3. PoTOCHHTETHYECKHi anmapar

®oTocHHTEeTHUECKHH allmapar — 3T0o TA YacCTb KJAETKH JHCTa
HJIM BOJOPOCJH, KOTOPasi COOEepPKHT BCE KOMITOHEHTH, HE0b-
XOJHMBIe /151 NMOrJIOILCHUSI CBeTa W HCHOJb30BAHHUS 3HEp-
rud BO3OVIKAEHHBIX MOJEKYJ IMHIMEHTOB B IIOCJEI0BATE/b-
HEIX (POTOXUMHYECKHX H (DepMeHTAaTHBHBIX peakUHAX. ONbITH
dureapMana (rg. 2) TokasanaH, uyTo MUrMeHTamH, obec-
TIeYUBAIOWUMHI [OTIVIOIECHHE KBAHTOB CBETA, SABJSIOTCS XJO-
pounibe. CBeaeHHss 0 CYOKJIeTOYHBIX CTPYKTYpPax, COAEp-
JKaIUX XJ0poduAn, ObIH NOJTYYEHB METOZaMH OOBIYHON
3JIeKTPOHHON MHKDOCKOIIHH H MeTOAaMH (hPaKuHOHHPOBaHHUS
KOMIIOHEHTOB KJETKH. ¥ 3eJeHBIX BOJOpOC/Teil U ¥ BHICUINX

Puc. 3.1. Touruft cpes kaerok Mesoduaita mmHHaTa. BuAHH Xmopoida-
¢t (/) B uMTOINIasMe, pacloJoXKeHHBE BROMb KJIETOUHHX cTeHOK (2);
3 — aapa KAeToK; 4 — MEKKJETOUHble TOJIOCTH, 3aN0NHeHHBEe BO3XYXOM,
B KOTODBIX MPOUCXONUT CBoOoaHast Auddysus ras3oB K XJ0OpOIIacTam;
5 — Bakyonu. [ITeuataercs ¢ mwGesnoro paspewenuss A. I'punByaa
(A. D. Greenwood), Department of Botany, Imperial College, London.]
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pacTeHu{i XJIOPOGHIN COAEP:KHTCS BO BHYTPHKJICTOUHHX
MJacTHAaX, Ha3biBaeMbIX xAoponaacramu. Ha dotorpadusx,
NOJYy4eHHEIX ¢ MOMOLIBIO 3JMEKTPOHHOIO MHKPOCKONZ, BMAHO,
YTO XJOPOMJIACTH BLICIIHX pacTeHHH, HapUMep [HNMHATa
wiy tabaka,—3To Tedblla, HaloMHHAOmMe 1o dopMe
6moane gHamerpoM ot 4 o 10 MM ¥ TonmuHOH | MEKM
(1 Mmrm=10-% m), Hapyxnas memGpana (o6osouka) orie-
JSIET XJOPOMJMacT OT OCTadbHOW muromiasmel (puc. 3.1).
B 3aBUCHMOCTH OT BHJa A2HHOTO PacTeHHs U YCJOBHH poc-
Ta YHCJIO XJOPONJIACTOB B KJeTKE BBHICIUMX DACTeHHH MoXKeT
OYeHb CHJBHO Pas/iNyaThCsl — OT OJHOTO XJOPOIJaacTa Ao
COTHH M GoJiee. ¥ MHOTHX pacTeHHHl XJOPOMIacThl CIOCO6-
Hbl BOCIMPOH3BOAHMTLCS MyTeM ITPOCTOrO AeJeHHSs.

BuyTpn xJjopomsiacra HaXoQHTCS CHCTEMa JaMeJJ, HJM
VIVIOLEHHBIX THUAQGKOUOOS, CTPYNIHPOBAHHBIX B CTONKH B
TEeMHO-3€/IeHBIX YYaCTKaX XJOpPOIllacTa, Ha3blBaeMHX Zpa-
#amuy (puc. 3.2). B xaxno#i namMenne XJA0poNaacta MOXKHO
Pa3JHYUTL ABE JABYCJIOHHBIEe MemOpanbl. ['panbl MorpyxeHst
B 6eCLBETHBI MaTpPUKC, Ha3bIBaeMH# ¢TPoMOL, a BeChb XJO-
POILJIACT OKPY2KeH ABYycJoHHOR MeMOGpaHO#, HIH 060204KO0L
xaoponaacta, BuyTpu xJopomiacra rpaHbl CBA3aHH MEXAY
coboit cBOBOAHO pacrnosOKEeHHHIMH MeMOGpaHaMH — JaMmed-
gamu ctpoMbl. CTpoeHHe THI2KOHAOB MOAPOGHO MOKa3zaHO
Ha puc. 3.3 u 3.4. I[IpuBejieHHble Ha 3THX PHCYHKaX MOAEAU
OCHOBaHBl H2 JAaHHBIX 3J€KTPOHHOH MHKPOCKOMHH, MOJYUeH-
HBIX CITOCO60M 32MOpaXKHBaHHsl — CKAJBBAHHUS, CYyTh KOTO-
poro BKpaTle H3J0KeHa B nmoamucu K puc. 3.3. Ha mosepx-
HOCTSIX MeMOpaH, HaOMOgaeMbIX MOJ 3JIEKTPOHHBIM MHKpPO-
CKOIIOM, BHAHO pachpeneieHre XJA0podHiiI-6eTKOBEHX KOMII-
JIGKCOB, KOTOpBlE MNOrpyXeHbl B JNBOHHOH cJa0# JHIHAOB,
06pasyIolHX CTPYKTYPHBI Kapkac MeMOpaHH, WIH CBS3aHB!

pa—

Puc. 32. A. Cxemartuueckoe u300pa’keHHe BHYTPeHHefl TpexMeDHOM
CTPYKTYPB XJoponaacta. 5. CedeHde XJI0OPOMAacTa B HHUTONNAa3Me KJeT-
KH JUCTa WnuHata. / — o6oJoYKa XJ0ponnaacta; 2 — rpaunbl, cOCTOSIIHE
43 CTONOK THJAAKOMAOB, 3 — cTpoMa; 4 — 3epDHHIIKO Kpaxmajna B  XJO-
ponnacrte; 5 — uuTomIazMarudeckasi memGpaHa, 6 — KJeToYHasi CTEHKA;
7 — MATOXOHAPHs; 8§ — BakKyosb. B. OTAenpHast rpaHa BHYTPH XJOPO-
nnacta. Buanel cTonkn MemMGpaH THJIAKOHAOB B rpaHe, a Takxe JaMen-
JIBl CTPOMBI, COERUHSIOUAe pa3Hble TPaHbl. 9 — Kalllsi JHNHAOB B CTPOMeE.
[MTeuataercsi ¢ moGesnoro paspewenus A. puxByzRa.]
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Puc. 3.3. CxemaTHyeckoe H306pa)keHHe CTPOeHHs XJopomjacra, HabJwo-

1AeMOTO TIOA 3JeKTPOHHBIM MHKDOCKONOM. IIpH NpHroToBNeHHH 06pasna

HCTIONb3YeTCH METON 3aMOpPa’KHBaHMst — CKANBIBAHHA, GJjarofaps KoToO-

poMy ynaeTcs yBHJAETb BHYTPeHHEe ycTpPoHCTBO xJopomaacta. [[lo Creii-
aury (Stahelin), J. Cell Biol,, 71, 136 (1976).]

PC 1 ATPasa Pyb®-xapbokcunaza

PCI  PCU+XN a/b JlaMenna
Namenna CTPOMbI
FpaHbl

Puc. 3.4. Mojeab MOJeEKyJsipHOH OpraHu3anudd MmeMOpaH THIAKOHLOB.

O6paThTe BHUMaHHEe Ha Da3JMYHe COCTAaBa JaMesJ CTPOMBl M TpaHbl.

[[To Crefnuny u Aphueny (Stahelin, Arntzen), CIBA Fndn. Symp., 61,
147 (1979).]

¢ HuM. OpraHu3anus KOMIJIEKCOB, OOHAPyXHBaeMHIX B
2JEKTPOHHOM MHKPOCKOIE B BHJAE OTHEIbHHIX YaCTHI, pas-
JHYH2 B O6GJIaCTH YMaKOBaHHHIX GTONKON MeMOpaHax rpaH
M B TeX y4YacTKaX, rje HaXOAATCs He obpasyiolHe CTOMOK
Mem6panbl cTpombl. Pasnuune 3To o6GbsicHsiercst TeM, 4TO



Bini

Puc. 3.5 A. Knetku senenoit Boxopocnn Coccomyxa sp., cHMOHOHTA, BXO-
Asilllero B COCTAB JHINAiHHKA, MMEIOT YalleBHIHbIEe XJODOIJACTEL [—
THJIAKOHALL, CCPYNNUPOBaHHBE N0 TpH; 2— 06OJMOYKA XJIOPOILIACTA;
3 — 3epHBINKO KpaxMana B xJoOponiacre; 4 — KJeTOYHas CTeHKa; &5—
nMTONA3MaTHYeCKash MeMmOpaHa; 6 — sinpo; 7 — mMuToxoHApus. [[Teuara-
etcs ¢ moGesnoro paspewrenus I. Tpuddurca (Griffiths), Department
of Botany, Imperial College, London).] 5. XnoponaacT KpacHo# BOJO-
pocan Ceramium sp. ¢ OTAeNbHBIMH TUNaKouaamu (8), nexallumH MO~
TH NapajnelbHO APYr Apyry B crpoMe (9). 10— obonouka xsopomJac-
Ta; /1 — 3epHBIUKHM KpaxMmana BHe XJOpomnacra. TeMHble MATHBIIKH —
Kali JUOHAOB B xjopomnacre. [[Tedataercss ¢ moOe3HOro paspelleHHs:
A. Tpumsyra (Greenwood).]
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tdhotocucrema II, T.e. koMmaekcH, ocyllecTBAAIOIINE BHIe-
JIeHHEe KMCJOPOJa, HaXOJAHTCS NMPEHMYIeCTBEHHO B IpaHax,
a yactuipt GorocucTeMbl | cBSI3aHBI B OCHOBHOM C JaMeJ-
JaMH CTpoMBI (cM. pHC. 5.2).

JlaMenssipHast CTPYKTypa XJIOPOIJIacToB 0OHAPYKeHa He
TOJMBLKO y BBICHIHX PaqTendil, Ho H y sogopocieii. Popma
XJIOPOIJIACTOB Yy BOAOpocieill MoxkeT ObITh BeChbMa MPHYYI-
ausofi. Ha puc. 3.5 mokasamnl XJ0pomaacTw 3enleHOR H
KpacHoii Bomopocseii, CaMble ApeBHHE BOXOPOCJH, CHHe-
3ejieHBle (HX Ha3HBAKOT TakXKe MUHaHOOaKTepHsSIMH), B0OO-
e He COAEp:KaT XJOPOMIacTOB Kak TakoBHX. Portocunres
Yy 3THX OPraHM3MOB UPOUCXOZHT B PAaGNOJOKEHHLIX HapaJj-
JIeJTLHBIMH CJIOSIMH JIaMeJIISIPHBIX MeMOpaHaX, TPOHH3BIBAIO-
IIUX BCIO IIHTOMIA3MY.

XJMopomacTsl BHCIUHX PACTEHHH MOXKHO (pakIHOHUPO-
BaTb, OT/JE/HB 3eJieHble JIaMeJIbl OT 6eCIBETHOr0 MaTpHKCa
(CTpOMbI) MeM6panb J1aMelll, B KOTOphie BXOAHT XJIOPO-
U, cocrosT 3 GEJNKOB M JMIHAOB B COOTHOILEHHM MpH-
MepHO OAMH K ofHOMY. Desiku KaTasH3upyoT (pepMeHTaTUB-
Hbleé peakn¥H U O6GyCNOBJAMBAIOT MEXaHUYECKYIO TNPOUHOCTH
MemOpaH, BonabiliHHCTBO cBeTOCOGHPAWIIHX MOJEKYJd XJO-
pobuaia a ¥ xJdopodhuana b ceazaHe co crenHpHUYSCKIMU
MeMOpaHHBIMH Genkamu. [Ipucytcrerue aunuaoB obJeruaer
3anacaHue 3HEPrHH H obecrneuyuBaeT U36HpATEJbHYIO IIPOHU-
HaeMOCTh AN Caxapos, coJelt, cy6erpatoB M T. 1. Jlunuaw
XJOPOIJIAacTOB UIparoT BaXHYIO POJIb B COXPAHEHHH CTPYK-
Typsl U ¢GyHKuHH MemOGpaun. OnHOH W3 TPHYHH paspylle-
HHSl XJOPOIJIACTOB 1OJ BJHSHHEM TelJia MJH CBeTa SBJA-
€TCst BBIXOJ JIHIHAOB M3 MeMOpaH M OKHCJ/JIeHHe JIHIHAOB.

ITponecc nmpeo6GpasoBaHUsi CBETOBOH 3HEPrHH H CBS3aH-
HBI ¢ HUM TPaHGHOPT 2JEKTPOHOB NMpu (POTOCUHTE3E MpOHC-
X0AAT B Jameanax, CTpoMa compepKUT MHOTO PacTBOPHMEBIX
6enkoB, B TOM uHcae pepmeHTn nukjaa KaabsHua — Benco-

(Calvin, Benson) (ra. 6), KaTaausupylollie TEMHOBbLIE
peakuuu BoccTanoBaeHHss COq 10 yriieBOaOB.

3.1. BbigeneHHe XJOPONNACTOB M3 JIHCTHEB

QPOTOCHHTETHYECKH aKTHBHBIE XJOPOMJIAcThl BIEpPBHE BhI-
nenust u3 knerkdH Xuiasi. AKTHBHOCTL e€ro MpernapaToB orpa-
RHYHBaJach BhiaesneHneM Og M CONpPsIXKEHHBIM BOCCT2HOBJIE-
HHeM He(H3HOJOrHYECKHX aKIENTOPOB  2JEKTPoHa (CM.
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ra. 2). Apuon u Yorau (Arnon, Whatley) Bbienunu xaopo-
NJacTel B H30TOHHYECKOM pacTBOpPE XJOPHCTOTO HATPHA
(konueHTpamyust cocrasagaa okolo 0,35 M, mau 2%). Io-
JydeHHbIe HMH MpenapaTs OblJIM CHOCOGHE K (POTOBOCCTAHOB-
aennio NADP+ u ¢dorodochopunuposannio, Ho PHKCHPOBa-
au COg ouenn MegJieHHO, XOTA M COmepXKaaH Bce (epMeH-
Tl nukJaa KagnbBuHa — bencona (mukna dukcamuun COg).
[Tox cBeTOBHIM MHKPOCKOMOM TaKHE XJIOPOMJIACTH Ka3aJdHCh
HelOBPEXAEHHHMH, HO MHKpoQoOTOrpaduH, MoJyYyeHHEE C
NOMOIIBIO 3JEKTPOHHOTO MHKPOCKOMA, TOKA3LIBAIH, 4TO
3THX XJOPONJIACTOB OTCYTCTBYeT Hapy:kHasg o6oJouka H
YTO OHH TpeACTaBJsAT cobofi oOHaKeHHBle CHCTEMH Ja-
mens. TakHe XJOPONMIACTH HA3HIBAIOT XJAOPOIJIACTAMH «TH-
na C» (paspyweHnbiMH, broken) (puc. 3.6). ¥Youxkep
(Walker) paspabotan ¢moco6 BblgeseHHS XJOPOMJIaCTOB
«tana A» (uensvie, complete), y Kotopbx Hapyxuas 06oj0y-
Ka coxpausieTcs H KoTopnie MoryT pukcuposath CO; co cko-
pocTeio, pocturawineit 90% ckopoctH GUKcallHd B LelbIX
JUCThsX. Dosee mogpo6ubie CRefleHUs O THIIAX MOXKHQ Hal-
TH B crathe XoJsaa (Hall, Nature 235, 125, 1972). -

Puc. 3.6. Xnopomnactsl 6o6oB B 3a0ydepeHHOM pacTBOpe Caxaposbl

BayTpennue mMeMGpanbl XJOPOINIACTOB WHTAKTHB, HO HapyXHOH 06004

ku Her. Ilo kmaccuduxauuy, NpuBefeHHof B TJ. 3, XJOpONJaacThl MpPH-

napnexar Kk tuny C. (ITesataetcs ¢ mwbesnoro paspemienus A. T'pun-
ByAa u P. Jluua (Greenwood, Leech).]
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Huse onncansl ABa crnocofa BblAeJEHUS XJOPONJAACTOB,
KOTOPHIMH MOJB3YIOTCS B Haumell JgabopaTopHH. Bee
pacTBopbl M alllapartypy clelyeT 3apaHee OXJaAHThb Ha
ApAy. Bblmenenne Heo6X0AMMO  TPOBOAHTbL KaK MOMKHO
fricTpee (oM. Takxke T, 5).

Cnoco6 1. Meroauka Yorau u Apuona (BHAIOH3MeHeHHas )
Cpeda 045 u3MeAbUCHUS AUCMbES:
NaCl 0,35 M
tpuc-HCI-6ydep, pH 8,0 0,04 M

25 r JUCThER LIMHMHATA Hape3aTh Ha MeEJNIKUe KYCOUKH
aaunoit 0,5—1 cm. Tloayuennni MaTepuan HOMECTUTL B TO-
morenuszatop M. S. E. Atomix (unu B 6bITOBOH MHKCeEp)
i 3aauth 50 cM® cpenbl mas u3MenbueHHst. FoMorenusupo-
BaTb 10 ¢ nHa Majo#i ckopocrd H 20 ¢ Ha 6OJbLIIOR CKOPO-
cti. I1podunbTpoBaTs roMoreHart yepes HalJIOHOBEIH Mello-
yer (MM uepe3d 4 cjosi MapaH) B HeHTPHOYKHYIO Mpobup-
Ky. Uenrpudyraposars 4 muu npu 2000 g. Or6pocuts Hag-
ocanoynylo ¢paknuo. PecycneHaupoBarh 0Caiok B 2 MJ
0,35 M pacreopa NaCl, noss3ysch HeGOJIBIIHM KYCOUKOM
TUFPOCKONMYHOH BaThl, HAMOTAHHBIM Ha CTEKJSHHYIO Ta-
Jgouky. ITosiyueHHHIH MpemapaT COCTOMT M3 XJOPOMJIACTOB
tuna C (paspymieHHbIX). ®parMeHTH XJOPOMAACTOB (THII
E) nosyualor npH pasBeleHHH cycneusud 10-kpaTHbiM
o6bvemMoM BoAbl, A0BOAA KoHIeHTpaunio NaCl go 0,035 M.
Cnoco6 2. Mertonura YoJakepa

Cpeda 0aa usmesvuenusn

Cop6uton 0,33 M
MgCl, 0,005 M
Na,P,0, - 10H,0O 0,01 M

Hosectu pH cmecu go 6,5 no6arass HCI. Henocpencrsen-
HO mepej yrnorpebseHneM 106aBHTh M30acKOP6GAT HATPHA KO
KoHeuHo#i konueHtpauun 0,002 M.

Cpena pyist pecycneHAMPOBAHHS:

CopGuTon 0,33 M

MgCl, 0,001 M
MnCl, 0,001 M
SATA (sTuieHauaMHHTETpaaieTarT) 0,002 M

HEPES (6y¢ep rugpokcusTununepa-
3WH — 3TaHcyab(poHOBasA KHC-
JI0Ta) 0,06 M

Hosectu pH no 7,6, no6asass NaOH
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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-



