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lomorennsnpoBatsh B 6uiToBOM MHUKcepe 50 r oXJIa)KaeH-
HbIX JHCTheB 1imuHaTa B 200 cM® GBEXKENpPHUTOTOBJIEHHON
cpeabl AJs M3MeNbUeHHMsi, BKaoyass MHKcep Ha 3—5 c. Or-
XaTh MOJNYUEHHYI0O MacCy uyepe3 JABa CJIOS Mapid U Mpo-
GOUABTPOBATL Yepe3 8 cj0eB MapJHu B IJIACTMACCOBBIC IEHT-
pHbYXHBe TPOOGUPKH eMKocTbio 50 cm?. Cpasy ueHTpudyra-
posats npu 0°C rak, yToGel Oofllee BpeMs M/ PasroHa
meHTpudyru ot 0 go 4000 g u nocuenyomed 0CTAHOBKH CO-
craBuno mpuMepro 90 c. OcTOpoXHO pecycleHAHPOBaTb
0CafOK C MMOMOIIBIO CTEKASHHON MANOUYKH U HeGOJBLUIOTO Ky-
COuKa THrPOCKOTHYHON BaThl B 1 cM® cpengbl Aasi pecycreH-
aupoBanusi (cM. BHIe). B peaynbTare mosnyuaercss cyclleH-
3Us XJOpomaacToB, cocrosiimaa Ha 50—80% na xsopomaa-
cToB THH2 A (moaHBIX), cmoco6HuX K @HKcanun CO; ¢ BH-
COKOH CKODPOCTBIO.

3.2. IarMeHTHl XJOPONJACTOB

Bce doTocHHTe3npyOIHE OPraHu3Mbl COAEPXKAT OAMH HJIH
HECKOJbKO OPraHHYecKHX MUTMEHTOB, CIOCOOHBIX MOT/IOMATh
BUJHMBI# CBeT, 3alyCKas TeM GaMbiM (OTOXHMHYECKHe pe-
akuuu gorocunutesa. V3 60JbMIHHCTBA JTUCTHEB 3TH TIHIMEH-
Thl MOMKHO 3KCTPar¥poBaTh CIHPTOM WIH IPYTHMH OPraHu-
YeCKHMH PACTBOPHUTENIAMU. BBIAENHTh HHAHBHIYAJNbHbIE NI~
MEHTBI M3 CIHPTOBOIO 3KCTPAKTa MOMKHO METOJIOM XpoMa-
TorpaHM Ha KOJNGHKE C caxapHOil myjapoii. Bmepenie 3ro
cmenan pycckuit 6oranuk M. C. Iiger B 1906 r. B pacre-
HHSIX M BOZOPOCJSIX BCTPEUarOTCsl TNUIMEHTH TPeX OCHOB-
HBIX KJACCOB — XA0pOPUALbL, KAPOTUHOUOLL B PUKOOGUAUHSL..
Xnopoduans ¥ KAPOTHHOHAKI HEPACTBOPUMBI B BoIe, a
(OUKOOUINHEL pacTBOPUMEL. KapoTHHOUAB M (QUKOCHIHHLL
HA3LIBAKOT BCHOMO2ATEAbHLIMU, HIH CONPOBONKAAIOUUML,
nuemeHTaMu, TOCKOJbKY 3HEPIHsl KBAHTOB CBETA, IIOIVIOIIEH-
DBX 3THMH NHTMEHTaMK, MOXKeT IepeaaBaTbCc Ha XJOPO-
¢uasn. B raba. 3.1 npuBeneHB XapaKTepHCTHKH TOIVIOUIEHHS
CBETa 3THMM NUIMeHTaMH. [TurmenTol (OTOCHHTE3HPYIOIIUX
6akTepuil onncaHsl B ™. 7.

XopodHAABl TPHAAIOT PACTEHHSM XapaKTepHHIH 3ese-
HHit nBeT. OHM HepaCTBOPHMEI B BOAE, HO XOPOIIO PacTBO-
PAIOTCH B OpPraHHYecKHX PAacTBOPHTeNsiX, XJAopobuar a
HMeeT roJy6oBaTo-3e/eHblH IIBeT, XJA0poduMI b — KeNToRa-
To-3e/1eHbl, XJIOpOGHII @ HMeeTcsi Yy BceX (POTOCHHTE3H-
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Tabauya 3.1. MArmesTol

XapaKrepHble MaK-~
Tun CHMYMbI TI0JIOC 110+

TIHrMEeHTa TJIOWCHHS B Opra- PacnipocTpaneune

HHYECKHX PpacTBO-
puTeJaaX, HM

Xaopocpunsot
Xnopoduin a 420, 660 Bee Bbicime pacTeHHs B BOIOPOCTH
Xnopogpuan b 435, 643 Bce BhICIHE pacTeHEsl B 3eseHble
BOJOPOCJH
Xnopobuan ¢ 445, p25 IraTomoBele 1 Gyphe BOJIOPOCTIH
Xnopoduin d 450, 690 KpacHele  BOROpOCIH
Kapomunoudel
B-Kaporur 425, 450, 480 | Beicume pacTeHrs m 6ONBLUIMHCTBO
BOROpOCIei
a-KapoTuH 420, 440, 470 | BoabUIMHCTBO pacTeHMil B HEKOTO-
pHe BOJOpPOCH
JlroTeon 425, 445, 475 | 3eseHble BOJOPOC/H, KpacCHhle BO-
ROPOCJH ¥ BHICUIHE pACTEHHS
Brosakcanton 425, 450, 475 | Boicuime pacrenus
DyKOKCaHTON 425, 450, 475 | IuaTomoBble B Gyphle EOJOPOCTH
Durobuauro:

®uxospntpuun | 490, 546, 576 | KpacHble BOAOpOC/H M HEKOTOPHE
CHHe-3e/leHble BOJOPOC/IH  (lLlHaHo-

GaKTe pHH)
PRKOIHAHK HBL 618 CHHe-3e/1€HBIE  BOJOPOC/H ¥ HEKO-
TOPble KPaCHEIE BOZOPOC/IH
Annodprkonnaun- | 650 CuHe-3e/leHBle M KpacHHE BOJNO-
HBI pocx

PYIOILHX OPraHH3MOB, CIOCOOHBIX K BHIAEJIEHHIO KHCJIOPOZA.
Xnopoduan b obHapy:KeH B JHCTbAX BLICIUHX pacTeHHH H
B 3€/JIeHBEIX BOLOPOCHSX, IPHUEM €ro cojepkKaHue NPHMEPHO
BTpPOe MeHbllle COAEp:KaHHA XJopodHuana a. MakcumyMbl
MOrJIoHleHHst XJAOpOdHAIa a U xjaopoduiia b B apupe Ha-
xoaATcst mpH 660 u 643 um cootBercTBeHHo (pHc. 3.7). Mak-
CHMyMBI MOIVIOILEHHSl B aLleTOHE paclojoXeHw mnpu 663 u
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645 um. Cieayert, oAHAKO, UMeTh B BHIY, UTO BHHMATE/bHOE
H3yUeHHEe CHeKTpa/JbHBIX CBOHCTB KMBHIX KJIETOK YKa3hiBa-
eT Ha CylLIecTBOBaHHe MHOXKECTBEeHHBIX (opM xJjopodumia
a in vivo. dtu dopmu xyopoduana @ MOryT GuiTh MO-pas-
HOMY CBsI3aHBI C JaMeJJaMH M HMelT pasHbie (HOTOXHMU-
YyeCcKHe (PYyHKIHH.

®opmyaa Mogexkyan xaopoduina a — CssHzaN,OsMg,
dopmyna xaopodpuana b — CssHroN4OgMg. CrpyktypHyto
dopmyny xaopobunana onpeiesusn B 1940 r. @umep (Fi-
scher) B I'epmannn B ONHITaXx C NMOCJeAOBATEeNLHHIM paspy-
leH¥eM MoOJiekyqasl nurmeHra. B 1960 r. ByzBopn (Wood-
ward) B lapBapie BHIOMHHI NMOMHBIA CHHTE3 MOJIEKYJIBI
xaopodHuana ¥ MOATBEPAHA MNPaBHABHOCTL CTPYKTYpPHOH
dopmyJiel, ycraHoBiaeHHoH @uuwepoM. Modekysia XAOpo-
dunna (puc. 3.8) cocTOUT M3 MOPHHUPHHOBOH «TOJOBKHU» H
duronbHOro «xBocra». IloasipHoe (pacTBopuMOe B BOje)
nophuprHOBoe AAPO 06pPa30BAHO TETPANMHPPOJBHBIM KOJb-
IIOM C pacrnoJIoXeHHHM B lLieHTpe atoMoM MaruHs. Ilo MHe-
HHIO CHEHHaJHCTOB MO 3JEKTPOHHON MHMKPOCKONHH, XJOPO-
GuAN B KIETKe YJ0XKEH MeXAy GEeNKOBBIM H JIHMHAHBIM
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Puc. 3.7. Cuextpbl norJouwerus xaopoduanor 8 acgupe. [Zscheile, Comar,
Bot. Gaz., 102, 463 (1964) ]
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CI0SIMH B JlaMeJij1aX XJOPOIJIAacTOB, NpHueM MOPQHpPHHOBAS
4acThb MOJIEKYJH CBfi3aHa C 6eJKOM, a XHpOpacTBopuMas
¢dbutoNbHAS UeNb NOrpy:KeHa B JHUINHIHBIA CJIOH.
OnrtHyueck¥e CHEKTPH MNOMVIOILEHHS XJopodHaIa a H
xjaopoduia b nepecekawrca npu 652 ym. Pacrsop xaopo-
dbunna B KOHIHEHTpapuu 1 Mr/My uMeeT ONTHYECKYIO IJIOT-
HocTh 34,5 eq mpu 652 um. ApHOH paspaboran MeTon, INO-
3BOJISIIOLIRH OnpeiensiTh copepiaHue xJopoduina B cyc-
NeH3UH XJIOPOIIAaCTOB, HCXO[4st M3 MOTJouleHHs nmpH 652 HM.
Hdns storo HyxHO B3aTh 0,1 MJ CyCHeH3HH XJOPONMJIacCTOB,
pa3baButb ee 809%-ubiM ameToHoM a0 o0bema 20 m.a, me-
peMeliarth ¥ OTHHALTPOBaTh. [lajee CleiyeT H3MEPHThL Ol-
THYeCKYI0 HJOTHOCTb NPOQHALTPOBAHHOTO pacTBOpa MNpH
652 uM B cnekTpoOTOMETpE, MONb3YSACH KIOBETAMH C HJIH-
Hoi#t onTHueckoro nyTty 1 cM u Hcnosab3ys 80%-Hb aneToH
B KayecTBe KOHTPOJILHOrO 06pasua. YMHOXHB MOJYYEHHYIO
BeJIHYHHY Ha 5,8, MojyuyaeM KOHIEHTDAUHI0 XJOPodH/II1a

i Anopogpuna a

Xnopomunn b

= Bopopoa
@ Kucnopop
O Yrnepon
@ Asor

@ Marnna

Puc. 3.8. CtpykrypHele ¢dopMmyan xaopoduanos a u b (Heath, 1969).
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B HCXOAHOH CYCNEH3MH XJOPONMJAcTOB, BHPaXEHHYIO B
MuJIHTpaMMax Ha 1| mJ.

KapoTHHOHAB — 3TO XKeJTbie HIH OpaH2KeBble NHIMEHTH,
HafeHHbIe BO BCeX (POTOCHHTE3UPYIOUHX KaeTkax. B sene-
HBIX JIHCTbAX KapOTHHOUAH OObIYHO He3aMeTHBI M3-33 HaJH-
qus B JHCTbAX XJA0OpOGHIIa, HO OCEHbIO, KOTa XJA0podHJN
paspyumiaeTcst, HMEHHO JKeJThie KAapOTHHOHAK  NPHAAIOT
JIMCTBSIM XapaKTePHYI0 OCEHHIOW OKpacKy. B Moaekynax
WApOTHHOUIOB HMeeTCsi CHCTeMa CONPSKEHHBIX ABOHHBIX
cBsi3el, xapakrepHas 1Js noJjuenoB. Ilo cBoeMy CTpoeHHIO
KapOTHHOUIH OOHYHO SBJSIOTCS MO0 YriaeBOXOPOLAMH
(kapoTuHsl), 1160 OKHCJAEHHBIMH YIJIEBOJAOPOZAMH, T.e€.
KHCJIOpOACOAepKaMMU (KapOTHHOJBl HJIH KCAHTOMHNBL).
Onn 06pasywor 40-3BeHHYI0 YIVIEPOAHYIO Lelb, IIOCTPOSHHYIO
U3 usonpeHosbix cydwennHuil (puc. 3.9). CnekTpbl IOrJo-
WeHHs KapOTHHOMIOB XapaKTepPH3YIOTCH HaJu4yueM Tpex
nosoc B o6aactu or 400 go 550 HM. B nemennax xmoponJa-
tTa KapOTHHOUABI PACHOJ/IOXKEHb B HEMOCPeACTBEHHOH GJH-
soctH ot xJopoduana. IlorsgoiieHHass KapOTHHOH/IAMH
3JHEPTHA MOXKET MepefaBaTbCad XJAOPODHIIY @ U HCIIOJIB30-
BaTbhcA Mias ¢orocunresa. Kpome 10ro, KapoTHHOUIE MOryT
3allMIIaTh MOJEKYab xJopoduina or upeamepHoro (oro-
OKHCJIEHHs] HA CJAUIIKOM SPKOM CBETY.

CuHe-3e/ieHBle BOAOPOC/IH H KpacHbIE MOPCKHE BOAOPOC-
JIM COJEpKaT IPynny MHUrMEeHTOB, HAa3biBaeMblX (uxobusu-
Hamu (puc. 3.10). PukoOHAMHB MPEACTaBAAT CcOOOH Te-
Tpanuppo/bHBEE CTPYKTYpHI, MOXOXKHE Ha XJ0poduan a, HO
C JHHEHHBIM pacHoJIOKEHHEM MHPPOJLHBIX Kojen. Kpome
TOro, OHM He HUMeOT GOKOBOH GHTONBHON LENH U He CO-
gepxar marHusg. XpoModopsl (PHKOOGHAHHOB KOBAJEHTHO
CBA3aHBl ¢ MOJIHIENTHAAMH K O6PAasyOT BOAOPACTBOPHUMBIE
dbukobumunporenas. I3secTHn Tpu Kiracca (HUKOOGHIH-
HOB — QUKOIpUTPUHbL, PUKOYUAHUHGL U AAL0DUKOYUAHUHSL.
Kpacubie $HHKO3DHTPHHBLI HAHAEHBI BO BCEX KPACHBIX BOJO-
pocnax (cM. taba. 3.1). OHu mOTIOWIAIOT CBeT B CepelHHe
BuINMOH oOsacTH crmekrpa. dta OcOGEHHOCTHL I103BOJsET
KPaCHBIM BOJOPOCISIM, XUBYIIMM TIJYGOKO HOJ TNOBEPXHO-
CTHIO MOp$i, OCYIIECTBJASTh (DOTOCHHTES, MOJL3VAChL CaabbiM
roJy0oBaTO-3eJ€HbIM CBETOM, HPOMIEAWHM CKBO3b TOJILLY
BoAbl. Uem ray6:Ke 0GHTAIOT KPaCHbIe BOAOPOCIH, TeM 60Jb-
e OHH colepKar (QHKOIPHTPHHA MO CPABHEHHIO ¢ XJOPO-
bunnom. I'onyGsle nUrMeETH (GHKOUMAHMHBL M aJIOQHKO-
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Puc 3.9. A. Cnektps NOIJIOUIEHHS Q-KapOTHHa N kcaHtodmaaa [Zscheil-
le et al, Plant Physiol, 17, 331 (1942).] 5. Crpykrypa B-kapoTHua
(Heath, 1969),

HHAaHKHBl BCTPEYAIOTCA B CHHE-3€JEHBIX BOJOPOCHAX, KH-
BYILIHX B MOBEPXHOCTHHIX CJIOAX BOABI B 03epax M Ha cyue.
OHeprus, mHor/aouleHHas (QUKOGHIMHAMH (BCIOMOraTe/bHE-
MH, HJH CONpPOBOXKJAOHIHMH, NHrMeHTamMH), MepelaeTcst
XJIOPOPUIIY U HUCNONb3YeTCsE B QOTOXUMHUYECKHX PEAKIHSAX.
MeTozaMH NHKOCEKYHIHOH CHEKTpoCKOUHH (1 NHKOCEKYH-
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na=1 nc=10"!2 ¢) mokasaHO, YTO MNePEHOC SHEPrHH B
KpacHo#t Bogopocan Porphyridium cruentum npOHCXOZUT
B MOC/JAEI0BaTENbHOCTH '

DukospuTpuH — OuKOHHAHHH — AJMIODHKOLUHAHHH —-
— XJIOpOGHIT a

Taxum 06pa3oM, B Xome 3BOMIOLHH BOLOPOCHH H BHICIIHE
pacTeHHss HAay4YWJHCb CHHTE3HPOBATH DPAa3JIMGHLIE MHTMEHTH
oJst Toro, 4ToObl ¢ HaubGoabledl 3(pPEeKTHBHOCTLIO YJaBJU-
BaTb HMEIOHMIMACH COJNHEUHbIH CBET M OCYIeCTBJAATh (oTo-
cuntes. OTHOCHTeNbHOE COJepXKaHHe pasHHIX MHIMEHTOB
3aBHCHT OT GHOJIOTHUECKOrO BMAa, YCJAOBHH OGHMTaHHSA, Bpe-
MEHM roga ¥ psajga Apyrux ¢axrtopos.

IToMuMO MHUrMEHTOB JiaMe/lJbi XJIOPOMJIAcTOB COLepKaT
MHOrHe Ge/IKH, JHNHAH, XHHOHbI, HOHB METAJLIOB, PoJb He-
KOTODHIX M3 HHX B mpouecce (oTOCHHTE3a 6blia BhisicHEna
¢ noMoulbio Metoja AuddepeHunanbHoH cuekTpodoTOMe-
Tpun (cM. ra1. 4). OGHapyXeHHbEe B XJOPOMJIACTAX ABA IH-
TOXpOMAa — IHUTOXPOM bg M HHUTOXpoM f— ydacTBywT B ¢o-
TOCHHTETHYECKOM TPAHCIOPTE 3/J1eKTPOHOB. B XxJsopomiacrax
obHapy:KeHB TaKKe CHHHA Mejabcoiep:Kamuii 6elox naa-
cToYuanuH, eppedokcun — GeloK, ColepKalliil HereMosoe
Kese3o, u ¢Juasonporeun peppedoxcun — NADP+pedyxra-

QnTHYecKas NAOTHOCTDL
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Jnvina BosHbI, HM

Puc, 3.10. Crextpst norjouieHus QUKOGHINNPOTERAOB B BHANMOR 00.a-
cth. A — GUKO3PHTDHH; 5 — annodrKoUHaHKHH; B — duxonuanny.
(Bennet A.,, Bogorad L., Biochemistry, 10, 3625, 1971.)
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3a. Cudraercsi, 4YTO IJACTOXHHOH y4YactByeT B paHHHX
CTafMsiX MepeHoca 3JeKTpOHa OT BO30YXKHEHHBIX MOJEKYJI
xaopoduana, LlUHK, Kene30, MarHMii W Mapraxel — BOT
HEKOTOpbIE€ H3 HOHOB METaJJIO0B, OOHAPYKEHHBIX B JaMensax
XJIOpOILI&CTOB,

3.3. ®oTOCHHTETHUECKAN eAHHHILA

Mounegyabl xnopodunia 06beAHHAIOTCA B QYHKIHOHAIbHBIE
koMmIiekcel. DoTocHHTETHIECKOH eJHHUEH Ha3bIBAIOT TAKOH
KOMIIJIEKC MTHrMEHTOB H APYIUX MOJIeKYJ, B KOTOPOM peak-
IMOHBIH LEeHTp CBsi3aH MpOLEecCaMu IIePeHOCa SHepPrHH BO3-
Oy:KIeHHS] C AHTEHHOH, COCTOSIIIEeH H3 CBETOCOOHPAIOIIHX
HUrMeHToB (puc. 3.11). B COOTBETCTBHH ¢ 3THM TpeacTaBJe-
HueM JI000H KBAHT 3HEPrHH, NMOIVIOUIeHHBIH OJHOH H3 IpH-
mMepHO 250 Mosekys xJopodu/nia, nepenaeTcs Ha peakuH-
OHHBIH NeHTp. PeakiMOHHBIH LEeHTP COLEPKHT CNenHaibuyio
napy moJexkysa xJjaopobusna a. IlomaB Ha peakuHOHHBIH
LIEHTP, HEPTHs KBAHTA CBeTa 3allyCKaeT NMpOlece IepeHoca
ajekTpona. Mpgesa o cymecrBoBaHuM (QOTOCHHTETHYECKOH
eIMHHIH BO3HHK/IA Ha OCHOBe CJEAYIOINHMX HabGMI0LeHHi:

1. s GOTOCHHTETHYECKOr0 BOCCTAHOBJIEHHA 1 MOJeKy-
abnt COq u sugenenns | mogexyiab Op HeO6XOAHMO, YTO6H
MOJIEKYJbl XJIOPOdH/IIa NOrNOTHIH IPUMEPHO 8 KBaHTOB
ceeta. Ecau Obt Kaxaas Mosekysna xJ0podu/iia B pacTeHHH
Obi1a crocoOHa K GOTOXHMHUECKHM peaKIHsiM, TO MOA AeHCT-
BHeM JOCTATOYHO MOILHOA BCHBILIKH CBeTa NPOH3OUIJIO OB
Bbigeenne npumepuo 1 monexyan Op Ha Kaxawie 8 uMelo-
HIHXCA MOJeKya xJaopobuana, OnHako ONBITH IMepCoHA |
Apnoabaa co penelmKamu cseta (ra. 2) mokasaJu, 4TO B
cycreH3uH KaeTok Chlorella nauGoabluuii BHIXOZ KHCJIOPO-

250 monekyn

Xxnopoopunna €7 (BbICOKAR 3INHEPrus) =
- = PeppefoKCHH
o~ .
KsaHT ~ 17 N —Peakunonumit uentp(Pryg)
N /% /J
csera  \J /] 4 (@2

N
6‘\ &~ (u3Kag aneprus)<- H,0

Puc. 3.11. Cxema ¢oTocuHTeTHYecKOl eAuHulbl. KaxXawlfi KBaHT CcheTa
B3auMO/JeHCTBYeT ¢ aHcamOJjeM, COCTOSIHM U3 250 MOJICKYJa XJA0DoduiI-
Ja H CcoAepXKalUlHM O/JMH DEeaKUMOHHBIE meHTp Proqo.



