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6.3. B3auMOCBSI3b CTPYKTYPbl M (PYHKLHHU

Hns nzyuenns duxcanuu COy B H30AHUPOBAHHHIX XJIOPOIIA-
CTax HeOGXOZUMO BHIZENSATh UX BeCbMa OCTOPOKHO, UTOOBI
COXPaHHTh BCE YYacCTBYIOUIHE B pEAKHHSX KOMIOHEHTHI.
B 1954 r. B na6oparopuu ApHoHa (Arnon) 6uiin MoCTaB-
JIeHBl OIIBITH, TMOKA3aBLIHE, 4TO 3ajaua 3TA BIOJHE OCYy-
mecteHMa. IIpu sTOoM ObLIH OnpexeneHH BCe INPOLYKTHI
¢uxcagun COqe. OpHako ckopocTh PHKCAUMU B HX ONBITAX
He [IOCTHraJja OJHOHM HecsiTOM AOJH TOH CKOPOCTH, KOTOpas
Haba0/anach B LEABIX JUCTHSIX, M JOCTHUb JIYULIHX pe-
3y/AbTATOB He YAABaJOCh [0 CAMOro IOCHAEIHEro BpeMeHH,
T.e. 10 paboT, IpoBeleHHBX B JabopaTopusax Yonakepa U
baccama (Walker, Bassham), xorma myrtem ThiatenabHOro
nojgbopa cpejg H CHOcOO00OB BBHAENEHHS OBIK NOJYUeHB
XJopomaacthl, crnocobume ¢ukcuposate COz co cropocTsi-
mu, OGauskumu K ckopoctsaM ¢uxcanun COgz B HeAbIX JU-
ctbsix. M cHOBa B KauecrBe NMPOAYKTOB $OTOCHHTE3a GBLIN
o6HapyXeHH Te Xe COoeJ[HHeHHs, KOTophle rpynna KanpHua
oOHApYXKIIA B HEJABX BOAOPOCHSAX, & COTPYAHHKHU Jabopa-
TOpUKM ApHOHA (B CBOMX IEPBHIX padoTax) — B BBIIENEHHBIX
XJOPOINacTax.

OTH HCCIel0BAHUA ellle Pas NOJUEePKHBAIT, CKOJMb DaAK-
HOoe 3HaueHHe HMeEeT HEJOCTHOCTh CTPYKTYPH JJIs  TOTO,
4yTOOH NOH5ITh, KAK B ICHCTBUTENBHOCTH pabOTANT CyOKJe-
TOYHBIE OPraHe/Jibl, HAMPHUMeEpP XJOPOmAacTh. Temeph fiCeH
NyTh Ui HW3yueHHs GoJiplliero 4dc/ja peaxlui# cHHTe32 pas-
JIHYHBIX TPOJAYKTOB, HAampHUMep Kpaxmaltia U ¢aXaposbl, B
H30/MPOBAHHBX XJIOpOmJaacTax. TpaHCHOPT HEOPraHHYeCcKo-
ro pochara u caxapopocharos BHYTPh XJAOPOIMIACTA H U3
HETO CTPOro peryaupyercs B 3aBUCHMOCTH OT HoTpebHOCTed
MeraGoausMa. B HenoM MOXHO cKasaTh, UTO CBETOBHIE pe-
akiuu (POTOCHHTE32 MPOUCXOAAT B JaMeNjax rpaH, HIH
MemOpaHnax, Toria Kaxk TEMHOBBle PeakiHH OCYLIeCTBJASIOT-
cs B CTPOMeE, WIH PAaCTBOPUMOHR 4aCTH XJOPOIJIAcCTa.

6.4. dnepreruxka ¢pukcauun CO,

Ecnu cHOBa B3MIAHYTH Ha CyMMapHOe ypaBHeHHe (OTOCHH-
Te3a W Ha ypaBHeHHs, ONHCHIBAIOLIHE OTJEJbHBle PEaKIHH,
JIEFKO pasjHuYWTh Te yuacTkH mukiaa oukcauun COs, rue
DHEPrusi 3anacaercsi, u Te, rjie OHA PaCXOAYeTCs.
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Oobmee ypasHenue 00pa30BaHHs IJIIOKO3bl HMeeT Cje-
AYIOMUR BUA:

CO, - H,0 - (CH0) -0, AG=--48-10* Ik = 114 xraxr (6.3)

Ono o3HauaeT, 4TO KOJHYECTBO IHEPTHH, HEOOXOJHMON s
BoccTaHoBJgeHuss 1 monss COg 10 ypOBHS INVIIOKO3Bl, COCTaB-
asier 48-10* I:x. Dosblasi nosoXKHTeJbHAS BeJHUMHA H3-
MeHeHHsi cBOOGOAHOH sHepruu AG cooTBeTCTBYyeT GOJIBLIOMY
HoTpe6/MeHUIO SHEPTHH B 3TOH peaKIHH.

Mu yxe BBISCHHJIH, YTO 3Ty HEPrHI0 IOCTABJSIOT IPO-
IYKThl CBETOBBIX ‘peakuul poTocHHTe3a. Ee MoXKHO oxapak-
TEpU30BaTh KaK «acCUMUAsiunoHHyw cuiy» NADPH &
ATP. Oast duxcanuu [ monekyns CO; HYKHB 2 MOJEKYJE
NADPH u 3 monekyasr ATP (cm. puc. 6. 4 u 6.5).

3anac suepruu y moaekyad NADPH u ATP wmoxuo oue-
HHUTb, HCXOIS U3 CAENYIOIIUX YpaBHeHHH:

2 . NADPH -} O, -+ H* — NADP* 4-2 . H,0

AG =44 . 10* Ox = — 105 kkan (6.4)
3. ATP -+ H,0 - 3 - ADP -} 3P
AG=9,2 - 10* Ix = — 22 xxan (6.5)

ITOl SHEPrHH JOCTATOYHO, UTOGBI BOCCTAHOBHTH OJHY MO-
jgekyny COg f0 ypoBHst IJII0KO3B, IPHUEM €lle OCTAHEeTCs
HEH3PACXOJ0BaHHBIM 0K0J10 5-10* J{x =13 xkan [Ypasuenue
(6.4) +ypaBuenue (6.5) — ypaBuente (6.3)].

Eme pas sbimuiieM oTjebible YpaBHEHHUS:

AG (IIx) AG (xxaJni)
CO, + H,0 — (CH,0) +4- 0O, --48-10% +114 (6.3)
2 -NADPH - H* + O, — 2. NADP+-- —44.10* —105(2-52,5) (6.4)
+2-H,0
3.-ATP - H,0 — 3.ADP - 3p; —9,2.10% —22(3-7,3) (6.5)

—5.10* I —13 rxan
(n30bITOK)  (M3GBITOK)

Cymmapnoe ypaBHEHHE TaKOBO:
CO, + H,0 -+ 2.NADPH + H* + 3 - ATP — (CH,0) -+ O,
+4 2. NADF*+ -3 - ADP 43 - P;. (6.6)



6. Dukrcayus Osyoxucu yzaepoda 95

Hrak, Mbl BHANM, 4TO HOTOCHHTE3 — 110 CYLIECTBY BOC-
CTAaHOBUTEJbHBIH IPONECC, TOCKOJAbKY  O60JblIast poss
SHEPruH

. 104
44 . 10* Ix — 83%,
53,2 - 10t Ix

1eo6XOIHMOH A/t GUKCALHH YIEKUCAOTH, ofecneunBaeTcs
VJacTHEM B TEMHOBBIX PEAKIHUSAX CHJIBHOTO BOCCTAKOBHTEJS,
NADPH, okHCAHTENbHO-BOCCTAHOBUTEJIbHBE MOTeHNHaJd KO-
Toporo paBeH —0,34 B. IlockolbKy OKHCIHTEJIBHO-BOCCTA-
HOBHTEJIbHBIA NOTeHLIMA/ ¢aXapoB HECKOJbKO HHKe 3TOoH
BEJUUMHBI, €ro MOXHO cuutaTh paBHhIM —0,43 B. Ouesna-
HO, uTOo Anasi ¢ukcauud CO, Tpebyerca eme sueprus ATP.
MBI 3HaeM, YTO OKMCJAHTENbHO-BOCCTAHOBHUTEALHBIH I10-
Tennuan jias HoO—-O, paBen +0,82 B. Tloatomy moaHoe
usMeHenue norennmana or 0,82 no —0,43 B cocTrasiaser
1,25 B. MoxHO mepefiTH OT BeJHUHH NOTEHLHAaJla K IHEp-
TeTHUCCKUM eJIHHHIlIAM, BOCMNOJbL30BABIIHCH ypaBHeHHeM

AG=—n-F -AE=—4-9,64.10" Ix/B - 1,25B =
= 48,2 - 10* Jx = 116 kkasq, 6.7

TAe 1 — YHCJIO 3JIEKTPOHOB ( =4 3JIeKTPOHAM Ha OAHY MOJe-
xyny O,), F—uucno Papanes (9,64-10* Hdx/B), AL —
PAa3HOCTh OKHUCAHUTENbHO-BOCCTAHOBHTEIBHBIX IIOTEHHHAJOB.
OueBuano, uro mojyueHHass Beauyuna AG BecbMa G6/aH3Ka
K TOH, KoTopas HeoGxomuma ansi pukcanuun 1 moas COq
{ypaBuenne (6.3)]. Takum o6paszom, mpeo6pasoBanue 3HEp-
THH MOXKHO BHIPAXAaTh W B JUKOVJISAX, U B €IHHHUIAX OKHC-
JINTEJIbED-BOCCTAHOBUTEALHOIO IIOTEHIHAA.

B saknamoueHHe o6cyAUM BOIPOC O KBAHTOBOH 3 (eKTUB-
Hoctu dukcany COs. DHeprust 0JHOrO MoJs KBAHTOB Kpac-
HOro cBeta ¢ AJjuHoH BosHbl 680 nM pasma 17,6-10% J(xk.
Tlockosibky 2Ta Benuuuna B 2,7 pasa MeHblIe HeOOXOAUMON
3arpathl sHepruu, AG (48-104/17,61-10* 1K), oOueBUIHO,
yto Juist pukcanuu 1 mosexryns COg HYXKHO TO KpafiHelt Me-
pe 3 KBaHTa CBeTa ¢ JaHHON BOHBbl 680 nM. B AeficTBUTENB-
HOCTH, KaK NOKAa3bBAWT ONBITH, AJs BbiaedeHHs | Mojeky-
ap Og unn dukcanuu 1 mosexyias CO2 norpebiasercs 8—
10 kBanToB. Ha ocHOBe HAIIUX MpejCTABIAEHHHE O HEUUKIIH-
4ecKOM G OCHOpUIHPOBAHUU TPU (POTOCHHTE3€ MOXKHO Che-
JlaTh BHIBOJ O TOM, 4TO B BoccraHoBiaeHun NADP+ sjekr-
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ponamu Mosekyabl HpO yuacTByloT nB€ pasjuuHbie CBETO-
Bbie peaKUuu: .
o
2 - NADP* -2 - H,0 2NADPH -+
JIBe cCBeTOBble peaKLHH
B XJIOpOILIacTax

+0, -+ H*. (6.8)

TaxkuM o6pasom, HYKHO He MeHee 8 KBaHTOB (4 KBauTa, 1o
OJIHOMY Ha IIepeHOC KaXKJOro U3 ueThipeX 3JEKTPOHOB, He-
06XONUMBIX /s BhigesaeHus Mojekyabl Og, yMHOXZWOTCH Ha
2 —uuCcN0 CBETOBHX peakiuii), uToOB OJAHOBPEMEHHO BOC-
cranoBuTh NADP+ u cunresuposars ATP B Hy)KHBEIX KO-
JHUeCcTBaXx.

TeM He MeHee, COIMIaCHO JJaHHBIM H3MepPEeHHUH, MpH PHK-
canuu COg B mpouecce ¢poTOCHHTE3a MCIOJB3YEeTCH JHILL
okosno 309% oHepruu csera (morpebasierci 8—10 kBauTOB
TaM, rie JOJKHO Obl XBaTuUTb SHepruu 2,7 kBanta). Ecam
NpUHATb BO BHHMAaHHe, uTO cpenusis 3PeKTHBHOCTH HC-
MoNb30BAHHST (OTOCHMHTETHUECKH AaKTHBHOIO  COJIHEUHOTO
CBeTa LEJIBIMH pacTeHusiMu He npesbimiaer 1% (e, ra. 1),
TO MOXKHO COIVIACHTBCS ¢ TeM, UTO B STHX Ipoleccax pacrpa-
YHBAaeTCsi OUeHb MHOIO 3Hepruu U uto 3POPEeKTUBHOCTb HX
caenoBalio 66 TOBHICUTD.

6.5. C,-nytp pukcauun CO,

Kak yxXe ymoMuHa/JOCh, MHOTHE TPaBhl, pacTyiiiie B TpO-
NHKaX, H TAKHe pacTeHHUsi, KAK caxapHHl TPOCTHHK H Ky-
Kypysa, cnocobubl huKcHpoBaTh COg He TOJBKO B peakIusix
uukaa KanapBHHA, HO H HHBIM IIyTEM, CBSI3bIBAsi YIVIEKHCAOTY
Cpa3y B COGJIHHEHHS, COAepPIKAIINe YeTHPEe aTOMa Yryiepoja,
nanpumep B okcanoaunerar (COOH—CO—CH,COOH), ma-
jgatr (COOH—CHOH-—CH;OOH) u acmapratr (COOH—
CHQ—(':HCOOH). Brimie yke rosopuiaoch (pasi. 3.4), uro

NH,
B JIUCTBbSIX 3THX paCTeHHH oO6HapyxKeHBl XJOPOMJACTH IBYX
THUIIOB — B KJeTKax OOKJaZKH M B KieTKaX Me3odHuana.
Y Cy-pacteHHH ycTbUNA OGBIUHO pACHONOKEHH TakK, UTO
HOJOCTh HOJ YCTBHIEM HAXOMHTCSH COBCEM DSLOM C XJAOpPO-
nnacramu kaetok mesotpunna. CO,, auddyHpupywmas s
JINCT 4epe3 yCTbHIA, GBICTPO MONAZAET B LIUTOMIA3MY XJO-
ponyactoB Me3zothunna, rige Opu yuacTuu Gepmenra ¢oc-



