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TOKCHYECKOE JAEHCTBHE THKEJLIX METAJLIOB HA
HHTPATPEAYKTA3HYIO AKTHBHOCTb CBOBOJHBIX H
HAMMOBHIA30BAHHLIX KJIETOK BOJAOPOCJIENH

A HHTPATOB OTHHM W3 nyTefi 06« p i H p
HeoprauHueckum alotom. Huipatpeaykraza np coGoit  ep L i c1pykTypoil,
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dopme. Hmpatpenykmasa AmmeTcs OJHHM H31 KMOYERHIX (ePMEHTOB, OKASLIBAIONAX BIMAHHE HA POCT

BoflopocicH ®  cHHTes Gemka. Vi o oT HO RIAHSIOT HA

HIE YETAZHYEO Chlorella vulgaris Beijer.. ITpn 3roM HanGosiee TOKCHUHEIM 110 CPABHEHHIO ©
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UMHKOM H KagM#eM oOKasancs RuKem. llpm HHKEI HHIPATP TATHAY AKTHBHOCTE B
HMMOOHIHIOBAHHEIX KJeTKaxX GLLIA BRIINE, 9eM B CROBOIHEIX.

Knwouesue caoea: pokemie merans, Chiorella vulgaris, iMyoGHIH3AINA, HHTPATPS/IYKTAIA,
Brenenne

VpOBCHE 3arps3HeHHs OKPY:KAomel cpeasl TwkexbiMi Meramtamu (TM), a
TaKkKe ymepOd, HAHOCHMBIH ITHMH JCMCHTAMH JKHBBIM OPraHHIMaM, TNOCTOSHHO
BospactaroT. TM OKaseIBAaOT OTPHUATENBHOE BHMAHHC Ha OWOTY, Korga Hx
KOHLECHTpAlHA B OKPYXKAIOWEHl cpeie mpeBhIacT noporosbie smadenms (Tam et al.,
1998). D10 oTHOCHTCA, B MEpBYIO ouepemb, K TakuM TM, Kak KamMui, KoTOpbic He
BBINIONHAIOT MPAKTHYECKH HHKAKHX GHomorHveckHx qynkumi. JlaHHEIe 0 TOKCHYECKOM
BO3ACHCTBHH TAKENBIX METAILIOB HA BOJOPOC/TH, oGobmennsie pannee (Vyamzal, 1987;
Demon et al., 1988), noaTeepxaaloT HX OTPHUATENEHOE BIMAHHE HA MAKPOMOJEKYIbI
BOJIOPOCTICH.

IMomumo npounx Tokcuueckux 3¢dexror Ni, Zn 1 Cd oka3sIBalOT TOKCHYECKOE
neiicTBHE HA HHTPATPEAYKTASHYKD AKTHBHOCTh BOJOPOCHEBHIX kieTok. Ilpouecc
BOCCTAHOBJICHMA HHTDPATOB MIPACT OYCHb BAKHYIO POJIb B YIYHMIUCHHH KAYECTBA BOIBL
ACCHMMIIATHBHOE BOCCTAHOBICHHE a30Ta, OCYIICCTBIACMOE PAsTHYHBIMA BHIAMH
GaxTepuit, rpuboB B BOAOPOCHEH, BRIFOYAET BOCCTAHOB/IEHHE HHTPATOB M HATPHTOB /UTA
JanbHEHIIEro CHHTE3a AMHHOKHMCIOT. Yame BCEro, 3TH PEAKUMH KATATHIHPYHOTCA
HUTPAT- H HHTPHTPEOYKTA30H, ABILMIOIMHMHCH (IABONPOTEHIAMH, NPH AKTHBHOM
yaactin HAJI® (NADPH) kak MCTOMHHKA 3JCKTPOHOB. JTOT NMPOLECC HMEET OYEHB
BAKHOE IKONOTMHYECKOE IHAYCHHE, TIOCKONLKY BBICOKHC KOHUCHTPALWMH HHTPATOB OTPHIA-
TE/bHO CKA3BIBAKOTCA HA 3/I0POBE HenoBexa, Hurpirer BIAMMONSHCTBYIOT ¢ reMorIobuHoM
H TeM CAMBIM MPENATCTBYIOT TPAHCNOPTY KHCIOPOA B KPOBH, OCOOCHHO Y JIETEH.

CornacHo MHpDOBBIM CTAHIAPTAM, TNPEACTBHO JONYCTHMAS KOHUCHTPAIUA
(IAK) murpatos B maTLeBOH Boge cocrasmaer 10 mr N/n wnm 45 mr N/n (mo NO5).
Hmerorcs ceesenns o Bamsumd TM HA  HHTPAaTpPeAyKTasy BHICIUHX paCTeHHi
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(Muthuchelian et al., 1988), a Takke HA HHTPATPEAYKTAZHYI0 AKTHBHOCTH
BOJIOPOCHCBBIX KJCTOK, HAXOMAmMXCA B cBoOOmHOM cocrosHud. B To ske Bpems,
uH(popMaEa 0 BausHEH TM Ha aKTMBHOCTh HHTPATPEAYKTA3kl BOMOPOCTEBEIX KIETOK,
HAXOANTHXCA B MMMOOHIM30BAHHOM COCTOSHHH, KPAHHE OrPAHHYCHA.

Humobunusanns KIETOK BOJOPOCIEH MpeICTaBIdeT HHTEpeC, MOCKONBKY OHA
MO3BONACT OCYIICCTBHTh HMMMOOHIH3AUMIO KJICTOK BHICIIHX PACTCHHI H CIYKHT
NPEKPACHOM MOACTEI0 UL MIYYCHHS MEHCTBHA WMMMOOHIM3AUMM HA (DHIMOIOrHIO
pacTHTeNnbHON KneTKH. HaydeHHe KIETOK, HAXONAIMMXCA B CBOGOJHOM B3BEIICHHOM
COCTOAHHH, MOMET JaTh UCHHYH HHOPMAIHIO NPH NPOBEICHHH TaGOpPATOPHBIX
3IKCHCPHMEHTOB, TOrJA KAK JAHHBIE MO H3YYSHMIO HMMOOMIM30BAHHBIX KIETOK MOTYT
ObITb HCMONB3OBAHBI NPH HHAYCTPHANLHOM BHIDANIHBAHHH Bogopocneif. OpHako
CPABHHTENBHOE H3YHMCHHE PEAKIHH CBOGOHBIX H HMMOOHTHIOBAHHBIX KIETOK C YHETOM
(prsmonornueckix 1 OHOXHMHICCKHX 0COGEHHOCTEH NOBENSHHA BONOPOCIEH B OTBET HA
BO3ACHCTBHE TAKEIBIX METAIIOB NPAKTHYECKH HE IPOBOJHIOCE.

CkOpOCT:  ACCHMMMIALIMH ~ HHTPATOB  3aBHCHT OT YPOBHS  AKTHBHOCTH
nuTpatpeaykrassl (Lau et al., 1998; Sarma & Khatter, 1994). Asor BoccTaHaB-
IHBAIOMHE (pepMEHTHI BOJOPOCTEH HMCIOT CXOACTBO C TAKOBRIMH [PHOOB H BBICIIHX
pacrenmii. 3rta mnpobnemMa m3ydamace W panee (Somasundaram et al, 1994,
Muthuchelian, 1988), oaHAKO [0 HACTOSIIEr0 BpPEMEHHM HET JOCTATOMHBIX H
OIHO3HAYHBIX JAHHEIX O BIHAHHH TKENBIX MCTAJIOB HA HATPATPEAYKTA3y, 0COGEHHO
Y BOZNOPOCTEH, HAXONMIMXCA B HMMOOHIM30BAHHOM cocrosnud, OCHOBHAA Uelb
HACTOAMEH pabOTHI COCTOAMA B CPABHMTENBHOM H3YMEHHH TOKCHYECKOTO ACHCTBHA
TOKENBIX ~ METAUIOB HA  HHTPATPEAYKTA3HYH)  AKTHBHOCTB  CBOGONHEIX H
HMMoOHII30BaHHbIX KieTok Chlorella vulgaris.

MarepHaasl B METO/IbI

OOBexToM MCCHSHOBaHMI CHyXKHIAa OAHOKAeTOuHAZ Bomopocns Chlorella
vulgaris (nokamenbii mramM, BHU). Kynetypansuywo cpeny Yy-10 (pH 6.8) (Gerloff
et al, 1950) roTOBHIM, MCHONB3Yf JCHOHH3IMPOBAHHYH (DHUIBTPOBAHHYID M
CTEPHIBHYEK) OHAMCTHILIHPOBAHHYIO Bojy. [Ipu oTOOpE, BBIIENCHMH H KIOHHPOBAHHH
BOZOpOCNEH [Nd TONy4eHHA HHCTOH  KyNBLTYPRl NPHMEHANH  CTAHIAPTHBIE
MHKpOOHONIOTHYECKHE  MeTOMHKH. Beokusaemocts xnerok Chlorella  vulgaris
YCTAHABIHBAH B Mpolecce ee pocTa Ha yamkax [letpm ¢ memsio monmyueHus LCso mus
Ni, Zn u Cd. IlpE 3TOM YYHTHIBANHCH TAKKe TAKHe KOHUEHTpauuW, kak < LCs; u
>LCsp.

Ilpr npoBenennn dkcmepumenToB 100 MA KyAbTypHl BCTPAXHBAIH TIPH
Temneparype 25 + 1°C u untercHBHOCTH cBeta 14.4 Br/M’ (COOTHOMEHHE CBETOBOTO H
TEMHOBOIO IHKIA cocTapmano 18:6 4). Kyastypsr aspuposanu 2 % CO, npu ckopocTu
moTOKa npEMepHo 1,5 mMu/Mn kymeTypsi B MuHYTY. [lpeObBanme cBoGOOHBIX H
HMMOOHNHIOBAHHBIX KICTOK B 3KCTOHCHUMANLHOH (base pocTa onpeenam 1o
nuoTHOCTH Oenka, pasHoi 500 mxr/mi, [Mepea noGaBneHHeM B KYISTYPANbHYIO Cpemy
pactsopst NiCl,: 6H,0, ZnSO, 7TH;0 u CdSO, - H;O crepummioBaas M NPONYCKATH HX
uepes memOpanmsie Quustpst Millipore (0,45 mxm). Mcmons30Banu  peakTHBBI
xomnanmii Sigma (CLLIA) u BDH (BenukoOpuTanus).

Humobunusayus xnemox. Knerounyro maccy Chlorella vulgaris, B KCTIOHEH-
usamsHoi (ase pocra (500 Mxr Oemka B 1 M), NOMYYEHHYIO UEHTPH(YIHPOBAHAEM,
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MHOTOKDATHO MPOMBIBAIH M MOMEIANH B 5 %-~ii pacTBop ansrasata HaTphi (Sigma).
3arem cMeck mo kammsM goGasmimm B 0,2 M pacrsop CaCly. TMonyucHHEBIE TakuM
obpasom arperaupn (B CPeHEM 5 MM B JMAMETPE), OCTABILUTH HA 2 M [UIsl 3ACTHIBAKMA,
3aTeM HEOJHOKPATHO NPOMBIBATH CTEPHIBHOH JEHOHH3IMPOBAHHOH OHIMCTHIIHPOBAH-
HO# BOJOH H MOMEIATH B KyIbTYPAaNbHYyI0 cpeay obsemom 200 mu mns asrorpoduoro
pocTa B 1a60pPaTOPHLIX YCIOBHAX HAPAXY CO CBOGOMHBIMH KICTKAMH.

Konu4ecTso MHruOHpOBAHHBIX CBOGOAHBIX M MMMOOHIH3OBAHHBEIX KIETOK
PACCYHTHIBATH B MPOIEHTAaX 0T 06Imero Koma4ecTBa HeoOpabOTAHHBIX KIETOK, KOTOPBIE
CIYHITH KOHTponeM. Benok onpeaensim wiBecTHeiM Meronom (Herbert et al., 1971).

Onpedenenue axmuenocmv Humpampedykmassl. BoopociH, Ams KOTOPBIX
HMCTOYHHK 430Td SBACA (DAKTOPOM, THMMTHDYIOLUMM HX POCT, KyJbTHBHPOBAIH Hi
CHEUMATLHOM YCTAHOBKE, NPEJHAIHAYCHHOM JUIA MX JUIHTEIBHOIO BhIPAIIHBAHHI.
HutpartpeayKTasHyl0 aKTHBHOCTb ONpENCIANM H3BECTHBIM MerozoM (Camm & Stein,
1974). AKTHBHOCTE ONPEAEIIATH 1O 00MmEMY COAEPKAHMIO HUTPUTOB, B KyIbTypansHy:o
cpeay sHockn Ni, ZN u Cd B onpeencHnbIX koHueHTpaumax. O6pasms o6bemom 1,0
MI OTOMpanH 4epe3 ONpeJCNCHHBIC MNPOMEKYTKH  Bpemenn. ConepaHue
006pa3oBaBIIMXCA HHTPHTOB ONpEENsNM Mo onmcanHomy meroay (Lowe & Evans,
1964). OnTHYECKyK NIOTHOCTh PACTBOPA PO30BOH OKPACKH M3MEPANH NPH [UTHHE
BONHBI 540 HM.

Beidenenue ummobunusosannvix xiemox. TeCTHDOBAHHE NPOBOKIH TOCNE
PACTBOPEHHA IUIOTHBIX ArpEraluil, NONYYCHHBIX C MOMOUILIO ANBIHHATA HATPHA H
CaCl,, B rexcamerodocdare (Bozem et al., 1989).

Cmamucmuvecxuii ananus. TIOMydeHHBIE DPEIYNBTATEI AHANH3MPOBANH NpH
nomomy kpurepis Creionenta (1), a TAOKe AMCIEPCHOHHOTO aHAmM3a (PaKTopsr: THI
metaina (Ni, Zn, Cd); yuMTBIBATH TaKKe COCTOAHHE KIeTOK (CBoGogHBIE WM
HMMOOHIH30BAHHBIC) H KOHIEHTpaLHIo Metamna (< LCsg, LCsqu > LCs).

Pesyabrarel

Jlanssie 0 HUTpaTpeAyKTA3HOl akTHBHOCTH Chlorella vulgaris npeacTasnens: B
Tabn. 1. AKTHBHOCT ()EPMEHTOB YMCHBIIATACH C YBENHYEHHEM KOHLEHTPALMH
merammos. Ilpp LCso mna Ni, Zn u Cd nabmomanoch MHrHOMpOBAaHHE
HUTPATPEAYKTA3HOH AKTHBHOCTH CBOOOAHBIX KneTok Ha 87,2 50,5 m 72,1 % m
HMMOOHTH30BAHHBIX — HAa 53,6; 34,6 w 38,0 % coorBercrBeHnO. Bonee TOKCHMHBIM
okasanca Ni no CpaBHEHHIO C APYTHMH META/LTAMH KAK B OTHOIIEHHH CBOGOIHBIX, TAK H
HMMOOHIHIOBAHHBIX KJICTOK.

Pesynbrarsl JMCNIEPCHOHHOTO AHAJIM3A NMPEACTABNEHS! B TaON. 2. 3HauHTELHOE
YMCHBIICHHE  HHMTPATPEAYKTA3HOH AKTHBHOCTH TOA  BO3NCHCTBHEM  MCTAMNNOB
HABMONAMH KAK B CBOGOAHBIX, TAK H B HMMOOHIHIOBAHHBIX KIETKAX (L JOCTOBEPEH
npr P < 0,005), HnreHcHBHOCTH 00PAa3OBAHWA HHTPHTOB B HMMOOHIH3OBAHHBIX
kinerkax Oba B 1,2 pasa semue (npu P < 0,05), uem B ceoGomueix. Jaxke npi LCsq s
Ni, Zn, Cd coneps;kaHHe HHTPHTOB B HMMOGH/TH30BAHHBIX KieTkax Ouu1o B 3,6; 1,2 12,2
pasa Bemme (P < 0,005), wem B cBOGOAHBIX. BnuAHWE METANIOB HA KICTKH,
HAXOIAMMXCA B CBOOOIHOM H HMMOOHIHIOBAHHOM COCTOAHHH, GBLIO JOCTOBEPHBIM NPH
P < 0,01. Ograko pa3HHIA MEKIY XapaKTepPOM BIMSHHA METANIOB HA CBODOIMBIC H
HMMODH/IH30BAHHBIC KICTKH OBUTA HE3HAYMTENHHOH (B HMMOGHIHIOBAHHBIX KICTKAX
P <0,05).
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Tabauya |. Bmsme Ni, Zn w Cd ua narpatp it " 61
paynkix kierok Chlorella vulgaris Beijer. (mocne 72 4 sxenosminng)
KOHIENTPAIHA METRILIOR Hurpatp b (Hr NO; /vkr Geska)
) Crobojpne KieTxs HMMOGHIHIOBAHHEIE KIICTKH
Kowrpom, 98,84 + 0,03 120,00 + 0,04(21,4)*
3,20 40,52 £ 0,02(59,0) 56,80 £ 0,04(42,5)
Ni 420 12,65 +0,03(87,2) 45,80 + 0,09(53,6)
530 9,88 + 0,04(90,0) 31,40 + 0,06(68,2)
0,75 | 59,30 =+ 0,04(40,0) 64,60 + 0,03(34,6)
Zn 1,75 49,42 + 0,04(50,0) 60,90 + 0,04(38,3)
2,75 24,71 £0,03(75,0) 35,40 £ 0,05 (64,1)
0,16 35,00 + 0,02(64,0) 65,00 £0,07(35,1)
(&1 1,16 27,50 +0,05(72,1) 61,20 £ 0,07(38,0)
2,16 15,00 + 0,05(84,8) 40,20 +0,08(59,3)
e Ha no cpasi © KoHTponeM (s wieTok). B ckobkax ykasan
NpOIEHT WHrHOHP Bee NAHHLIS o or P no
xpiepiio CrhiofenTa (1) npu P < 0,005,
Tafiauya 2. JiMcriepcHoMHEDN aHADG JAHHEIX 110 HA MHTPaT-
peaysTasuyso axTusnocts Chlorella vulgaris Beijer.
L - Crenenn Cymma kBajIpaToB Cpepnne Foxpirepudi Yponens
- i JIp [AOCTOREPHOCTH
A 1 2620,87 2620,87 288,28 P<0,001
Merum 3 2194797 7315,99 804,73 P <0,001
e 3 1722,67 861,33 94,74 P<0,001
A x Meran 3 332,70 110,90 12,19 P<0,01
AxC 3 49,46 24,73 2,72 P>0,05
Memam x C 9 773,63 128,93 14,18 P<0,01
Omnbra 9 34,54 9,90
B obimen 31 27501,86
llpumevanne. A - man kmerok (cBob: H M - Ni, Zn, Cd;

C — xouuerTpaiss Metaiwion (< LCse, LCso, >LCso),

Obcyxnenne

VCTaHOBNEHO, WTO META/UIBI MOIYT OKa3hiBATh TOKCHYCCKHH 3(iext, He
OKA3BIBATH HHKAKOTO BIHAHHA HJIH TIONOKHTENBHO BO3JCHCTBOBATH Ha BOAOPOCIEBHIC
knerkn. [TonyueHHsIe JAHHBIE CBHIETENBCTBYIOT 0 TOM, ¥r0 Ni, Zn u Cd uarubGupyior
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CHHTE3 HETpaTpeaykTassl. OQHOH W3 NPHYHH 3TOr0 ABJICHMS, MOXKET OBITH 3AMEMICHHE
HOHA META/LIA, BEIONHAMETO OCHOBHYIO (pyHKimo B Genke (pepmenTa (Antipov et al.,
1999). Tlokazao Tamke (Nichols et al, 1978; Knobloch & Tischer, 1989), wuro
HHTPATPCAYKTA3A 00ECTICYHBAET HE TOMBKO BOCCTAHOB/ICHHE HHTPATOB, HO H BTHAET HA
ux nornomesne knerkamu Chlamydomonas u Chlorella sorokiniana.

Bosmoxuo Tamoke plamMopeiicteue TM ¢ cymsdrampumsueiva  (-SH)
TPYNOAMH, KOTOPHIE YACTO OMPENENAIT BTOPHYHYI0 H TPETHHHYH) CTPYKTYpYy Oemkos.
KpoMe TOro, HeJOCTATOUHKIH HOCTYI JHEPTHA H3-3a HHTHOMpoBanHs BRmouekna ' 'CO,
(Awasthi & Das, 1991), doTocHHTeTHUECKOTO TPaHCOOpPTa 3nexTpoHoB (Prasad et al.,
1991) u xocBenHOro HMHrHOHpoBaHus nornomenus NO; MOKET CHYXKHTH €IIe OHOH
BAKHOH NMPHMHHOI 3TOT0 ABNCHHA.

Takum o6patoM, MEHee 3IHAYHTENBHOS HHIHOMpOBaHHE (ePMEHTATHBHOM
AKTHBHOCTH MMMOOHIH30BAHHBIX KIETOK N0 CPABHEHHIO C KJIETKAMH, HAXOMALHMHACA B
cBOGOAHON CYCTICHIHH, MOXeT ObITh 0OycnoBneHo Gonee MHTCHCHMBHEIM TNOTOKOM
JHEPIrHM, KOTOPAs CBOHCTBEHHA KIETKAM, HAXOMILMMCA B HMMOOHIM30BAHHOM
cocroauun. CoxpaHenue (HIMOMOrHYCCKHX CBOHCTB B HCHIMCHHOM COCTOAHHH B
MMMOGHIH30BAHHBIX KICTKAX HA NPOTHKCHHH JUIHTENBHOTO MCPHOJAA BPEMEHH
oTMeuANOCh M ApyruME  asropamm  (Lau et al, 1998, Tam et al, 1998).
HMMOOHITH30BAHHBIC KICTKH HAXOAATCA B TECHOM accoumaumx apyr ¢ apyrom (Lau et
al.,, 1998), 4T0 NPHBOAMT K XHMHYECKOMY H (DH3HHECKOMY B3AHMOICHCTBHIO MEHIY
HuMu. Kpome Toro, moSas crumynauma nyna AT® m npucyrctere HAJI® (NADPH)
MOryT akrHBH3HpoBath ATO-3aBHCHMBIC MPOLECCH], B YACTHOCTH, HHTPATPEAYKTASHYIO
akTuBHOCTh. Takum 00pasom, ysenmueHue (JOTOCHHTETHHECKOH AKTHBHOCTH MOMET
CONPOBOKIATHCA YCHICHHEM (epMCHTATHBHOM akTHBHOCTH (Awasthi & Das, 2003).

BaaroaaprocTi

ABTOPHI BHpaXaioT GrarofapHocTh MEHHCTEPCTBY OKpYMAIOMIEH cpelhl H JECHOro
xosgitcrsa (Hero Jlemn) 3a ¢urancoByio nojiepxky npoekra. Mil Takoke GlarofapHel cBoeMy
PYKOBOJHTEIIO, 3aBeIyIONieMy oTAemoM GoraHHkH (yH-T Bamapac Xummm) 3a mp
naGopaTopHi [yl 11p IKCIIEp 1roB. Kposme Toro, apTophl BRpakaroT GiarofapHocTs
KOHCYILCTBY 0 HAYYHEIM H NMPOMBIIUVIEHHBIM HccaenopanumaM (Heto Jlemn) 3a BoIMOKHOCTE
CTAXHMPOBKH 3a TpaHMIleli, a Takxke 3aBe[ylollleMy OTAeIOM 300/0TMH (VH-T ApyHAXam) 3a
TIOMOTITH TIPH TOATOTOBKE PYKOITHCH.

Mamta Awasthi & Debanghshu Narayan Das

Department of Zoology, Arunachal University, [tanagar, India,
Arunachal University, ltanagar 791 112, India, e-mail: awasthi6:@rediffimail.com

HEAVY METAL TOXICITY ON NITRATE REDUCTASE ACTIVITY OF FREE AND
IMMOBILIZED ALGAL CELLS

Nitrate assimilation is the principal route for plants and algae to acquire inorganic nitrogen. Nitrate
redy is & multi-enzy nplex bound in the cell membrane in both active and inactive forms. Nitrate
reductase is the limiting factor when considering the growth and protein production of algae. Heavy metals
interacted negatively with the nitrate reductase (NR) enzyme activity of Chlorella vulgaris Beijer. Nickel was
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found to be more toxic compared to zinc and cadmium. A highly significant increase in NR activity was
observed in the immobilized cells over free cells when supplemmwd with Ni.
Keywords: heavy metals, Chlorelia, vuigaris, i bili nitrate red
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