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MOJIEKYJISIPHASA U KIIETOUYHASI
OPI'AHHM3AIINS CG,-KOHUEHTPHPYIOIIMX
MEXAH#W3MOB B ®OTOABTOTPO®HEIX
KJIETKAX MHUKPOBOJIOPOCHIE#!

PaccMorpeHsl MONRKYNRPHAS ¥ KIeTOYRAS OpraHH3allys MeXaHWIMOR CQOjp-KoH-
LEHIPHPOBAHMS B (DOTOCHHTEIUDYOINMX KNETKAX MMKDCSOHOpOCHeR, a Takke HHIMONOro-3KONOri-
GeCKasl CONMb 3TMX MexaHMaMoB. [ToxasaHo, U4Te MOAHOCTEI copMHUpOBaH:asn cuerema COj-KoHUEH-
ToHDHMBAFAR BEKNOYAET HE. TONBKO CHCTEMY AKTHEBHOrO TpaHCrnopra HAKOINeHWs H&OPT&HHQECKC}-
ro yraepofa, HO AOMxHSBl ORITh cOBMIONEHE! W ODYIrME HEoDXOAMMEE YCAOBMA HNA MCHIOJIB3CBAMMA
BHYTpEHHEro ITyia yrnepona. Cpeld TocnenHmy Haubonpilee 3HaHeHHWE PHMOASTSH PonwM hepmes:-
ros xapBoaHrMnpaisl M prbynoso-l, S-Guchocdarrapborcrnasst, Uz JOKANHMIALMN B RASTKE, TONONO:
UM ¥ OpHEeHTAUMK 8 MeMOpaHax nuasMaileMMEl, 000N0UKH 1M THIAKOWAOE XNOPONAacTs,; a TAKXKe KOH-
{1&HTpALIHY BOMOPOAHEBIX HMOHOB B KIIETOUHEIX KOMIIADTMEeHTAX.

Knwoueatte cacea: CO - KOHUEHTPUPYIOWULT MeXaruaM, MUKPO8OOCpowIU, KapGourauopasa, Tpak-
cnopT HeopdHUMEecKozo ye1epeda.

OnanM M3 (haKkTopoB, OTPaAHHUMEAIMMX (POTOCHHTETHYECKYK MPOOyKTHBHOCTE
pACTEHM, SIBJIIETCST HM3Kasi KOHLIEHTpaLMsA YrJIeKMC/IoTHl B artMocdepe. 3To
OTHOCHTCSt KAK K HAEMHBIM PACTEHHsM, Tak M K (QOTOCHHTE3IMPYIOILKUM opra-
HHaMaM, o0MTaIMM B BOOHOM cpene. TeM HE MeHEe QOTOCHMHTISTHUECKHNE Xa-
PAKTEPHCTHMKM [MOKAa3bLIBAIOT, YTO PACTEHMs] CMOCOOHEB! 40aNnTHPOBATLHCH K 3TOMY
chakTOpy M yBenuuMBaTh 3h(PEeKTUBHOCTL yTHIM3auuu CO; OyTEM KOMLEHTpPM-
poBaHKMs HeopraHuueckoro yrieporma (Cp) B KJIeTKax M LeHTpax KapOoKcu-
TIMPOBAHMWS,

OtkpeiTie C, -TlyTH hOTOCHHTE3a B 60-X rofax Mo3BOMKMIIO 110Ka3aTh, YTO QYHK-
unoHnpoeanyue CO,-KOHLIEHTPUPYIOLIEIo MEXaHuaM Y HeKOTOpHX HaseMHLIX
BLICIUMX pacTeHuit ofecneunsaeTcs yBeludeHneM otHowenusi COy / Oy B MecTax
rkapBoxcuiuposaHusi. [lozanee GbUI0 MOKa3aHO, YTo 3TOT MyTh MeTabGonisma
yrreposa CBOMCTBEHEH LIeJIOMY psilly pacTeHMil, B TOM UMCIIE M HEKOTOphIM BOI-
HeEM oprasmamam. Crnocobrocts K CO;-KOHUEHTPMPOBAHMIO CUMTANIACh OHHHM
13 OTAWYMTEIbHEIX cBOHCTB Cy- oT Cj-pacTeHuH.

B xouue 70-x vHauame 80-Xx roa0B HAKOMHIOCH AOCTATOYHO AaHHBX O CYLIECTBO-
BAHUN MEXAHW3MAa KOHLEHTPUPOBAHUS Cyy y GOMBIIOH CPYIIIbl POTOCHHTEIUDYIO-
LIMX OMHOKJIETOUHEIX OpPraHM3MOB, METaf0oMMaupyImx yriepon no Ci-nyTtH
dorocunTesa (lemumos u np., 1980; Ilporuna u mp., 1981; Badger et al., 198(;
Beardall, 1981; Miyachi et al., 1983; Tsuzuki, 1983).

1 B cratee npumaTer clegyolime COKPALUEHMS W yonuBHEE ofivaHadenna: Cy — HEOpraHHYecKui
yraepon (CO3, HCO3); H-CO, cells — XJeTxH, BEDALIEHHEE NPH BLICOKOH KOHLEHTDALIAN COg;
1-CO; cells — KeTKH, SnIPALIEHHEE [PW HMIKCH KOHLEHTPALMY CO4; K, — xoabduoueHT
Murzonuca; KA — rapSeanrunpasa; PEBOK - pubyneao-l, S-6ucocarkapbokernasa; YKIT — yroe-
KHCHOTHBIT KOMITeHcALMOHH R IyHKT; PC1 — dorocueremMa 1; OIK — dbocdornmiepHHOBAR KMCNOTd,

® H, A. [ponuna, B. E. Cemenerro, 1991

850 ISSN 0868-8540 Anveonczusn. 1991, T. 1, N* 2. Algologia. 1991. V. 1. N°2



MonekynapHas U kaeToHHds

B Hacrosimem 0630pe DPACCMOTPEHB! MOJEKY/IsIpHas M KJIeTOuHAsi opraHu-
3g1mst MexaHuaMoB COp -KOHLIEHTPHPOBAHMS B hOTOCHHTE3UPYIOIIMK KIIETKaX
MMKDOBOZIOpOC/IEH, @ Takxe (H3MOJIOro-3K0JIOrHuecKasl poslb 9THX MeXaHu13-
MOB.,

AKTHBHOCTh (POTOCHHTETHMYECKOro anmapara KJETOK, Bhlpa-
meHHHX B pa3lMYHBX yCAOBHUSAX CO,-o6ecneueHusi. B ornuume oT
C4-pacTeHuli MexaHU3M CO,-KOHUEHTPUPOBAHUS Y MMKPOBOOCPOCTIEH sIBJIsA-
eTcsl MHAYLIMOENBHBIM, MPOSBISICTCA NpW KyNbTMBHUPOBAHMM HX B YCIIOBUMSX
Huakoro copepxanus CO, (L-CO; cells) M yTpauuBaeTcs IpH KOHUSHTpaLHsAX
CO,, HachIIALLKX (HOTOCHHTE3 (H-CO, cells) (Shelp, Canvin, 1985; Aizawa,
Miyachi, 1986; Sultemeyer et al., 1988: Pronina, Semenenko, 1990; Spalding et al.,
1990).

CyluiecTBOBaHHE 3TOrO MeXaHH3Ma XOpOLIo IIEMOHCTpHUPYETCs Ha [pHMepe
(hOTOCMHTETHYECKUX XapaKTepUCTHK MHKPOBOOOPOC/IEH, KOTOPLIE CYIEeCTBEH-
HO PA3NMYAIOTCSl B 3aBMCHMMOCTH OT YCJIOBUEH ofecrieuenusi CO,. OxKaszalock,
uyro y L-CO; cells rojyHachIlaoman ¢dorocHHTE3 KoHLeHTpauusi CO,; Ha He-
CKOJIBKO TMOPAOKOB HMXe, yeM TpebyeTcsl [JIsi HachlleHNs1 PBE®K, Koropasi UMe-
eT HM3Koe cpoacTBo K CO; M IMOaBiIseTcs! KMUCTIOPOHOM, BRIAEISIOMMMCS TIpU
(poTOCKHTESE, KaK a/bTepHATHBHEIM cy6eTpaTom sroro gepmenTa (Raven, 1970;
Badger et al., 1980; Miyachi et al., 1983; Tsuzuki, 1983; Moroney et al., 1985; Pierce,
Omata, 1988). Ilpu atoM L-CO; cells xapakTepuayloTcst O4eHb HuakuM YKII, o1-
AyMyalTCs OTCYTCTBHEM (POTOMBIXaAHMS M UHrHOMpoBaHUs (QOTOCHMHTE3a KHCIOo-
pomoM, Takxe Kak Cy-pacTeHHs. KmeTky, BeIpalleHHbBIE [PM BhICOKOH KOHLIEHTpa-
upn CO, HEeMOHCTPUPYIOT (DOTOCMHTETHYECKHE XapaKTepHUCTHKH, CXOMHBIE C
C,-pacTeHUsIMM: MMEIT HHM3KOE CPOZCTBO K CO,, sbicokoe 3HaueHue YKII, o6-
napaiT oromsixaHueMm M 3cdexrom Bapbypra. YkazaHHbBIE XapaKTepHCTHKH
hOTOCHHTETHYECKOro arrapara MMpOABIsART MHOMME BUIEI MHKPOBOICpOCHEH M
umaHobaKTepuii, NepeueHs KOTOPBIX OTYaCTH MpMBEISH B P 0630poB (Aizawa,
Miyachi, 1986; Pierce, Omata, 1988).

NanoxeHHbe OaHHLIE CBUOETENBLCTBYIOT O TOM, UTO (HOTOCHMHTEIUPYIOMINE
KJIETKH MMKPOBOOOpOCTeH KaKMM-TO 00pa3oM, OTTIHYHEIM OT C,-pacTeHuit, ac-
heKTMBHO yTUIManpyoT Cy B yC/IOBUSIX HUSKOrO CONEpKarus ero’ B arMocde-
pe u HakannusapT CO; B 30HaX KapboKcnaupoBaHMs.

B cBsiaM ¢ 9TUM 0cobyio aKTya/lbHOCTh MPHOGPETAT HCCIeOBAHMA OroXHMH-
yeckux IpoLIeccoB aKTMBM3almm TpaHcrnopra Cy KakK BHyTpH KIIETKM, TaK W
W3 OKpy)amomei cpenbl B KIETKY, a TaKXe peryisiTOpHEIX peaknuii, KoTophkie
JIEKAT B OCHOBE amanTaluy (OTOCHHTEIMPYIOIMX KIIETOK K YCJAOBHsIM yrie-
KHCJIOTHOrO OrpaHHueHUs.

DKa0reHHbii UCTOUHMK ¥ BHYTPMKJIETOUHLIA TpaHeropT Cy

Bamxep ¢ coaer. (Badger et al., 1980), Briepssie NPUMEHMB TEXHUKY LeHTPUDUTY-
PUPOBAHUS UEpe3 CIIoi CHIMKOHOBOrO Maciia, M3MEpU/IM BHYTPEHHIOK KOHLEH-
tpaumio Cy B KneTkax Anabaena variabilis Kitz. M-3. DT¥ MaMepeHusl BHyTpPeH-
HUX TyJioB Cy B KJIETKax, [poBeNeHHbIe Mo3ke MHOTMMH aBTOpaMi Ha pasHBIX
06LEeKTaX, BLIPALIEHHBIX IMPY BHICOKOH M HH3KOM KOHLICHTpaLMsIX CO,, yoenm-
TENBHO [TOKA34/IM, YTO BHYTPMKIIETOUHOE COOepKaHWe Cy (CO; +HCO3) ¥y
L-CO, cells 6onee uem B 1000 pa3s rpeBLILIAET €0 COOEP)aHHE B HApPYXHOH cpe-
me (Spalding et al., 1983; Miller, Canvin, 1985; Pierce, Omata, 1988; Spalding et
al., 1990). BHyrpuxneroutoe comepxaHue Cy ¥ HEKOTOPBIX OpPraHM3IMOB COCTaB-
nsio or 40 mo 100 mMMoms  [IpM COOep:kaHWK €ro B PaBHOBECHM C BO3MyXOM B
cpene (10 mxmons CO;) (Badger et al., 1980; Aizawa, Miyachi, 1986; Pierce,
Omata, 1988).
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Cpeda [IRa3mManemma Lumannasma He BosHMKaeT COMHEHHH,
uro peticteue  COj-KoHLEH-
Nat Nt TPHUPYIOLIIEr0 MEXaHHaMa CBsi-
3aHO ¢ [OOMONHUTENBHLIM TI0-
Na* er“f:l tokomM Cy B KINETKH MPH Bbl-
palMBaHMKM WX B  YCJIOBHSX
W H* HM3KOro COOepXaHusi  yrie-
H¥ H"':l KUCIoTEl B cpene. PacueTwl
rOKA3BIBAIT, YTO BHYTpHKIIe-

ToyHBle KOHLeHTpauuu Cy B
TAaKMX KJIeTKax J3HAUUTEIILHO
MpeBRIIAIT 3HaueHWs, KOTo-
pele MOryT ObITB HOOCTHIHYTEH
3a cueT MNaccuBHOH audbysnu
C0O, wuepes InIasMajemMMy, a
TaKKe MOCHenyoIero paBHO-
BECHOrO pacripene/ieHus MexX-
oy CO; u HCO; B COOTBET-

\Cﬂz CTBME €  BHYTPHMKIIETOYHLIM
A

HCO

00,

+  3HauEeHHEM pH (Spalding,
OH™ Portis, 1985; Fridlyand, Kaler,

1987; Yokota et al., 1987). Ot
Putc. 1. BoaMORHLIR MeXauusM rornomenns Cyy Synecho. PaKThL OOHO3HAYHO cBUIE-
coccus PCC7942 (Price, Badger, 1984), OcxosHoM sneMenT TEJILCTBYIOT B HOJB3Y CyLie-
Mofesi — noMia Cy, TOKANMICBAHHAS B INAIMANEMME, C~TROBAHMS MEXaHHsMa aKTHB-

roropas ofecrieuusaer rparncnopr HCO3 B KAeTKY uepe’ -
MeXaHHIM, CXOMHEIR ¢ neHcreMeM KapboaHrHapaskl HOro TpaHcropra YrieKHceslo
a TEl ¥ BHYTPHUKJIETOYHOrC Ha-

kornenust Cy. TeM He MeHee
ocTaeTcst HesicHBIM, B Kakoil topme Heopranmueckuit yrnepon (CO,, HCO5 uim
CO, + HCO3) riponukaeT B (hOTOCHHTE3UpYIOLIME KISTKH Bomopocnei. Orcyr-
CTBYIOT IOKa MpsiMbie AOKa3aTeNnbeTBa Haluuusl nepeHocuuKos Cp, HEH3BeCT-
HAa WX JOKANM3alLMs y SyKapuOTHUECKMX KIIeTOK — B MemOpaHe XJ10poriacra
WK B HapyXHbix membpaHax.

B HacTosilnee BpeMsi YCTAHOBJIEHO, UTO B KauecTBe 3K30reHHOro MCTOYHHKA
Cy MMKPOBOZOPOC/IM MOCYT MCIONB30BaTe HMOH OukapboHaTa, Hapsdoy ¢ CO,
(AppamoBa u np., 1984; dupyc, Pomanosa, 1985; <l>ypHamxHeBa u op., 1990;
Raven, 1970; Volokita et al., 1984; Miller, Canvin, 1985; Aizawa, Miyachi, 1986).
Heofx0mMMO OTMETHTB, UTO BCJIEACTBME Jierkoii B3aumoobpatumoctd COj/
HCO3, ¢opmel Cy, npeobrapapolive B HApyXHOH cpefie M MpPOHUKAOLIME B
KNeTKy uepes IUiasManemmy, Moryr He cosnazarte (Price, Badger, 1989a)
(puc. 1).

CyiecTByer npennosioxesue, uro, xorsi CO, nerue yTHUAM3HpyeTcs M3 cpe-
oei, yem HCO3, Tem He MeHee Npu yMHAYKUMH MexaHmama COj-KoHLEHTpHpO-
paumsi Cpy NEpPeHOCHTCH 4Yepes ffasmManeMmy, MNo-suomMmomy, B dopme HCO3
(Volokita et al., 1984; Alzawa et al,, 1986; Abe et al., 1987; Price, Badger, 198%a).
UspecTHO, uro wourt Na*, HY, OH ™ u, soamosxso, Cl~ sosnexa.so:rcsi B TPaHCIOpT
HCO3 wepes cbyﬁxuuoﬂnpoaanne CHMCTEM CHMIIOPTa Na*t /HCO7, aHTHIIOpPTA
HCO3/ Cl™ nunu wuepea Nat/HT AHTHUIIOPT, KOTOPEIA HUIrpacT BaXHYIO DOJIb B
pery/siluy BHyTpuKneTouHoro pH u TpaHcriopra MHOIMX MOHOB B PaCTHUTE/ILHBIX
¥ XMBOTHEIX Knerkax (Miller, Canvin, 1985; Abe et al., 1987; Pierce, Omata, 1988;
Price, Badger, 1989a; Pronina, Semenenko, 1990).

CyulecTBoBaHME AKTHMBHOIO nepeHoca monexyss CO, ueped GHOMOrMYSCKHE
memOpaHsl TPYyOHO TpencTaBWTh BelencTBue xopoureit pacreoprmocT COp B
JUnuOax ¥ BBICOKOH MPOHHMIAEMOCTH ee uyepe3 Ouosiormueckue memOpaHsi, o
cpasHeHuio ¢ HCOJZ. B To xe BpeMs OaHHBIE O BO3MOKHOCTH M3GHpaTeslbHO WH-
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rubupopats TpaHcnopr CO; wmnam HCOZ KoCBEHHO MOOAEPXKHMBAIT THIOTE3Y ©
CYIMEeCTBOBAHMM aKTHMBHBIX fepeHocuukos u ansi CO, (Sultemeyer et al., 1989;
Espie et al., 1990). Hexkoropsle HcclenoBaTen cunTaoT, uTo dopma Cy, B KOTO-
poit OH NPOHMKAET Yepe3 KJeTOYHEIe MeMOpaHLl, ¥ CIIOCOBHOCTL K aCCHMMIIALINN
HCO3 — MOKeT pas/iM4aThCcH ¥ PasHbLIX OPraHMaMoB M 3aBUCHMT OT pH HapyxHOH
cpensl.

Vike HAYATH UCCIIENOBaHUST sHEproobGecreueHust TpaHeropTa Cy ¥ B LEIOM
mexaunama CO;-KoHLIeHTpupoBauus (Aizawa, Miyachi, 1986), KoTopbie MnoKasa-
Y, 4To pas’obLIMTeNIY SJIeKTPOHHO-TPAHCIMOPTHOW LMK XJIOPOIUIACTa CHUMKAKT
uakonnenue Cyy B KNeTKAX Angcystis nidulans, Chiamidomonas reinhardtii Dang.,
Coccochloris peniocystis, Synechococcus sp. 3T0 yKa3mnBaeT Ha HEOBXOLMMOCTH
sHepruM njis QyHKUMOHMpoBaHusi CO;-KOHLEHTPUPYOILIEre MexaHnsma, nubo
sa cueT dhoTodoshopuIpoBanyst, 11n6o / M TpaHLIIopTa 3MIeKTpoHa Ha ceety. Ye-
TAHOBJIEHO TAKXKE, UTO y uuaHobakrepui mist HakonneHsusi Cy B KNETKE rocra-
‘rouHo yuactus ©Cl; B atoM caydae nepeHoc Cy OCYIUECTBASETCs ¢ FIOMOLIBLI
AT®, sanaceHHOi Ipy UMKInuecKoM ¢orodocdopunuporanuy (Pierce, Oma-
ta, 1988). BospUMHCTEO HCClIENOBaTe NSl NpenrnonaraoT, YTo mis hyHKUMOHH-
poparMs C y-KOHLUEHTPUPYOLLEHR cucTeMsl Heobxonmma akTtvBaums obeux do-
TOCHCTEM (HOTOCHHTETHYECKOro arnnapaTa.

He BO3HHKagT, OOHAKO, HUKAKMX COMHEHMIA B HEOOXOOHMMOCTH CBeTa 1S
MHOyKLHKY H q:yﬁxunouwposaﬂuﬂ MexaHuaMa KoHUeHTpupoBauusi Cy (Ilpoun-
Ha ¢ ap., 1981; Pamaszanos, CemereHkKo, 1986; Miyachi et al., 1983; Aizawa, Miyachi,
1986; Colemau, 1990). CeeTr HeobxomMM He TONLKC OMA SHEPrM3ally TPAHCIIOPT-
HBIX CHMCTEM, HO M AMA MX MHAYKIWMK ¥ aktuBauuu ([Iporusa u ap., 1981; Pawma-
saHos, Cemenenko, 1986; Coleman, 1990). Ilpu crykeHuu comepxatus CO; B
TEMHOTE KIIeTKH TepsiioT crccobHocrs Hakaruiuears C .

Takum o6pa3om, HecMOTpsi Ha Gonsiuoe umcno pabor w psin o630poB, a Tak®e
ApoBeAeHUES OBYyX MEeXIyHapoOHBIX KoH(epeHLi MeXaHW3MEl TpaHCropra
Cy B KIBTKax MMKDOBOOOPOCTEH B HACTOSIISE Bpemsi BO MHOIOM eule He
FACHEI M [JI51 UX [albHERIIero mi3yueHWsi TpebGyioTcs albTepHATHBHEIE TOM-
XOblL

Pubyneaotuchocharkapioxcunasa / okcureHasa v duxcaums CO,

Kimoueso# depmenr duxcaumu CO; - PBPK /O y mukpoBoopocnie, uMeer
HuaKoe cpopctee K CO,, Kak ¢ y eoiciimx pacrenmit (Jordan, Ogren, 1985), u
cocrasnsger 80-333 mMKMoOmNb y umumaHobakrepuit, 30-50 y Chlorophyceae,
OKONO 25 MKEMONL y Cryptophyceae w Euglenaphyceae (Aizawa, Miyachi,
1986), Bricoxoe coTocMHTETHUECKDE cpomceTBO L-CO, cells MuKpoBOmopociiei
K CO; nHe cBsiaaHO ¢ mameHeHwem K,, (CO,) FEDK, B ycnoBuaAX HUHOYKLHW
COy-KOHLIEHTDHDYWLIEr0 MexaHM3Ma IlolyHaceianimas ¢GoTocHHTES KOoH-
uentpaums CO, vy Ch. reinhardtii, HanpumMep, yMeHBLIAETCA OO 3HAUSHMU HIKE
1 MKMOmB, rorza Kak K,, (CO;) PB®K, BhineneHHO# ua KAETOK 3TOr0 Op-
raHuaMa, He MBMEHSIETCS M OCTASTCS DaBHOH 29 MKMOIb, T. . Tako# xe,
Kak ¥ Ipy KyNbTHUBUPOBAHMH KJIETOK B YC/IOBHMSX BHICOKOrQ COMEpXaHUS
CO; (Badger et al., 1980; Tsuzuki, 1983; Moroney et al.,, 1985; Husic et al.,
1989).

Kpome Toro, Heo6xonuMo UMETh B BHOY, YTC ¥ MUKPOBOLIOPOCNIEH OTHOCHTE L-
Hoe cpomereoe PB®K / O k CO; mensme, yem K 02 (Jordan, Orgen, 1987), uro mo-
KET JHAUMTE/ILHO yBenuumBarte B Kierke K, (CO;) nnst storo depmenra ro
CPABHEHMIO CO 3HauUeHWUFAMM, OMNpeneSIeHH:IMHM in vitro. JIx. [lupc # T.Owmara
(Pierce, Omata, 1988) cumraior, uro K,, (CO;) PB®K Bcnencreue WHrubpHposa-
HU5T KMCTIOPOZOM AOMKHO OLITE yBEIMYeHO B ABa pasa, uTO COCTABUT, HAlDHMep,
y uuaHoGaxkTepuit, okono 600 mxmons. Torpa B PAaBHOBECMM ¢ BO3OVIOM
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(10 mxmone CO, ) ans addexTHBHON duKcauuy CO,; BHyTpEHHEE €8 comepxa-
HHE HOJDKHO 3HauuTeNsHO npessiuate K,, (CO;) PB®K (mo 600 mxmons y
unaHobakrepuil, uto cocraensier 30-50 Mwmomne ofimero BHYTpeHHero IyJja
Cy npu pH okono 8).

BuyTtpuknerouHoe conepxanue Cyp, W3MEPEHHOS ¢ MNOMOLIBID TEXHHKM LIEHT-
pucyYTHPOBAHKST Uepe3 C/oM CHIMKOHOBCOrO Maciia, CcOBlaLaeT Mo MopAgKy
BENMWMUMH C 3TUMH 3HAUeHWsIMM. BRICOKS BHYTpUKJIeTOuHasi KoHileHTpaiusi Cy
crocoBCTBYeT YCKOpPeHMIo KapOOKCHIMpyKIUMX peaKumii ¢ yuactmem PBOK,
yBeJinunBasi (QOTOCHMHTETHUECKOE CPOOCTBO KieTok K COj.

- Kapboasrumpasa

CyGecrpatom gnst PBOK, Kak M3BECTHO, SIBIsieTcsl OMOKCKMI yriepona. Takum
obpasomM, mis sddpexkTuBHON dukecatiny Cy HEoOXOMMMO HE TONBKO YBEIWUMWThL
xonueHTpaumo Cy B KieTke, Ho W nepesectu Cy B dopmy, Heobxomumyo oS
KapboKCUTHpOBaHHs.

Baaumonpespamenusi CO; / HCO3 MOryT OCYIIECTBIATHECA [Mpy (H3Moriory-

yeckux aHaueHusix pH B Knetke no cxeme CO, +H; 0= H* +HCOj. Orta peak-
UMs CIOHTAHHO [TPOTEKAaeT OueHb MEMIEHHO, HO OHA KAaTa/lusupyeTcsi LMHKO-
copepxamumM depMeHTOM KapGoauruapason (KA) K@ 4,2.1.1, KoTopelii sBIASET-
csl OIHMM K13 Haubollee aKTHUBHEIX (HEPMEHTOB M LIMPOKO DACrpOCTpaHEeH B TKa-
HsX XMBOTHBIX M pacTeHuil. PaBHOBEecHE 9TOH, KaTaiMauMpyemoit chepMmeHTOM,
peakuuM 3asMcHMT oT pH: npW Kucnbix sHauenwsix pH npeobnapmaer ofpaszosa-
Hure CO,, npr menounex —HCO3.
, Hoxanyii, KA sBnAeTcs nMoKa OOHMM M3 OOCTOBEPHO YCTAHOBIEHHBIX 3BEHB-
ee CO,-KOHUESHTpUpYOWEH CHCTeMEl, ¥ ee (YHKLMS MOXET 3aKIIIYaThCs B
yBENWUYEeHWH KOHLISHTpallMy, NPUrodHoit nns xKapfocunmpoBaHMs GODMBI yrile-
KHCIoTEL [ BRITIONTHEHMS 2TOM DyHKLMKY Heobxoauma Koonepauus KA ¢ apy-
ruMy ¢hepMeHTaMI UM TIpoLIeccaMyi B KJETKe, KOTOpLIE MO3BOJISAIT MPOTEeKATE
peakiy gerunpataumy OGuxapbonara, yro noppobHee paccMaTpHMBaeTcA B
clenyioliux pasfenax.

3navenwe KA nns chwoxkenust K, (CO;) doTocuHTesa M NPEOOONISHUST HU3-
Koro cpomcrsa PB®K k CO; MpoaeMOHCTPHMPOBAHO B HACTOSLEE Bpems Ha
Lenom pane hakToB.

Bo-niepBhix, MCCIeOOBaHUAMM H3MeHeHMM akTtuBHocTH KA ripm apanTaumm
KIeToK K HU3KOMYy comepxaHuio CO; B KyJbTYPalbHOH cpefie IIOKas3aHO cy-
LeCTBeHHOe YyBesjiMueHMe aKTHBHOCTH depmenTta y L-CO; cells (IIponusa
u mp., 1981; Pamasaros, CemerHenko, 1986; Miyachi et al.,, 1983; Spencer et al.,
1983; Moroney et al., 1985; Williams, Turpin, 1987). Do cBoficTBO MpMayile BCeM
HCCIeNoBaHKEBIM BOOODOC/sIM, MHOTHE M3 KOTOPBIX CHCTEMAaTH3HPOBAaHLI [10
OaHHOMY [IPU3HAKY B oGaope K. A¥izasat u 1, Musiumr  (Aizawa, Miyachi,
1986).

O BaxHoM sHavednr KA B rpaHcnopre Cy ¥ KOHLIEHTPMPOBAHHK MOJISKYISAD-
Hoit CO; CBHOETENLCTBYIOT, BO-BTOPEIX, MaHHLIE, [TONYYEHHEIE ¢ [NOMOIILI0 IeHe-
THUEeCKOM mHxeHepun (Spalding et al., 1983; Moroney et al., 1989), a rakxe uc-
clieqoBaHMs C NpuMeHeHueM uMHTHOMTOopos KA, MpOHHUKAWIIMX W HErNpoHHKaio-
umx B Knetky (Moroney et al., 1985; Price, Badger, 1989a; Pronina, Semenen-
ko, 1950). MNomaeprenue axTuBHOcTH KA ¢ moMompbio MHrHOMTOPOB (epMeHTa
WM MyTareHesa B KieTkax Ch. reinhardiii npuBoOonio- K yTepe crocobHOCTH
KreTok Hakarnusath Cp, & Takxe yeBenpueHmo K, (COg) horocHHTE3a M CKO-
POCTH (POTOOBIX2HUSI.

Peaxiiysi, Koropyo GepMeHT KaTalu3upyerT, BKIIOYaeT 4YeThIpe BaKHEHIIHX
o051 HyHKLMOHWPOBAHWST KJISTKH 37IeMeHTa, YCKOpeHHe B3auMoripeBpaieHuH
KOTOpLIX MOXET MMETh BakHelinee BausiHue Ha Metabonmuam KneTki. HecoMHeH-
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HO, uto KA MoxeT yuacTBOBaTh He TOJIBKO B mnpeobpasosanmu Cy B Heobxomu-
Myl0 Ons1 KapGokcunupoBaHusi GOpMy yriepoga, HO M BO BHYTPHKIIETOYHOM
TpaHcriopre Cy, B cTabuiuzativy pH B KNETOUHLIX KOMIIAPTMEHTAX, B DEryISLIN
BHYTDPUXJIOPOTIJIACTHEIX MDPOLIECCOB,

Brsiag KA onpepensiercss yckopeHues B3auMonpespameHuit CO,/ HCOj
¥ [OCTHXKEHMWs] PaBHOBECHSi, KOTCpGe 3aBHCHUT OT 3HaueHult pH B cpene u BO
BHYTPHUKJIETOUHEIX KOMIapTMeHax, rue hepMeHT JIOKalM308aH. B cBS3M ¢ 9THM
V15 MOHMMaHKA yuacTHMs KA B xoHLeHTpupoBaHmu Cy upeasnluafiHO Ba)XHO
BLIACHEHHMEe Jlokanusaumm KA B xnerxkax MuKpoBcmopocneit. .

Psap xoceeHHBIX DaHHBIX CBUOSTEBECTBYIOT O TOM, uTo KA B KIeTKax umaHo-
bakTepuil JoKanM3oBaHa B KapboKcucoMaX, B KOMIAPTMEHTe, roe okosno 50 %
6enka cocrasnsier PB®K /O (Reinhold et al.,, 1987; Badger, Price, 1989; Price,
Badger, 1989a). OTHOCHMTENBHO BO3MOXKHOH poJiM Koonepailmu KA u PB®K
B dukcauuy COy HeAaBHO TMOJIYUeHB! 3KCHEPUMEHTATISHEIE IMOITBEDKISHMS,
KoTopeleé NnogpofHee paccMOTpPeHB! HMXKE,

B sykaprOTHMuECKMX KNEeTKAX MHMKDPOBOLOpPOC/IEH akTHBHOCTE KA aHauuTens-
HO BBILUE, WM B KIeTKax LnaHobakTepuid. ¥ Hekoropeix BUOoB Chlorella u Sce-
nedesmus, a Takxe y Ch. reinhardtii o6HapyxeHa KoHcTuTyTHBHasi KA, KoTopast
MMEET BBICOKYI AKTHMBHOCTR [a’Xe NP HACBINARImMX KoHUeHTpaumsix COj
(Miyachi et al., 1983; Aizawa, Miyachi, 1986; Moroney et al., 1987b; [Ipouuna, Ceme-
HeHKo, 1988; Pronina, Semenenko, 1990). Tlpu cuwxenun KoHueHTpaumu CO,
3HAYWTEJIBHO YBENIHUMBAETCH AKTHBHOCT: MHOyuubGensHeix cdopm KA (IIponu-
Ha ¥ 1p., 1981; Pamasanos, Cemenenko, 1986; Miyachi et al., 1983; Moroney, 1990).
Tlokaaano, uto mHOyLMOensHAs ¥ KOHCTHTYTHBHAsT GOpME! (hepMEeHTA B KIIET-
Kax Chiorella sp. K u Ch. reinhardtii pasnuuamTcs MOMEKYNsAPHEIMM CBOMCTBA-

MM, BHYTDHKIIETOUHLIM pacripenefieHreM U Jdokanuzaupei (IIlpoHuHa ¥ gp., 1981;

Miyachi et al., 1983; Aizawa, Miyachi, 1986; Husic et al., 1989; Pronina, Semenen-
ko, 1950).

KoncrurytusHasn KA y Chlorella sp. K siBnsiercsi memOpaHHO-CBS3aHHEIM (ep-
MEHTOM M JIOKANIM3YeTCH B HapyXHEIX MeMbpaHax K/eTKH (KIeToyHasi cTeHKa
WY nIaaMalieMMa) ¥ B THIaKouOHeX MemGpanax (TIponuHa, CemeHeHKo, 1988),
HrayumnbenbHasi, ¢ HU3KO#R KoHueHTpaumei CO,, pacTBopuman KA nokanmsosa-
Ha, BEPOSITHO, Y 3TOr0 OpraHH3aMa B UMTOILIasMe (PamMagarop, Cemexenko, 1986;
Pronina, Semenenko, 1990). Hanuuue koHcTuryTHBHOMA KA B XMoporuiacre M uH-
nyuubensHOW B IepuIiasMaTHYEeCKOM IIPOCTPAHCTBE KJIETOK IIOKa38HO TaKxKe
Y Ch. reinhardtii-(Kimpel et al., 1983; Williams, Turpin, 1987; Husic et al., 1989;
Coleman, 1990; Moroney, 1990). OueBunHo, KA nokanuaoBaHa B HADYXHEX MeM-
fpaHax y BCEX BUIIOB BOXODPOC/IEH, B CyCMEH3MH KOTOPLIX MOXET ObITh MaMepe-
Ha aKTMBHOCTE ¢hepmeHTa. VMeoTcs Takxe CBeOeHMSs, uTO HEKOTOpLE BHIIE!
Dunaliella » nymeHHbI# KJI€TOYHOR CTeHKM MyTanT Chlamydomonas CW-15 mo-
TYT TpK apjarTauuy K HHSKOM KoHUeHTpaumu CO; Boimensats KA B HapyxHy©
cpeny (Aizawa, Miyachi, 1986).

IlocTurHyTEIE B MOCNEOHME rOfEl YCTeXH B U3YUeHMM MEXaHM3Ma COg-KoH-
LUEeHTPHPOBAHUA C yuacTvem KA B KJETKax MMKPOBOHOpOCTEH BhI3BANW GOIb-
0¥ WHTepec Mccrenosaresieil K 3T0My JOCTATOYHO HABHO OTKPHITOMY (epMeH-
Ty, GYHKLUMOHA/IEHAS 3HAYMMOCTE KOTODOrO ZIOJINOE BpEMsi Obifla HE M3BECTHA
M IO CHX II0p He IIOHATA Y BRICIUMX pacTeHui, B HacTosiiueM ofaope DaHHEIE O
CTpYKTYype ¥ cBoiicTBax KA He mnpencTaBleHEl, MOCKOMBLKY JIEKAT 38 rnpepena-
MM paccMaTpuBaAeMOil TeMel,

Bonpiuxe ycmiusi HanpaBieHsl Ha HCCASNOBAHME MEXaHM3MA WHIYKLMY
cuHTe3a KA npu anantauuy KJIeTOK K HM3KOMy comepxaHuio CO; B aTMocdepe.
HayueHo BiusiHye cBeTa Ha HakorwleHue MPHK KA y Ch. reinhardtii. IMokazaHo,
uyre MPHK Hakannueaworest u B TeMHoTe y L-CO; cells, xoTsi cuHTe3 (hepMmeH-
Ta ocymecTB/isieTcsl To/eKo Ha ceety (Coleman, 1990). HspectHbit paHee chakTt
CBETO3aBHCUMOCTH WHOYKLKK cuHTe3a KA (Ilpouwna u np., 1981; (Mivachi et
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al,, 1983; PamasaHos, CemeHnerKko, 1986) ofyciiopsieH, TakuMm o6pasom, peryns-
TOpHEIM [eHCTBMEM CBETA Ha 3Tafe TpaHC/siLMM. Ilnsi KheroK Ch. reinhardtii
IOKa3aHa pojib CHHEro CeeTa B WMHAYKUMK CHHTe32a KA 8 atux ycnoeusix (Dio-
nisio et al., 1989). BuificHeHo Tak:ke, uTo B KJyierkax Chlorella MPOAYKTEL [JIAKO-
nlarHOro MyTH MerabonMaMa YIJIEPOLNA& MOTYT BHIONHSATE DOJb WHOYKTOpa
cuHTesa MHOyLmbensHo cdopmer KA rnpu NUMHTUPYIOLIUX YC/IOBHFIX YITICKHC-
noTHoro obecrieueHust (Pamasatos, Cemenerko, 1986).

BHOXMMUYECKHE M MONEKyNsipHO-GHoNoruyYeckKre Moaxonsl
K HcochepoBaHue Mexanmama COj-KOHLIEHTPHPOBAHKMSA

Heo6X0OUMEIMM  YCIIOBUAMM MHAOYKUKMK COj-KOHLIEHTPUPYOLEro MeXaHu3Ma
B KIeTKaXx MHMKDOBOOOPOC/IEH SBIISIOTCHA HE TOMLKO CBeT, HW3Kas KOHLIeHTpa-
LMSA YrJAEKMCNOThl M akTHBHBEIR TpaHcnopr Cy, 0 KOTOPHIX yxe YIOMHHAIOChH
Bhillle, HO M cuHTe3 Geiika de novo (Coleman, Grossman, 1984; Aizawa, Miyachi,
1986; Spalding, Jeffrey, 1989; Moroney, 199(; Pronina, Semenenko, 1990). C ro-
MOLIBK CchieludUYecKux MHrHGHTOPOB CHHTE3a 0esika rMoKasaHo, YTo B TMpH-
CYTCTBMM LMKJIOreKCHMMIA, MHrubHpyllero cuHres Geska B LMTONNasMe Ha
805 pmbocomax, MOJHOCTBK NopabisiercsA cuHTes KA u psima HeupeHTHhMLIY-
POBAHHEIX MOJIMMENTUAOB, WHOYLMPOBAHHEIX HU3KOH kouueHTpaume# CO;.
[Ip 3TOM ¢hoTOCHMHTETMUECKME XxapakTepucTuku L-COp cells B NDPHUCYTCTEHH
UMKJIOreKCUMULA HE OT/IMUaIoTcs oT Takoseix H-COj cells, YTO CBMZASTEIILCTBY-
eT 06 OTcyTCTBMM Hakornesust Cy (Aizawa, Miyachi, 1986).

OnHMM M3 IOIXOOOB K M3yueHMIo [POLIECCOB TPAHCNOPTa W HaKOINIEHHs
‘Cy sBNsIeTCs OGMOXMMMYECKHIA aHaNIW3 MONMNenTUOHOro CoCTaBa KJBTOK M OT-
menpHEX (PPAKUMit B KJIeTKAaX, BHIDALIEHHBIX MNP HU3KHUX KOHUEHTPalusAX COy,
a TaKKe HMCC/emoBaHMs MOJMMelTHOHOrO COCTaBa MYyTAHTOB, KOTOpRIE HyXnoa-
WOTCA VISl POCTA B BLICOKMX KOHUeHTpauwsix CO;. HecnenmosaHusi GenKoBOro
cocrasa L-CO, cells Ch. reinhardtii N03BOIXAN BHISBUTE OKOJIO MATH NOTMNEITTH-
NOB, yuYacTBylowmx B rpoliecce Hakorutenusi Cy (Spalding, Jeffrey, 1989; Moro-
ney, 1990). Mx aHauMMoOCTs ¥ HEOOXOOMMOCTE U151 KOHUSHTPHPOBAHNA Cu B Ha-
CTOSILES BPEMSl UeCEMyeTcs ¢ MOMOLIBI0 MyTaHTOB, IMINeHHEIX ITHX [ONKHNer-
TMOOB. B HEKOTOphIX C/yuasix Obljla yCTaHOBMEHA CrocofHOCTh TAKHMX MYTaH-
TOB Bee-TaKy coxpaHsiTh cBoitcrsa COj-apmantaumy (Pierce, Omata, 1988; Spal-
ding et al., 1990). Benky, yyacTByoiMe B npoueccax HakonneHus: Cy, Kpome KA,
HeMOeHTUGULIMPOBaHEL. JTO, HECOMHEMHO, SABJSIeTCH MpersiTcTBHeM s Mo-
HUMAHWS MOJIEKYJISipHOro MexaHusma tpaHcriopra Cy. [ToMcku Takux Genkos
roKa He [pPUHEC]W MOoJIOKMTENLHOr0 pesyNsTaTa, XOTHA BeAyTcs B MociienHee
BpeMsi mocTaTouHo akTuBHO (Pierce, Omata, 1988; Spalding, Jeffrey, 1989; Moro-
ney, 1990).

NpyrumM MOOXOAOM K H3y¥eHMI0 NpPOLIeccoB HakonneHusi Cy FABISETCHA
roslyyeHue MYTAHTOB, [JI51 POCTA KOTOpbiXx HeoOxoaumbl BBICOKHE KOHLIEHTPA-
umm CO, (Spalding et al., 1983; 1990; Pierce, Omata, 1988; Moroney et al., 1989;
Suzuki et al., 1989; Moroney, 1990). Ilpu TpaHC(OPMALIAM MYTEZHTOB C IMOMOLIBLIO
¢parmenros [HK gukoro THha B pAne ClydyaeB BOCCTAHABIIMBAJIMUCE CrOCOG-
HOCTH MUKOro THUNAa K HakorwleHMo Cy M pocTy IIpM HM3KOM CcCoOepxaHn¥
CO,.

B HacToslllee BpemMsl BEIOEJEHE! ¥ OTYACTH OXapaKTepM30OBaHb! MYTaHTBEL H3
Anacystis nidulans R2, Synechocystis 6803, Synechococcus 7942 n Ch. reinhardtil.
B reHome Synechocystis 7942 onpepeneHa JIoKaNusauus reHa(os), BXIIOYSHHBIX
B amanTalMoHHEIe Mpouecck. [TOKa3aHO, YTO 9TK IeHb! TOKATM30BAHEI OKOJIO
reHa GonbLuo# cy6seamHuuel PBOK — rbel (Suzuki et al., 1989). Ouesuzro, ecrs
BCE OCHOBAHMSA 0XHUOATH B Oukafinem Symyluem MONyuYeHHsT HaHHEIX O CTPyK-
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TYpe ¥ IKCIPEccUM 3THUX reHos. Takue rEin |

MOMBITKY  OLITKM  MIPEONPUHATET  MpH MEMBPAHA TOPBITACTA | APA

M3YUYEHMM  3KCMpPEcCHM B KJIeTKax } . -1

Synechocystis PCC 7942 u Anabaena HED3 HEOy

ATTCC 29413 reHa, KOOMPYIOIIEro 7 M e

KA w3 Ch. reinhardtii (Chamot, Cole- [C0—=—[p{— (0, =—7T= {0,

man, 1990). ITokasaHo, uto y Anabaena reel | aes

ATTCC 29423 of6HapyxMBamOTCH [OBa 0p—=| [0, |

dparmenra JHK, xotopeie rubpuou- V [ara= P30

ayiorcs ¢ redoM KA wus Ch. reinhardtii. Juoxanue” nopor- i
Cpeny BBIIENEeHHBIX MYTaHTOB OhIIH p

ofHapyXeHbl 3K3eMIUIsipel, He crocob-

Hbele K HakoreHvio Cg, Y KOTOpBIX,
Pue. 2. TeHeruueckuit KoHTponsh GOTOCHHTEIA
} emMa er )
OUEBMMHO, HAapylueHa _CcHeh 9 Chlamydomonas (Yokota et al., 1987): pmp-i —

aKkTHBHOro rpaxicriopra (Spalding, 1990) [ . ' cacaaua ¢ runorersecksng nepesoc-
(puc. 2). K coxaneHmio, MoKa He ION1Y-  wuxom HCOT; ca-1 — myraums cBssana ¢ kapbo-
YEHBl MYTAHTHI CO CHELHpUYSCKHMM anruapasoi (abbpesmarypa resoB yKalaHa B
nedeKkTamu CO,-KOHLIEHTPHPYIOIIIEH EPBOCTOuHMKE; 3TL — anexTpOMTPAHCHIOPT-
cucTemsl. KiloHuposaHme “TpaHcropr- o Hem):

cneuudpuueckrx™ reHoB obecrieuwio Okl [MOHMMaHHME MeXaHH3Ma YTH/IM3aLuu
W HakonneHusi Cy.

OnycaHsl TaKke MyTaHThbl, CNocobHEIe K HakorneHuo Cy, KOTopsle MOOnanT-
Csl amarnTUBHOW TpaHchOpMaLMM NPK HUAKHUX KoHueHTpaumsx CO,, HO He cro-
. COOHBI K HMCMONB30BAHMIO 3TOr0 Nyna (Price, Badger, 1986b; Spalding et al., 1990).
[Ipennosiaraercsi, YTO 3TH MyTaHTH MOTYT ObiTk MuieHsr KA (cm. puc. 2). B atoit
CBSI3K ITIPENCTaBlIsiloT HECOMHEHHHI!I mHTepec maHHbie JIx. IMpadic u M. Bamxe-
pa (Price, Badger, 1989b), KoTopbie, k3yuasi SKCIPECCHI0 XHBOTHOH KA B Knert-
Kax myramra Synechococcus PCC 7942, tpelyioliero Ajisi pocTa BLICOKOM KOH-
ueHTpauMy CO;, roxasasny, YTO CrNoCobHOCTE K HCMOMb30BaAHMID Nyna Cy BOC-
CTaHAB/IMBAETCS TONLKO B cllyuae orcyrcTBusi KA B LMTO30ME M MpH crietudpu-
yecKoH Noxkanuaauun KA B xapbokcHcoMax 3TOro MyTaHTa.

Ans usyuerusi nokaamsaum KA u ee yuactusi B mexaHusmax COj-KOHLIEH-
TPUPOBAHUS ILIMPOKO MCIOML3YIOTCA HE TOJIbKO MYTSHTHI, YTPATHMBILME criocob-
HOCTB DACTH HA BO3OyXe, HO M (DOTOCHHTETHMUECKME MYTaHTHl, JHIIEHHEIE OT-
OENbHBIX XJIOpOMIIN-GENIKOBEIX KOMIIIEKCOB M Hux couetaHuit ([IpoHHHA M
ap., 1990; Kimpel et al., 1983).

Mexanuam CO,-KOHLEHTPHPOBaHKS

IIpennoxeHo HecKo/bKO Mopeneit mexaHusma CO;-KOHUEHTPUPOBAHUS ¥y MMK-
POBOLOPOCTIEM, YUMTRIBRIOIIMX (PHSHKO-XMMHUECKHE OCOOEHHOCTH CclleLHanu3u-
POBAHHLIX. KOMNapTMeHTOB (HOTOCHMHTE3MPYIOIIMX KIIETOK W CelIEKTUBHLIE CBOM-
cTBa oKpyxawwux ux mem6pad (MMponuHa w ap., 1981; dupyc, PomaHosa, 1985;
Ipouura, CemeHenko, 1988; Tsuzuki, 1983; Moroney et al., 1985; Aizawa, Miyachi,
1986; Fridlyand, Kaler, 1987; Reinhold et al., 1987; Price, Badger, 1989a).

Muorye aBTOphl, MNPEenroNaraioT, YTo MEeXaHMaMbl KOHLIEHTPHMPOBAHMS COy
OTAMYAKIOTCS B KJIETKAaX 9YKAPHOT W MPOKAPHUOT B CUILY pasiivuuil B OpraHM3aliH
(hOTOCHHTETHYECKOr0 annapaTta STHX BHOOB BOHOpOC/EH.

Mopens Hakorwmienust Cy B KjeTKaX LuaHObaKTepuit, MpensoxeHHas Peitu-
xonez  C coaBT. (Reinhold et al., 1987) mipemrionaraeT Hanuume AKTHBHORO
tpaHcniopra HCOF B KJIETKY M [OC/IEOYIOIEro UCronb3oBaHUst 3Toro ryna Cy
PBPK B xapboxcucoMax ¢ rnomousio KA, Katanuampyomed peaKLMIc meruapa-
Tauny OukapboHara B sTOM KommnaprMeHrte (puc. 3). Ora runoresa noyumna
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GriecTsiuiee sKcEpUMeHTANILHOe nonTeepxaeHMe. [Ipy 370M yeriex o6yecrioBjieH
NpUMEHEHHEM METOIOB MOJeKyJsipHoi Ouonorum u reHeruxy (Price, Badger,
1989b). Myrauter Synechococcus, yTpaTHBIIME CMOCODHOCTE K HAKOMISHUIO
Cy, BOCCTaHaB/NMBallKM €€ [IpH BBeaeHuM reHa KA u aKcrpeccus ero B KapGox-
cucoMax,

CyluecTBOBaHME TPAHCIIOPTHOM cMCTeMbI, ofecneuuBapeld HakoIlUIleHHe
Cy B KNETKAax 3yKapHOT, HE BLI3LIBAET COMHEHMH, XOTS TaKXKe KaK y LMaHo-
faKTEpUI OHA M3yueHa MOKA HeJOCTATOYHO W, BO3ZMOKHO, 3HAUMTEILHO OTAM-
yaeTces OT TAKOBOH TPOKapHOT.

CyulecTBOBaHME XJIOpOrUiacTa B KJIETKaX 3yKapHOTHMHECKHX MMKDOBOIOpPOC-
ned pornycKaeT, YTo aKTHUBHBIT TpaHcnopr Cy Moxer ObiTh JIOKANM30BaH He
TOJILKO B HADY)KHEIX MeMBpaHaX KJIeTOK, HO 1 B MemOpaHe xnoporinacta (Beardall,
1981; Moroney et al., 1987a; Goyal, Tolbert, 1989). B cBs3u ¢ aTHM TpeacTaBasieT
6oMibLIOl MHTEpec MoOesk TpaHcopra M Hakonnesus Cy, MpenioxeHHas
Ix. Moponn (Moroney et al., 1987a) (puc. 4). 9Ta Monens rnonyunsia NogTBEPX)Oe-
HME B 3KCTIEpUMMEHTAaX, MOKAas3aBIIMX, YTO WHTAKTHBIE XJIOPOMIACTHl, BhlOelieH-
uele na L-CO; cells Ch. reinhardtii, cnocobHel HakanameaTe Cy B OTJHYME OF
XJIOPOTUIACTOB M3 KYJIBTYD, BHIPALUEHHBIX MPH BEICOKOI KoHLeHTpaumu COj; MK
B reTepoTpodHEX yCIOBHAX.

Umonaasme l _ TERUTIMATIYED | caing
) KOE [206T-
Mg AngPaaTT | HATIIAS | apgirrag
Capi’ N agiag_ | . B
tesmn [l Ho;=~—a—HiD; OG- HCO3
@, ' lﬂ ‘ KA I A
”“ £0, i) 0, 0y
_: 7 iy 4
ufa, _ o PO
Hiﬂ- , TRBMATIEMMA
’ &z KAETOHAR LT LKA

=N
HCO; €0,

Puc. 3. Mogens uuaHobakTepHansHOro hoToCHHTESa, PACCMATPHEAIIAA Kap6o-
KCHCOMBI KAK LISHTDANTLELIA KOMITADTMEHT B KNeTke, samensiounmi CO; (Rein-
hold et al,, 1987).

Puc. 4. Bosmoxmedt Mexanuam noryontesns C y; Xxnerkamu Chlamydomonas (Mo-
roney et al., 1987).

DyHKLMOHANILHASA pollb KA HapyXHEIX MeMOpaH MOXET COCTOSATh B yBenuye-
HuM KoHueHTpauny HCO7T (B cpene, oKpyxalonled KIETKy, B MEepurlasMaTiye-
CKOM TIDOCTPAHCTBE /1M B LIMTOMUIA3ME), KOTOPBIH MOXET CHYyXWTb [IOMOJIHH-
TenbHBIM MCTOYHHKOM /51 HakKoriieHusi Cy B KIETKE.

B xnopornacre HakorieHue MonexynsipHoii CO; MOXET HOCTHraThest Ie-
ruaparaumed duxapboHaTa CTpoMbl, KOHLIEHTPALIMST KOTOPOro ACCTHPAET B 3TOM
KOMMapTMEeHTe, UMeoeM ienouroe pH, BbicokMx ypoeHei. Eme B 1981r. Ha-
MM BbLTH PACCMOTPEHE! BOIMOXKHLIE MeXaHn3MBsl HakoneHrs: CO, B xnopornJacre
B HeHTpax KapfoxcuuposaHus ¢ yuactuem KA (TlpoHuHa v op., 1981). Membpan-
Ho-cBsigaHHas KA MOXET [MOOOepXUBATHL CKOPOCTL KapOoKcunupoBaHMsi, obhec-
rieunsas PBOK cyfcrpatom B 30HE €€ MoKanu3allMM. JTA peakius MOKEeT
[IpOTEKATE B 30HE KapOOKCW/IMPOBAHMS 3a CuUeT MOAKMCIeHHs HaHHOr0 MUK-
POKOMIIGDTMEHTa KUCIRIMEK [TpopyKTamu dukcaumun CO;. B takom cnyuae KA
YUacTBYEeT B KapbOoKCUIMpOBaHmWy Ha HauafbHBIX 3Tanax, nepesonsi Oukapbo-
HaT — ripeobGnamaiomyio opmy Cy CTDOMEl — B (QOPMY, FIDHMIONHYIO O7is Kapbo-
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Keunyposauus. Bo3moxHo, fo- 0,
kanusauust PB®K B nuperonne, 783 Ly |
yeTaHOBJIEHHAsT ¥ HEKOTOPBLIX CTEOMA Hzg"['ﬂ?_“—mz_"" “ope
punos  Chlamydomonas  Ehr., ——H"+ HL0; s
Chiorella Beijer., Fuglena Ehr., d
Dunalielln Teod. (BraoummMposa pr—— /1/ / i/ A

u op., 1982), m B xapGoxcuco- ' (et (kR @MP““ [
Max y umaHoGaKTepwmii YKashi- 7 N z ’l\

BaeT Ha CXOICTBO MexaHM3MOB ‘fgfﬂ%%— ﬁ+H"_~ 0+ HCO: 7 1210y,
HaKOMIeHUs1 MONEKYIAPHOR  samngommenin H "t TR .

C0O; B LeHTpaXx KapOOKCHITHMPO- 2450 |

BaHHSl Yy 3YKapuMoT M T[IpoKa-

pUoT. .

Jpyrod #3 TpennoxeHHbIX
Hamu  mexanuamos  ([lpoumHa Pye. 5. Bosmoxanit MexaHuaMm KOHHEHTPUPOBANHHA MO-
: ) - < \

. : nexynsiprion CO9 B 30He KapGoKCHNMPOBAHWMA B KHET-
Cemerieriko, 1988), neficreue wax Chlorella ¢ yuactuem menmBpaHHO-CRs3aR 40T Kapbo-
KOTOPOro MPHUBOAWT K YBEJIMYE- aurmbpasel (McKA) M HCNONBIOBAHMEM CBETOMHAYLIMPO-
HMIo comepkaHmsi CO; B MpW- BAHHOro rpajMeHTa IPOTOH& B XJIOpOIUIACTE (Tlpoxura,

MeMOpaHHBIX CJIOAX TUIaKoy- CoMerenxo, 1988). ‘
Uesrpansszit snesmesnt wmogenn — momna Cyp, moxamn-

HOB, MpercTaBlieH Ha puc. O 30BaAHHAA B THASKOMOHONK MembpaHe; KOMMAPTMEHTOM,
Konuentpaumnsi CO; YBeIMYU- supensonmm CO3, SBAM0OTCE THAAKOMIE,

BaeTcs B CTPOME XJIOpOILIacTa

B pe3yjibTaTe OercTBMA IIyH-

TUDPYIOILETO MEeXaHW3MA: CTPOMA — BHYTPHTHMIIAKOWOHOE [TPOCTPAHCTBO — CTPOMa.
[Tpu sToM OMKapBoHaT TPaHCIIOPTHPYETCsi [0 FPASMEHTY M3 CTPOMbI XMIOpOrijiac-
Ta, roe pH 8,3, B TUnakoua, BHYTPH KOTOPOI'o 3a CuUeT SHEepro3aBHCHMOM 3aKauKu
MpoTOHAa rMogoepKMBaeTcst Kucioe sHauenue pH (5,0). HCO3 B Tunakoune ne-
riapaTupyeTesa ¢ yuactmem KA u obpasoBaruem CO;, KOTOpas BHIXOOMT B
CTPOMY M3 BHYTPHTH/IAKOWIHONO MNPOCTPAHCTBA MO IPAMMEHTY KOHLIEHTpallMH.
Sror CO3-KOHLEHTPHPYIOIIMA MeXaHW3M sE/IsieTcsl, TakuMm obpasom, 3HEpro-
3@BMCHMMBIM H OCYLLECTBISIETCs 3a CUeT 3HepryM CBeTO3aBUCHMOro MNoanepxKaHmus
rpanMeHTa INpoTOHa B XJIOPOrLIacTe.

OcHoBaHuWeMm OJ1s TOCHEnHero MexaHuama fBISIIOTCSA: NMPOHMLIaeMOCTh THlla-
KoupHoH MemGpanel nnsi HCO7 (Monotkosckmii, fxkosnesa, 1980), Hanuuwme
BLICOKOM KPyTH3HBI rpaaveHTa pH B xJloporilacte Ha CBeTY, NPy KOTOPOM paBHO-
Becue o6paTyMmMoOii peakumM rupoparaiumy CO; COBUHYTO B CTOPOHY o0pa3oBaHMsA
COy, Hanmume KA B membpanax tunakounoe ([pornna, Cemenenko, 1988; Vacli-
nova et al., 1984; Stemler, 1985).

¥ronpHas KMcnora, obpasopanHas rpu aerupparaumm GukapfoHara, BO BHY-
TPUTHIIAKOMIHOM TIpocTpaHeTBe amccounupyeT Ha CO; m Hy O, Koropele Moryr
cayxuTs cybcrparamut it gedctBust COj-KOHLEHTPHUPYIOLLIETO MexaHM3Ma
(ITporuHa, CemeHeHKo, 1988), xak 3to paccmoTpeHO Bhie, M Oj-BbiOSHSIOLIE-
ro mexaHuama (Stemler, 1985). Takum obpazom, CO; 1 Oy reHEpHUPYIOTCH B OLHOM
KOMITApTMEHTe — THNaKouae, XxoTdA yrunuaupyercss COz; B cTpoMe.

Hs ananuza JuTepaTypel MOCHNEOHMX IeT CTAHOBMTCS $ICHO, YUTO amalTallvs
MHUKPOBOZOPOC/IEH K HH3KHMM KoHUeHTpauusiM CO; MOeT Mo MyTH yBejduueHus
boToCHMHTETHUECKOro cpoucTBa K Cy, s 3TOro CymecTByeT MOJIHOCTbio cdhop-
MUpoBaHHas cucrema COj-KOHLIEHTPHPOBAHWSA, KOTOPASsT BKJIOUAET HE TOMLKO
CHCTEMY aKTHMBHOIO TpaHCHOpTa M HakonneHus Cy B KNeTKe, HO 1 Heobxooumere
KOMITOHEHTHl ¥ YCJIOBMS IJIs1 UCMOb30BAHMS1 9TOr0 BHyTpeHHero nyna Cy. Cpe-
0¥ rocneaHux GoIbluoe 3HaueHwe ynensercs poiu KA ¢ ee noKalmMzaluH B
Kknetke, KomnaprmeHrauuy PBEPK B kapfokcucoMax miiy HupeHoMAe, HopMMU-
POBAHMIO CBETOMHIYLIMPOBAHHOIO rpaaueHTa pH B Xsoporimacre.

Heobxoammo ocofo MoAuepKHYTh, YTO COCTOsiHME MNpobnemsl B HACTOALIEE
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BpeMs MO3BOMSieT NPHOIM3IUTECS K NOHMMaHMID o0wweR oprasMzaumy CO3-KoH-
LEHTPHPYIOLIEH CHUCTeMbl, YTO HaXOIMT OoTpakeHWe B 0000LaIuMX cxemax,
TMPEIINIOKEeHHEIX MHOTHMM aBTOPaMM.

N. A. Proning, V. E, Semienenko

K. A. Timiryazev Instifute of Plant Physiclegy,
Atademy of Sciences, USSR, 35, Batanitcheskaya, Moscow, 127276

MOLECULAR AND CELLULAR ORGANIZATION
OF CO9-CONCENTRATING MECHANISMS
IN PHOTOAUTOTROPHIC CELLS OF MICROALGAE

The paper deals with the present ideas of molecular and cellular organization of
primary processes of inorganic carbon assimilation in photpauntotrephic cells of microalgas, it presents
the proofs in [avour of ‘existence and importance of inorganic carbon concentration mechanisms. Induction
conditions of such mechanisms are described, the moest important of them baing as follows: low induction
of CO3 in the atmosphere, light, activalion eof the incrganic carbon membrane transport, induction of
synthesis of carbonicanhydrase and a number of unidentified polypeptides, transiocators of a bicarboe-
nate ion, Physiological-and-genetic approaches to the study of COjz concenirating mechanisms of pho-
tosynthesizing cells including examination by gene-engineering methods are given as such that [orm
the grounds of the present knowledge about the processes of utilization of inorganic carbon by mizroalgas
and open the ways for their genetic modification. Possible mechanismg of inorganic carben accumulation
in procaryotic and eucaryotic algae, thein physiological role and ecological importance for increasing
the efficiency of processes involved in photosynthetic assimilation of low COjp concentrations from the
atmosphere are discussed,
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C.11. BACCEP, H. B. KOHIOPATBEBA, H. [1. MACIOK,
3.1 BETPOBA, J1. Y. JIEHOBA, E. JL. KOPJIIOM, E.T'. CYJIbMHA

HrermryT Goranpn b, H, T, Xononnore AH ¥CCP, 252601, I'CT1, Kuen 4,Pennna, 2

OCHOBHHBIE HAIIPABJIEHHS! AJIBI'OJIOTHYECKHX
UCCIEJOBAHWH B HHCTHUTYTE BOTAHHKH
um. H. I'. XOJIOOHOI'O AH YCCP

Fl-neTu HHcTUuTYTd NOCBRLUAETCR

| Oceeriensl OCHOBHEIe HAMpaBneHus pabor B 06aCTH HMIyusHMA sopgopocsie#t (dno-
pucTHueckoe, MOpHOIOro-CHCTEMATHURCKO., 3BOMIOLIMOHHO-DHAOIEHETHHECKDE, LHTOJOIHYECKOE,
GHOXHMUYECKoe, FKOAOra-GHIMONOrHYeCcKoe, MPUMKAAAHOE), BEIMNOMHEHHBX COTPYRHHMKAMMK Hnermry-
T8 HotaHuiM rM. H, I'. Xonopsoro AH YCCP 3a repuon ¢ 1934 no 1990 r.

Kawuéawie caoea: eodopocnl, HenpasneMus uccredosanull

AMBro/iorMyeckye ucclienosanmsi B Mueturyre Goranumkm wm. H. . Xononwo-
ro AH YCCP Guifi HauaTel B NEpBOi MOMOBMHE TeKymero crofietvs. Hebons-
oe CTPYKTYpHOE IlofpasiienieHne, cosfaHHoe B 1934 r. BoCHHTaHHUKOM Xapb-
KOBCKOM (IKOJEl AMLI'ONOros (BIIOC/SACTBMY 3aCIAYXKEHHBIM NesiTesieM HayKu,
un,xop. AH YCCP) 1. B. Posinom (Ponz, 1938), co BpeMeHeM MpPeBpPaTHiiock 5

@ €. I, Baccep; H. B. Kowdparseaa, H. I1. Macwiox, 3. 1. Berposa,
JI. M. Texesa, E. JI Kopdiom; E. T.Cydsuna, 1991
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