl [BYOKUCb Yyrnepofa He
MCMNONb3yeTcs ANA MNOCTPOEHUS KOBA/EHT-
HOro 0CTOBA MOEKY/bl XWPHOW KUCNOTbI,

AueTunbHas rpynna
7

CH3—C—S—Cy3

‘0 _C—CHR—C—S-® n—%
2

ManoHunbHas rpynna
co2 »

HS— Cys

CH3—C--CH2—C -
I
o 1 o
3-keToauun-S -Alb

Puc. 21-9. Peakuusa KoHAeHcauuu B 6MOCUHTE3e
XKUPHbIX KncnoT. OTwennedmne C02 0T ManoHWUb-
HOI rpynnbl (NokasaHa KpacHbIM LiBETOM) co3faeT
ABUXKYLLYIO CUlYy ANS NepeHoca aueTUNbHOR rpyn-
nbl (Ha cepom (hoHe) oT Cys—SH Ha 2-ii yrnepog-
HbI/i aTOM ManoHWNbLHON rpynnsl. VicxoaHas
aleTUAbHas rpynna no 3aBepLUeHWN CUHTE3a Xup-
HOM KWCNOTblI CTAaHOBMTCS NOCNeAHEN ABYXYyrne-
pPOAHOV eANHULEA MeTaNbHOIO0 KOHLA MOEKY bl
XUPHOW KNCNOTBI.

a urpaet pofib KaTanM3aTopa, MOCKONbKY
KaXfbli pas npu MpPUCOEANHEHUN HOBOMN
LBYXYT/IEPOAHOV efjMHULbI OHa PEereHnpu-
pyeT, OTWENNAACh OT pacTyLlei Lenu Xup-
HOM KWUCNOThI.

3auem kneTkam noHagobwunochb cospa-
BaTb ManOHUMbHYIO rpynny n3 aueTunbHOM,
npucoegnHas CO2, koTopas 3aTemM BHOBb
oTwennseTca npy obpasoBaHUM aueToale-
TaTa? OTBET Ha 3TOT BONPOC 3ak/t4vaercs
B TOM, 4YTO npu oTwenneHun CO20T mano-
HUMBHOM TPYNMbl pe3Ko BO3pacTaeT peak-
LMOHHas CNOoCO6HOCTb OCTAaBLUErocH [fBYX-
yrnepogHoro gparmMeHTa n 6narogaps aTo-
MY OH MOXeT 6bICTPO B3aUMOAeiCcTBOBaTb
C aueTunbHOM rpynnoii (puc. 21-9).

6. 3-KeT0BOCCTAHOB/EHUE

AuetoaueTtnn-b-AlNb nopgsepraetcsa fa-
Nnee BOCCTAHOB/IEHMIO NO Kapb6OHWbHON
rpynne ¢ o6pasosaHuem D-3-rugpokcuby-
Tupnn-S-AnB. B 3Toli peakuumn, Katanusn-
pyemoli  3-keToauun-AlBb—peaykTasoi,
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B KayecTBe [JOHOpPa 3NEKTPOHOB MCMOSb-
3yetcs NADPH (puc. 21-10).
HS—Cys
\

E + NADPH + H4

AueToauetun — S— AFIB/
HS—Cys

E + NADP*

D-3-rugpokcunbytupmn — S — AI'IB/

HS—Cys

CH3—C—CH2—C—S-®n
OTmeTuM, 4to D-3-rngpokcmbyTupunbHas

0 0 rpynna cTepuyeckn He upeHTU4YHa L-3-ru-

AueToauetun-S -Afb N'j‘r"?_'F:rH APOKCMALMUALHOI Fpynne NPpoMeXxxyTOYHOro
npoayKTa, 06pasyroLLerocs npyu oKUCIEHNN
NADP+ XUPHbIX Kucnot (pasg. 18.4,6).

B. [lerngpaTauus

B xofe TpeTbero aTana LWKNa CUHTe3a

XUPHON KucnoTel D-3-rugpokcmbyTupmn-

S-AMNB pgerngpatupyetca noj AelicTBMEM

3-ruapokcnbyTupun-S -Arb 3-rugpokcunaunn-AlN b — gerngpaTassbl
¢ o6pasoBaHuem TpaHc-[2-6yTeHomn-8-

H2
AMNB (puc. 21-10).
HS—Cys
\
E
D-3-rugpokcnbytrpun —S— Alb /
HS—Cys
\
E + H2

Tparc-A26yTeHoun-5 -AMB  NADPH
*H TpaHc-b 2-6yTeHonun —S— AMB A

NADP+ r. Hacoiuwenue

Ha u4eTBepTOM 3Tane, 3aBepliatoLLlem
OfMH LMK peakLuuii, 0CyLecTBNAEMbIX CUH-
TasHbIM KOMMAEKCOM A1 XXWUPHbIX KWUCNOT,
LBOIHasA cBA3b WpaHCc-A2-6yTeHonn-5-AlMb
BOCCTaHaB/NMBAaeTCA, UNN HacbllaeTcs, Moj
By TUpun-S -AMB felicTBuem eHoun-AlNb— pegykTasbl

c obpa3oBaHMeM 6yTupun-b-Alnb

Puc. 21-10. Tpu nocnefoBaTe/ibHbIX 3Tana LuKia
CUHTE3a XWPHOI KucnoTbl. MO OKOHYaHUW no-
cnefiHeil peakuun 6yTupunbHas rpynna nepeHo-
cutca Ha —SH-rpynny uuctenHa. Mocne atoro
dn—SH-rpynna onaTe rotToBa COeAUHUTLCA CO
cnegytouleii BcTynatouieidi B peakynio ManoHUNb-
HOl rpynnoit manoHmn-CoA.
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(puc. 21-10). Ponb [OHOpa 3M1EKTPOHOB
B 3TO/ peakuun BHOBb urpaeT NADPH.

HS—Cys

E + NADPH + H+

/
TpaHc-A42byteHoun — S— Alb

ByTupunbHaa rpynna nocsie 3Toro nepeHo-
cuTca ¢ —SH-rpynnsl oconaHTeTenHa
Ha —SH-rpynny uucrenHa.

HS—Cys

bytupun — S— Allb

bytnpun — S—_Cys

HS—

631
HS—Cys
E + NADP4
/
bytupun—S— Alb
\
E
/
Alb
UMKne peakuwid. [lanee rekcaHombHas

BHOBb 06pa3oBaHHas y[A/MHEHHaa auuib-
Has rpynna 3aHuWMaeT Tenepb MOM0OXeHUe
npu 1ol — SH-rpynne, ¢ KOTOPOIA UCXOA4HO
6blna cBA3aHa aueTWnbHaa rpynna.
HOBbI LUMKN peakuuii, NPUBOAAWLMNX K Y-
JINHEHUIO Uenu elle Ha OA4HO ABYXYrnepoj-
HOe 3BEeHO, HauYMHaeTCs C NnepeHoca Clefyto-
Wwed ManOHUNLHON rpynnbl C ManoHWA-
CoA Ha —SH-rpynny ocgonaHTeTenHa
ATIB  (puc. 21-11). [Oanee O6yTupuibHas
rpynna nokupgaer —SH-rpynny uUucTenHa
n 3amewaet CO2 B ManoHWUILHOW rpynne
Ha HS—ATB. B pe3ynbTtate nony4yaetcs
WecTUyrnepofHas ayunbHaa rpynna, Kosa-
NEHTHO CcBA3aHHasA ¢ — SH-rpynnoii gocdo-
naHTetTenHa. B xofe Tpex cregyrowmnx aTa-
NoB CUHTA3HOro UukKna 3-ketorpynna obpa-
30BaBLUeCcA auWNbHOW rpynnbl BOCCTaHa-
BNMBAETCA U 06pa3yeTca WecTUyrnepoHas
HacblWeHHaa auunbHag rpynna nojo6Ho
TOMY, KaK 3TO NMPOVUCXOAUT B MpefblAyLLIEM

Puc. 21-11. Havano BToporo o6opoTa LuMKna CUH-
Tesa XWUPHOW KucnoTbl. ByTupunbHas rpynna ces-
3aHa ¢ —SH-rpynnoii yuctenHa. BeTynawowas

B peakuuio ManoHWIbHAA rpynna cBA3blBaeTCs

¢ dn—SH-rpynnoii. Ha atane KoHAeHcauun 6y-
TUPUNbHAA rpynna, coefnHeHHas ¢ Cys—SH-
rpynnoii, o06MeHNBaeTCs Ha CBOGOAHYH Kap6oK-
CU/IbHYIO TPYNMNy MafoOHUABHOTO OocTaTka, KoTo-
pas npu atom oTwennsetcs B Buge C 02 (Ha kpac-
HOM (hoHe). B o6pa3oBaBLIeMCS MPOAYKTE - Luec-
TUYTNEPOAHON 3-KeToaUUNbHOW rpynne-yeTbipe
aToma yrnepojga npoucxogat us manoHun-CoA,

a oCTaNlbHble ABa-n3 auetun-CoA, ¢ KOToporo
HaymHanacb peakuus.

rpynna nepeHocutca ¢ — SH-rpynnel oc-
(honaHTeTemHa Ha — SH-rpynny uucTenHa.

Mocne cemy TakMx LUMKNOB ob6bpasyeTcs
KOHEYHbIN NPOAYKT-NaNbMUTONT—S-
ATlB. lMpouecc HapawmBaHua Lenn 3akKaH-

ManoHun-CoA

HS—CoA "

-00C—cH[p——£
o)
ManoHunbHaa rpynna

N3 auetun- W3 nepsoro N3 BTOpOro

CoA mManoHun-CoA  manoHun»CoA
(HaBepxy)
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yuBaeTca Ha 16-m yrnepogHom atome, no-
cfle Yero nof fencTBMem rMaponuTUYeCKO-
ro gepmeHTa MoOJfieKyna nanbMUTUHOBOW
KUCNOTbI OTWennserca oT monekynol AlB.

HS—Cys

Manbmutonn— S — Arlb

OTMeTuUM, 4TO AN CUHTe3a ManibMUTUHO-
BOW KMCNOTbl HEO6X04MMbI fiBa BUAA XUMU-
YecKoli  aHeprum-sHeprus  QocgaTHON
rpynnel ATP 1 BOCCTaHOBUTENbHbIN MOTEH-
unan NADPH. ATP HyxeH ans o6pa3soBa-
HUA TMO3MPHOI cBA3M B aLeTun-CoA u no-
cTpoeHua manoHun-CoA nyrtem npucoegu-
HeHna CO2 k auetun-CoA, Torga Kak
NADP ncnonb3yerca gnsa BOCCTaHOB/IEHMUA
ABOMHbIX CBS3EMN,

NADPH, KoTopbliA HE06X0AMM N8 BOC-
CTaHOBWUTENbHbIX peakunil, NpOTeKat L nx
B X04e 6MOCUHTE3a XXMPHOI KUCNOThI, B pas-
HbIX K/IeTKax NocTynaeTt U3 fiBYX pasfinyHbIX
MCcToYHUKOB. B neuenn NADPH o6pa3syeT-
cA rnaBHbIM 06pa3oM B peakuusx MeHT030-
thocgpatHoro nytu (pasg. 16.13), B OCHOB-
HOM Moj felicTBUeM TNKo30-6-hochaT—
ferngporeHassl

Fnoko3o-6-hocpar + NADP+ -*
-* 6-pocpornokoHat + NADPH + H+.

B XnposbiX KNneTKax (agnnouuTax)
NADPH o6pasyetca npeumyLiecTBEeHHO
B pe3ynbTaTe [eACTBMA Manat-gerugpore-
Has3bl

Manat + NADP+
+ CO2 + NADPH

-» [upysaTt +
+ H+.

O6e 3Ty peakuuu, npusogdwme K obpaso-
BaHUt0 NADPH, npoTtekaioT B uutosone,
B KOTOPOM  MOAspHOe OTHOLIEHNUE
NADPH/NADP+ oueHb Benuko (0KoNo
75), uTo 06ecneymBaeT BbICOKMIA BOCCTaHO-
BUTE/NbHbIM MOTEHUMaN, HeO6X0AUMbIA ANs
CUHTE3a XUPHbIX Kucnot. HanpoTtus, MO-
napHoe otHoweHve NADH/NAD + B uuto-
30/1e 3HAUYMTENIbHO MeHble (OHO cocTa-
BnAetT npubnusntensHo 8+10“4). NADPH
B LMTO30/M€ MpeKkpacHo npucnocobneH ans
ponn NepBMYHOrO AOHOpPa BOAOPOAHbIX
aTOMOB, UCMNO/b3yeMbIX B X0fe BOCCTaHO-

BUWOSHEPTETUKA N METABOIN3M

BUTENIbHBIX BUOCMHTETUUECKUX peakuuii.
CyMMUpYs BCE U3/T0XKEHHOE Bbllle, MOX-

HO CKa3aTb, YTO (DEPMEHTATUBHbIW GMOCKH-

Te3 NanbMUTUHOBOW KUCNOTbI OT/IMYAETCS

HS—Cys

ManbMuTMHOBAs \

KucnoTa y
HS— Alb

0T ee (PePMEHTATUBHOIO OKUC/EHNA 1) BHY-
TPUKNETOYHOW foKanusauuein; 2) npupo-
[0 nmepeHOCYMKa  auWibHbIX  Fpynn;
3) hopmoil, B KOTOPOW ABYXYINepogHble
eAVHULbl NPUCOELNHAIOTCA K Lenmn XXUPHOW
KWUCNOTbI NN OTILENNAOTCA OT Hee; 4) cTe
PeoKOH(UrypaL el NPOMeXyToYHOro B-ru-
LPOKCUALMNLHOTO COEUHEHUA; 5) TUMOM
NUPUANHOBOTO HYK/Ie0TUAA, UCMONb3YEMO-
ro B BOCCTAHOBWUTENIbHbIX  peakuusx,
n 6) yyactnem CO2. MepeyncrneHHble pas-
nmuuna (tabn. 21-1) nokasblBalOT, 4TO 3TU
[iBa NPOTMBOMOOXHO HanpaB/ieHHbIX MPo-
Liecca XxapakTepusyTcsa pasHbiMU (hn3nye-
CKUMWU U XUMWUYECKUMU napameTpamMu.

Tab6nuua 21-1. Paznuumsa mexay
hepMeHTAaTUBHbLIM 6GUMOCUHTE3OM
N pepMeHTATUBHbLIM OKUCAEHUEM
nanbMUTUHOBOW KUCAOTbI

BuocuH- Okwucne-
Tes Hue
BHyTpuknetouHas Uwnto- Murto-
nokanusauus 30/1b XOHApUU
MepeHocuuk AMB CoA
auyunbHbIX rpynn
®opma, B KOTOpOii Mano- AueTtunn-
ABYXYrnepofHble HUn-CoA CoA
thparMeHThbl
y4acTBYOT B
peakuyuu
CTepeounsomepHas D L
thopma 3-ruApokK-
cnaunnbHo
rpynnel
HAoHop wunu NADPH FAD,
aKuenTop 3anek- NAD +
TPOHOB
Yuvactne CO2 Na Hert
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21.6. NManbMnTUHOBaAA KucnoTta
CNYXUT MpeaLecTBEHHUKOM
APYTUX AIVNHHOUEMOYeYHbIX
XXUPHBIX KWUCIO0T

B JXMBOTHBIX K/eTKax MasbMWUTUHOBAS
KUCNOoTa, 06bIYHBIA NPOAYKT, 06pasytowmnii-
CA B CUHTA3HOM UWK/IE XXWUPHBLIX KWUCOT,
CNYXUT MpefLecTBEHHUKOM APYTUX LNWH-
HOL,ENOYEeYHbIX XUPHbIX Knucnot
(puc. 21-12). Mpu nomowmn QepMeHTHbIX
CUCTEM, KaTalu3npyroLWmnx YANUHeHWe Le-
Mei XXMPHbIX KACNOT, OHA MOXET YANNHATb-
cA nyTeM TMPUCOELVWHEHNA aueTUNbHbIX
rpynn, NnpuBoAALLEro K 06pa3oBaHuio cTea-
puHOBO KucnoTbl (18 aTomoB yrnepoaa)
nnn 6onee SAVNHHbBIX HACILWEHHbIX XWPHbIX
KWCNOT; 3TOT MPOLECC MPOTEKAeT B 3HAO-
nnasMaTMyeckom pPeTUKyNyMe n MUTOXOH-
opuax. CucTema YAAUHEHUA LEenu B 3HAO-
nnasmMaTMyeckoMm peTukynyme, obnapgato-
was 6onee BbICOKOW aKTMBHOCTbIO, feil-
CTBYeT TOYHO TaK >Xe, KakK Npu CUHTese
nanbmuTata: creapoun-Alb o6pasyetcs
13 nanbmutonn-Alb nytem npucoeguHe-
HUSA ABYXYTNepoAHbiX (parMeHTOB, AOHO-
POM KOTOPbIX CNYXUT ManoHun-CoA.

ManbMUTUHOBaA W CTeapuHOBAA KWuC-
NOTbl ABNAOTCA NMpejllecTBEHHUKaMW [BYX
Hanbonee pacnpocTpaHeHHbIX B XXWBOTHbIX
TKaHAX MOHOHEHACHILLEHHbIX XUPHbIX KUC-
not (puc. 21-12): nanbmuTOnenHoson (16
aToMOB yrnepoga) n onenHoBoii (18 atomoB
yrnepoga), Kaxpasa u3 KOTOpPbIX COAepXuUT
OfHY i/MC-fBOViHYIO CBA3b B A9-NONOXKEHUU
(pa3g. 12.1). O6pa3oBaHWe ABOIHOW CBA3N
B MOJIEKYNe XXWPHOW KMCAOTbl MPOUCXOANT
B pe3y/nbTaTe peakuun OKWCNEeHWsA, KaTanu-
3upyemoin auun-CoA— oKcureHason

Manbmutonn-CoA + NADPH +
+ H+ + 02 -*

-» Manbmutonenn-CoA 4 NADP+ 4
+ 2H20,

Cteapoun-CoA + NADPH + H+ +
+ 02 —>»

-» Oneunn-CoA + NADP+ + 2H20.

3TV peakyuyM MOTyT CNYXUTb MprMepamu
peakuuii OKUCNEHWS, KaTalM3MpyeMbiX OK-
CWTEHa3aMn CO CMeLUaHHON (yHKUuWeld, no-
CKO/lbKY B HUX OHOBPEMEHHO OKUCASOTCA

ManbmMUTUHOBasA K1cnota
(o
€,

~yO6pasoBaHue ABOWHON
cBA3M

YanvHeHve

uenn NanbmuTONenHoBas
Kucnota
(C..A»)

CreapuHoBasi Kucnota

<(;1)

\ O6pa3oBaHne [BOINHOI

BbiClIME HaCbILLEHHbIE cBA3M

XXNPHbIE KNCNOTbI

OnevHoBas KucnoTa

C«m

He o6pasyeTtcsi y NO3BOHOUHbIX,
HO obpasyeTcsa y pacTeHuii

JivHonesast (C 15n 9* 12

O6pasoBaHue ABOIHON
cBA3M

PacteHus

a-/lnHoneHoBas y-NinHoneHosas (C1806° 9» 12

1 YpnvHeHve uenu

Apyrve

MoNMHEHachbllWeHHble  Jiiko3aTpueHosasn (C 4 8» 11* m)
KNCNOTbI " M

O6pa3oBaHue [BOIHON
cBA3M

MpoctarnaHgnH G1
ApaxupgoHoBas (C  [,5*8»11» 14)

MpocTarnaHanHel

B Wl

MpocTarnaHguH G

Puc. 21-12. TlyTh CUHTE3a XWUPHbIX KUCNOT.
ManbMUTUHOBAA KUCNOTa CNYXUT NpefLlecTBeH-
HWKOM CTEapWHOBOW KMCNOTbI U APYTUX AANHHO-
LIeNoYeYHbIX HACbILLEHHbIX XWPHbIX KACNOT, a Tak-
K& MOHOHEHACHILLEHHbIX KUCNOT-NanbMuUTO-
NeNHOBOI W 0NEMHOBON. B opraHn3Me XWBOTHbIX
0NeNHOBas KMUCNOTa He MOXeT NpeBpaliaTbCcs B
NINHONEBYIO, MO3TOMY NMHONEBaA KUCNoTa ABNAET-
€ ANS HUX HE3aMEHMMOM XWUPHOW KUCNOTOM,
KoTopas 06s3aTeNbHO AO/KHA COAEpPXaTbCcs B M-
Le. Ha pucyHke nokasaHo npeBpalyeHune nnMHone-
BOIN KMCNOTbI B APYrie MONMHEHACHILEHHbIE XMNp-
Hble KMCNOTbl W MpocTarnaHAnHbl. B 0603Ha4eHn-
AX HEHaCbILWEHHbIX XXUPHbIX KMCNOT yKasblBaloT
4MCNo yrnepofHbIX aTOMOB, a TakXe 4Mcno 1 no-
NOXeHWe ABOWHbIX cBA3ell. Tak, NMHONEBas KUCNO-
Ta (C1809,12) conepxuT 18 aToMOB yrnepoga v
fBe AABOViHble CBA3N: OAHY MexAay 9-m u 10-m aTto-
MaMu yrnepoga u ogHy mexgy 12-m n 13-m.
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[BE pasHble rpynnbl: 0fUHAPHasA CBA3b XUP-
HO kmcnoTel 1 NADPH.

B XMBOTHbIX TKaHAX ABOIHas cBA3b B [19-
MOMOXEHUN MOMEKY/bl XUPHOW KUCNOTbI
o6pa3syeTcs Nerko, Torga kak o6pasoBaHue
[LOMONHUTENLHON [BONHOW CBA3NM  MexXAy
A9-4BOWHON CBA3bIO N MeTaibHbIM KOHL,OM
XXUPHO KMCNOTbl HEBO3MOXHO. Mnekonu-
Talol e He MOTyT CUHTE3UpOBaThb NMHONe-
BYI KMCNOTY (C ABYMSA LBOMHBLIMU CBA3AMM
B A9- 1 A12-MONOXEHUSAX) U U-TMHONEHOBYIO
(C1849 12' 15). MMOCKONbKY 3TU XUPHble KNC-
NOTbl UCMNONb3YIOTCA B KayecTBe MNpejLue-
CTBEHHWKOB B CUHTe3e ApPyrux npoaykKTos,
OHW AO/MKHbI 0643aTeNbHO MOCTyNaTb B NK-
WY XWBOTHbIX U3 PAcTEHWA. DTU KUCNOTbI
Ha3blBAlOTCA  MO3TOMY  He3amMeHWMbIMU
YKUPHbIMK KUcnoTamu. HefocTaToK B nuule
NNHONEBOI KUCNOTbl BbI3bIBAET Y KPbIC Ye-
WwyiyaTblii gepmaTtuT. MocTynuBewas B op-
raHnu3M MeKonuTarWwmx NuHoMeBas Kuc-
noTta CNyXuT eUHCTBEHHbLIM NPejLWecTBeH-
HUKOM [PYrUX MOJIMHEHACHIWEHHBIX KUC-
NOT, TaKNUX Kak y-TMHONeHoBas 1 apaxuioHo-
Bafg kucnotel (pasg. 12.1); (puc. 21-12).
ApaxunpgoHoBas Kucnota cogepxut 20 ato-
MOB Yyrnepoja W 4YeTbipe [BOIHbIe CBA3N
B nonoxeHusx A5 A8, A1l n Ald. 3Ta Kuc-
noTa MMeeT 4pes3BblYANHO BaXHOE 3Haue-
HUe, TaK KaK CNYyXUT He3aMeHUMbIM Mpej-
LeCTBEHHWKOM 60NbWIMHCTBA NpocTarnaH-
OVHOB M TPOMO6OKCAHOB-TOPMOHOMO-
[JOOHbIX BELECTB, Perynupyroumx pasHo-
ob6pasHble K/eTouHble QyHKummn (rn. 25).

21.7. Perynaumsa 6uocuHTE3a
XUPHBbIX KWUC/OT

CKopoCTb 6MOCKMHTE3a XMPHbBIX KUCMOT
onpefensetrca rnasHblM 06pa3om  CKo-
pocTbto aueTun-CoA-kapboKCMNa3HOW pe-
akuuu, B pesynbTaTe KOTOpoi o6pasyeTcs
manoHnn-CoA. Auetun-CoA—kapbokcu-
nas3a-3T0 annocTepuyeckuii epmeHT, Ko-
TOpbI/ B OTCYTCTBME LUTpaTa, UrpaloLLero
ponb aKTUBMPYIOLWEro MOAyNATOpa, Mnpo-
ABNAET 0YEHb HU3KYI aKTUBHOCTbL. [MOBbI-
LIeHVe KOHLeHTpauuy umtpata B MUTOXOH-
APUAX NPUBOAUT K TOMY, YTO MPW MOMOLLK
YeNHOYHOro MexaHu3ma OH HayMHaeT no-
CTynaTtb B LUMTO30/b. [loABNEHME LuMTpaTa
B LIMTO30/1€ CNYXUT an/oCTEPUUYECKUM CUT-

BMUO3HEPTETUKA N METABO/IN3M

Has0M, 03Ha4aK WM, YTO LUK TMMOHHOM
KUCNOTbl MEPErpy>XXeH «TOMAMBOM» W 4TO
n36bITOK auetTun-CoA A0/MKeH 3anacaTbecs
B BuAe Xupa. CBA3biBasAchb C annocrepuye-
CKMUM yyacTKoM aueTun-CoA—kap6boKcu-
Nnasbl, UMTpaT 3HAUYUTE/NIbHO YCKOPSEeT npe-
BpaweHue auetun-CoA B manoHunn-CoA.
B uuTOo30ne umTpaTt MCNOMb3yeTca TakKxe
KaK UCTOYHUK aueTun-CoA, KOTopblii HEOO-
XOAUM NS CUHTE3a XUPHbIX KUCNOT. B TOM
cnyvae, Korga nanbMutoun-CoA (nNpoaykr
CMHTe3a JXKMPHLIX KUCNOT U Henocpepn-
CTBEHHbI NpefLwecTBEHHUK TprUaymaramLe-
ponoB) o6pasyeTca B U3BbITOYHbIX KO/MYe-
CTBax, OH UrpaeT pPo/fib aj0CTEPUYECKOro
nHrnéutopa aueTun-CoA—kapbokcunassi.
IMOCKONbKY >XWPHbIE KWUCMOTbI 3anacarTcs
He B cBO6OAHOM BUje, a B hopMe Tpuaumn-
rNULeposioB, KOHLUeHTpaumsa ravuepondgoc-
thata (04HOro U3 MpefLecTBeHHWKOB Tpua-
LUUATINLEPONIOB) MOXET OKa3blBaTb pery-
NNpylolLee BANAHWE HA CUHTE3 JKUPHbIX
KUCnoT. Apyrue akTopbl, 0 KOTOPbIX peyb
noiifeT fanble, KOOPAUHUPYHOT GMOCUHTE3
XXUPHBIX KUCNOT C OOMEHOM YrneBOfOB.
[aBaiite Tenepb pacCMOTPUM, KakKuM
06pa3oM U3 XUPHbIX KUCOT U rAuuepona
CUHTe3NpYTCA TpUauuUArinueponsbl.

21.8. BnocuHTes
Tpuauunlnuueponos

n innuepondgochatnios
HauynHaeTca € 06LWMX
npejLwecTBEHHUKOB

B XMBOTHbIX TKaHAX 6MOCMHTE3 Tpua-
UMATANLEPONOB W TNaBHbIX octhonunu-
foB -thocthaTuanndTaHonammHa u gocga-
TUAUNXONNHA HA4YMHAETCA C ABYX 06LWnx
npejLecTBEHHUKOB U UMeeT HECKO/bKO 06-
wux atanos. O6WMMMN npefLIeCTBEHHWKA-
Mun cnyxaT CoA-3hupbl >KUPHbIX KUCNOT
n rauuepon-3-cpochaT. [nuuepondocdar
MOXeT 06pa3oBbiBaTbCA ABYMSA MYTAMU.
B xofe rnukonusa OH BO3HWKaeT U3 [UTW-
JpoKcuaueToHgochaTa nog AeliCTBUEM LU-
TOMNa3MaTUYeCcKoro NAD-3aBucumoro
thepmeHTa ravuepondoctaTerugpore-
Ha3bl:

OurngpokcmaHetoHpocgar +

+ NADH + H+ 7

A L-ranuepon-3-gpocpar + NAD+.
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Kpome ToOro, rnuuepondochar Moxet
obpasoBaTbCA W3 rAuuepona nog feld-
CTBMEM TrnuueponkuHassl (pasg. 14.13):

ATP -I- nuuepon -»
-+ [nuuepon-3-thochatr + ADP.

Opyrumn npealwecTBeHHUKaAMU  Tpuauun-
ranueponos cnyxatr CoOA-Npou3BOAHbIE
XVPHBbIX KWCNOT, ob6pasylolmecs npu no-
mouwin aumn-CoA—cnHTeTas (pass. 18.2)

ATP +
“m Aumn—S—CoA +
+ AMP + PP,

XXupHaa kucnota +
+ CoA—SH

Ha nepsom aTane 6uocuHTe3a Tpuayun-
rANLeponoB MNPOUCXOAWNT aunnuMpoBaHue
[BYX CBOOOAHbBIX TUAPOKCUBbHBLIX Tpynn
rnvuuepondocdara gsyms monekynamm Co-
A-NpON3BOAHbIX XUPHbLIX KACNOT ¢ 06paso-
BaHVEM avauunrnunuepon-3-gocgara
(puc. 21-13):

Aunn—S—CoA + T[nuuepon -+
-» MoHoauunrauuepon-3-gocar +
+ CoA—SH
MoHoauunrnmuepon-3-tocgar +
+ Aumn—S—CoA -»
-> Auauunnraunuepon-3-ocgar +
+ CoA—SH
Ovauunnranuepon-3-ocgar (Yawe ero Ha-
3blBalOT hochaTWUAHON KUCNOTON) BCTpe-
yaeTcA B KneTKax UL b B CNeJ0BbIX KOnye-
CTBaX, OfiHAKO OH fBNAETCA BaXXHbIM NpPO-
MEXYTOUYHbIM MPOAYKTOM B 6GMOCUHTE3e
nMnngos. B xoge cnHTesa Tpuayunrauuepo-
NnoB (hocaTmaat rugponmsyerca gochaTm-
paT-hochaTasoin ¢c obpasoBaHnem 1,2-aua-
unnrauuepona (puc. 21-13):

dochatngar + H20 ->
e 1,2-pgnauunnrangepon + Px

Ovauyunravuepon,  B3aMMofeicTBys  C
TpeTbeit Monekynoii COA-NpoU3BOAHOI0
XUPHOM KMCNOTbI, NpeBpaliaeTcs 3aTem

B Tpuauwnnrannuepon:

COA-Npon3BOAHOE JKWPHON KUCNOTbI +
+ 1,2-gnayunrnvuepon —a

-* Tpunaunnrnmuepon - CoA—SH.

®opMUpoBaHUE Kaxioi 3thMpPHON CBA3M
TPUALUNTANLEPONIOB TPeGyeT 3HAUUTENb-
HOTO KO/JM4ecTBa CBOGOAHON aHeprun. [ns
TOro YTOGbl BO3HUK/IA 3PMPHAs CBA3b, XUP-

H—C—O0H

| rnuuepondochar
H—C—OH Heponpocd

H—C—O—POs:
L-octaTnpar
H

docdatngar-
¢hochatasa

H—C—oO-
H—C—0—'

H—CI—OH Luauunranuepon
H

Puc. 21-13. CuHTe3 guauyunrnuueponos. [iga oc-
TaTKa XXWPHbIX KUC/OT BCTYNalOT B peakuuto
nocnefosatensHo. Kak npasnno, B N0ON0XeHUs

N R2 BKNOYaTCA fiBa pasHbIX oCTaTKa A/IMHHO-
LIeNOoYeYHbIX XUPHbIX KNCNoT. CnefyeT MOMHUTD,
4YTO B MONeKyne gnauymnravuepondgoceara ganHa
KUPHOKNCIOTHBIX OCTAaTKOB 3HAYUTE/IbHO MPEBbI-
WwaeT pasmepsl MOJieKy/bl rauuepondgocdara

(pa3g. 12.2)

Hasg KUCnoTa cHayana [oJSKHA aKTMBMpPO-
BaTbCA NyTem o6pasoBaHua atumpa ¢ CoA;
4N 3TOM peakuunm Heobxoguma 3Heprus
[BYX BbICOKO3HEpPreTuyecknx GocgaTHbIX
CBfi3ei, TaK Kak OHa nmpoTekaeT 6narogaps
nupotochatHoMy  pacwenneHuto  ATP
M nocnegywowemy ruaponusy obpasosas-
weroca nupogocpara.
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21.9. bunocuHTes
rpuayuarnmueponos
perynupyetca ropmoHammu

B HOopme y B3pOCAbIX NOAEA U Yy Xu-
BOTHbIX GMOCUHTE3 U OKUCMEHME Tpuaymn-
rMLeponoB nNpoTeKalwwT OAHOBPEMEHHO,
M AN 3TUX MNpPOLEccoB YycTaHaB/IMBaeTCs
onpefeneHHoe CcTaLMOHapHOe COCTOsHME,
TaK 4YTO KO/IMYECTBO XMpa B OpraHnu3me co-
XPaHAeTCA B TEYEHWE CPaBHUTENbHO Aun-
Te/IbHOTO BPEMEHWM Ha OTHOCUTENbLHO MO-
CTOAHHOM YpPOBHE, XOT#A, KOHEYHO, Mpu
MU3MEHEHUN KanopWHOCTU NULLEBOr0 pa-
LLMOHa MOTyT BO3HWKaTb HE3HaUYUTeNbHble
BPEMEHHbIE OTK/IOHEHMA. OIHAKO B TEX CNy-
yasx, Korga yrneBofbl, XWUpbl WAN 6Genku
ynoTpebnATCA B KONMYECTBAX, MPEBOCXO-
AW MX 3HepreTnyeckme noTpebHOCTM opra-
HM3Ma, MW3IUWKKU Kanopuil 3anacarTcs
B BMAE rpuayunranLeponoB. VICTOYHWKOM
auetmn-CoA, Heo6X0AMMOro ANS peanbHO-
ro 6MOCMHTE3a XMNPHbLIX KUCAOT 1 TpUauuni-
rMULEPONIOB, MOTYT CNYXWUTb Kak yriesofbl
(rn. 16), Tak M yrnepofHble LenM aMMHOKMNC-
not (rn. 18). HakonneHHbll Takum o06pa-
30M M36bITOK XXUpa MOXET 6bITb MCMO/bL30-
BaH ANA MONYYEHWS 3HEprum, 4YTo MO3BO-
NAeT OpraHM3My NpMcnoco6aaTLCA K rono-
faHuto (rn. 26).

CKopocTb 6MOCMHTE3a TpUaLUArInLepo-
NOB pajuKanbHO MEHAeTCs Moj AencTBMEM
psfa ropMoHoB. VIHCYNWH, HampuMep, CTU-
MynupyeT npeBpalyeHune yrneso0B B Tpua-
uuaramueponbl. Mpu  Taxensix Gopmax
OvabeTa B pesy/nbTaTe HapyLleHUs Cekpe-
UMM Mnn JeiCTBUA WMHCYNMHA Y 60/bHbIX
yTpaymBaeTca CNoCOBHOCTb He TONIbKO npa-
BMbHO yCBamBaTh FIKOKO3Y, HO U CUHTE3U-
pOBaThb XUPHbIE KUCAOTbI U TpUaLUAranLe-
ponbl 13 YrneBOfOB WAN aMWUHOKMWCAOT.
BcnefgcTere 3TOro Yy HUX YBeAM4YMBaeTCs
CKOPOCTb OKMC/IEHUS XXNPOB 1 06pa3oBaHua
KETOHOBbLIX TeN; B pe3y/bTaTe NMPOMCXOAUT
notepsa Beca. Ha o6meH Tpuayunrauuepo-
NOB OKa3blBaeT TakKXe BAUAHME CeKpeuwus
rmnogu3apHoro ropmoHa pocta, ropMOHOB
KOpbl  HAAMOYEYHWKOB W  T/lOKaroHa
(rn. 25).

21.10. Tpwauunrauueponsl -
WUCTOYHUK 3Heprun N HEKOTOpbIX
Bnajalowmx B CNAYKY XUBOTHbIX

MHOrne >XWBOTHble BO BPeEMS 3VMHENR
CMAYKM, B Mepuofbl MUTpaLuin, a Takxe
B Apyrux cutyauusax, Tpebywowux pagu-
KafbHbIX MPUCNOCOBUTENbHBIX W3MEHEeHW
0OMeHa BellecTB, UCMOMb3YIOT B KayecTse
MCTOYHWKA 3HEPTY 3anaceHHblli B OpraHu3-
Me Xup. Bep6nwogbl, HanpuMep, MoryT Aa-
Xe ucnonb3oBaTb BOAy, 06pasyloLycs
MPU OKWUCMIEHWUMN XXWUPOB.

OAHUM 13 Hanbonee SPKNX U XOPOLLO W3-
BECTHbIX MPUMEPOB NPUCNOCO6IEHNUSA XXNPO-
BOro O06MeHa Yy >XWMBOTHbIX K Hebnaro-
NMPUATHLIM YCNOBUAM CYLLECTBOBAHUA MO-
XeT CNYXWUTb 3UMHAA Chnfdyka MeaBefein
rpusnn. 3UMHUIA COH 3TUX MeaBefdel ANUT-
CA, He MpepbiBaAcb, B TeyeHWe 7 MeCALes.
B oTimumne oT gpyrux BnafjatoLnx B Crnavky
XMWBOTHBIX Y TPU3NKN TemnepaTypa Tena Bo
BPEMA CHa nojjepxusaetca Mexagy 32
1 35°C, T.e. NOYTN Ha HOPManbLHOM YPOBHe.
HecmoTpsa Ha TO 4YTO B TakKOM COCTOAHUU
MefBefb pacxofyeT okono 6000 kanopwii
B [leHb, OH B TEYEHWe HECKO/IbKUX MecsLeB
HWYero He ecT, He NMbeT W He BbILENAET HU
MOUM, HN Kana. Mpu BHe3anHOM nNpobyxje-
HUW TPU3NKN MPaKTUYECKN Cpas3y Xe Mpuxo-
OUT B BO36YX[EHHOE COCTOSAHME U TOTOB
K caMmoobopoHe.

JKcnepuMeHTanbHble UCCefoBaHns no-
Kasanu, 4To 3anaceHHbll B OpraHnu3me meg-
BEAA XUP CNYXUT ANA HETO €UHCTBEHHBIM
MCTOYHWKOM 3HEPTUM BO BPEMSA CMAYUKM.
O6pasytoleiica nNpyM  OKUCNEHUU HKMPOB
3Hepruu xBaTaeT Ha NoAfepXXaHue Temne-
paTtypbl Tena, akTUBHbIA CUHTE3 aMUHOKMC-
NnoT u 6enKoB, a TaKxe Ha Apyrue Tpebyto-
e 3HEPrMM MNpOLLecChl, Takue, Kak TpaHc-
nopT BeLLECTB 4yepe3 MembpaHbl. bonblwwne
KONu4yecTBa BOAbl, BblAeNAlWeENCs npu
okmcneHun xupos (pasg. 18.6), komneHcu-
pytOT MoTepto BOAbI B MPOLECCe AblXaHWA.
Kpome Toro, npu paclienyieHum tpuauun-
rnmueposos obpasyeTcd rnuueposn, Ko-
TOPbI 3aTeM npeBpaLLaeTca B rMOKO3Y ny-
Tem ero (hepMeHTaTUBHOIO gochopununpo-
BaHMS c obpasoBaHMeM rauuepondochara
M OKWCNEHUA NOCMEefHEero 4o AUrMapoKcua-
uetoHocpata. Ob6pasywowancs B Xoge
pacwienneHns aMMHOKMUCNOT MOYeBUHA pe-
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abcopbupyetrca B opraHu3mMe MefBens
M BHOBb UCNOMb3YeTca AN CUHTEe3a aMUHO-
KUCNOT, Heo6XoAMMbIX AN MNOCTPOEHMWA
HOBbIX 6eKOoB.

Mpv NoAroToBKe K ANUTENbHLIM Nepuo-
Jam Chfykn rpusnmM 3anacalT OrpomMHoe
KONn4yecTBO xwupa. Mo3gHel BECHON u ne-
TOM B3pOC/OE >KMBOTHOE noTpebnseT
06bI4HO 0K0Nno 9000 kKan B fieHb. OfAHako,
Korga npubnuxaeTtcs 3uMma u MPoUCXopdaT
Ce30HHble U3MEHEeHWS TFOPMOHANbHOW Cek-
peunu, MeABefN HayMHaOT KOPMUTLCA MO
20 4 B AieHb M NOTPe6AAT Npu 3TOM [0
20000 kkan. Yrnesofbl, norjowaemble
UMU B 3TOT Mepuof B OrFPOMHbLIX KO/nYe-
cTBax, nepepabaTbiBalOTCA B TpUaLUATIN-
Leponbl. ipyrve BnafaroLine B CNAYKY Xu-
BOTHbIE, K KOTOPbIM, B YaCTHOCTW, OTHOCAT-
CA MeJfIKMe rpbi3yHbl COHW, TOXe Hakaniu-
BalOT 6onblMe 3anackl xupa (puc. 21-14).
Bep6ntof, X0TA W He BNafjaeT B CNAYKY, MO-
XeT CMHTe3nposaTb W 3anacatb B CBOEM
ropby 6onblive KonuuyecTBa Tpuauunriu-
LleposioB, KOTOPble B YC/MOBUAX MYCTbIHU
CNyXaT €My OJHOBPEMEHHO WCTOYHUKOM
BOAbl U 3Hepruu.

3anacel  TPUAUWNTINLEPOSIOB  MOTYT
ObITb UCNOMb30BaHbl U A1 APYTUX BaXHbIX
6vonornyeckmx Lenei. Bbl yxe 3HaeTe, 4TO
apKTUYECKMe MOPXW W THONIEHUW WCMOMb-
3ylOT TONCTbIA MNOAKOXHBIA Ccnoi  Tpua-
LUArnuueponos  AnA TENa0M30NALnn
(pa3g. 12.3). CoBceM Apyryr0 (DYHKUUKO Bbl-
MONMHAIT TPUALMUNTINLEPONbI, COfepXKa-

Puc. 21-14. Xopolo ynuTaHHas COHA Henocpep-
CTBEHHO Mepef 3UMHeli cnsukoil. Bnagatowne

B CMAYKY XXMBOTHbIE 3anacalT 60/blIne KoAnye-
CTBa XWpa, KOTOPbIA CNYXMWT He TONbKO UCTOY-
HUKOM 3HEPruu, HO W 3awuuiaeT Ux 0T X0noda.
Bo BpeMms CMsuKM COHA CBOpayuBaeTcs B Kny6o-
YyeK, YTo obecrneymBaeT MUHUMaNbHOE OTHOLLIEHME
NoBepXHOCTU Tena K ero 06bemMy W CBOAUT

K MUHUMYMY noTepto Tenna.

Wwmecs B 0C060M MeLlKe B F0/0Be Kallano-
Ta (gononHeHue 21-1).

OononHeHne 21-1. Ewe ogHa 6uonorunyeckas

(YHKLUA TpUALUATIULLEPOSIOB

[MpoBefeHHbIe B NOC/efHee BpeMsa UCC/ef0BaHNUA aHaTOMUKN KallanoToB
N UX NULLEBOrO NOBeLEHUS NO3BOMUAN BbISBUTH €eLie OAHY 6MONOTrMYecKyto
(MYHKLMIO Tpruauunrnnueponos. AnvHa Tena KawanoTos AOCTUTAET B Cpes-
Hem noytn 20 M. Mpw 3TOM ronoBa KawanoTa, MMeloLwas OrpoMHble pas-
Mepbl, COCTaBnseT OKONO OJHOW 4eTBepTWM O06Lel [AAUHbI XWBOTHOIO
M CBbIWE OAHOW TpeTu ero obwero Beca (puc. 1). Okono 90% Beca ronoBbl
NPMXOAUTCA Ha CrnepMaLeTOBbll MeLOoK, PacnofioKeHHbIA Haj AAUHHOMN
BepxHel YentocTblo. OH NpeAcTaBnseT co60M XNPOBYI MOAYLIKY, COCTOS-
LY M3 XXUPOBOW COEAUHUTENbHOW TKAHW C BKIKOYEHHBIMU B HEe MbILILLA-
Mu. B 3TO XMpOBOW nogylike cofepXxutca go 4 T cnepmaueTta-cmecu
TPUaUUNTrIMLEPOIOB, COAEPXALLMX B OCHOBHOM HEHAaCbILeHHbIE XUPHbIE
Kucnotbl. Ipn HOpManbHON TemnepaType Tefa KalwanoTa, Haxo4sLerocs
B COCTOSIHMM Mokos (okono 37°C), cnepmaueT UMeeT XUAKYH KOHCUCTEH-
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Um0, ogHako npu 31°C oH HauMHaeT KpUCTaNnu3oBaTbCs, a Korga remnepa-
Typa CHWXaeTcd eule Ha HecKo/bKOo rpafycoB, CTaHOBUTCA TBepAbIM.

Buonornyeckasa yHKUMA cnepmaleTa B TeYeHUe ANIUTENbHOTO BPeMeHu
ocTaBanacb 3aragkoil. Jluwb B nocnegHee Bpema 6narofaps WU3y4YeHUIO
aHaToOMWM W NULLEBOro NOBeJeHNA KallanoTa BO3HUKNO NpaBAonofobHoe
ob6bAcCHeHME hyHKLMK cnepmaleTa. KawanoTsl NUTAOTCA NOYTU UCKNOYK-
TeNbHO KanbMapamu, 3a KOTOPbIMW OXOTATCA Ha 0YeHb 6ONbLIOK rnybuHe.
Hbipasa 3a f[oOblueil, KawanoTbl MOFYT HaxoAuTbCA MOA BOAOK OKONO
50 MUH, a 3aTeM, BCMN/blBas Ha NOBEPXHOCTb, OHW YCMNEBAKOT BCEro NNLWb 3a
10 MWH BOCMONMHUTL 3anackl Kucnopofa n nsbasutoecsd ot CO2. B nouckax
NULLK KawanoTbl MOTYT HbIpATb Ha rny6uHy 1000 m 1 6onee (pekopg co-
cTaBnaet okono 3000 m). Ha Takoii rnybuHe, rae BOAUTCA MHOXECTBO
KafbMapoB, KalanoTbl He MMEKT KOHKYpPEeHTOB B 6opbbe 3a [06blvy.

CnepmaueToBbIii
MT LLIOK

1 Cwu.i\ )T KalanoTa, Ha KOTOPOM MoKayaH
OFPOMHbIV crnepmMaHeroBbiii Mewok. OH o6pasyeT-
CSl 33 CYET YPE3MEepPHOro yBeNMYEHUs TONOBbI U
pacrnonoXeH Haj BepXHel YentocTbio.

Mpu MorpyXeHUnW B BOAY KallanoT TPaTUT Ha OXOTY 3a KalbMapamu
nUWb 0Kono 25% BCEro BpeMeHW ero npe6biBaHWUs Nof BOAOMW; OCTanbHOe
)K€ BpeMsl OH CMOKOWHO 0TAbIXaeT Ha 60MbLUION rNy6GuHe, 0XMAas, noka no-
SBUTCS CTas Ka/fibMapoB, Ha KOTOPYH MOXHO 6yAeT HanacTb. Temepb Mbl
BHOBb €PHEMCS K criepMaueTy. YTo6bl MOPCKOE XWBOTHOE MOF/I0 OCTa-
BaTbCs Ha HY)XHOIA rnyGuHe, ero Teno JO/MKHO UMeTb Ty Xe MI0THOCTb, YTO
1 OKpy>arlLas Boga. [1s 3TOro y HeKOTOpPbIX BUAOB MOPCKMX XWBOTHBIX
MMeeTCs 3aMOJIHEHHbIA BO3AYXOM WM a30TOM M/aBaTeflbHblA Ny3bipb;
ApYyruve ke BUAbI UCMOb3YIOT 3anackl Xupa, NJ0THOCTb KOTOPOFO MEHbLLE
MAOTHOCTM MOPCKOW BoAbl. OfHAKO KallanoTbl CMOCO6HbLI U3MEHSATH CBOIO
naaBy4ecTb, NpucnocabnmBasch K NjJ0THOCTM BOAbI He TOMbKO Ha MOBEPX-
HOCTU TPONUYECKUX BOZ, HO 1 Ha GO/bLWION rNy6uHe, riae BOAa 3HAUMTEIbHO
XO/IOAHEE U, CNe0BaTeNbHO, UMeET 60/1ee BbICOKYH MMOTHOCTb. Kntouom
K MOHWMaHWI0 TOTO, KaKUM 06pa3oM KalanoTam yAaeTcsl N3MEHSTb CBOIO
MNaBy4ecTb, CAYXUT TOUKA 3aMep3aHus criepMalieta. [pyu NMOHUXKEHUN TeM-
nepaTypbl XXMAKOro crepmMalieTa Ha HECKO/IbKO FpajycoB BO BpeMs riy60-
KOTr0 MOTpY)XeHWs OH KPUCTaNIM3yeTcs W CTAaHOBUTCH 60fiee MOTHbIM,
B pe3y/ibTaTe Yero nnaByyecTb KallanoTa N3MeHsieTcs B COOTBETCTBUU € 60-
Nee BbICOKOW NJIOTHOCTbIO MOPCKOU BOAbI HA 60/MbLIOI rNy6uHe. YT06bI BO
BPEMS HbIPAHUS XUP MOT 6bICTPO OXNaXAATbCs, CNepMaLeToBbli MeL oK
CHABXXeH MHOTOUYMC/IEHHbIMU Kanunanspamu. TennooTgaya, 06ycnoBieHHas
ObICTPOIi LMPKYNSLMEN KPOBY, YyCKOPSETCS Takxke 6narogaps ToMy, 4To Ka-
WanoT NponyckaeT BOAy Yepe3 CrepmaueToBblii MeWoK, KOTOpbIAi MOXeT
3aKpbIBaThCA U 3aM0/HATLCS 60siee XONOAHOW BOAOW BO BpeMs Morpyxe-
HUA. Korga >XMBOTHOE BCM/bIBAeT, clepMalleT BHOBb HarpeBaeTcs W nna-
BUTCS, YTO MPUBOAUT K YMEHbLUIEHUIO €ro MJOTHOCTM U oGecneynBaeT Ka-
WanoTy Heo6X04MMYH Ha MOBEPXHOCTW BOAbI M/IaBYYECTb.

OnuncaHHasi 0COGEHHOCTb KallanoTOB CHYXUT 3aMeyaTeflbHbIM MpuMe-
poM pa3BuBLUE/iCA B XOAe 3BOMOLMUM aHATOMUYECKOW U GUOXUMUYECKON
agantauun. CuUHTe3WpyeMble KallanoTOM TPUaLWUATANLEpPObl COAEpXaT
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YHbIX (EPMEHTOB, paclennAwLWnx yrne-
BOApb!.

Liennonosa, rnaBHbli BHEKNETOYHbIN
CTPYKTYpPHbI/i nonumep 60MbWMHCTBA pac-
TeHun (pasg. 11.9), Takke o6pasyeTca B
pacteHnax w3 D-rnwokosbl. Henocpeact-
BEHHbLIM MpPeALEeCTBEHHUKOM THOKO3HbIX
MOHOMEPHbIX 3BEHbEB Le//1H0/103bl, CBA3AH-
HbIX B MonuMepHoi uenn B (1-—»"-cBA-
39MKU, CnyXaT B 3aBUCMMOCTW OT BUfAA
pacteHua ADP-rnioko3sa, CDP-rnwokosa
nnn GDP-rnoko3a. 3T Hykneosngangoc-
(haTbl rAOKO3bl CXOA4HbI MO CBOEA CTPYK-
Type u  dyHkuun ¢ UDP-rntokosoi
(pasg. 20.13), aBnsoweiica npeaLecTBeH-
HUKOM T/IMKOTeHa B JKUBOTHbIX TKaHSAX.
3fecb, crefoBaTenbHO, Nepef Hamu ele
OfVH NpUMep, CBUAETENbCTBYIOWMIA O TOR
ponu, KOTOPYK WrparT pasiuyHble HYK-
NeoTUAbl, HaNnpaBnAa NPOMEXYTOYHbIe Npo-
OYKTbl MeTabonnama Ha OrnpefjeneHHble
6uocuHTeTUYeckme nytm (pasg. 14.18).

Kpaxman, MOHOMEpPHbIE 3BEHbA KOTOPO-
ro cBfidaHbl B rNaBHbIX Uenax a(l-»4)-
ceassaMu (pasg. 11.8), obpasyetcsa y 60/b-
e YacTu pacTeHWii CXOAHbIM MNyTeM U3
ADP-rnokosbl  (puc. 23-24).

23.23. Perynauus
TEMHOBbIX peakuuii

ivMuTupylowmum 3tanom, Oonpegensto-

WNM CKOPOCTb TEMHOBbIX peakuuil, fB-

naetca ¢ukcauma CO2 B peakuuu, KaTa-

nm3npyemon pubynosogmdochar-kapbok-
cunasoii M npuBoasleli K o0bpasoBaHuUto
3-thochornmuyepata. Pubonosoaudgochart-

Kapbokcmnasa, MOfieKyfa KOTOpoi COCTOMT

3 16 cybbeamHuy, OTHOCUTCS K anno-

cTepuyeckum epmeHTaM. OHa MOXET akK-

TMBMPOBATLCS MOJ BO3JeNCTBUEM Tpex pas-

HbIX M3MEHEHWI, KaXXA0e N3 KOTOPbIX Npea-

cTaBnseT Cc060A pesynbTaT OCBELLEHUS

XfioponnacTos. 3T0 clejylouine un3MeHe-

HUA:

1. TosbiweHne pH. Mpu ocBeLweHUU xno-
ponnactoB WOHbI H + nepexogatr wus3
CTPOMbI B TUNakoufibl. 3TO NPUBOAMUT
K MOBbIWEHWIO pH CTpPOMbI U aKTUBU-
pyeT Kap6okcunasy, HaxoAfulytoca Ha
Hapy>XHON MOBEPXHOCTU TWUNAKOWAHOW
MeM6paHbl.

2. MoctynneHne B CTpoMy MOHOB MQ2+.

12

MoHbl Mg2+ nocTtynalT B CTpOMY,
Korga voHbl H + npu ocseweHun xno-
ponaacTtoB Nepexogdt M3 CTPOMbI B TU-
nakougbl.

3. Hakonnenne NADPH, reHepupyemoro
npu ocseweHun oTtocuctemoit .
Takum obpasom, xoTd dukcauma CO?2

nog pAeiictenem pubynosoandocdar-Kap-

6oKcunasbl MPUHAANEXUT K TEMHOBbLIM
peakLuAM, OHa KOCBEHHbIM 06pa3oM CTU-

MYNUPYETCA OCBELLEHWEM XJIOPOMIacTOB.

TakuM >Xe HenpsMbIM NMyTemM aKTUBUPYIOT-

CA B pe3ynbTaTe OCBELLeHMs Xxaoponnac-

TOB W HeKoTopble fpyrne QepmMeHThl,

yyacTBywlne B uukie KanbBuHa, a Tak-

e ATP-cuHTeTasa.

23.24. B TPOMNMUYECKUX pacTeHusx
ncnonb3yetrca C4-nyTh,
wan nytb Xatya-Cnaka

Y 6onblei 4acTU TPOMWUYECKUX pacTe-
HWIA, a TaKXKe y pacTeHWii, BO3feNblBaeMblX
B YMEPEHHOW 30He, HO MPOUCXOAALLUX W3
TPOMWUKOB, Hanpumep Yy KyKypysbl, caxap-
HOro TPOCTHWKA WKW copro, Ana dukca-
U CO2 ncnonb3yeTca NyTb, Ha3blBaeMblii
CA-nyTem, nnn nytem Xatya-Cnaka. Cne-
[yeT, 0fHAKO, YACHUTb cebe C caMOoro Ha-
yana, 4to u C3- m C4-pacteHus B KO-
HEYHOM CYeTe UCMONb3YHT ONUCAHHbINA Bbl-
we C3-nyTb, NOAPO6GHO PacCMOTPEHHbIN Ha
puc. 23-21. Ho Mexay 3Tumu rpynnamu
pacTeHMin MMeeTCA CyLLeCTBEHHOe pasnu-
yne. OHO 3akno4aetcqd B ToMm, yto y Cé-
pacTeHuii peakuymam C3-nyTu npepLllecTsy-
10T [OMOSIHUTENbHBLIE 3Tanbl, B X04e KOTO-
peix CO2 npefBapuTenbHO, L0 TOro Kak
OHa BKIOYUTCA B (poctornuuepat, uKcu-
pyeTtcsa B (hOpMe YeTbIpeXyrnepofHoOro coe-
AVHeHus (puc. 23-26). Mo3HakoMuMca Te-

MyTb ukcaymn C02
_y C3-pacteHuii

COo2

e C3—*C6

MyTb ukcaumm C02y
C4-pacTeHuit

Puc. 23-26. C4-pacTeHus cHayana BKAYalwT

C 028 C4-coenHeHne U NnLWb Nocne AByX npea-
BapuTe/bHbIX 3TanoB GukcmpyoT C 02 TeM xe
nytem, 4to n C3-pacteHus.
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Fnkxo030-6*tocgar

noko3o-1-hocar

uTpP
D pyKTO30-

6-hocar
PP,
yl P-rnokKosa

UDP
ADP-rntoko3a,
CDP-rntoko3sa Kpaxman
Caxapo3so- nnm P o
6-thocthar GDP-rnoko3a (sanackoit
nonucaxapup)
HD
ADP,
P CDP,
Caxaposa (popma, nm
B KOTOPOIi TpaHc- GDP
nopTupytoTcs
caxapa)
Lienntonosa
(CTPYKTYpHBIiA
nonucaxapug)

Puc. 23-24. CWHTEe3 TUMWUYHbBIX PaCTUTENbHbIX
yrneBofoB W3 rNOKo30-6-hoctara, o6pasytoLe-
rocs B npouecce GpOTOCUHTE3A.

(pasg. 159) Ha D-hpykT030-6-hocdart.
MpoayKT 3TOW peakuumn, caxapo3o-6-goc-
thaT, rugponusyetca 3aTeMm nog [LelcTBU-
em ocdartasbl ¢ obpasoBaHMemM caxapo-
3bl, KaK 3TO MoKasaHo Ha puc. 23-24. Ca-
Xapo3a-rnasHas ¢opma, B KOTOpPOW yrne-
BOAbl TPAHCMOPTUPYIOTCHA NO pPacTeHuto
(puc. 23-25). OHa o06pasyeTcs B /UCTbAX
BO BpeMsA (OTOCMHTE3a M B 60ONbLINX KO-
NmyecTBax nocTynaet B CUTOBUAHbIE TPY6-
KW, CBOEOBpasHble «Kanuanspbl» AUCTbEB.
B0O3MOXHO, 4TO 3Ta po/b 3aKpenunacb 3a
caxapo3oil B npouecce 3BoAKOLUAN NOTOMY,
4yTO MMeKLasca B ee MOJieKyne Heobbly-
Has CBA3b MeXJy aHamMepHbIM aToMOM
yrnepoga D-rnwokossl B nonoxeHun 1 un
aHaMepHbIM aTomMoM yrnepoga D-thpykro-
3bl B MONOXEHWM 2 He T[UApoNM3yeTcs
nog AeiicTtBuem amwunas u Apyrux o6bl-

Caxaposa B 60MbLLMX
KonnuecTsax noctynaet

B CUTOBWAHbIE TPYOKU;
BCnef 3a Heli nog
LEeNCTBMEM OCMOTUYECKUX
CW1 B HUX NOCTynaeT Bofa

Caxaposa v gpyrue
nuTatenbHble BelecTsa
TpaHcnopTupyTCs
BHM3 K KOPHSIM

BMEeCTe C TOKOM

BOAbl, MOCTynatwoLiein B
CUTOBUAHbIE TPY6GKU
nog, feiictsnem
OCMOTUYECKUX CUN

Caxaposa v gpyrue
nuTaTenbHble BeljecTsa
[L0CTaBNATCA K KOPHAM

Puc. 23-25. Ponb caxapo3sbl B NepeaBudKeHUn
(hN03MHOTO COKa K KOPHAM. B CUTOBUAHBIX TPy6-
Kax COAepXWTCs caxapo3sa, u 6narogaps aTomy

B HUX 3@ CYET OCMOTUYECKWX CWUA MocTynaeT Boja.
370 CO3aeT ABUXKYLLYH CUNY, NOA feiicTBUEM
KOTOPOW (hN03MHbIV COK MepemMelyaeTcss BHU3

K KOPHSAM.
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YHbIX (DEpMEHTOB, paclennAwLnx yrne-
BOJbl.

Liennonosa, rnaBHbll BHEKNETOYHbIN
CTPYKTYPHbI/i nonumep 60MbLWIMHCTBA pac-
TeHnin (pa3g. 11.9), Takke ob6pasyeTcs B
pacteHuax u3 D-rnwokosbl. Henocpegct-
BEHHbIM MpPeALecTBEHHUKOM T/IFOKO3HbIX
MOHOMEPHbIX 3BEHbEB LIe/N/H0M03bl, CBA3aH-
HbIX B MonuMepHoit uenun B (1 ->4)-cea-
39MKM, CnyxaT B 3aBUCMMOCTW OT BUja
pacteHua ADP-rnwoko3a, CDP-rnwokosa
unn GDP-rnwokosa. 3T Hykneosmgamhoc-
(haTbl rNOKO3bl CXOA4HbI MO CBOEN CTPYK-
Type u ¢yHkumm ¢ UDP-rnwoko3sol
(pasg. 20.13), Asnswouielicd NpealwecTBeH-
HUKOM T/IMKOTeHa B JXUBOTHbIX TKaHAX.
3fecb, cnefosaTeflbHO, Mepef Hamu  eLe
O4VH MpUMep, CBUAETENbCTBYIOLWMUA 0 TON
ponu, KOTOPYK WrpawT pasfinyHble HYK-
NeoTuAbl, HanpaBnAsa NPOMEXYTOYHbIe Npo-
OYKTbl MeTabonnamMa Ha OnpefeseHHble
6uocuHTeTUYeckme nytm (pasg. 14.18).

Kpaxmas, MOHOMEpPHbIE 3BEHbSA KOTOPO-
ro cBf3aHbl B TrnaBHbIX Uenax a(l —mil-
ceassMu (pasg. 11.8), o6pasyetca y 60/b-
Wwei 4acTW pacTeHWi CXOAHbIM MNyTeEM W3
ADP-rnokosbl (puc. 23-24).

23.23. Perynsauusa
TEMHOBbIX peakLuii

Nvumutupylowmnm 3tanom, ONpefensio-
WNM CKOPOCTb TEMHOBbIX peakuuil, fB-
naetca ¢ukcauna CO2 B peakuuu, Kata-
nusupyemoi  pubynosogupochar-kapbok-
cunaso n npusogdAwein K obpasosaHuWio
3-pochornuuepata. Pubonosogugocdar-
Kapbokcmnasa, MofieKyfia KOTOPOW COCTOUT
3 16 cybbeanHuy, OTHOCUTCA K anno-
cTepuyeckum epmeHTam. OHa MOXeT ak-
TMBMPOBATLCS NOJ BO3JeNCTBMEM Tpex pas-
HbIX M3MEHEeHWI, KaXK40e N3 KOTOpbIX Npea-
cTaBnseT Cco60M pesynbTaT OCBELEHMS
Xfoponnactos. 3T0 clefylouline un3MeHe-
HUA:

1 MosbiweHne pH. Mpu ocseLieHnn XJo-
ponniacToB WOHbI H + nepexogar wu3
CTPOMbI B TUNaKoufAbl. 3TO MPUBOAUT
K MOBbIWEHWIO pH CTpPOMbI U aKTUBU-
pyeT KapboKcunasy, Haxogswylcs Ha
Hapy>XHOW MOBEPXHOCTU TUNaKOWLHON
MeM6paHbI.

2. MocTynneHne B CTpOMy WOHOB Mg2+.

12+

MoHbl Mg2+ nocTtynalwT B CTpOMYy,
Korfa voHbl H + npu ocBeweHUn xno-
ponnacTtoB Nepexogdt U3 CTPOMbI B TU-
nakougbl.

3. Hakonnenne NADPH, reHepupyemoro
npu oceeweHun goTocmctemon I.
Takum ob6pasom, xoTs ukcaums CO2

nog fpeictesmem pubynosogudociar-kap-

6okKcunasbl MNPUHAANEXUT K TEMHOBLIM
peakuuam, OHa KOCBEHHbIM 06pa3oMm CTu-

MYNUPYETCA OCBELLEHMEM XJIOPOMIacTOB.

TakuM Xe HenpsaAMbIM NMyTeM aKTUBUPYHOT-

CA B pes3y/bTaTe OCBeLeHUA XJjopornsac-

TOB W HEKOTOpble [Jpyrve (EPMEHTHI,

yyacTsylouime B uukne KanbBMHA, a Tak-

Xe ATP-cuHTeTasa.

23.24. B TPOMUYECKUX pacTeHuax
ncrnonbsyetca C4-nyThb,
wnn nytb Xat4ya- Cnska

Y 60nblieil YacTu TPOMUYECKUX pacTe-
HWA, @ TaKXXe Y pacTeHWii, BO34eNblBaeMblX
B YMEPEHHOI 30He, HO MPOUCXOAAMUX W3
TPOMWKOB, Hanpumep Yy KYKypys3bl, caxap-
HOro TPOCTHWMKA WM copro, Ans ukca-
uun CO2 ncnonb3yeTca NyTb, Ha3blBaeMblil
CA-nyTem, nnn nytem Xat4ya-Cnaka. Cne-
[YeT, OfiHaKO, YACHWUTb cebe c camoro Ha-
yana, 4to u C3- m C4-pacteHns B KO-
HEYHOM CYeTe UCMOJb3YIOT OMUCAHHbIN Bbl-
we C3-nyTb, NOAPO6GHO PACCMOTPEHHbIA Ha
puc. 23-21. Ho mexay 3Tumu rpynnamu
pacTeHWii MMeeTCA CYyLLeCTBEHHOe pasnu-
yne. OHO 3akno4aetrcd B ToMm, yto y Cé-
pacTeHuin peakuymam C3-nyTu npepLllecTsy-
10T [ONONMHUTENbHbIE 3Tanbl, B X04e KOTO-
peix CO2 npegBapuTenbHO, L0 TOro Kak
OHa BKIOYUTCA B (pocornuuepar, QUKCK-
pyeTcsa B (hOPMe YeTbIPexXyrnepogHoro coe-
AvHeHus (puc. 23-26). Mo3HakoMumcs Te-

MyTb pumkcayumn C02
_y C3-pacteHuii

o2

'Y-*C4- A -»C3 — * C6
I 1
MyTb dpukcaunm C02y
C -pacTeHuit

Puc. 23-26. C4-pacTeHus cHayana BKIYalT
CO2B C4-coefuHeHne M NULWb NOCNe ABYX Npej-
BapuTe/bHbIX 3TanoB GukcupyoT CO2 TeM xe
nyTem, 4to n C3-pacteHus.



708 YACTb N. BMUOSHEPTETUKA U METABO/IN3M

Bo3ayx

5 Ap—— 1

Puc. 23-27. A. MyTb tukcaunn CO2 yepes npo-
MeXYTOUHble YeTbIPeXyTNepoAHble MPOAYKTbI
(nyTb XaTua- Cnaka). 3TOT NyTb npeobnagaet

B PaCTEHMAX TPOMMUYECKOTO MPOUCXOXKAEHUS.

B. 9nekTpoHHas MukpodoTorpadus, Ha KOTopoi
BUAHbI COeMHEHHbIE MeXAY Co60i KneTka me3o-
thunna (BHM3Yy) 1 KneTka obknagkmu (BBepxy).
KneTka o6knagKu CoAepXuUT KpaxmanbHble 3epHa.

nepb CTeM, Kak (PYHKUMOHMpyeT C4-nyTb.
B 60-x rogax ABa aBcTpanuiickux 6mo-
XUMMKa pacteHnin M. Xaty n C. Cnak 06-
Hapy>XWnu, 4To y pacTeHWii TPOMMUYECKOro
NMPOVNCXOXAEHUA MepBbIM  MPOAYKTOM, B
BUfle KOTOPOro (huKcuMpyeTcs pajgnmoakTuB-
Haa COZ2, dBngeTcA u4eTblpexyrfiepofgHoe
COefjMHeHMe oKkcanoaleTaT. Peakuusa, npu-
Bofauwas K ¢ukcauum CO2, npoTekaeT B
KneTkax mesounna nucrta (puc. 23-27) u
Katanusupyetcs  hoctoeHonnupysaT-Kap-
6okcunasoi
dochoeHonnupysar + CO2 -*
-» Okcanoauerar + P,.

3TOT (hepMeHT, OTCYTCTBYIOLW NI B XUBOT-
HbIX TKaHfX, He cnegyeT nyTaTb C ¢oc-
thoeHonnNnpyBaT-KapbOKCUKMHA30 (pas3g.
20.2), KoTOpas KatanusmpyeT Yy XMUBOTHbIX
peakuuio, NPOTEKAlOLWY B MPoLecce rno-
KOHeoreHesa

®ochoeHonnupysat + GDP + CO2
N Okcanoauyertar + GTP.
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OkcanoaueTtaT, 06pa3oBaBLIMIicA B KeT-
Kax Mme3odunna, BOCCTaHaBMMBAETCA 3a
cyeT NADPH c¢ o6pasoBaHuemM ManaTta

Okcanoauetat + NADPH + H + >

->Manat + NADP +.

[anee cnepyetr artan, sBaswwuiica ANA
C4-umkna pewarowmnm. Manat, o6pa3oBas-
lwuniAca B KMeTKax me3odunna U copepxa-
Wi pumkcnupoBaHHyto CO2, nepeHocuTcs
B COCEAHMe K/IeTKM 0OKnafku no 0cobbiM
COEfIMHEHNAM, WM KaHanam, CBA3bIBalO-
WNUM KNeTKn 3Tux [BYX TWMos. B knet-
Kax o6knagku manat fekapbokcunmpyertca
¢ o6pasoBaHuem nupysata u CO2 nopg
[eiicTBMEM ManaTAerngporeHasbi.

Manat + NADP+ ->Tnupysat +
4 CO2 + NADPH + H +.

CsobogHas CO2, o6pa3oBaBLllasAca B KeT-
Kax 06knafgku,-ato Ta camas CO2 KOTO-
pas Oblna cHavana (MKcMpoBaHa B Me30-
unne B Qopme oKcanoaleTaTa.

B knetkax o6knagkn CO2, Bbljenus-
wasca npu gekapbokcunuposaHun manarta,
CHOBa (hMKcupyeTcA-Ha 3TOT pa3 MoA fewi-
cTBMeM pubynosoaungocdar-kapbokcuna-
3bl-B TOYHO TaKO >Xe peakuuu, Kakas y
C 3-pacTeHnii npuBoguT K ¢ukcaunn CO?2
B BUAe KapboKcuabHON rpynnbl 3-thocho-
rnnuepata. [Mupysat, o06pa3oBasLluniica
npu fekap6oKcManpoBaHMM ManaTa B Knet-
Kax 00knagku, nepeHocuTcs 06paTHO B
KneTKW Me3ounna u npespaLiLaeTca 3fecb
B (pocpoeHonnmpyBaT B He06bIYHON (ep-
MEeHTaTUBHOW peakuun, KaTannsmpyemoli
thepMeHTOM nupyBaT-opTOdocHaT - AUKK-
Has3oi

Mupysat + P/ + ATP->
-» docoeHonnupyeatr + AMP + PP;.

3TOT (DepMeHT NOMyYUNn Ha3BaHWe AUKWU-
Ha3sbl, MOTOMY 4YTO OH KaTa/n3upyeT peak-
LMo, B KOTOPOI 3a CYeT OAHON MOJNEeKy-
nol ATP docgopunupyoTcad OLHOBPEMEH-
HO [iBe pa3Hble MONeKY/Ibl-NupyBaT U oc-
thaT; nupysat ochopunupyetca ¢ obpa-
3oBaHuemMm QocgoeHonnupysaTta, a oc-
that-c obpasoBaHueMm nupodgocpara.
Mo3gHee 3TOT nupodocdaT rmaponnsyeTcs
Lo (ocaTa, TaK YTO B KOHEYHOM CuyeTe
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MCNOMb3YTCA [iBe BbICOKOIHEPreTUYecKue
ceasn ATP. [aHHaa peakuus obecneyu-
BaeT, CliefjoBaTeNibHO, pereHepauunto ¢oc-
thoeHonnupysaTta, KOTOPbIA MOXeT Tenepb
MCNONb30BaThCA ANA (MKCaLUW ele OfHOW
monekynel CO2 B KNneTkax Mesogunna.

Mocne TOro, Kak B KneTkax 06KNagku
npousoigeT dukcayms CO2 B Buge 3-goc-
ornuuepata (BCned 3a ee npefBapuTenb-
HOM (hmkcauvein B BMAe ManaTa B KneTkKax
me3ounna), Bce octanbHble peakuun C3-
umkna, unm uukna KanbBuHa, npoTekawT
TOYHO TakK >e, KaK [MOoKa3aHO Ha pwuc.
23-20 n 23-21. Takum ob6pasom, y C4-
pacteHuii dukcaums CO2 ocyulecTBAfeTCA
B KneTkax mesotunna no C4-nytu, a CUH-
Te3 Tr/II0KO3bl WAeT B KNeTkax o06knagku
no C3-nytu.

BTopoe BaxHoe 06CTOATENLCTBO, Kacalo-
weecs ukcauun CO2 y C4-pacteHuit, 3a-
KN0YaeTcsd B TOM, YTO OHW pacxogywT
Ha 3TOT npouecc 6Oonblie 3Hepruu, 4Yem
C3-pacteHunda. Ha kaxgytwo monekyny CO?2

(hukcupoBaHHyto no C4-nyTtu, [oMKHA
ObITb pereHepuposaHa OfjHa MOJIeKyna
(ochoeHonnNupyeata. 3Ta pereHepauus

MPOMCXOAMNT, KaK MoKa3aHo Bbille, 3a CYeT
[BYX BbICOKO3HEPreTUYECKUX {ochaTHbIX
rpynn ATP. Moatomy Ansd gukcauun of-
Holl Monekynbl CO2 C4-pacTeHusm Tpe-
byeTca B 06Lei CNOXKHOCTM NATb MoOne-
Kyn ATP, Torga kak C3-pacteHus pacxo-
LYIOT Ha 37O TONbLKO Tpu Monekynol ATP.

23.25. C4-HyTb
Heo6xoauMY10

obecneymBaet
KOHUeHTpauuw CO

Mouyemy pacTeHUAM MOXeT ObiTb Bbl-
rogHo cHavana gukcuposate CO2 B KJeT-
Kax OfiHOro Tuma, a 3arem TyT Xe oOc-
B060OXJaTb €e W BHOBb (PUKCUPOBATb, HO
yXXe B KieTKax [pyroro Tuna, 0COBeHHO
€C/IN  Y4yecTb, YTO 3TOT CAOXHbIA NyTb
TpebyeT 6ONbWINX 3aTpaT 3Heprun? PyH-
famMeHTaNbHble nccnefoBaHnsa GUOXUMUN 1
rucronormu ¢ukcaumm CO2 y Tponuyec-
KX pacTeHUin Mo3BOAUAN MOHATb, B YeM
MOXeT 3akntouarbcd cMmbicn C4-uukna.
Tponuyeckne pacTeHuUa AOMKHbI M3beratb
ypesMepHbIX MOTepb BOALI MPU TpaHcnupa-
unn. OHW [OCTUTAKOT 3TOr0 NyTem 3aKpbl-
BaHWA YCTbWUL, KOTOPbIE CAYXaT NUCTbAM
CBOEro poja «Tpaxeamu». OpfHako npu
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3aKPbIBAHUW YCTbUL, YMEHbLUAETCA TaKXe U
noctynneHve atmocepHoih CO2 B KNeTKn
o6Knafikn. BcneAcTsme 3Toro KOHLeHTpa-
umsg CO2 B Kknetkax o0OKnNafKuW cpaBHU-
Te/IbHO HeBenWKa, u3-3a 4yero pubynoso-
andocgar-kapbokcunasa He cnocobHa fei-
CTBOBaTb C MakCMMaNibHOW CKOPOCTbiO. Y
thochoeHonnupyBaT-Kapbokcunasbl, Haxo-
fAleiica B KneTkax mMe3odunna, CPoOACTBO
K CO2 ropas3go Bbiwe. [oaTomy ukca-
ums CO2 mMOXeT MPoUCXoamTb 3fecb 60-
nee aekTMBHO. Peakums, kaTanusupye-
Mas  (octoeHonnupyBaT-KapboKcmnason,
obecneumBaeT (QUKCALUIO W HaKoMneHue
CO2 B ¢opme manata. Mpu pekapbok-
CUNMPOBAHUM Manata B KneTkax 06Knafku
KOHUeHTpauua CO2 gocturaer B HUX fO-
CTaTOYHO BbLICOKOrO YPOBHSA, MPU KOTOPOM
aKTMBHOCTb pubynosogutocgar-kapbokcu-
nasbl NpuMbAMXKaeTCs K MaKCUManbHOA.

JTiob6oNbITHLIA Napagoke: XoTa Ans Quk-
cauum ogHoit Mmonekynsl CO2 no nyTu
X3Tya-Cnaka C4é-pacTeHusm Tpebyetca
NATb BbICOKOIHEPTeTUYECKUX (ochaTHbIX
rpynn, a C3-pacteHnsm ux TpebyeTca
TONbKO TpW, TeM He MeHee C4-pacTeHus
TPOMUYECKOTO  MPOUCXOXAEHWUA  pacTyT
6bicTpee, yem C3-pacTeHUs YMEPeHHON 30-
Hbl, U obpasylT 6onbwe 6GuMomacchl Ha
eAnHuUy nuctoBoil nosepxHocTu. (K He-
CYaCTbl0 [N OropoAHWKOB, pOCUYKA U
MHOTUe [pyrue COPHAKW MNPOUCXOAAT U3
TPOMUKOB U MpuHagnexar Kk C4-tuny, T. e.
o6nagaldT cnoco6HOCTbO BecbMa 3ddek-
TWBHO MNpeBpalLaTb CBETOBYH 3HEPruUio B
6romaccy).

Monpobyem MOHATb, YTO NEXUT B OCHO-
Be 3TOro napapjokca.

23.26. doToabixaHue
orpaHu4YmMBaeT NPOAYKTUBHOCTb
C3-pacTeHuin

Y pacteHunii o6oux Tunos, C3 u C4,
HOYLIO B MUTOXOHAPUAX 3€MeHbIX KI/IeTOK
NUCTbEB MPOTEKAalT MPOLLeCcChbl AblXaHUA U
thochopunmpoBaHua ¢ paclienneHnem cyo6-
CTpatoB, CO3[aHHbIX (POTOCUHTE30M B
npefLlecTBylolW e CBETOBble  MEPUOAbI.
Bo3HMKaeT BOMpoC: AblWAT NN KNETKK
nnucTa TakXke M Ha CBeTy, BO Bpems akK-
TUBHOTO (POTOCUHTE3a, UMW XXe MUTOXOHA-
puanbHoe AblXaHWe Ha 3TO BPeMs BbIK/IO-

yaeTcA? TulaTenbHble W3MEpPEHUs CKopoc-
Tel BblJeNeHUs KUCMOpoAa W NOrIoWeHns
CO2 nokasanu, 4to C3-pacTeHns gencTeu-
TENbHO AbllaT Ha CBeTy W MmoraowarT
HEKOTOpOe KOJ/IMYEeCTBO Kucnopoga, B TO
BPEMS KaK B HUX MpoTeKaeT (POTOCUHTES,
Npu KOTOPOM KUCNOPOA BblAenserca. 370
[blXaHWe Henb3s, 0fHaK0o, NOMHOCTbLI Npu-
nucatb MUTOXOHApuAM. OkKaszanocb, 4TO
OHO NNWb YaCTMYHO NOAABNSETCA LuaHW-
LOM, WHIMGMTOPOM MUTOXOHAPUANbHOM
LMTOXPOM-0OKCKUAa3bl. HeyyBCTBUTE/bHOE K
UnaHngy pAbixaHue, Habnwogaemoe y C3-
pacTeHWii Ha CBeTy, Ha3biBaeTca (PoTOoAbl-
XaHWUEeM.

doTogbixaHne NpefcTaBnseTca pacTouu-
TeNbCTBOM. BOo-nepBbIX, 4acTb BOCCTAHOBM-
TENbHOW CUMbl, TEHEPUPYEMOI B CBETOBbLIX
peakumax, OTBAeKaeTCA TakuM MNyTeM Ha
BOCCTAHOB/IEHWE KWCNOPOAa, BMECTO TOro
4YTOOblI pacxofoBaThCA Ha 6GMOCUMHTE3. Bo-
BTOPbIX, B OT/AN4YME OT MUTOXOHApMWasb-
HOro fAblXaHWs (oTofblIXaHUe He Cconpo-
BOX/[AeTCAa OKUCAUTENbHBIM (ochopuin-
posaHuem. CnejoBaTenbHO, 3HayuUTeNbHas
4yacTb COMIHEYHOW 3HEpruu, ynaBAMBaeMol
B CBETOBbIX peaKLMsx, pacTpayuBaeTcs B
npouecce (GoTofbIXaHUS BMYCTYH. BaxHo
AN Hac u TpeTbe 06CTOATENbLCTBO: (hO-
TOofAblXaHWe OTAn4vaeTcs 0coboi  aKTuB-
HocTbt y C3-pacTeHunit, Torga Kak y pacTte-
HWIi TPOMWYECKOro MPOUCXOXAEHUS OHO
NpakTUYeckn OTCYTCTBYET.

[naBHbIM cybCTpaTtoM, OKWCNAEMbIM
npu goTtoabixaHuu y C3-pacTeHuin, aBnaeT-
cA raukonesas kucnora (puc. 23-28). B ne-
pOKCcMCOMax KMeToK nucTa rnmkKonaT OKuc-
nAeTca A0 rMOKcunaTa, KOTOpbIA 3aTem
npespawjaeTcs B TAWUWH W Apyrve npo-
OyKTbl. Peakums, npusopasas B pacTu-
TeNbHbIX KNeTkax K 06pa3oBaHMIO T/IMKO-
nata, B BbICLUEl CTeneHuW HeobblyHa. nu-
Konat obpa3syeTcs B pe3ynbTaTe OKUCAU-
TeNbHOTo paclennenns pubynoso-1,5-au-
thocthara. ISTa peakuus Katanusupyetcs
puéynosogudochaT-kapboKCcKnIazon - Tem
>Ke (hepMeHTOM, KOTOpblii KaTanusnpyeT
ukcayuto CO02. npusogsawy K o6paso-
BaHUO (pocpornuuepaTa. Kak 310 BO3-
MOXHO?

[Oeno B TOM, uTO pubynosogudoctar-
Kkapbokcunasa cnocobHa KaTanusnpoBaThb
peakuuto pubynosogudochara mbo ¢
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CO2 mbo c¢ O2. Korpa KOHUeHTpauus
CO2 Hu3Ka, a KoHueHTpauua O2 cpasBHU-
TeNbHO BbICOKA, MoJsiekyna O2 He TONbKO
KoHKypupyeT ¢ CO2, HO MOXeT W 3ame-
HUTb ee. HeobblyHas 3Ta peakuus MpMBO-
AWT K TOMYy, 4TO pubynosogudoctar B
C3-pacTeHuax He kapbokcunupyeTtcs, a OkK-
cureHupyeTcs. pn OKCMreHNpoBaHUM 06-
pasytTcsa ¢ocgoramkonaT u 3-tocdornu-
uepaT (puc. 23-29) BMeCTO [fBYX MOJEKYN
3-thochornuuepata, obpasylwmxcs npu
KapbokcunmpoBaHum. dochoramkonar 3a-
TeM rugponusyerca ¢ o6pa3oBaHWemM CBO-
60HOTO rAnKoata, KOTOPbIA CAYXUT cy6-
cTpatom fna ¢oTofbiXaHua.

B otnauume ot 3toro y C4-pacTeHuit
oTHoweHne CO202 B KneTkax 06Knagku
0CTaeTCA BCerja CpPaBHUTENbHO BbICOKUM
6narofaps npegwecTsytouwemy C4-aTany,
T. €. YyCNoBuA 34ecCb 61aronpuaTcTBYIOT
KapbokcunmposaHuio pnbynoso-1,5-andoc-
(hata. Kpome TOro, 3akpbiBaHue YCTbuL,
B NMCTbAX C4-pacTeHWii He TONbKO Mnpea-
oTBpallaeT noTepu BOAblI, HO W OrpaHu-
YnBaeT MOCTYyMn/jeHne aTMOCHEPHOro Kuc-
nopofa B JNCTbA.

23.27. doTogblxaHue - cepbesHas
npobnema Ana 3emsefenns
YMepPeHHOWN 30HbI

XO0Td Mbl MOKa ele He 3HaeM TOYHO,
KakoBa 6uonoruyeckas ponb ¢oTofblXa-
HWA, ACHO, YTO OHO 3ac/NyXXWBaeT Cepbes-
HOr0 BHWMaHWA, NOTOMY 4YTO B YMepeH-
HO 30HE OHO CHWXaeT MNPOAYKTUBHOCTb
C3-pacTeHuii, T. e. CKOPOCTb 06pa3oBaHmWA
pacTuTenbHoin 6uomacchl. B rxapkuili 6e3s-
BETPEHHbI/i feHb B noceBax C3-pacTeHuin
KoHUeHTpauua CO2 B BO34yxe Hapf pacTte-
HUAMUN MOXET NoHn3nTbLea o 0,005% (Hop-
ManbHbIi ypoBeHb-0,03%) n3-3a 6GbICTPOrO
nmcnonb3oBaHma CO2 B npouecce POTOCUH-
Tesa. B pesynbTate 3TOr0 MOHWXKAETCA U
oTHoweHne CO 20 2 B BO3LyXe Haj pacTe-
HUAMM, a 3Ha4YMT, KMCNOPOA HaymHaeT 60-
Nlee ycrewHo KoHKypuposath ¢ CO2 B
puéynosogndochar-kapbokcmnasHoh  pe-
akuumu, Tak 4to dukcauma CO 2 3amegnaet-
Cfl, a «pasopuUTEeNbHbIA» npouecc HOoToAbI-
XaHWa, HanpoTus, ycunueaetca. PoTOAbI-
XaHune MOXeT Ha 50% CHU3UTL peanbHOe
obpasoBaHue 6uomaccbl y C3-pacTeHWuii.
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B HacTofLee BpemMsA U3bICKMBAKOTCA CMNO-
cobbl 3aTOpPMO3UTbL (oToAbiXxaHue y C3-
pacTeHWidi M Tem cambiM YCUAUTb Y HUX
thumkcaumno CO2, a cnegoBaTensHoO, 1 obpa-
30BaHMe 6uomaccbl. OfMH M3 Takux cno-
co60B OCHOBaH Ha WHrMbéuposaHum ep-
MEHTOB, KaTaJiu3npyroLWnX OKUCIIEHNE TNn-
Konata. [pyroin noaxop 3akntouvaeTcsa B
KY/NbTUBMPOBAHUMN COPTOB, KOTOPLIM Npu-
cylla HWU3Kasg CKOpPOCTb (HOTOAbIXaHUS.
Bnpoyem, He WCKNOYEHO, 4YTO 3Ty Npob-
NeMy XWU3Hb paspewnT 6e3 Hac, MOCKONbKY
B CBA3W C noTpe6neHnem 60MbWINX KOMU-
YeCTB MCKONAEMOro roproyero cofiepXxaHue
CO2 B BO34yXe HEYK/IOHHO pacTeT (pasg.
13.1).

23.28. TanogunbHble 6akTepumn
MCMONb3YIOT CBETOBYH 3HEPruio
ansa cuHTesa ATP

FanogpunbHasa («nobawasa conb») bakre-
pua Halobacterium halobium 3anacaet
3Heprut0 NoraoLW,aeMoro CO/IHEYHOro CBe-
Ta COBEPLUEHHO WMHbIM CNOCO6GOM, Hexenun
3TO [enatT WCTUHHblE (HOTOCUHTE3MpPYIo-
Wwme opraHusmbl. OTu cBoeobpasHble 6ak-
Tepun 06WUTADT TONbKO B COMEHbIX MpYy-
[lax n coneHbix o3epax (Hanpumep, B Bonb-
wom ConeHom o03epe unm B MepTBOM
Mope), T. e. Tam, rAe BCNeAcTBue ucnape-
HWUSA BOAbl KOHLEHTpaLWsa COAN O4YeHb Bbl-
COKa; OHW BOOGLLe He CNOCOGHbLI CylyecT-
BOBaTb MNpu KoHuUeHTpauuax NaCl Huxe
3 M. 2T 6akTepuu as3pobbl, M 06bIYHO
OHWM WUCMNOMb3YIOT ANA OKWUC/EHUA CBOEro

fly HapyxHasa cpega
(Hu3KMiA pH)
"/
KnetouHas
mMembpaHa

OpuneHTMpoBaHHbIe

MOIEKY /bl H -TpaHcnopTu-
pyrouwaa ATPasa

6aKTepuopofoncuHa
B NypnypHOM

NATHE KNeTo4YHON
mMem6paHbl

Lutosons
(BbICOKMIA pH)

OPraHW4yeckoro  «TOMAWBa»  KUCNopog.
OfHako B COMeHbIX  nNpyaax, rge
KoHueHTpauusa NaCl wHorga npesbiwaet
4 M, pacTBOPUMOCTb KWUCMOpPOAA OYeHb
Hu3ka. [1oaTomy ranodunbHbIM 6akTe-
puam npuxXoAUTCA WMHOTAa MCMNONb30BaTb
LPYroii  MCTOYHUK  3HEPTUMN—EONHEUHBIN
cBeT. B nnasmatnyeckoli mMem6paHe, OK-
pyxatouweii knetkun H. halobium, wnwme-
H0TCA CKOMMEHUS CBETOMOrNOWarLWmx nur-
MEHTOB. 3TO TaK HasbiBaemble Mnypnyp-
Hble nATHa. OHWM COCTOAT M3 MJIOTHO
ynakoBaHHbIX MoOfieKyn 6enka 6akTe-
puopogoncuHa (mon. Macca 26000), co-
fepxallero B Ka4yecTBe MNPOCTETUYECKOW
rpynnbl  OCTaTOK PpeTwHansd, Wi anbje-
rmga suTammHa A (pasg. 10.14). Mpwu oc-
BELEHUN KNETOK MOMeKynbl 6akTepuopo-
JorncuHa nepexoaat B BO36YX[eHHOe coc-
TOSHME W BpPeMeHHO obecLBeymBaloTCA.
Korpa 3atem 3atu BO30YXJeHHble MONEKY-
Nbl 6aKTepuopoAoncuHa, Haxogdauimecs B
mMembpaHe, BO3BpaLLaldTCA B UCXOAHOE OC-
HOBHOE COCTOAHWE, BbIJENANOLWAACA 3JHep-
rUs UCMONb3yeTCs Ha MepeKkaynBaHue NOHOB
H + ©3 KNneTku B Hapy>XXHyt cpegy, BCnea-
CTBME Yero BO3HWKaeT TpaHCMeMOpaHHbIi
rpagveHT pH, obpaleHHbI KMCMbIM KOH-
LLOM HapyXy. [MOCKOMbKY Mpu 3TOM KOH-
LleHTpaL s MOHOB H + CHapy»XW Bbllle, Yem
BHYTPU, 3T WOHbI CTPEMATCA AUPDYHAN-
poBaTb 06paTHO B K/IETKY 4epe3 Haxopfsf-
Wwuecs B membpaHe Monekynbl ATP-CUH-
Te3npyoLero GepMeHTa, HanoMmnHar L ero
ATP-cuHTeTasy MUTOXOHAPWIA © X10pO-
nnacTos. MMpoxoas yepe3 3Ty 6akTepmanb-
Hyto ATPa3sy, noHel H+ oTgaloT CBOMW

Puc. 23-30. Y ranodunbHbiX 6aKTepuii Monekynbl
6aKTepnmopofoncuHa, onpeaeneHHbIM 06pa3om
OpPUEHTUPOBaHHbIE B KNETOYHO MemGpaHe, cny-
)aT HacoCcoM, KOTOpbIii nofj AeicTBMEM CBeTa
BblKaunBaeT WOHbI H + Hapyxy. BosHukatoLnii

B pe3ynbTaTe 3TOro rpagueHT NOHOB H+ saBns-
eTCA UCTOYHWUKOM 3Heprum ans cuHtesa ATP, Ka-
Tanuanpyemoro ATP-CUHTeTa30ii.
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3Heprunt, KoTopas UCNonb3yerca AN CUH-
Tesa ATP n3 ADP u ¢ocgaTta (puc. 23-30).
TakumMm cnoco6om ranoduibHble 6akTepuu
3anacalT CBETOBYIO 3Hepruto B opopme ATP
B [JONOJIHEHWNE K OKWUCNUTENbHOMY docgo-
pUnAMpoBaHuio, NPOTEKAIOLWEMY Y HUX NpU
Hanuyuu kucnopoga. OfHaKo ranodunb-
Hble 6aKTepuu He BbILENAT Kucnopoja
N He OCYLecTBNAT ()OTOBOCCTAHOBNEHMUSA
NADP +.BbakTepnopofoncuH, CpaBHUTENb-
HO Hebonbwoi 6enok (puc. 23-31), sBnseT-
CA CaMbiM MPOCTbIM W3 BCEX W3BECTHLIX
HacocoB, MepekayuMBarwoLWMX MOHbI H + 3a
CYET 3Heprum cBeTa. MOXHO HafeATbca,
4YTO 3HAKOMCTBO C €ro MOJIEKYNSPHOI
CTPYKTYpOW M MexaHW3MOM AeiicTBMA NO3-
BO/IUT HaM rNy6xKe 3arnfHyTb B CYLLHOCTb
npoLeccoB CBeTO3aBMCMMOro npeobpaso-
BaHWSA 3HepruyM v nyywe MoHATb paboTy
H +-HacocoB pa3fiMyHbIX TUMOB, PYHKLMO-
HUPYOLWMX MpU  AbIXaHUM U (HOTOCKH-
Tese.

23.29. doTOoCUHTE3UpYlOL e
opraHusmbl cnyXaTt Mofensamu
ANA  KOHCTpyMpoBaHUA
CO/MIHEYHbIX 6aTapei

®OTOCUHTETUYECKNE MEXAHU3MbI X/T0PO-
NiacToB MepeBOAAT COMHEYHYH 3HEPTUI0
B Xumuyeckyto 3Hepruwo ATP n NADPH
B BbICLUEN CTeneHW 3PdeKTNBHO. Mo3ToMy
BEeTCS MHOF0 WCCNeA0BaHUN C Lenblo
Hay4YuTbCA BOCNPOM3BOAUTL 3TW MPOLIECChHI
B 60/ee MPOCTbIX WCKYCCTBEHHbIX MOJie-
KYNApPHbIX CUCTEMax W Takum o06pa3om
3acTaBuTb paboTaTb Ha ce6a HenpepbIBHO
NblOWKiAca Ha 3eM/0 HeuccsKaemblii no-
TOK CO/IHEYHOW 3Heprun. B coBpemeHHbIX
COJIHEYHbIX 6aTapesx B KauyeCTBe pPeLenTo-
pOB CBETOBOW 3HEPrMyM MCNOMb3YHTCH fO-
porocTosL e TBeEpAbIe MaTepuanbl, Hanpu-
Mep KpUCTanM4yecKnin CUANKOH, U 3Tu ba-
Tapeu paboTalT AafiekKo He CTONb 3ddek-
TWBHO, KakK XJ0ponfacTbl pacTeHuin. Ecnn
O6bl Ham yfianocb Ha MONEKYNAPHOM W
cy6aTOMHOM YpOBHE MOHATb [0 KOHLA Te
MPUHLUMUNBLI, Ha OCHOBE KOTOPbIX X/0PO-
unn n 6akTepmopodoncuH paboTarT Kak
BbICOKO3()(DEKTUBHbIE NIOBYLUKW CBETOBO
3HepruM, U O0AHOBPEMEHHO BbIACHUTH, Kak
NponCcXoAuT pacnpegeneHue no obe cTopo-
Hbl MeMOpaHbl 3MEKTPUYECKNX 3apPALOB U

* 50 MKM 1

Puc. 23-31. Kpuctannsl 6aKTepMoposoncuHa.

noHos H +, T. e. KaKk BO3HUKalT 6oraTble
3Heprvein 3NeKTPOXMMUYECKNE TPaAUEHTHI,
TO Mbl, BO3MOXHO, 0Ka3anncb 6bl B COCTOA-
HUN  3P(EKTUBHO BOCMPOU3BOAUTL 3TU
npoLeccbl C MNOMOLLbIO [JelleBblX MaTe-
puanos. ®yHAameHTa/lbHble GUOXMMMYEC-
Kne n 6nodmsnyeckme nccnefoBaHua aHep-
ronpeo6bpasyrwnx membpaH ¢oTOCMHTE-
3UpYOWMX OPraHM3MoB BaXKHbl MO3TOMY
He TONbKO KakK CpeAcTBO Npuban3nTbheA
K MoHuMaHuto npupofbl. OHM MOryT
MMeTb U AOJITOCPOYHbIE MPAKTUYECKME MO-
CnefCcTBMA AN Takux o6bnacteii venose-
4eckol AelTeNnbHOCTW, KakK CenbCKOe XO-
34/iCTBO, MPOW3BOACTBO 3HEPrMM WUAM 3a-
WnTa oKpyxatoueli cpegbl ot CO2, H2S04
M ApYrux 3arpAsHeHuid, BO3HMKAKOWMX B
KayecTBe MOGOYHbLIX NPOAYKTOB MNPU CXWU-
raHunm MncKonaemoro ropryero.

KpaTkoe cogepxaHue rnasbl

B cBeTOBbIX peakuumax (OTOCUHTE3a Y
3e/1eHbIX pacTeHWid MOrnoLULeHHas cBeToBas
3Heprusa cosfaeT NOTOK 3/1EKTPOHOB, Ha-
npaeneHHbidi ot H20 k NADP+, koTo-
pbli Npu 3TOM BOCCTAaHaBNMBAeTCH B
NADPH; o4HOBpeEMEHHO BblfenseTca Kuc-
Nnopoj, BXOAWBLUMIA paHee B COCTaB BOAbI.
BTopbiM NPOAYKTOM CBETOBbIX peakuuii
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asnserca ATP. B TeMHOBbLIX peakumnax
ATP n NADPH wucnonbsyoTcd gna Boc-
cTaHoBneHns CO2, npuBogsuiero K obpa-
30BaHMI0 TNIIOKO3bl. B KneTkax 3efieHbIX
pacTeHuii POTOCUHTE3 NPOTEKAET B X/0PO-
nnactax. CeeTOBble peakUUn MPOUCXOAAT
B TWNAKoOMAax - YNAOLWeHHbIX MeMOpaHHbIX
ny3blpbKax, HaxOAALWMXCA BHYTPU XI0pO-
nnactos. B (hOTOCMHTE3MPYIOLWNX pacTu-
TeNbHbIX K/ETKax NPUCYTCTBYIOT CBETOMNOT-
nowjaroLme NUrMEHTLl BYX TNaBHbIX TU-
NoB-X/IOPOUNNLI U KAPOTUHOUAbI, 06be-
OVWHeHHble B fABa Buga ¢oTocuctem. B
KaXoi doTocucTeme mmeeTcs Habop cBe-
ToCOOMpaKOWMX, WU AHTEHHbIX, MUTMEH-
TOB W PeaKkuWMOHHbI/ LeHTP, MCNONb3Yyio-
WMA CBETOBYIO 3HEPIUIO [N Nepejaun
3/1€KTPOHOB B LieMb 3/1EKTPOHHbLIX MEpPeHocC-
yukos. ®oTocuctema | Bo3byxpaaetca 60-
nee [NVMHHOBO/IHOBLIM CBETOM; TMpu ee
yyacTuuM  3NeKTPOHbI  BOCCTaHaB/UBaKOT
NADP+ B NADPH. ®otocucrtema Il ak-
TuBUpYyeTCcs 601ee KOPOTKOBONHOBLIM CBE-
TOM; OHa OTBETCTBEHHA 3a OTLen/leHne
31eKTpoHOB 0T H20 1 BblgeneHne Kucno-
poga. Bo3byxaeHue doTtocuctemsl | npu-
BOAUT K BoccTaHoBneHnto NADP+ uyepes
theppefoKCUH U eppefoKCcMH-NADP- ok-
CMAopeayKTasy. SNeKTPOHbl AN 3an0/He-
HUA bIpoK B otocucTeme | nocTtynaiwoT
0T BO030YyXAeHHON ¢oTocucTtembl . OHm
MepeHocATCA Mo LEenu MepeHoca 3NeKTpo-
HOB, coeauHsitowel gotocuctemsbl I un |,
C KOTOPOI conpsiXXeHo (DOTOCUHTETUYECKOE
thocopunupoBaHme. INEKTPOHbI, HEOBXO0-
OVMble ONA 3aM0NHEHUA AbIpOK B (OTO-
cucteme |l, o6nagatoLLeil BbICOKO OKUCAN-
TeNbHOW CMOCOBHOCTHIO, NOCTynmawT or
H20. NCTOYHMKOM 3HeprumM fnsd cuHTesa
ATP cnyxuT TpaHcMemb6paHHblii H +-rpa-
[LUeHT, co3faBaeMblii MOTOKOM 3/1€KTPO-
HOB, HamMpaBNeHHbIM «BHU3». [OnA TOro
4yTo6bl  06ecneunTb  BblfeneHWe OfHOMN
MOJIeKYNbl  Kucnopoga u obpa3oBaHue
aByx wmonekyn NADPH u pgByx m™orne-
Kyn ATP, TpebyeTcq BOCEMb KBaHTOB
CBeTa.

B TEMHOBbIX peakuuax NPOUCXOAUT (PUK-
cauns CO2, npuBojswas K obpa3oBaHuto
YrnepogHOro ckeneta rnokKossl. dukcayms
OCYLUECTBNAETCA MOCPefCTBOM  peakuuu
CO2 c pwubynoso-1,5-gugpoctarom, npo-
AYKTaMn KOTOpPOW SBNAKOTCSA ABE MO/eKy-

nbl 3-thocornuuepara. 3-gochornuuepar
npespalaeTca B T[/IIOKO3Y Yepes LMKN
KanbBMHa, NpUYyeM Ha KaXAyl CUHTE3U-
pOBaHHYIO MOJIEKYNly TNHOKO3bl pacxopgy-
totca 18 monekyn ATP un 12 monekyn
NADPH, o6pa3oBaBWNXCA B CBETOBbIX
peakuusax. Lukn KanbBuHa COCTOUT W©3
B3aMMOCBA3aHHbIX peakuuii neHTo3odoc-
(haTHOrO0 W TANKONNTUYECKOTO nyTeil. Y
CtpacTeHuin CO2 ¢uKcmpyeTcs CHavana
B KneTkax Meso(unna ¢ o6pa3oBaHueMm
manara, nepexojfllero 3aTeM B KIeTKK
obknagku. 3pecb CO2 BHOBb BbICBOGOX-
[laeTca, U ee KOHLUEeHTpauua oka3blBaeTcs
[0CTAaTOYHO BbICOKOW, YTO6GbI MOr/aa Npom-
30MTN peakuus, Katanusupyemas pubyno-
3ogudochaT-kapbokcunasoin. Mocne 3Toi
peakuun Becb mnpouecc upet yxe no C3-
nytn. ¥ C3-pacTeHuin yacTb [06bITON B
npouecce (pOTOCUHTE3a 3IHEPrun TepseTcs
B pe3ynbTate (oToAbixaHusA. CybcTpaTom
ANA OTOAbIXaHUA CAYXUT rNnMKonaT-npo-
OYKT OKCUTeHMpoBaHusa pubynoso-1,5-au-
thocarta.

BakTepnopofoncuH, cogepxawmiica B
KNeTo4yHOW MembpaHe ranouibHbIX 6ak-
Tepwid, Npn OCBeLLEHUN MepeKaynBaeT NOHbI
H M3 KNETKW B OKPYXaloLlyio Ccpeay.
BosHuKalowWmii  BCnegcTBUE 3TOr0 TpaHc-
MeMbpaHHbIA H +-rpagneHT ucnonb3yercs
Knetkamum fgna cuHtesa ATP.
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Bonpockl 1 3agauu

1. ®asbl oToCUHTe3a. Ecnu cycneHsuio 3ene-
HbIX BOofopocneli cHayana ocBelwaTb B OTCYT-
CTBUE ABYOKUCKM yrnepoga, a 3ateM WHKYGu-
poBaTb ¢ ,4C0O2 s TeEMHOTe, TO B Te4yeHue
KOpPOTKOTro MpoMexyTka BpemMeHW HabGnio pga-
eTca npespaweHne 14C0O2 B 14C-rnwoko3y.
YTo Ham roBOpPMT 3TO HabnwopgeHue o ABYX
(haszax poTocuHTe3a? lMoyemy npespauieHune
14C0O2 s 14C-rnwoko3y 6bICTPO nNpekpaw aeT-
ca?

2. ®oToxummnyeckas IPdeKkTUBHOCTL CBeTa C
pasnWyYHOW ANUHOA BOAHbI. MpU OCBELWEHWUU
3eN1€HOr0 pacTeHWs CBeTOM C ANUHOW BOHBI
680 mnn 700 HM ckopocCTb (hoTOCMHTe3a, W3-
mMepsemas no BbigeneHno O 2, B NepBOM CNy-
Yyae oKa3blBaeTCA Bbiwe. OfHAKO OCBel eHune
pacTeHMs CBeTOM C TOW W [pyroii ANWHOW
BONHbI OAHOBpeMeHHO ob6ecneuynBaeT 6onee
BbICOKYI CKOpPOCTb (hOTOCMHTe3a, YeM oOcCBe-
uleHne KaxX/ablM CBETOM B OTAeNbHOCTW. O6b-
ACHUTE MPUYUHY 3TOrO.

3. Ponb H2S y HekOTOpPbIX (POTOCUHTE3NPYIO-
Wux 6aKkTepuid. Y nypnypHbIX CepHbiXx 6akTe-
puii Npu ocBeweHUN MOXeT UATU (POTOCUH-

Te3 B npucytcteun H20 un 14CO 2. HO TONbLKO
B TOM cny4ae, ecnum umeetrcad H2S, a kucno-
pog oTcyTcTByeT. B xoge hoTocuHTe3a (CKO-
pocTb KOTOpPOro wu3amepsetrcs no o6bpasosa-
HUto 14C-rnoko3bl) H2S npeBpalyaetca B afe-
MEeHTapHY cepy, a KUCNOPOJ He Bbljensercs.
Kakyto ponb urpaet npespaweHue H 2S B ane-
MeHTapHyt cepy? [loyemy He Bbljensercs
kncnopopg?

YBennyeHne BocCTaHOBUTENbHONW cuabl oTo-
cucTembl 1B pesynbTaTe NOrNOWEeHNs CBeTa.
Korga tdoTtocuctema | nornouwaeT KpacHbli
CBeT C ANWHOW BOAHbI 700 HM, BOCCTaHOBMU-
TeNbHbIA noTeHuuan P700 wu3MeHseTca OT
+ 0,4 po —0,6 B. Kakas gons nornoweHHoro
cBeTa ynaBnusaetrcs B (OpPMe BOCCTAaHOBM-

TeNbHON cunbl?
MexaHn3m peilcTBusa repbuumpa guypoHa. Ec-

nun obpaboTaTb X/J0ponnacTtbl Takum Mol -
HblM repbuumnpgom, Kak AunypoH [3-(3,4-gu-
xnopdennn)-1,1-pumetunmoyeBnHal, 10 Bbl-
feneHue kucnopoga u poTtodochopunmposa-
Hue npekpawatTca. BbigeneHne kucnopopga
(Ho He boTOOCHOPUNMPOBAHME) MOXHO BOC-
CTaHOBUTb, J06ABUB KaKON-HWOYAb BHELWHUN
aKLuenTop 9371eKTPOHOB, Hanpumep peareHT
Xunna. Kak peiictByeT 3TOT repbuuupg, Kor-
fa OH y6uBaeT cOpHAKW? B Kakoii Touke
CXeMbl, N306paKeHHOW Ha puc. 23-12, moxeT
CKasblBaTbCA, NO BalleMy MHEHWIO, ero WH-
rméupytowee peiicteue? [aiite aprymeHTu-
pOBaHHbLIA OTBET.

BuoaHepreTuka coTodochopnamposaHus.
CraynoHapHble KoHUueHTpauun ATP, ADP un
P, B M30N1MpPOBAHHbIX XN0ponnacrtax WwnuHarta
npuM nofHOM ocBeweHnn u pH 7 pasBHbI
CoOTBeTCTBEHHO 120, 6 n 700 MKM.

a) Ckonbko TpebyeTcs cBOGOAHOW 3Hepruu
ansa cunTesa 1 mona ATP npu 3Tux ycno-
BUAX?

OHepruio ana cuHtesa ATP noctasnser
nepeHoC 3/1eKTPOHOB B Xj0ponaacrtax, MH-
AyUMpOBaHHbIA cBeToM. Mpu Kakoih Mmu-
HWUManbHOW pa3HOCTWM NOTeHLWanos AON-
KeH NPOWCXOAWUTbL MEpPeHOoC napbl 3NeKT-
poOHOB B 3TUX YycnoBuax p[ns obecneye-
HUA cuHTesa ATP?

NaeHTudmnkauma Kawo4yeBblX MNPOMeEXYTO0u-
HblX NMPOAYKTOB B TEMHOBbIX peakumax @o-
TocuHTesa. KanbBUH C COTPYAHUKAMWU WC-
nonb3oBannW NpPuW W3yYeHUW TEMHOBBLIX peak-
UMA (poTOCUHTE3a OJHOKIETOUHYI 3eneHYHo
Bogopocnb Chlorella. B cBOUX 3KCNepuMeH-
Tax 3TU uccnefosaTeNn WHKy6buposanm oc-
BellaemMble CycneH3uum Bopopocneid ¢ 14C0O2
npu pasfiMyHbIX YCNOBUAX, @ 3aTEM MPOCIEXN-
Banu AUHaMuWKy nosasneHuna 14C B [BYyX npo-
gyktax, X 1 Y, B 3aBUCMMOCTM OT YyCNo-
BWIA onbiTa.

6

-
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a) Knetku Chlorella BbipawnBanucb Ha CBeTy
B MPUCYTCTBUM HemeuyeHoW CO2; 3aTem
cBeT BbIKNOYann u pob6asnanu 14C0O 2.
B atux ycnosuax 14C o6Hapyxusanca y
BOJOpOCAel npexpe Bcero B npogykte X.
MpoAayKT Y ocCTaBajicA HEMEYEHbIM.

3ajava 7a
4C02

TemHOTa

Bpewms

6) KneTtku Chlorella Bbipawmsanmcb Ha CBeTy
B npucytcteunu 14CO 2. CBeT BbIK/OYaNu
no wucuyepnaHwu Bceld CO2 (npepbiBUCTan
BepTMKanbHaa NUHKUA). B 3Tux ycnosuax
npoayKT X 6bICTPO BKAOYAN MeETKYy, HO
3aTeM ee yTpauyusan. Pafn0aKTUBHOCTb
npogykta Y co BpeMeHeM, HanpoTus, BO3-
pactana. OCHOBbIBafiCb Ha 3HAHUU LMKNa
KanbBMHa, Ha30BUTe COEAMHEHUSA, O KOTO-
pbIX MAeT 3[ecb peyb.

3apava 76

8. Perynauusa pubynoso-1,5-gudochaT— Kapbok-
cunasbl nyTem uameHenus pH. Y pubynoso-
1,5-gudpochar—kapbokcmnasbl BenunHa K m
ana CO2c nosblweHem pH cpefbl 3aMeTHO
CHUMXaeTcA. Kak CKa3blBaeTCAa 3TO CHUXEHUue
Ha ckopocTu (ukcaumm CO2 B pubynosogu-
thochaTkapbokcmMnasHon peakuum? Kak Mo-
XeT pacTeHMe WCNONb30BaTb 3TO CBOWCTBO
ONA perynaymu cKopocTum (GOoTOCUHTe3a npu
ocseweHnn? Kakyw ponb wurpaeTr 3ta pe-

10.

11.

12.

BNO3HEPITETUKA nu meTat6onusm

rynauma B pacTeHun
TOK?

MyTb dukcaumn C02 y kykypysbl. Ecnm oc-
BellaTb pacTeHWe KYKypy3bl B MPUCYTCTBUN
rasoo6pasHoii 14C0O2, To yXe NPUMEPHO uye-
pes 1c cBbiwe 90% BCceli pafjMoOaKTUBHOCTHU,
BKNOUYEHHOW B NUCTbAX, OGHapyXwuBaeTcs B
C-4 wmanaTta, acnapraTa ¥ oOKcanoaueTara.
B C-t 3-thochornuuyeparta 14C nosasnseTcs
nMwb no uctedyeHun 60 c. O6bACHUTE 3TH
pesynbTaThl.

XUMU3IM ManaTjernjporeHasoi: Bapuayuu
OAHON Tembl. ManatgerungporeHasa, cogep-
Xaujanca B knetkax o6knagku C4-pacTeHuit,
KaTanuaupyeT peakuuio, 4NA KOTOPON MOX-
HO yKa3aTb aHa/llOTMYHYI0 peaKkLUuto B LuKIe
NMUMOHHOA KucnoTbl. Has3oBuTe 3Ty aHano-

B TeMHOe BpemMAa Cy-

rMYHyto peakyunto. O6GBLACHUTE, B YeMm 3a-
KN 4YaeTCa aHanorus.
OTcyTcTBue oTocucTembl Il B kneTkax

mesouana. Y TPonM4ecKUxX 31akoB B KneT-
Kax Me3odunna mMmeetrca TONbKO (oTocuc-

Tema |, a d¢ortocuctema Il oTCyTCTBYEeT.
Y Tex Xe pacTeHWih B Knetkax 06KNagkwn
nmetotca obe ¢otocuctembl, | un Il. Co-

rnacyetcs nu 310 06CTOATENbCTBO C TOM
ponblo, KOTOPYK WrpaeT y 3TUX pacTeHui
nyTe XaTya-Cnaka? [aliTe MONHbIA OTBeT.
OKCNepUMEHTbl MO peKOHCTpyKuyun: ATP-
CUHTe3upytowmne nysbipbku. B. CTOKeHUyC #u
3. Pakep coobwmnnm o6 MHTEPECHbIX 3KcMne-
pUMeHTax MO PeKOHCTpyKuuu. B 3Tux akc-
nepuMeHTax WCMNONb30BaNUCb WHBEPTUPO-
BaHHble CUHTeTMYeCcKNe hocthonunuaHble ny-
3bIPbKU, COfepxaBllnMe Monekynol 6GakTe-
pnopogoncuHa u3 Halobacterium halobium
n FoFj-ATPa3y “3 MUTOXOHAPWUIA 6Gblubero
cepgua. Mpu ocBeweHUN 3TW Ny3blpPbKK
cnHTesmposanm ATP us ADP u P, OpfHa-
KO eCcnnW ux ocBelWwanun B MPUCYTCTBUWU AWN-
HuTpotdeHona, To o6GpasoBaHua ATP He
npouncxoamno. OGbACHUTE 3TW pe3ynbTaThl
MCcXoas U3 XeMUOCMOTWYECKOW rMnoTessbl.

docthonmnuaHbIi nyssipek



MPNNOXEHWE
OTBETHI
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K a) nunuyepanbperng-3-pocpar + P, +
+ NAD+-» 3-hochornuuyeponndochpar +
+ NADH + H+.
3-pochornuuepounncdochar + ADP
dornuuepat + ATP.
3-bocpornuuepat -» 2-pochornuuepart.
2-poctornuuepar -+ dochoeHonnumpysat +
+ H20.
dochoeHonnupysat 4 ADP ->Mwupysatr +
+ ATP.
Mupysat -» CO: + AueTanbperug.
Auetanbaerng NADH + H +->3T1aHon +
+ NAD +.
6) Tnuuepanbperng-3-gochar + P, +
+ 2ADP ->3T1aHon + CO2+ 2ATP + H20.
B)

3-thoc-

nuuepanbgerng-3-gochar
mNAD+ <r
J
-> NADH + H+
3-thochornuuepon ngocdat
ADP
ATP«-"

3-thochornumuepat

2-thocdornuuepat

HD*>

®octhoeHonnmpysat

ADP

ATP
Mupysar

AueTanbgerng

OraHon

. a) Okcanat + ®opmun-CoA -»dopmuar +

Okcanun-CoA,

Okcanun-CoA -fH+ CO02+ ®opmun-CoA.
®opmuatr + NAD+ -+ C02+ NADH.

6) Okcanat + H++ NAD+ 2CO2+

+ NADH.

14C-rnoko3a pacnajaetcs Ha 6onee Menkue
thparMeHTbl, KOTOpble 3aTeM MCMNOAb3ylTCA
B 6UOCUMHTEe3e TMCTUAMHA. HeMeUeHbll TncTu-
OWH felicTBYeT Kak MHTM6GMTOpP No o6paTHO
cBA3W, 6NOKMPYS NyTb, MO KOTOPOMY mpounc-
XOAWT CUHTE3 TUCTUAUHA.

. a) YpoBHeM R-ranakTto3upgasbl; 6) um3-3a TO-

ro, 4to 4ymcno o60opoTOB (hepmMeHTa He W3-
MeHfeTCcA; B) Npouecc MHAYKUMW obnagaet
BbICOKO/ CNeun@UYHOCTbIO.

. a) Nnwoko3a + 2ATP -* ®pykT030-1,6-AK-

dochar + 2ADP.

6) ®pykTo30-1,6-gudochar + 2H20 -*

> [nwokKo3a + 2P,.

B) Pa3nmymsa coCcTOAT B TOM, 4TO MNpU Ka-
TabonuyeckoM NyTu notpebnAawTCA [BE MO-
nekynsl ATP, a npu aHabonmyeckom nyTu-
fBe MOJieKy/nbl BOAbl. Takum o6pasom, 3Tu
fBa NMyTW HeNb3A NpeacTaBUTbL Kak obpatye-
HWe OAHOr0 W TOro Xe psafga peakyui.

r) O6pauweHno npouecca NpenaTCTBYOT ABa
TEPMOANHAMMNYECKMN BbITOAHbIX  MepeHoca
hochata ot ATP K rnwkose.

n) MpeBpaweHne rNOKO3bl B N0 KO30-6-poc-
hat u ob6paTHO B 3TMX ABYX NyTAX MeTa-
60nM3Ma He MOXeT KaTaim3mposBaTbCA OA-
HUM K TeM >e ®(epMeHTOM, TaK Kak npwu
3TOM MPOTeKat T pa3Hble NPOLecchbl, 4TO BUJ-
HO W3 CymMMapHOii 3anucu peakuyuu. BmecTe
C TeM B3auMmonpesBpalleHne r10K030-6-hoc-
haTta M pykTo30-6-hocaTta ocyL ecTBNALT-
Ca OAHUM M TeM Xe (PepMeHTOM.

6. a) 5-10_4M; 6) 9+ 106 umn/mMuH.

7. 11+10 4 M.

naBa 14

1. a) —1,13 kkan/monb; 6) + 1,80 Kkan/moneb;
B} —3,27 kKKan/monsb.

2. a) 267 M; 6) 622 M; B) 0,28.

3. 9,7.

4. a) 3,75+ 10 3 M "1; 8,64-10~8 M; HeT; 6)
13,9 M; HeT; B) AG0' = —4,0 kkan/mons;
K'q = 873; KOHUueHTpauusa rnwkKosnl 1,12 x

X 10“7 M; pa; r) HeT. g) Mpwn npsmom ne-
peHoce dochaTHoM rpynnel oT ATP K rat-
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KO3e aHepreTuyeckuii noteHuyman ATP nosso-
naeT npoTekaTb peakuumm 6e3 obpa3oBaHuUA
B BbICOKMX KOHLEHTpauuMax NPOMEXYTOYHbIX
coefiHeHnH. CYLW HOCTb TAaKOTO MepeHoca, KO-

HEYHO, cOCTaBNseT (epMeHTAaTUBHbIA KaTa-
nns.

a) —3,0 kkan; 6) —3,5 Kkan.

—2,4 kKan.

11,0 kKkan/monb.

a) 11,0 kkada/monb; 6) 46 kr; 68%; B) ATP

CWHTe3npyeTcs NOo Mepe Heo6XOAMMOCTU W
ero KOHLUeHTpauus nojfepxusaetcsa Ha noc-
TOAHHOM YpOBHe.

a) 11 c; 6) KpeatuHpocdatr + ADP -» Kpe-
aTuH + ATP.

B) CuHTes ATP B npouecce kKatabonusma
N0 KO3bl, AMUHOKUCAOT U XUPHBIX KUCAOT.

10. a) + 0,2 kkan/monb. 6) Mupococharasa Ka-

Tanusupyet rugponus nupodoctara u
CABUTaeT CyMMapHYl peakuutio B CTOPOHY
cuHTesa auetun-CoA.

nasa 15

1

lniokosa + 2ATP -» 2-rnnuepanbgerng-3-
ochar + ADP + 2H+; AGO' = +0,56 kkan/
/monb.

Fnuuepanbperng-3-poceart + 2ADP +

+ 2P, + H+->/akTtat + 2ATP + H20;
AGOQ' = —15,0 kKKkan/mons..

dpykTto3a+ 2ADP + 2P,= 2J/Taktat + 2ATP +
+ 2H20.

a) 14CH3—CH2~0OH;
nnn 4-14C-rniokosa.
BennunHa KM rekcokmHassl (0,1 mM) B 100
pa3 Huxe, yem K M rnokKokuHass (10,0 MM),
Mpu HOpManbHOW KOHLEHTpPauuu [t KO3bl
B KpoBM (5 MM) rekcokMHaza MNONHOCTbIO
cBA3aHa C rnwko3ol u paboTaeT € Mak-
cUManbHOW 3(ppeKTUBHOCTbIO, Torga Kak
rNIOKOKWHa3a HacblleHa /AulWb YacTUYHO.
Moka NOTpe6HOCTb MbIlW L, B F1OKO30-6-pocC-
thaTe HeBenmka (Hanpumep, B OTCYTCTBUE yCU-
NeHHOW ¢usnyeckolt paboTbl), MOBbIWEHHAA
KOHLEeHTpaumna rnwko3o-6-gpocthara nNpuBo-
OAUT K BbIKIOYEHWNIO TeKCOKMHa3bl, TakKum
o6pasom, yTunusayumsa TrA0KO3bl MbllLaMu
MMeeT MeCcTO faxe B clyvyae, Korga ypo-
BEHb T[/II0OKO3bl B KPOBU HUXE HOPMbI, HO
He MpoWCXoAWT Npu Manoil noTpebHOCTU B
rnokKoso-6-gpocharte. B oTnmyme OT rekco-
KWHa3bl TN KOKWHA3a He UHTNGupyeTcs rno-
K030-6-hocaTtom; 3TO BaXHOe CBOWCTBO
obecneynBaeT YyTMAM3auMO FNOKO3bl  Me-
YeHblo, faxe Korga noTpe6HOCTb B TrAt0-
K030-6-hocthaTte MUHUManbHa (Hanpumep,
npu 6nocmHTese rnukoreHa). Korga ypoBeHb
rNIOKO3bl B KPOBU HOpManu3yeTcsi, KO-
KuHasa nepectaeT paboTaTb W yTunumsayus
rNIOKO3bl MeYeHbl mnpekpaljaeTcs.

6) 3-14C-rnwoKo3a

6.

10.

11.

12.

13.

14.

npunnoxeHwuwe, oTBeTbI

HeT; naktatgerngporeHasa Heobxoguma gns
pereHepayunn NAD+ us NADH, o6pasyto-
uerocs nNpuM OKUCNEHWWU Trauuepanbierng-3-
¢doceaTa.

a) Mpogyktom 6ypetr 3-pochornuuyepart. 6)
B npucytctBMmu apceHata npu aHaspoOHbIX
ycnoBuax He Hakannusaetca ATP.

a) CornacHo CTexuomeTpuu cnupToBoro 6po-
XeHWA, Ha MONb TNOKO3bl TpebyeTca 2 MO-
nsa P,. 6) BoccTaHoBNeHue aleTanbaerunpga
[0 3TaHONa Heob6XOAMMO ANSA pereHepauuu
NAD+ n3 NADH. Mpu 6poxeHun GpykTo-
30-1,6-gudocaTt HakannmBaeTcsa, 4Tob6bl BOC-
CTAaHOBUTbL 3anmac afjeHosnHdocdartos. B) B
NPUCYTCTBUM apceHaTa He MPOUCXOAUT Ha-
konneHua ATP.

Fnuyepon + 2NAD+ + ADP + P,
BaT + 2NADH + ATP + 2H +.

a) Q = 0,029; 6) K'eq = 316; B) B thusunono-
TMYeCcKUX YCNOBUAX peakLuUs He HaxoauTcs
B paBHOBecCUU; ochoPpPyKTOKMHA3A perynm-
pyeTtcs.

a) CywecTBylOT [Ba YyyacTKa CBA3blBaHWA
ATP: KaTanuTU4YecKuih U PerynaTtopHblid,
6) WMIHTEHCUBHOCTb T[NIMKONM3A CHUXaeTcA
npu u3bbiTke ATP. B) paduk cBupeTeNb-
CTBYeT 0 TOM, 4To npu pobasneHun ADP
CHMMAaeTCA WUHrMbuposBaHWe, Bbl3biBaemMoe
ATP. Tockonbky nyn ajeHo3nH(pochaToBs
OTHOCWUTENbLHO MOCTOAHEH, pacxof ATP npu-
BOAUT K NOBbIWEHNIO ypoBHA ADP. Nme-
I0TCA [laHHble, CBUAETENbCTBYOWME O TOM,
YTO aKTUBHOCTb (OCHOPPYKTOKMHA3LI pe-
rynmpyetca cooTHoweHuem ATP u ADP.
a) nukoreH-pocpopmnasa Katanusupyet
npespaljeHne 3anaceHHoOro rAuMKoreHa B
rno kKoso-1-gochar. Mo koso-1-pocharcny-
XWUT NpefLwecTBEHHUKOM T Ko30-6-hocda-
Ta- NPOMEXYTOUYHOro NPOAYKTa rIMKONN3a.
Mpu ycuneHHol pa6oTe CKeNeTHbIM MblL-
Lam TpebytoTca 60NbWMe KONMYECTBA [1H0-
K030-6-pochaTta. BmecTe ¢ TemM B MNeYeHM
pacxof rnNUKOreHa ucnonb3yetcsd ANSA NOfA-
fepXaHWs MNOCTOAHHOIO YPOBHA T[/1H0KO3bl
B KPOBM B MPOMEXYTKax Mexay npuemamu
nuwu, 6) B akTWBHO paboTalWMX MblL-
uax, rpe O4YeHb BbiCOKa MNOTpe6HOCTb B
ATP, Heo6xogumMo, 4TO6bl rNHOKO30-1-thoc-
thaT o6pa3oBbiBaNcA 6bICTPO-ANA 3TOrO
HyXHa 6onbwas Vmm.

Cnyuait A: (e), (3); cnyuaih B: (B), (3); cny-
yaih B: (a), (4); cnyuait I: (r), (6).

Mpu HepoOCTAaTOYHOCTM ranakTOKMHa3bl Ha-
KannueaeTcs ranaktosa. [pu HepgocTatou-
HOCTKN ranakTtoso-1-tochar-ypuannun-
TpaHcdepa3bl HakannuMeaeTca ranaktoso-1-
dochaTt. MocnesHnWin 6onee TOKCUYEH.

»Munpy-
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nasa 16

1 a) UnTpaT-cMHTasa:

Auetun-CoA + Oxkcanoauetar + H20 ->
¢ LUutpatr + CoA-SH + H +.
AkoHuTasa: Lutpar “mU3ountpart.
MN3ounTpaTernagporedasa:
Msouyntpat + NAD+ “ma-KeTtornyrapar +
+ CO2+ NADH.
a-KeTornyTapaTpferngporesasa:
a-Ketornytapatr + NAD+ + Co0A-SH ->
-> CykuyuHun-CoA + CO2 + NADH.
CykuynHun-CoA-cnHTeTasa:
CykuuHun-CoA + P, + GDP -> CykuuHart +
+ GTP + CoA-SH.
CykuuHaTaéruaporeHasa:
CykunHat + FAD -+ dymapatr + FADH2.
dymapasa: ®dymapart + H20 -> Manar.
ManaTgerngporeHasa:
Manat + NAD+ -* Okcanoauerart +
+ NADH + H+.
6) n B) Tan 1: CoA, KOHfAeHcaluuns; atan 2:
nsomepusaunda; stan 3: NAD +, okucneHue,
fekapbokcunuposaHue; atan 4: NAD +, CoA,
TnamuHnupodocdar, okucneHuwe, pekapbok-
cunuposaHmue; atan 5: CoA, ¢pochopunmposa-
Hue; aTan 6: FAD, okucneHue; 3Ttan 7:
rugpataymna; atan 8: NAD +, okucneHue,
r) Auetun-CoA + 3ANAD++ FAD + GDP +
+ P,+2H20 >2C02+ 3NADH + FADH2+
+ GTP + 2H + + CoA.
. a) OkucneHune;MetaHon->®opmanbaerung +
+ H—H.
6) OkucneHue; ®opmanbaerng -» Mypasbu-
Has kucnota + H—H.

B) BocctaHoBnenne; CO2 + H—H -» My-
paBbuHas KucnoTa.

r) BoccTraHoBAeHWe; [uLepuHOBAas Kucno-
Ta + H—H -> Tauyepansgerng.

4) Okucnenwve; Tnuuepon -» [LUTUAPOKCU-

aueToH + H*"H.

e) OkwucneHune; 2H20 + Tonyon -> BeH30ii-
Has kucnota + 3H* H.
X) OkucneHune; CykuuHart
+ H--H.

3) OkucneHue;MupoBmMHOrpagHaskucnoTa +
+ H20 -» YKcycHaa kucnota + 1111 +

+ CO2.

. a) 9taHon + NAD+ w
+ NADH + H+.

6) 3-pochornuuepounntdochar + NADH +
+ H+ ->Tnnyepanbgerng-3-gpocpar +

+ NAD+ + HPOj~.

B) MupysaTt+ H+ -> Auetanbgerng + CO 2.
r) Nupysat + NAD+ -> Auetat + NADH +
+ H++ CO2.

n) OkcanoauyetaT + NADH + H +

nat + NAD +,

e) Auetoauertat + H+ -* AyetoH + CO2.

-> dymapar +

AueTanbgerng +

M a-

9.
10.

12.

13.

rn

1

OTBETDI

. a) flo6aBbTe
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. a) MoTpebneHne KUcAopofa CAYXUT Mepoi

aKTUBHOCTM [ABYX MNepBblX 3TamoB KneTou-
HOTO AblXaHWUA-TANKONM3A W LUWKNA AUMOH-
HOW kwucnoTbl. flo6aBneHue okcanoauertaTta
UAn manata CTUMYAMPYyeT LWUKA NUMOHHOMN
KMCNOTbl W TeM caMblM CTUMYAUPYeT Abl-
xaHue. 6) Jo6aBneHHbIi okcanoauetaT (Mnn
mManaT) BbIMOAHAET B LWKNe NUMOHHOW Kuc-
NOTbl poONb KaTanusaTopa, MOCKONbKY Ha
nocnefjHemM 3Tane uukna OH o6pasyeTtcs
BHOBb.

. a) 6,0-10-6; 6) 1,2-10"8 M; B) 30 monekyn.
. a)*O0CCH2CH2C OO _ (cykuuHaTt). 6) Ma-

NOHAT CNYXWUT KOHKYPEHTHbIM MWHIM6uUTO-
pom CcyKuuHaTaermgporeHasbl. B) Bnokupos-
Ka 4MKna TMMOHHOW KUCNOThHI npepbiBaeT 06-
pasosaHmne NADH. uTo B CBOlO ouepefb oCTa-
HaBAMBaeT TPAHCMOPT 3/1eKTPOHOB. B pe3ynb-
TaTe TakKoll OCTaHOBKW Npekpawjaetcs AblXa-
Hue. r) No6aBneHnem cykuumHata B 60MbLWIOM
n36bITKe.

paBHOMEPHO MeyeHHYl 14C-
rN KO3y n nocnegunTe 3a BolfeneHnem 14C O 2.
6) MopoBHY pacnpefennTca Mexay nonoxe-
HuaMmM 2 M 3 B oOKcanoauertaTe. B) becko-
HEYHO MHOTO.

. a) MonoxeHue 1; 6) nonoxeHune 3; B) nono-

XeHue 3; r) BXOAWT B COCTaB METWUNbHOM
rpynnsl; ) NMOPOBHY pacnpefennTca MexAay
— CH2-rpynnamu; e) nonoxeHue 4; X) no-
POBHY pacnpefennTca MexXpAy MNONOXEeHUAMMN
2 n 3

HeT; kap6okcunnpoBaHuem nupysaTa.

a) Ha ctagun peiicTBMA aKOHUTa3bl NyTem
ee MHrmbupoBsaHusa, 6) P TopuMTpPaT; KOHKY-
pupyetr ¢ uuTpatom; 601bWUM U3OLIT-
KOM UuwuTpata, B) Uutpatr u ¢Topuywutpar-
NHrM6unTOopbl (ochodpykTOoKMHa3bl. 1) Ka-
Tabonmueckmne npouecchl, Begywme K obpa-
30BaHN0 ATP NOAHOCTbIO MOJaB/ieHbI.
2nupysat + ATP + 2NAD+ + H20 -> a-ke-
Tornytapar+ CO2+ ADP + P, + 2NADH +
+ 3H +.

2Auetnn-CoA + 2NAD+ + FAD + H20 -
-» Okcanoauyetat + 2CoA + 2NADH +

+ 4H+ + FADH2.

OTHOWeHNe HayanbHOW ckopocTM o06paso-
BaHUA 14C0O2 u3 1-14C-rnoKo3bl « Havanb-
HOW ckopocTu o6pasoBaHus CO2 n3 6-14C-
rNKO3bl AONXHO ObiThb 2/1.

asa 17

1); a) u r) NADH; 6) u a) E—FMN;
B) NADH/NAD+ u E—FMNH2/E—FMN.
2); a) m r) E—FMNH2; 6) n p) Fe3+;
B) E—FMNH2/E—FMN un Fe2+/Fe3+.

3); a) ur) Fe2+; 6) nu a) Q; B) Fe2+/Fe3+
n Q/QU,.
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a) NAD+/NADH; 6) Mupysat//lakTaT; B)
B HanpaBneHWu ob6pa3oBaHWMA naktaTa; )
—6,0 kkan; ) 1,6-104.
®eppesokcUH-poccTaHaBAMBalO Wi cy6CT-
paT -> dpeppeAOKCUH —»UNTOXPOM b6 —>LUNTO-
XpoM / -> nnacToOuMaHWH; Ha NepBoM W
nocnegHem aTtanax.

a) 39; 6) 12; B) 20; r) 76.

a) 1,14 B; 6) -52,6 kkan; B) ~7.
OkucneHne cykuyumHata ¢ nomowbto FAD
XapakTepu3yeTcs oTpuULaTeNbHOW BENUUYNHOMN
N3MEHEHNS CcTaHAapTHOW CBOGOAHOW 3Hep-
rum (AG0' = —0,9 kkan), Torga Kak okucne-
Hue ¢ nomouwsbio NAD+ xapakTepusyercs
COOTBETCTBYIO LW EA MONOXMTENbHON Benn4n-
Holi (AGO = 16,1 kkan).

a) LlmaHung 6nokKupyeT BOCCTaHOBNEHWE KMUC-
nopopja, Katanuaupyemoe LMTOXPOMOM aa}.

NADH C

ND aas

6) B oTcyTcTBMe KMcCnopoja BOCCTAHOBEH-
Hble MEePeHOCYUKN 3NeKTPOHOB MOBTOPHO He
okucnaTCA.

NADH (

ND Fp aa3

&

B) B otcytctBue NADH He BCce mepeHOCYM-
KW 3/1eKTPOHOB OKWUCNAKTCA KUCNOPOAOM.

NP R

npunoxeHue,

13. a) byper

oTBEeThbl

r) Cm. puc. 17-14, 4.

a) WHrnémuposaHne NADH-gerngporeHass
POTEHOHOM CHMXaeT CKOPOCTb TpaHcnopTa
3N1eKTPOHOB, 4YTO B CBOI O4Yepedb YMeHb-
waet ckopocTb o6pa3oBaHus ATP. Ecnu
yMeHbLW EeHHan ckKopocTb o6paszoBaHua ATP
He cnocobHa yAOBNEeTBOPUTb MNOTpebHOCTHU
opraHusma, TO XMWBOTHOe normbaeT, 6) AH-
TUMUUNUH A CUNbHO WHIMOUPYeT OKWUCNeHue
ybuxuHona B Lenn TpaHCNopTa 3/1eKTPOHOB.
OTO CHMXaeT CKOPOCTb TpaHcnopTa 3/1eKTpo-
HOB W MNPUBOAWUT K MOCNEACTBUAM, OMUCAH-
HbIM B M. @), B) AHTUMULUH.

a) B npucytctBum pasobuiatol,ero areHta
WHTEHCUBHOCTb TpaHCNOpTa 3/1eKTPOHOB, He-
o6XxoAMMOro ANf YAOBNETBOPeHUA noTpeb6-
HocTu B ATP, yMeHbllaeTca, NPpUYem c poc-
TOM KOHLEeHTpauWu areHTa yMeHblleHUe CTa-
HOBUTCA 6onee peskumM U OTHOweHue P/O
cTpemuTcs K Hynw, 6) OTHoweHue P/O
yMeHbl aeTca, B) B npucytcteumu pasobuiato-
wero areHta TpebytoTca 60siee BbICOKNE CKO-
pOCTWN OKMUCNEHWUA KNeToOYHOro Tonnmea. Ecnu
oTHOweHne P/O CcTaHOBWUTCA CAMWKOM Mar
NbIM, KONNYECTBO CUHTE3NPYEMOrO MpK 3TOM
ATP He fOCTATOYHO ANA NOLAEPXKAHNA XKU3-
HU. 1) OH MOXeT fAeiicTBOBAaTb KakK pas3o6-
Waruwunii areHT.

10. a) NMopaBnsaetca obpasoBaHue ATP. 6) O6-

pasoBaHue ATP TecHO COMpPAXeEHO C TpaH-
CNOPTOM 3/1€KTPOHOB; 2,4-AUHNTPOdEHON-Pa-
306WMTENb OKMUCNUTEeNbHOro Gochopunupo-
BaHWA. B) ONUTOMULMNH.

11. B) OnmMromuumnH nHrnbupyet oba npouecca;

aTpakKTUNO3N[ He BANAET Ha TPaHCNOPT 3/eK-
TPOHOB W Ha cuHTe3 ATP B WUHBEPTUPOBAH-
HbIX My3blpbKax.

12. a) bypblil Xunp BblpabaTbiBaeT Tenno, 4To-

6bl NoAfepXnBaTb TemnepaTypy Tena y HO-
BOPOX/AeHHbIX. 6) HeconpsXeHHOe OKWCNU-
TenbHoe @ochopunmposaHme; MNOBbIWEHHOE
notpe6nedHne ATP; meHee Tpex MecT ¢oc-
hopunmpoBaHus.

npoTekaTb TONbKO aHaspobHasn
a3a rnukonusa, 6) MNMotpebneHne Kucnopo-
fa npekpaTtuTca, B) O6Gpa3oBaHue nakrtaTa
Bo3pacTeT, r) CuHTes ATP npekpaturtca.

14. a) PereHepauyns NAD+ 3 NADH npowuc-

XOAUT C MOMOLW b TpaHCMoOpTa 3/1eKTPOHOB,
6) OkucnutenbHoe GochopunupoBaHme 60-
nee aggpekTuBHo, B) Npu BbICOKOM OTHOLWe-
HUW AelCTBYOLWNX MacC CUCTEMbl CUHTe3a
ATP dochodhpyKToKMHA3a MHTUbUpyertca.

15. a) MblweyHoe cokpaweHue, 6) OHO CTUMY-

nnpyet TrnuKonnms W AblXaHue,
17-29.

B) CM. puc.

16. a) B okpyxatoweint cpege 4,0-10_8M; B

matpukce 2,00 1078 M; 6) 2/1; B) 21; r) HerT;
L) TpaHCcMeMGpaHHbI noTeHWwWan.
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B) be3 meTku
OH
13 CH3 -Cc- -COOH + 10 2+ 25ADP + 25P, + 25HY

1

nasa 18 H
4C0O2 + 29H20 + 25ATP

1. OcTaTKM >XUPHbLIX KWUCNOT.
2. a) 9,5-104 kkan; 6) 48 pgHell; B) okono 227 r

B [leHb.

. MepBblii 3Tan B OKUCAEHUN XUPHbIX KWCNOT
aHanornmyeH npespalweHnio cykumHata B Qy-
mMaparT; BTOpOi 3Tan aHanorm4yeH npespatje-
HUI (ymapaTa B ManaT; TpeTwii 3aTan aHa-
NOornyeH NpespalieHnIo ManaTta B okcanoaye-
Tart.

. a) R—COOH + ATP -> Aunn-AMP + PP ;
Aunn-AMP + CoA-SH->R—CO—S—CoA +
+ AMP. 6) HeobpaTuMblM TMLPONM3OM NKU-
podocara O HeopraHuuyeckoro gocpara ¢
NOMOUW b KNETOYHON nupodocdaTassl.

. [a; ypaneHHblli TpuUTKUi
B BUAE TPUTUEBOW BOAbI.

. Okono 11 n Bofbl Ha 1Kr TpMnanbMUTUHA.

. MonHoe oknWcneHne yrnesofopofoB O [BY-
OKWCWU yrnepopja M BOAbI.

. a) PeHuMnykcycHas Kucnorta;
macca 136; 6) HeyeTHoOe.

. ToCKONbKY MWTOXOHAPMANbHbIA 3anac Ko-
thepmeHTa A Man, OH [O/JXKeH MNOCTOAHHO
BO306HOBNATLCA NyTeM 06pa3oBaHMA KeTO-
HOBbIX Ten N8 TOro, 4Tobbl NojAepXuBaThb
npouecc B-okncneHns, Heo6Xo[4UMbIA ANA No-
NYYeHUS 3IHEepruu.

10. a) OTcyTCcTBME YrneBoJOB BbI30BET CHUXe-

HWe aKTUBHOCTU LMKNA NTUMOHHON KUCNOTHI;
6) C HeYeTHbLIM 4YMCIOM aTOMOB.

obHapyxunBaeTcsa

MonekynspHas

ii 0

a)
CH3(CH2)12— C— S— CoA +
6COA-SH + 6FAD + 6NAD’

nasa 19 o
a) O00OC—CH2—C—COO
Okcanoauyerar o]
I
6) "OOC—CH2—CH2—C—COO-

a-Ketornyrapar

B) CH3— (:JI'—COO" Mupysat
H H

COO-

H H

OnucaHHas npoluefypa npeactasnser coboi

CONpsXeHHY peakuuto, B KOTOPOW MpoaykKT

MEANEHHOro TpaHCcaMWHWpoBaHWa (Nupysar)

6bICTPO BCTynaeT B NocneAylo Wy WHAMKA-

TOPHYI peakuuio, KaTanusnupyemyto nakrar-

fernpporeHasoil. 3a npoTekaHWeM WHAWKa-

TOPHOW peakuWu cnefat ¢ NOMOLWbIO CNEKT-

pojpoTomeTpa, Habnwo gas McCYe3HOBeHUWe Xa-

pakTepHOl Xentoii okpackm NADH, obyc-

,N0BNeHHOW nornouweHnem npu 340 HM.

3. HeT; as30oT afaHWMHa MOXET MNOCPeACTBOM
TpaHCaMUHWPOBAHWUA NMePeHOCUTbLCA Ha OKca-
noauyeTtat ¢ obpasoBaHuem acnapraTa.

4. a) deHunanaHMH-4-MOHOOKCUTeHa3a; Anerta C
MOHWXEHHBIM CcOfepXaHWeM (QeHnnanaHuHa.
6) HopmanbHbIli NyTb o6mMeHa Phe-rupgpo

+ 6H20 -»

7 acetyl-CoA + 6FADH2 + 6NADH + 61i°

6) CH3(CH2),6COOH + ATP + 3C0A-SH +
8FAD + 8NAD+ + 9H20 * 9 acetyl-C

0A +

AMP + 2Pj + 8FADH2 + 8NADH +10H 4

B) OH
CH3 -C — CHXOOH +

H
NAD+ + ATP + 2CoA-SH + H20 -,

KcunumpoBaHue ¢ ob6pazoBaHuem Tyr-6noku-
poBaH, M noTomy Phe HakannuBaeTtcs, B)
Phe npeBpawaeTca B (eHunnupysaT npwu
TpaHCaMWHUPOBaHWM U B (eHWnnakTat npu

2 acetyl-CoA + NADH + AMP + 2Pf + 3H™>".

O
"

a) CH3—C—S—CoA

of1 9
00C—CH,—C- -CH2»"C_0O

12

COO

BOCCTAHOBMIEHWUUN, T) TUPO3UH CAYXUT Mpes-
LWeCTBEHHMKOM B CWHTe3e MesaHWHa-nur-
MeHTa, npejcTtaBnsilowero cob6oil Kkpacsuiee
BeLl eCTBO BOJIOC.
. Kata6onusm yrnepogHoro ckeneta BajuHa,
MeTUOHWHA ¥ u3oneumHa 6yaeT ocnabneH.
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6.

7-

8.

10.

M3 1 monekynbl naktata ob6pasyetca 17 mo-
nekyn ATP, a n3 1 mMonekynbol anaHuHa-
15 monekyn ATP (cC y4yeTOM 3HepreTuyeckux
3aTpaT Ha BbiBeAeHWe a3oTa).
a) IBNHj— CO— I,NHj
6) OO C--CH2—CH2— 14Cc0O0*
IBNH

|
B) R—NH— C— I5NH2
o

]
N R—NH—C— I5NH2
) bBe3 meTku
+NH,

|
e) OO C—C—CH2—uCOO

H

n 15
+ NH3

—0014C— C—CH,—coo0-

|
n

a) N3oneiiunn = N »IV T »V > >
-> AueTtnn-CoA + MponuoHun-CoA.
6) @tan 1: TpaHcamuHupoBaHue; 3Tan 2:
okucnuTenbHoe pAekapbokcunupoBaHue, aHa-
NOrn4yHOe OKUCNUTENbHOMY fekapbokcunm-
poBaHut nupysata B auetun-CoA; atan 3:
OKWCNeHWe, aHanorMuyHoe AernjpupoBaHuto
cyKumuHaTa; aTan 4: rugpatayus, aHanormu-
Haa rupgpatauum cdymapata ¢ obpas3oBaHu-
HWem ManaTta; dTan 5: OKMCNeHue, aHano-
rmyHoe AernjpvwpoBaHui0o ManaTa B OKcano-
ayeTaT; atan 6: TMonns (npouecc, o6paTHbIN
anbfoNbHOW  KOHAeHcauun), aHanoruyHbli
TWONA3HOW peakuuu.

a) FonogaHne NPUBOANT K CHUXEHWIO YypOB-
Hf TNIOKO3bl B KPOBWU; NpeAnoXXeHHas B OMbl-
Te [fgueTa Bbl3blBaeT ObICTPbIA KaTabonusm
rNIOKOTeHHbIX aMUHOKNWCNOT, 6) MoBblIWeHNe
YyPOBHA ammuaka 06yCNnoBNEHO OKWUCAWUTENb-
HbIM Ae3aMWHWpOBaHWeM; oTcyTcTBue Arg
(NnpomMeXyTo4yHOro npoAgykTa B LWKAe MoOYe-
BMHbI) NPeNATCTBYeT MpeBpalieHntio aMmmMmnaka
B MOYEBMHY; Arg Yy KOLWEK CUHTe3npyeTcs
B HEf,0CTAaTOYHOM KO/NMYECTBE W He y[OBNeT-
BOpAeT noTpe6HOCTU, BO3HWKIIWE B 3KCMe-
pumMeHTe B ycnoBusax cTpecca, B) Ornm npe-
Bpalwaetcs B Arg B LWKNe MOYEBUHbI.

O, + 2rnytamatr + CO2+ 2ADP + 2P,~>
“m2a-keTornytapat + 3HgO + 2ATP +

+ MouyeBuHa.

Mnasa 20

1

Ha npespaluieHne 2 MO/MeKyn nupysaTta B
OflHY MOJEeKyny Tr/KO03bl 3aTpaymBaloTCH
aHeprus (4ATP + 2GTP) n BOCCTAaHOBUTENb-
Hble 3kBuBaneHTbl (2NADH). Heobxognmblie

npmianoxedHwue,

oTBEeThbl

9HEpPrus u BOCCTAaHOBUTENbHble 3KBUBANEHTHI
o6pa3ytoTcs B LUWKNe /NWUMOHHOW KWUCNOTHI
WA OKUCNUTENbHOTO (GochopunmpoBaHna B
pesynbTaTe KaTa60onM3Ma aMUHOKUCNOT, XUp-
HbIX KWCNOT WAW YrNeBOAOB.

a) 14C B rnwko3e He obGHapyxutca; 6) 3,4-
14C-rnokosa.

MupyBaTkap6okcunasza-aTo MUTOXOHAPU-
anbHbli pepmeHT. O6pasoBaBwuiicas 14C-ok-
canoauetaT CMelW WBaeTcas C Nynom oKcano-
ayerarta, MCNONb3YyeMOro B LuKae Tpukap6o-
HOBbIX KucnoT. CnepgosaTenbHo, mMexay 14C-
okcanoauetatoM W MNPOMEXYTOYHbIMW Npo-
AYKTamMW LuKna TPUKap6OHOBbLIX KUCAOT YyC-
TaHaB/NMBaeTCA paBHOBecue C ob6pas3oBaHuem
yepes 14C-cykumHaTt cmecu 1-14C- un 4-14C-
okcanoalueTaTta. M3 okcanoauerara, MeuyeH-
Horo 14C B nonoxeHun 1, obpasyetcs 3,4-
14C-rnoko3a [cm. 3agauy 2(6)].
®ochodppykTokMHasa: aktusupyerca AMP un
WHrnbupyetca ATP. perynupyetr rnuMkKonus;
hpykTo3oamochartasa: aktusupyerca ATP
N nHrnbupyetrca AMP, perynupyeTt rntKo-

HeoreHes.
a), 6) u r) TNOKOreHHble COefUHEHUA; B)
N [) Her.
a) BbICTPbIM MNOBbIWEHNEM CKOPOCTU TFAUKO-
nu3a; noBbllWeHWe YypoBHel nupyBaTa W
NADH npuBoAMT K BO3pacTaHWIO KOHLEH-

Tpauun nakTtaTta, 6) JlakTaT npespawaetcs
B N KO3Y 4yepes nupyBsaT; 3To 6onee Mep-
NeHHbI npouecc, MOTOMY 4To o6pa3oBaHue
nupyBsaTta 3aBUCUT OT JocTynHocTn NAD+;
KpoMe TOro, paBHOBECME peakLWW, KaTanw-
3MpyeMoi nakTaTAermaporeHasoi, CABUHYTO
B CTOpOHY o06pa3oBaHus nakTtaTa, a npespa-
LWeHWe nupysaTa B FAOKO3y TpebyeT 3aTpa-
Tbl 3Hepruu, B) PaBHOBecWe peakluuu, KaTa-
NU3NPYeMOil nakTaTaernaporeHasoi, CABUHY-
TO B CTOpPOHY o06pa3oBaHMs nakTaTa.

Ecnn katab6onuueckuin n aHabonumueckuii ny-
TW npeBpaweHns TNOKO3bl QYHKLWOHUPYIOT
OfHOBpPeMeHHO, To ATP 6GyaeT NoTpe6NATh-
cf, a peanbHOro CcuHTesa [NOKO3bI Mpouc-
XOAUTb He 6GyaeT. Takue LUKNbI HasblBawT
XONOCTbIMU.

Ha6ntogeHune, cornacHo KOTOPOMY FAUKOTEH-
CUHTa3a o6najgaeT camMol HU3KOW aKTUB-
HOCTbK MO CPaBHEHWIO C APYTUMU (PEepMeH-
TaMW CUHTEe3a FNUKOTeHa, HaBOAWUT Ha MbICAb,
4TO 3TOT PepMeHTaTUBHbIN 3Tan npeacTaBns-
eT co60ifi y3koe MecTO JaHHOro MeTtabonu-
4eckoro nyTu W. cnepoBaTenbHO, TOYKY €ro
perynsuuu. 3ro noATeepxpjaeTca Habnw ge-
HUEM, 4YTO CTUMYNALMA CUHTe3a TUKOTeHa
nyTem aKTuMBaUWKM PEerynsTOpHOro (epmMeHTa
MPUBOAUT K CHUXEHWIO KOHLEHTpayum npo-
MEXYTOUYHbIX NPOAYKTOB [0 TOYKM peryns-
UMM M K NOBbIWEHUID KOHLEHTpauum meTa-



npunno>xeHnwuwe, oTBeThbl

601MTOB NoOCne TOYKWN perynauumn. AKTusayma
rMUKOreH-CMHTa3bl NOBbIWaeT CKOPOCTb NPO-
TeKaHWs 3TOW CTafuu, 4YTO Bbl3blBAaET YMEHb-
lWeHne PpaBHOBECHOW KOHUeHTpauum UDP-
rNIOKO3bl U YyBeNW4YeHWEe pPaBHOBECHOW KOH-
ueHTpayuu UDP.

9. Ha npespalweHne 1 monsa rnwkoso-6-qgocpa-
Ta 3aTpayusaetca 1 monb ATP; 3To coc-
TaBnsaet 2,6% ob6uero konuyectea ATP. 06-
pasytou,eroca npu MNOAHOM paclenneHnu
rnioKkoso-6-gpochara. T.e. 3PHEKTUBHOCTb
XpaHeHusa cocTasBnaet 97,4°,.

10. UDP-rnoko3onupotochopunasa.

11. Ncnonb3oBaHWe rNOKO3bl M ee NpejLIecT-
BEHHUKa oOKcafnoauetaTa ANna ob6pa3oBaHusa
MONOKa B YCNOBUAX aKTUBHOro Katabonus-
Ma XWPHbIX KWCNOT MPUBOLUT K KeTo3y.
XBauHble MOryT ferko npespawatb Npo-
nuoHaT B cykumHun-CoA (puc. 20-7) n ganee
B OKCajoaleTaTr, YTO nMpejoTBpaliaeT KeTo3.

12. MpucyTtctBue UDP-ranaktos3onupodgocdo-

punasbl obecneymBaeT KaTabonusm ranak-
TO3bl NO crejyloueMy nyTu;
L FanakTokMHasa
Tanakto3a + ATP - >T anakTo30-

1-octhatr + ADP

UTP + FanaKToao»l—tbocthaT(HOBHM (bepmenT)

UDP-ranaktosa + PP,

[anakTo30-4-anumepasa
UDP-ranakrto3sa P

rnwKosa

UDP-

CymmapHana peakuusa: Nanakto3a 4- ATP +
+ UTP ->UDP-rnokosa + ADP + PP
UDP-rnioko3a 3aTteM yTuausmpyerca pfng
CUHTe3a FANKOTeHa WAW Xe TUAPONU3yeTCA
4o UMP u rnwokoso-1-gpocdarta.

naBa 21

1 CO2yuactByeT B auerunn-CoA-kapbokcunas-
HOW peakunu; nHkybaums c 14CO2 He BepeT
K BKNO4YeHuto 14C B nanbmutart.

2. a) PaBHOMEpPHO MeueHHbIli 14C-auetnn-CoA
npespawaerca B 14C-manoHun-CoA; 23Ttun
npeAlecTBEHHNKN B CBOIO ouepefb MpesBpa-
WakTCcsA B PABHOMEPHO MeYeHHbI 14C-nanb-
mutat. 6) Ecam K 601bWOMY U36LITKY He-
MeyeHOro manoHnn-CoA po6aBnTb CnefoBble
konnyectea 14C-auetun-CoA. 14C He BKNIO-
unTCcA B MeTabonmuyeckunii nyn manoHun-CoA;
noatomy ob6pasyetca Tonbko 15,16-14C-nanb-
mMuTaT.

3. 8Auetnn-CoA (MUTOXOHAPUANBHBIN) +
+ 15ATP + 14NADPH + 9H20 Manbmu-
Tat + 8CoA + 15ADP + 15P,+ 14NADP+ +
+ 2H +.

4. a) 3 aToma fJeliTepus Ha 1 monekyny nanb-
mMuTaTa; BCe TpuM 6yAyT pacnonoxeHbl y C-16.
6) 7 aTomMo0B JeiiTepus Ha OAHY MoNnekyny
nanbMuTata;

10.

11

723

H H
|
CH3— CH2— (C— CH26 -C- -CO0"
|
D D

Auetnn-CoA (MUTOXOHAPMWANbHbIA) +
+ NADH + NADP+ + 2ATP + 2H20 -*
-> Auetnn-CoA (UMTO30NbHbIA) + NAD+ +
+ NADPH + 2ADP + 2P, + 2H +.
CKopoCcTb OMOCMHTE3a XWUPHbIX KUCAOT NU-
MuUTUpyeTca cTapueid kKapb6okcunupéBaHus
auetTun-CoA, KaTanmsnpyemoro aueTun-
CoA—kap6okcunasoil. BoicokMe ypoBHU LNT-
pata 4 m3oumMTpaTa yKasblBaldT Ha TO, 4TO
CUHTE3 XWPHbIX KUCNOT NpoTekaeT B 6/1aro-
NPUATHBIX YCNOBWAX BCNEACTBUE aKTUBHOW
pa6oThl UWKNA NUMOHHOW KUCNOTbI, B MpPO-
Lecce kKotoporo o6pasyetcs 60nbW O 3anac
ATP, BOCCTAaHOBNEHHbLIX MNUPULUHHYKIEOTU-
fos un auetun-CoA. CnepgosaTenbHo, ymtpar
cTumynupyet (yBennumsaeT Krax) npoTekaHue
(hepMEeHTAaTUBHON peakuuu, sBnswoweics nu-
MUTUPYIO LW UM 3TanomM 6MOCUHTE3a XUPHBIX
kucnot. Kpome TOro, nocCKOAbKY Uuutpar
npoyYyHee CBA3bIBAETCA C HUTEBUAHOW (aKTWB-
HOW) hopmoii hepmeHTa, NpucyTCcTBUE LUTpa-
Ta cABWUraeT paBHOBeCWe MexXxAay AByMS dop-
MaMu B CTOPOHY akTUBHOW (opmbl. Hao6o-
poT, nanbMuTomn-CoA (KOHeYHbIi NpoAYyKT
6MOCMHTE3a XUPHbIX KWUCNOT) CABUraeT pas-
HOBecue B CTOPOHY HeaKTUBHON (opMbl. Mo-
3TOMY No mMepe o6pa3oBaHWsA KOHEYHOTO Npo-
NYKTa 6MOCUHTE3a XUPHBIX KUCNOT CKOPOCTb
6MOCUHTE3a CHUXaeTcCA.
3ManbMuTMHOBaA Kucnota + [aunyepon +
+ 7TATP + 4H20->Tpunanbmutuu ~7ADP +
4- 7P,- + TH +.
AvrunapokcunayetoHpochpar + NADH 4
+ ManbmuTMHOBaA Kucnota + OnenHosas
kucnota + 3ATP + CTP 4- Xonun + 4H20 -»
docpatugunxonuH 4- NAD+ + 2AMP +
4- ADP + CMP + 5P, + H+,; 7 monekyn
ATP Ha | monekyny ¢ochatugmnxonuHa.
B-CntocTepon MMUTUPYeT HEKOTOpble pery-
NATOPHbIe PYHKLUUW XONecTeponia, Hanpumep
nofaBneHne (GepMeHTOB BO BpeMf CUHTe3a
X0/necTepona, BcacbiBaHMe XonecTepona,
rméupoBaHne cuHTe3a (PepmMeHTOB.
14CH3—CH 2—{14CH 2— CH 2)6— 14CH 2—
—COO™"; Ala MOXET CAyXWUTb NpepjlwecT-
BEHHMKOM NanbMuTara.
a) OHM He ABNAKTCA NPOCTbIM o6pal eHn-
eM OAWH [pYyroro; aHabonuyeckuit nyTb
TpebyeT rujponumsa Tpex [ONONHUTENbHBIX
monekyn ATP Ha oauH o060poT uukna, 6)
Pasnuumna cymmupoBaHbl B Tabn. 21-1.

NH-
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nasa 22

Ecan deHnnanaHuH»"4-okcupgasa pedekTHa,
nyTb 6uocuHTesza Tyr 6nokupoBaH wu Tyr
[OMKEH NocTynaTb C MULLei.

Fnwokosa + 2CO2 + 2NH!j. —» AcnapraTt +
+ 4H+ + 2H20.
5-docthopubosun-l-nupodocpar.
BakTepnanbHble MYTaHTbl, KOTOpble He CMoO-
COo6Hbl cuHTesmpoBatb Gly, Asp unum Glu,
06bI4HO TpebylT A06aBKM NYypPUHOB -afeHU-
Ha ¥ ryaHuHa. Kpome TOro, gnsa aykcoTpo-
¢hoB no Asp u Glu Heobxogumo, 4T06bl B
cpefe cofepXanucb ypUAuH v LUTO3UH, a ANA
aykcoTpogoB no Gly gononHuTenbHble NUpu-
MUAWHBI He HYXHbI.

a) bbicTpoe peneHne KNeTok, NOJOGHLIX pa-
KOBbIM, 3aBUCUT OT CKOpoCTM cuHTe3a AHK.
Mockonbky cuHTes AHK numutupyerca He-
[OCTAaTKOM Ae30KcMTuMuaunata, 6nokmposa-
HWe CMHTe3a NOCNeAHero, Bbi3BaHHOe Heobpa-
TUMbIM WHIMOUpPOBaHWEM TUMWUAMNAT-CUHTA-
3bl nop peiicteuem F-dUMP, cHuxaeT CKo-
poCTb [eneHns KAeTOK U TeM caMblM pocCT
TKaHell, 6) FeTparugpodonat npespaw,aeTcs
B M5M10-meTuneHTeTparngpodonar B npo-
Lecce 6uMoCMHTE3a TAWLMHA U3  CepuHa:

Cepun + TeTparugpodonat -» FauuunH +
+ M5,1410-meTnneHTeTparugpogonart + H 20.

MHrnénposaHue anrungpodonatpeyKrasbl
MeTOTPeKCaTOM MpPenATCTBYeT NpeBpalleHUto
aurnapodonara o6patHo B N5 N '“-meTuneH-
TeTparngpodonat. Mo3ToMy, Kak TONbKO Yy
KNeToK BO3HMKaeT gedwuunt N 5N 10-Me-
TUneHTeTparngpogonara, Heo6XoaUMMOro Ans
cnHTesa dTMP, cpa3y CHMXaeTcs CKOpPOCTb
cuHTesa AHK, geneHna Knetok M pocrta TKa-
Heli. X0oTs MeToTpekcaT BO3fjeiCcTBYeT U Ha
HOpManbHble KNeTKW, 3TO BO3AeiicTBUEe He
Tak onacHo, NOTOMY 4TO HOpPManbHble Knet-
KN B N06OM cnyyae pacTyT MeAneHHee.

OpraHM3mMbl He 3anacaltT HYKNeoTUfAbl B Ka-
4ecTBe MCTOYHWKA 3HEPTUM U He paclenns-
0T UX A0 KOHLA, a TMAPONU3YIOT NUWbL A0
OCHOBaHMWIii, a 3aTeM pPeyTUNU3NPYIOT 3TN ocC-
HOBaHWA ¢ nomolwbio o0cobbiX (salvage) me-
Ta6onmyeckmx nyTei. M3-3a HWU3KOTO' OTHO-
WeHNA yrnepoja K asoTy HYKNeoTWAbl mpea-
CTaBNAKT CO6OM GefHbIA MCTOUYHUK 3IHEPTUN.
a) Kak nokasaHO Ha pwuc. 22-7, H-aMWHO-
6eH30MHaA KMcnoTa-aTo KOMNOHeHT N 5N 10-
MeTuneHTeTparngpodgonara, KoakTopa,
yyacTBYHOLWEro B nepeHoce OAHOYrNepofHbIX
thparmeHToB, 6) CTpenToOUUA-CTPYKTYPHbIN
aHanor H-aMWHOGEeH30WHOI KuCIoTbl. B npu-
CYTCTBUM cTpentoumpa 6GakTepuum He MOryT
CUHTEe3npoBaThb TeTparungpodgonart- Koak-
TOp, Heo6XO0AMMBLIN pANsi npeBpaweHus 5'-

npmnanoxXeHwe, oTBeThbl

dhochopunbo3nn -4 - kapbokcamupg -5-amuHo-
nmupasona B 5'-hochopnb6o3un-4-kap6boke-
amunpg-TUr-popMmmnammHomumungason npu A[o-
6aBneHnmn —CHO; no3aToMy npejlWwecTBeH-
HUK W HakannusaeTcsd, B) Jo6aBneHue us-
6bITKA N-aMMHOGEH30MHON KUCNOTbl CHUMa-
eT nofjaBneHne pocTa M Hakonnenue pubo-
HYKNeoTuA0B, MNOCKONbKY /N-aMUHOGEH30Ii-
Haf Kucnota W CTPenToOuMA KOHKYpupytoT
3a OAMH U TOT XXe aKTUBHbIW LeHTp depmMeHTa
(KOHKYpeHTHOe MWHrM6upoBaHue), yyacTBYIO-
wero B 6mocuHTese TeTparmgpodonata. Ta-
KOe KOHKYpeHTHOe nHruéumposaHme (rn. 9)ycr-
paHseTca po6aBneHmem wu3bbiTKa cybecTparta.

8. Jleuenune noparpbl annonypuHoIOM MPUBO-
OWT K BYM O6MOXMMWUYECKUM MOCNEeACTBUAM.
Bo-nepsbix, nofjasnfsercs npespaujeHne ru-
NOKCaHTUHA B MOYEBYK KWUCNOTY, B pe3yib-
TaTe 4Yero HakanauMBaeTCAd FUNOKCAHTWUH, KO-
TOpbliA BbIBOAUTCA nerye (oOH 6onee pacTBO-
puM), 4yeM MoYyeBas kKucnota. 3To obneryaet
peweHne KAWHUYECKUX npobnem, CBA3AHHBIX
¢ pacwenneHnem AMP. Bo-BTOpbIX, UHTNGK-
pyetcd Takxe npespaljeHWe ryaHwHa B MO-
yeByt Kucnoty. lMpu 3ToM HakannueaeTcs
KCaHTWH, KOTOPbIW, K COXaneHutw, pacTBO-
paeTca ele XyXe, 4eM MoYeBas KucioTa.
3T0 CNYXMWT NPUYNHON 06pa3oBaHNA KCaHTU-
HOBbIX KaMHeli. MOCKOAbKY OCHOBHOIW NyTb
06pa3oBaHMA KCaHTMHA W3 TMMOKCAHTWHa No-
flaB/eH annonypuHONOM, YpOBeHb pacnaja
GMP Huxe yposHa pacnaga AMP, un Be-
POATHOCTbL  BO3HMKHOBEHUA  KCAaHTWHOBBIX
KaMHell mpu neYyeHWu moparpbl annonypuHo-
NOM MEeHblle, 4YeM Mpu OTCYTCTBUM Jfe-
yeHus.

9. bakTepunm B KOPHEBbIX KnybeHbKaxXx HaxofAT-
ca B CMM6GMO3e C pacTeHMeM: pacTeHue Mno-
cTaBnaeT ATP 1 BOCCTaHOBUTE/NbHbIE 3KBU-
BaNeHTbl, a 6aKTepun-noHbl amMMOHUA, NO-
NyyaeMble NyTeM BOCCTAHOB/NEHUSA aTmocep-
HOro asoTa. Ha 3To BOCCTaHOBNeHWe 3aTpa-
yuBaetcs 6onbwoe konuyectso ATP

10.
o]

(of0) 6]

naBa 23

1 3Tn Ha6nwAeHWs HaBOAAT Ha MbICIb, 4TO
ATP u NADPH o06pasylTcs Ha CBeTy;
npespaujeHne npekpauiaeTcs, Kak TONbKO 3a-



MPUNOXEHWE. OTBETHI

nacel NADPH un ATP oKa3blBalOTCA uMCuyep-
naHHbIMU.

. Ana TOoro 4tobbl (GOTOCUMHTE3 nNpoTekan ¢
MaKcMManbHONW ckopocTblo, (oTtocucTtema 1
(koTopas nornowaet npu 700 HM) u ¢doTo-
cuctema Il (koTopas nornowaeTt npu 680 HM)
[ONXHbI paboTaTb OfHOBPEMEHHO.
MypnypHble cepHble 6akTepuyu MCNONb3YIOT
H 2S B KauecTBe JOHOpa Bojopofa npu ¢oTo-
cuHTese, Kucnopoy He Bblgensercsd, NOCKONb-
Ky y 6akTepnii otcytcTByeT thotocuctema Il
0,57.

. AnypoH 6n0KMWpyeT mpoluecc nepeHoca 3nek-
TpoHoB oOT @oTocuctembl Il Kk nepsomy
y4yacTKy, COOTBETCTBYlOULeEMY peakuuu obpa-
3oBaHua ATP.

a) +13,4 kkan; 6) 0,29 B.

X - 3-pochornuuepar, Y pubynoso-1,5-gu-
docgar.

CHuxeHve Km gnd CO2 npuv nOBbIWEHNN
pH cpegbl akTuBupyet pubynoso-1,5-gudoc-
har—kapbokcunasy m Tem caMblM NOBbILW aeT
CKOpOCTb (ukcaumm CO2. MNpu ocBeweHUn
pH cpeabl nosbiwaeTcsd. Houblo nNpu oTCyT-
CTBUMN OCBel,eHNs aKTUBHOCTbL pubynoso-1,5-

10.

11

12.
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angochar—kapbokcunasbl ymMeHbWwaeTca w
WHTEHCUBHOCTb (OTOAbIXaHUA CHUXaeTCH.

Y Kykypy3bl CO2 ukcupyetcs B Xo4e peak-
Uuii, HasblBaeMblX NyTem XaTya-Cnaka: ¢oc-
thoeHonnupysat 6biCTpO Kap6okcunaupyeTcs
[0 okKcanoauetaTa (4acTb KOTOpPOro B pe-
3ynbTaTe TpaHCaAaMUHUPOBaHUA NpespaljaeTca
B acnaprtaT) W BOCCTaHaBnuBaeTcs [0 Ma-
nata. TONbKO nocfe noclnefylouwero gekap-
6okcunmpoBaHus CO 2 HakoHel nonajaeT B
unkn KanbBuHa.

B yukne NMMOHHOW KUCNOTbI PONb, aHano-
TMYHYIO ManatgernjporeHase B peakuuax
nytn Xatya-Cnaka, urpaet wusouutpatpge-
rmgporeHasa.

Mockonbky otocmuctema | MOXET CUHTE3MN-
posatb ATP ¢ NOMOLWbI LUKINYECKOTO
thoToochopunuposaHms, Ana ocyl ecTBie-
HUA nytn XaTya-Cnaka B KNeTkax Me3o0-
thmnna Tpebyetrca nuwb doTtocuctema |
Mpn ocBeweHNU NPOTOHbI HakauymBarTCA
6aKTepMopofONCUHOM BHYTPb docdonu-
MUAHBIX NY3blPbKOB. 3aTeM 3TOT rpajguMeHT
NPOTOHOB MCNONb3YyeTCA MWUTOXOHAPUaNb-
Holl PA-ATPasoii gna cuHTesa ATP.
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n METABONWN3M

Mnasa 13. MeTta6onusm. O6Gwuii 0630p

13.1. >KwuBble o0opraHuMambl NpUHUMalOT
y4yacTue B KpyrosopoTe yrnepopga
N KUCMOPOSA e
B 6nocthepe cyuectsyer kpyroso-
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CooTBeTcTBYlOWMe KaTabonuye-
ckune M aHabonuuyeckne nyTu pas-
nuyalTCA, U 3TU pasanyus ume-
I0T BaXHOE 3HAYEHMNE .o,
OHeprusa oT Katabonumueckux pe-
akuuWii Kk aHabonuuyeckum nepepa-
etca npu nomowmnm ATP

NADPH nepeHocuT 3Hepruio B
thopMe BOCCTAaHOBUTENbHON cno-
cobHOCTM
KneTouHblin

13.5.

13.9.

MeTaboNnn3m-aTo
9KOHOMMWUYHbIA, CTPOrO perynupye-
Mbli npouecc... .
Perynauyma metabonnyeckux nytei
OCyL ecTBNAGTCA Ha TPex YPOBHAX
BTOpUYHbIA MeTabonnsm .
MeTabonunyeckue nyTun
6blTb MAEGHTUOULNPOBAHbI

13.10.

13.11.

13.12. .
13.13. MOTYyT
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383
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16.14.

N0 KO3bl: neHTo3odocdaTHbI
BTOPUYHBIA NyTb, MO KOTOpPOMY
NPONCXOAUT nNpeBpaljeHne Tri-
KO3bl B T/NIIOKYPOHOBYI U ackop-
6GWHOBYI KWUCNOTbI

KpaTKoe COAEPXAaHNE TNABbl e

Bonpochl

n 3apgayn

naBa 17. lNMepeHOC 3/1eKTPOHOB, OKWUCAM-

17.1.

17.5.

17.6.

17.10.

17.11.

17.12.

17.13.

17.14.

17.15.

TenbHOe (ochopunupoBaHue u
perynauymnsa cuHtesa ATP

MepeHoC 3neKTpOHOB OT cy6cTpa-
TOB Ha KWUCNOPOJ CAYXWUT MCTOY-
HUKOM 3Heprum A TP s
MepeHOC 3/1€KTPOHOB M OKWUCNU-
TenbHoe GochopunnpoBaHue Npo-

MCXO0AAT BO BHYTpeHHeld MUTO-
XOHApuanbHoli Mem6paHe .
Peakyuu nepeHoca 31eKTPOHOB -

3TO OKNCNNTENbHO-BOCCTAHOBMU -
TeNbHbIE PEAKL UM oo
Kaxpfas conpsXeHHas OKUCAMW-
TenbHO-BOCCTAHOBMTeNbHAA mnapa
XapakTepusyeTca onpeAefneHHbIM
cTaHfapTHbBIM nNoTeHUuuanom

MepeHOC 3N1eKTPOHOB COMPOBOX-
faeTca W3MEHeHWAMW CBOGOAHOIA
FHEPTUM o
Llenb nepeHoca 3N1eKTPOHOB BK/IO -
4yaeT 60NbLIOE YUCNO MEPEeHOCYU-
KOB ittt
MupuanHoOBbIe HYKNEOTUAbI  Bbl-
NONHAKT KONNEKTOPHY (YHK-
uunio
NADH-gerngporeHasa npuHuma-
eT anekTpoHsl oT NADH
YB6UXNHOH npefcTaBnset
XUNPOpPacTBOPUMbIA XUHOH
LLNTOXPOMbI-3TO FeMOMPOTEUHDI,
ocyl ecTBNsO LI ME NEPEHOC 3/eKT-
poHOB
HenonHoe BOCCTAaHOBNEHWE KUCNO-
poda BeAeT K NOBpeXpAeHU Kie-
TOK
MepeHOCYUKN 3NEeKTPOHOB AelcT-
BYlOT BCerga B onpefeneHHoi no-
cnefoBaTeNbHOCTU
dHeprua, Bblgensemas npu nepe-
HOCe 3/1eKTPOHOB, 3anmacaeTcs B pe-
3ynbTaTe OKUCAUTENbHOTO hocdo-
PUNAUPOBAHUA o
®epMeHT, KaTanusnpyowmuii cuH-
Te3 ATP, 6bln BblgeneH u pe-
KOHCTpPynpoBaH
Kakum o6pasom
BOCCTaHOBMUTeNbHAs
peHoca 931eKTPOHOB
ATP-cuHTeTase? .

co6oii

OKWCNNTENbHO-
aHeprus ne-
nepegaertcs
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KpaTkoe cogepxaHue rnasbl
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naga 19. OkucnuTenbHoe
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19.9.

19.10.

19.11.

19.12.

19.13.

19.14.

19.15.

19.16.

19.17.

HUTENbHbIX PEPMEHTATUBHbLIX 3Ta-
nos
OKUCNEHNE XUPHbIX KUCNOT C He-
YeTHbIM 4YMCNOM aTOMOB Yrnepo-
aa
rMnornuumH (TOKCMYHOE BellecT-
BO, BblpabaTbiBaeMOe HEKOTOPbI-
MW pacTeHUsMU) NOJABNSET OKUC-
NEHNEe XUPHbIX KUCNOT
O6Gpa3oBaHWe KeTOHOBbLIX Ten B
NneyeHW W WX OKUCNeHUe B ApY-
rMx opraHax

Perynsaums OKWCNEHUS  XUPHbIX
KncnoT n o6pas3oBaHUA KeTOHO-
BBIX T €1 covueieeeeeereesnsenessessessneeenseces

n 3agaun

pacuienneHue

aMuHoOKucnoT. LUwukn mMoyesu-

Hbl

lMepeHoC a-aMMHOTpynn KaTanmsun-
pyeTtcsa TpaHcamMuHaszamu

AMMuak obpasyeTca u3 rnytamarta
CyuiecTtByeT 20 pasNuyHbIX NyTei
ANA  pacuwenneHns  yrnepoAHblx
CKeneToB aMMWHOKMWCNOT.

[lecAaTb aMWHOKMCNOT npespalia-
I0TCA B pe3ynbTaTe pacljensieHuns
B auetun-CoA
HacnefcTBeHHble HapylweHus Ka-
Tabonmsma (eHmnanaHuHa

MATb aMMHOKUCNOT NpeBpauiato T-
CA B a-KeTornyTapaT ...
Tpu aMUHOKUCNOTHI NpeBpawar T-
CA B CYKUMHUN-COA ...ceee
N3 ¢deHnnanaHnHa © TUpoO3UHa
06pa3yeTcs MYMAPAT .crriierieens
OkKcanoaueTarHblii nNyTb
HekoTopble aMUHOKWUCNOTbLI MOTYT
npespawatbCa B FAOKO3Y, a APY-
rme- B KeTOHOBble Tena .
AMMMNAK ANS XUBOTHbIX TOKCUYEH
AMMMNaAK nepeHoOCUTCA B MNeyeHb
M3 MHOTMUX nepudepuyecknx TKa-
Heii B BMAe rnytamuHa

AMMMUAK NEPEeHOCUTCS U3 MblLl L
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BbiBegeHWe aMWHHOroO asoTa u3
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TAYTAMUHABA e

MouyeBuHa o06pa3yeTcs B LuKne
MO UEBUHbB oo
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CNOXHBIX CTALUM oo
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20.4. TpeTuit 06XOAHLIA NYTb-3TO NyTb,
BeAYW NI OT rnwko3o-6-tpoctaTa
K CBOGOAHOW TNHOKO3e 605
20.5. FnokoHeoreHes TpebyeT 3Hauu-
TEeNbHbIX 3aTpaT 3Heprun 605
20.6. PeymnpokHaa peryndyuma rnoKo-
HeoreHesa W ramMkonusa 606
20.7. TIpoMeXyTouYHble MNPOAYKTbl LUK-
na NUMOHHOW KWCNOTbl ABNSIOTCA
TakXe npejllecTBEHHUKaMU [/10-
KO 3Bl e 607
20.8. BONbLWMHCTBO aMUHOKMNCNOT OTHO-
CATCA K TIIOKOTEHHBIM 607
20.9. T nOKOHeOreHe3 NpoucxonuT B ne-
puojA BOCCTAHOB/NIEHWS MNOC/AE Mbl-
WEYHON PABOThI s 608
20.10. Oco6eHHO aKTUBHbIN rNOKOHeOTE-
He3 CBOWCTBEH >KBaYHbIM XWBOT-
H Bl M et 609
20.11. ANKOronb TOPMO3UT FNHOKOHeoOre-
Hes. . 611
20.12. «XonocTble» LUKAbl B YrN€BOLHOM
OO M EHE o 611
20.13. MyTb 6MOCUMHTE3a TNMKOTeHa OT-
NnnyaeTca OT NyTU ero pacuwen-
"B H M S et 612
20.14. TnuKoreH-cuHTasa U TNUKOTEH-
octhopunasza perynupyrmTca pe-
LBUMPOKHO o 614

20.15. CylecTBYIOT reHetnyeckne 6ones-
HW, NpW KOTOPbIX O6MEH TrANKO-
FEHA HAPY LW EH e 616
20.16. CuHTEe3 NnaKToO3bl perynumpyercsa
0CO6BIM 06 PA3OM .o 616
KpaTkoe cOAepXaHNe TNaBbl e 617

Bonpocbl 1 3ajaun
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OrNABNEHWE

nasa 21. BuocuHTE3 NuMNNAoB

21.1.

21.2.

21.4.

21.6.

21.7.

21.10.

21.11.

21.12.

21.13.

21.14.

21.15.

21.16.

21.17.

MyTb 6GMOCUHTE3a XWUPHLIX KuUC-
NOT OTAXYAeTCA OT NYTU WX OKMUC-
nexHunsa
ManoHun-CoA obpasyetcsa 13 aue-
Tun-CoA
CuHTasHas

cuctema, Katanusu-
pytowas o6pa3oBaHWe IKUPHbIX
KUCNOT, WMeeT CeMb aKTUBHbIX
L€ H TP OB o
CynbhrugpunbHble rpynnbl  CUH-
Tasbl KWPHbIX KUCNOT BHavane
B3aMMOEWCTBYIOT C auuNbHbIMWN
TPY M MAM U i
MpucoefuHeHNe KaxXf[oro ABYXYr-
nepogHoro dparmMeHta npoucxo-
AUT B YETbIPE 3TAMA e 629
ManbMNWTUHOBAA KUCNOTa CAYXWUT
NpeflecTBEHHUKOM APYTUX ANUH-
HOLLEMOYEYHbIX D KUPHbIX KUCNOT
Perynauns 6uocuHTe3a IKUPHbIX
KM CMOT o
BUOCUHTE3 TPUaLUNTANLEPONOB W
rnuyepondochaTnfoB HaunHaeTcs
c 06WMX npeAWwecTBEHHUKOB
BuocuMHTE3  Tpuayunrauuyeponos
perynanpyetcsa ropmMoHamu
Tpuaunnrnnueponbl - WUCTOUYHUK-
9HEPrUn AN HEeKOTOPbIX Bnajato-
WKUX B CAAYKY >KUBOTHbIX

Ana 6uocuHTesa Gochornuuepo-
NOB HYXHbI Tpynnbl, o6pasytolimne
FONOBbl M OMEKY /o
dochaTULUNXONNH obpasyeTcs
ABYMSA pasHbIMW NyTAMU .
MonspHble NUNUAbL BCTpauBalo TCA
B KNeTOYHble MeMbGpaHbl .
FeHeTnyeckne pedekTbl NUNUAHO-
FO OOMEHA oo
CywecTBytoT MHOTOYMCNEHHbIE
NN30COMHbIE GONE3HW ..o 644
XonecTtepon u Apyrue cTepoupsbl
TakXe CWHTe3npylTca U3 [BYyX-
YrnepofHbIX NpeAlecTBEHHNKOB
N3oneHTeHunnupodgochar cnyxuT
npejllecTBEHHNUKOM MHOTUX >XMU-
popacTBOpPUMbIX GuOMONEKyn

KpaTkoe cofgepXaHNe TaBbl e, 649

Bonpocsl

naBa 22. buocuHTe3

22.1.

U 3A0AYUYM e

aMWHOKWCNOT 1
HYKNEeoTULOB ...

HeKoTopble aMUHOKUCNOTbI JOMX -
Hbl MOCTynaTb B OpPraHuMsM C Nu-
w e
K rnyTtamary, raytamumHy W npo-
NUHY BepeT 06WMUIA 6GUOCUHTETHU-
YECKUM MY Th e

621

621

628

633

634

636

639

640

642

642

645

653

654

22.3.

22.5.

22.9.

22.10.

22.11.

22.12.

22.13.

22.14.

22.15.

22.16.

22.17.

22.18.

22.19.

22.20.

22.21.

22.22.

22.23.

KpaTkoe cofepxaHue rnasbl ..
Bonpochel

FnaBa 23. @ OTOCUHTES s e

23.1.

AnaHwH, acnapTaT W acnaparvH
ToXe o6pasywTca M3 LUeHTpanb-
HbIX METABONMTOB oo
Tnpo3nH obpa3yeTca W3 HesaMme-
HUMOW aMWHOKWCNOTbI theHunana-
HUHa
LinctenH obpasyetca M3 AByX ApY-
TMX aMWHOKUCNOT-METUOHWHA W
CEP M H A e
Cepun CNyXMWT nNpeAlecTBEHHN-
KOM TAULMHA oo
BuocnHTe3 He3aMeHUMbIX aMUHO-
Kucnot
BUOCWHTE3 aMWHOKWCNOT perynu-
pyeTcs annocTtepuyecKMmMmnm mexa-
HU3Mamu
BuoCMHTE3 aMWHOKWUCNOT perynu-
pyeTcs TakXe MNyTeM W3MeHeHWi
KOHLeHTpayun tepMeHTOB

FANUMH  ABNAeTCA MNpefllecTBeH-
HUKOM NOPMUPUHOB oo 662
Mpn HeKOTOPbIX FeHeTUYeckUx 3a-
60oneBaHUAX HakannueawTCA Mpo-

661

M3BOJHbIE NOPGHUPUHOB 664
B pesynbTate pacnaja remorpynn
06pasyoTCA >KeNnuyHble MUIMeHThbI 664
MypnHOBbIE HYKNEOTUbl CUHTE3U-
pyloTCA CNOXHBLIM NyTeMm 665
BUOCUHTE3 NYPUHOBLIX HYKNEOTHU-

[0B perynupyerca no Ttuny o06-
PATHOM CBABM o 668
MupumMungnHoBssble HYKNeoTnAbl
CUHTe3MpylTCa U3 acnaprtaTta #
PUBO30DOCHATA e 668
Perynauuma 6uMocCMHTE3a MNUPUMU-
OAVHOBbLIX HYKNEoTUAO0B . 669
PuboHykneoTuabl cnyxart npeg-
WeCTBEHHUKAMMN [Je30KCUPUBOHYK-
neoTnpoOB.. ..670
Pacnajg nypuMHOB NpPUBOAUT Yy ue-
nopeka K o06pa3oBaHWI0 MOYeBOi

KW CMOThl o 672
PeyTunusauns nypuHOBbLIX OCHO-
BaHUM 673
N36bITOUHOE o6pa3oBaHMe MoYe-

BOW KMCNOTbl Bbl3blBaeT nogarpy 674
KPpYyroBOpPOT @30 T & .cmreercerirrnieinns 674
Cnoco6HOCTb (QUKCMpOBATL aT-
MOCHepHbIA a30T Npucyuia HEMHO-

TMM OPTFaHU3IMaAM .o 675
dunkcauna asoTa-CNOXHbIA tep-
MeHTAaTWBHbLIA npouecc 676

M 3agaunu

O ToM, Kak 6bIN0 BbiBEJEHO ypaB-
HEHNE G OTOCUHTE3A oo 683



23 2.

23.3.

23.4.

23.6.

23.7.

23.8.

23.10.

23.11.

-3.12.

23.13.

23.14.

23.15.

23.16.

®OTOCMHTE3NPYIOLLLME OPraHn3Mbl
Yypes3BblYallHO pa3HoO06GpasHbl
[LoHopbl BOojoOpoOfa Yy pasHbiX ¢o-
TOCUHTE3NPYKOLWNUX  OpPraHW3mMoB
PABTTUUH b e
Mpouecc poTOCHHTE3a COCTOUT U3
nBYX (a3-cBeTOBOW M TeMHOBOM
®oTOCUMHTE3 pacTeHUil npoTekaeT
B XJMOPOMAACTAX wverreriiererirneerseereeenes
MornouweHne cBeTa NepeBoguT MO-
nekynbl B BO36YX/JeHHOe COCTOfA-
H M8 et
Xnopounnbl 3TO rnaBHble CBe-
ronornoryatowmne NUrMeHTbl

B Tunakoupax copepxavcs Takxe
BCNOMOraTenbHble MUIMEHTbI

B wmem6paHax TuWnakoupos co-
fepxatcsa fgBa Tuna (QOTOXUMMU-
YECKMX PEaKUMOHHbIX CUCTEM
CBeT wuHAyuupyetT B Xxnoponnac-
Tax MOTOK 31eKTPOHOB . . . .
Y naBnuBaemas cBeTOBas 3Heprus

co3fiaeT MNOTOK 3/N1eKTPOHOB, Ha-
NIPABNEHHbIA «BBEP XY cooeerieirereeenenens
MepeHoc anekTpoHoB oT H20
K NADP npoucxoauT B pe3yfb-
TaTe B3aumopeiicteus Gortocu-
ctem | wn 11

-.-CXema npefcTaBnfieT (MOTOCUH-
TeTUYeCKUil mnepeHOC 3NEKTPOHOB
B BUAe 3HepreTMyeckoi pguarpam-
M Bl ot
B doToCMHTEeTMYECKOM nepeHoOCe
9N1eKTPOHOB MNPUHUMaeT yuyacTue
pAfj NepeHOCYNKOB
®ochopunnposaHne ADP conps-
XeHO C (POTOCUHTETUYECKUM ne-
PEHOCOM 3NTEKTPOHOB .coveiieriieine
B xnoponnactax BO3MOXeH Takxe

OrNMABNEHWE

690

691

692

693

694

696

696

698

UMKNNYECKNI A NOTOK 371eKTPOHOB
N yuknuyeckoe Gotodochopunm-

23.17. ®oTOoCMHTETMYeCcKOoe Gochopunn-
poBaHWe CXO[HO C OKUCAUTENb-
HbIM (hocthopunnpoBaHuem .

23.18.0O6wee ypaBHeHWe GOTOCUHTE3a
PACTEHU M e

23.19. ®oToCcUHTeTMYeCcKOoe obGpasoBaHue
reKkco3 CBA3aHO C peajbHblM BOC-
CTaHOBNlEHMEM [BYOKWUCKU Yyrnepoja

23.20. AByokucb yrnepoga gukcupyetcs
B hopme Gochornuyepara

23.21. T'nwoko3a ob6bpasyerca u3 CO2 B
UnKne KaNbBUHA e

23.22. TnoKo3a CNYXWUT NpejlwecTBEHHN-
KOM TUMWYHbLIX PacTUTENbHBIX YrI-
NneBOAOB-Caxapo3bl, Kpaxmana K
LIeNt0103bl

23.23. Perynauus TEMHOBbIX peakuuii

23.24. B TpONWYECKUX pacTeHUAX UCNONb-
3yetca C4-nyTb, uam nyTtb XaTya —
C MK A coiiieieee s

23.25. C4-nyTb obecneumBaeT Heob6Xxo0Au-
MY KOHUeHTpauuw CO2 .

23.26. ®oTOAbIXaHWe Or paHM4YMBaAET Npo-
OYKTUBHOCTb C 3-pacTeHuit

23.27. boToAbIXaHNE-Cepbe3Hasn npo-
6nema And 3emnefenns yMepeH-
HOW 30H bl

23.28. TanotunbHble 6aKTepum MUCNONb-
3YI0OT CBETOBYIO 3HEPTUIO N8 CUH-
Tesa ATP

23.29. ®oOoTOCUHTe3upytoWwmne opraHn3mMbl
cnyxat mogenamu gna KOHCTPYW-
pOBaHWS CONHeYHbIX 6GaTapei

KpaTkoe cofepxaHue rnasbl .

Bonpochl M 3a08Y N i

TIPUNOXKEHUE., O TBETHI coverereeerereeeeeenias
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701

702

705
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