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Annotanus. Llenpro TaHHOTO MCCIeOBaHMS SBIAIOCH MOJYy4YeHHE B TOMOT'€HHOM COCTOSIHMH IIPENapaToB
cykuuHataeruaporenassl (CJIIY) U3 nuUCTbEB KyKypy3bl M H3yYEHHE MX XapaKTEPUCTHK, 00ECIEUMBAIOIINX
aJIalTHBHYIO peakiuio Ha coneBoii crpecc. CAIT obnanaer BHICOKMM T€HETHYECKUM MOJUMOP(HHU3MOM, UTO
MOJKET YKa3bIBaTh HAa BAYKHOCTh y4acTHs €€ M30()epMEHTOB B PETyJIIIMN METa00IN3Ma PACTEHIH U TIO3BOJISIET
KJeTke (opMHUpOBaTh HAOOP MOJEKYIAPHBIX (POPM, OTIMYAIONINXCS 110 CBOMM KHHETHYECKUM U PEryJIsTOp-
HBIM XapakTepHCcTHKaM. [Ipy NCTIOoIb30BaHUM MHOTOCTaAMIHON OYMCTKH MOJICKYJIIPHBIX (OpM JAaHHOH dep-
MEHTHOH CHCTEMBI OBIIM MOJIy4YEHBI €€ MpenapaTbl B TOMOI'€HHOM COCTOSIHMH. FIoHOOOMEHHasi Xpomarorpa-
¢us va JIDAD-Sephacel sBisiace onpepensromeit cTaaue, MO3BOJIMBIIEH pa3aenuTh H30(pepMEHTHI HCccITe-
JyeMOT0 3H3UMa M3 JIUCThEB KYKypY3bl IPH BO3/EHCTBUH cONEBOTO cTpecca. I[lokazaHo, 9TO BCe H303H3UMBI
necopoupyrotes ¢ JIDAD-Sephacel npu pa3HbIX KOHIEHTPAIMAX XJIOPUIA KalHs, YTO MOXET YKa3bIBaTh Ha
pas3jinunec B CprKTypHOﬁ OpraHmu3anuu IMOJUICTITUIHBIX KOMIIOHCHTOB I/ISO(I)OpM CYKIMHATACTUAPOIrCHA3hI.
VY aenpHast aKTUBHOCTH MOJTyYEHHBIX npenapaToB coctarisiia 0.935 E/mr 6enka u 1.495 E/mr Oemnka, COOTBET-
ctBenHo Juist m3odepmento CAI'1 u CI2, npu 3ToM BeIxoA coctarisii 42.31 u 35.05%. Dnektpodoperuye-
CKHUE HMCCIIEIOBAaHUsI, ITOJY4YEHHBIX ¢ oMolnbio JIDA3-uemmono3sl nzopepmentoB C/I, mokaszanu, 4To npu
YHHBEPCAILHOM IPOSIBIICHUH Ha OEJOK, ObUIO MTOKAa3aHO HAJIMYKME OJJHOH MOJIOCH! B KAXK/IOM U3 UCCIIEAYEMBIX
00pasioB. CireoBaTeNbHO, MOyYEeHHBIE ITpenaparhl CyKIMHATACI HAPOTeHasbl SBISIOTCS AIIEKTpodopeTHye-
CK{ TOMOT€HHBIMH. Y CTAaHOBJICHO, YTO M30()epMEHTHI CyKIMHATACTHIAPOTeHa3bl U3 JINCTHEB KYKypY3bl, 00JIa-
Jlalii pa3Hol CTerneHplo copounu Ha noHoodMenHuke JIDAD-Sephacel 0 yeM CBUIETENBCTBYIOT PE3yJIbTATHI
npo¢us >moupoBanus ¢ KooHKH. decopouus mzodepmentos CAI'l u CAI2 ¢ komorku ADAD-Sephacel
npoucxonwia npu koHneaTpanuu KC1 91.65 MM u 174.95 MM KCl, cOOTBETCTBEHHO, YTO CBHUACTEIBCTBYET
0 pa3JIM4YMy BEJIMYMHBI IOBEPXHOCTHOTO 3apsiga M30(pepMEHTOB CYKIMHATACTUIPOreHa3bl U3 JIUCTHEB KyKY-
py3bl. 3Mmenenne 3HaueHnit pH MaTpukca MUTOXOHAPHHA CKa3bIBACTCS Ha KOH(POPMAIMOHHBIX COCTOSHHIX
6eIKOBBIX KOMIOHEHTOB H30(hepmenToB C/II, B TOM 4ducie 1 Ha MOBEPXHOCTHOM 3apsiie MOJIEKYJIbl M HOHU-
3allMi aMUHOKHCIIOTHBIX OCTATKOB aKTUBHOI'O LHEHTpPA 3H3UMA, YTO HAXOJAUT OTPAKCHUE B UBMCHCHUU CPOI-
CTBa K cyOCTpary.
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Abstract. The purpose of our study was to obtain homogeneous succinate dehydrogenase (HSD) preparations
from maize leaves and to study their characteristics determining their adaptive response to salinity stress. HSD
has high genetic polymorphism, which may indicate the importance of its isoenzymes for the regulation of
metabolism of plants and allows cells to form sets of molecular forms with different kinetic and regulatory
characteristics. When using a multi-stage purification scheme of molecular forms of the said enzyme system,
we obtained its preparations in a homogeneous state. The key stage was ion exchange chromatography on
DEAE Sephacel. It allowed us to separate the isoenzymes of the studied enzyme from maize leaves under
salinity stress. The study demonstrated that all isoenzymes are desorbed from DEAE Sephacel at various con-
centrations of potassium chloride, which may indicate the presence of a structural organisation of polypeptide
components of the isoforms of succinate dehydrogenase. The specific activity of the obtained preparations was
0.935 U/mg of protein and 1.495 U/mg of protein for isoenzymes HSD1 and SHD2 respectively. The yield was
42.31% and 35.05%. Electrophoretic analysis of the HSD isoenzymes obtained using DEAE-cellulose demon-
strated that universal development for proteins revealed a single protein band in each of the studied samples.
Therefore, the obtained preparations of succinate dehydrogenase are electrophoretically homogeneous. The
study determined that isoenzymes of succinate dehydrogenase from maize leaves had different degrees of sorp-
tion on DEAE Sephacel ion exchanger, which is confirmed by the elution of the components from the column.
Desorption of the HSD1 and HSD2 isoenzymes from the DEAE Sephacel column occurred when the concen-
trations of KCI were 91.65 mM and 174.95 mM respectively, which means that isoenzymes of succinate de-
hydrogenase from maize leaves have different charges. Changes in the pH of the mitochondrial matrix effect
the conformational states of the protein components of HSD isoenzymes, as well as the surface charge of the
molecule and the ionization of amino acid residues of the active centre of the enzyme, which in turn affects the
affinity to the substrate.
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[2]. Kaxngerit uzodpepment CHI B ompene-

Beenenue
JICHHBIX YCJIOBUSAX MOXKET UIpaTh BaKHYIO
Cykuunaraeruaporesasa  (CAI,  K®  ponp, Tak Kak 3T0 0MH U3 MEXaHU3MOB HPH-
1.3.99.1) sBusiercst reTepoTETPAMEPHBIM  cHOCOONEHUs pACTEHUH K  CTPECCOBBIM

(bepMEeHTaTUBHBIM KOMILIEKCOM, y4acCTBYIO-
MM Kak B 1iukie KpeOca, Tak 1 B MUTOXOH-
JIpUAJIbHOW JbIXaTEbHOM IENMU MEepeHoca
anekTpoHoB [1]. B nmocnennem ciydae kom-
miekc C/I' taxke 0003HAYAIOT KaK KOM-
riekc 1. OHa kaTanu3upyeT peakiuio OKuc-
JIEHUsI CyKIIMHATa 110 ¢ymapara ¢ oOpa3oBa-
HueM ®AJIH2, KOTOpBIN KJIETKa MOXKET UC-
MOJIb30BaTh KaK HMCTOYHHMK SHEPruu IpHU
OKHCIUTEIHHOM (OChHOpHINPOBAHUH.
CyxkuuHaTaeryaporeHaza o0aaaer BbI-
COKUM TEHETHYECKUM TOJIUMOPPUZMOM,
YTO MOKET YKa3bIBaTh Ha BAXKHOCTh y4acTuUs
ee M30()epMEHTOB B pETryJsIMU MeTabo-
nu3Ma pacteHuil. Hanmuuue B reHoMe pacre-
Hui 8 renoB CJII-cuctembl MO3BOJISET
KJIeTKe (hOPMHUPOBATH HAOOP MOJICKYJIIPHBIX
dbopM, OTITHYAIOLTUXCS IO CBOUM KHHETHYE-
CKUM M PEryJISTOPHBIM XapaKTepUCTHKaM

YCIIOBUSAM BHEUIHEW cpeibl. /111 Toro 4To0sI
00ecreunTh PeakIMOHHYI0 CIIOCOOHOCTh U
CTaOMIIBHOCTh CTPYKTYpPBI CYKLUWHATICTUI-
poreHasbl, HeOOXOAUMO MPUCYTCTBUE BCEX
e gerplpex cyOobeaunuu. [Ipu mccnenona-
HUM JpOXOKEH OBLJIO BBIACHEHO, YTO CTa-
OUIBHOCTH JBYX THAPO(UIBHBIX CyObeau-
HUI] CYIIECTBEHHO CHHKAETCS, €CIIU OTCYT-
CTByeT ojiHa U3 ruapodobHbIX. To ecTh Ka-
TAJINTHYECKUHN LEHTp (pepMeHTa He CIOoCo-
O0cH (PYHKIIMOHUpPOBATH KaK He3aBUCHUMAs
TUMEpHas CTPYKTypa 6e3 MeMOpaHHOTO J10-
MeHa [3]. OnHako, B KJIETKaxX pacTeHHi Mo-
Ka3aHO HaJM4yue (PyHKIMOHAIBHO aKTUBHOU
¢dopmbl C/II, cocTosieii u3 1Byx cyobeau-
HHUIL, IPH 3TOM aKLENTOPOM 3JIEKTPOHOB JIsI
HEe MOXXET BBICTYHaTh (heppeOKCHH, TH-
MUYHbIE TOTEHIIUAJIBI KOTOPOT'O HAXOASTCS B
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nmamnasone oT -155 MB no -455 MmB, uTto co-
OTBETCTBYET BEIIMYMHE IS IPUHSITUS JICK-
TpoHOB oT cykumHara (E=28 MmB mpu pH 7.0) [4].

CoueBoii cTpecc SBIIETCS BaKHBIM a0HO-
TUYECKUM (PaKTOPOM, BIUSIOLUIUM HA MOp-
domoruto u GUNOIOTHIO PACTEHUH KYKY-
py3bl. Ha ypoBHEe KileTOYHOM (PU3HOIOTHI
HAKOIUICHUE HATPUS B JIMCTHAX MPUBOJUT K
OCMOTHYECKOMY CTpecCcy M CTpeccy OT 3a-
CyXH HU3-32 HapYIIEHUS yCTHbUYHBIX (yHK-
Ui, BInsommx Ha nornonienne K- u, kak
CJIe/ICTBUE, 3HAUUTEJILHON OTEPHU BOABI [S].
Ha wmuroxonmpuansHom ypoBHe NaCl-
CTpECC BBI3BIBAET CHIXKEHHE CKOPOCTH Iie-
peHoca 3IEKTPOHOB Kak ISl IEPBOro, TaK U
st BToporo komruiekca OTL, uro cBune-
TenbeTBYyeT 0 BaxkHoctu CJII' B opranu3sa-
IIUU METa0OIMYECKUX MTPOLIECCOB B KIIETKE.

JIroboe HapymmeHue GyHKIIMOHATHHOCTH
CAI', xak ximoueBoro ¢gepmenta L[TK, mo-
JKET BBI3BATh U3MEHEHUS B METa0OINYECKIX
U JBIXaTeNbHBIX MyTSX KiIeTku. HenaBHue
nccienoBanus nokasanu, yto NaCl Biuser
Ha KaTanuTuueckyto aktuBHocTs CI [6, 7],
IIPU 3TOM aKTyaJIbHBIM IMPEICTaBISETCS UC-
CJIEIOBAHME XapPaKTEPUCTUK MOJIEKYISIPHBIX
dbopm maHHON (PEPMEHTHOU CHCTEMBI, 00eC-
MEYMBAIOIINX aJIAITUBHYIO PEAKLMIO Ha CO-
JIEBOM cTpecc.

3KCHepHMeHTaJ’[LHaH 4acTb

B kauectBe 0O0BEKTa HCClEAOBAHUS HUC-
NI0JIb30BaN 14-THEBHBIE pacTeHUs KyKy-
py3bl (Zea mays L.), BeIpallleHHbIE THIPO-
MOHHBIMU CITOcOOOM Tipu Temieparype 20°C
1 12-4acOBOM CBETOBOM JIHE MPU UHTEHCHUB-
noctu 25 Jx/m?. ConeBoii cTpecc MOJIENH-
poBanu uHKyOaruen npopoctkos B 150 MM
pactBope NaCl, KOHTpOJIbHBIE pACTEHUS UH-
KyOHpOBAJIUCH B BOJIC.

AxtuBHocTh C/II" onpenensiig B JIMCThSIX
KYKypy3bl CHEKTpPO(GOTOMETPUYECKUM Me-
TOJIOM, OCHOBaHHBIM Ha MCIIOJIb30BaHUH UC-
KYCCTBEHHBIX aKIIETITOPOB 3JIEKTPOHOB C CO-
OTBETCTBYIOILIUM PEAOKC-MIOTEHLIHAIOM [8].
Coneprkanne Oenka B mpo0e ompeeiiv 1o
metony Jloypu [9]. [l mony4eHus BBICOKO-

ountieHHbIx npenapatoB CJI" ucnomns3o-
Banu 4-CTaJUlHYI0 CXEMYy OYHMCTKU. Bce
orepalyy MpoBOAWIIH Tpu Temrieparype 4°C.

Cramus 1. T'omorenmsamusi. Hasecky
pactutensHOrO MaTepuana (1 r) romoreHu-
3UpOBaJIM B COOTHOIIEHHH 1:5 co cpenoit
BBIJICJICHHS clienyromiero coctara: 50 MM
Tpuc-HCI 6ydep (pH 7.5), 1 MM DJITA, 10
MM KCI, 1 MM MgClz, 0.4 M caxapo3ssl.
[TonmyyeHHbI TOMOTreHaT (QUIBTPOBAIN Ye-
pe3 4 cnost Mapiu U LUEHTPUPYTUPOBATIHU B
teuerne 5 muH mipu 3000 06/mMuH.

Cranusa 2. OpaknuoHupoBaHue CyibQa-
ToM amMmoHus. K cymepHaranty no6aBuiu
KpUCTAJUTMYECKUH cyabdatr ammonus 1o 20
% naceimenus. Lieatpudyruposanu 20 Mun
rpu 15000 06/mMun. CyniepHaTaHT Gpakiyo-
HupoBanu 10 60% HacklmeHus cyibdarom
aMMOHHUS W BHOBB IeHTpudyrupoBamu 20
MmuH ipu 15000 06/ muH. Ocagok pecycreH-
JIMpOBan B 2 M’ cpensbl, coaepsxkameit 10
MM docoaraeiii 6ydep (pH 7.8), 0,01%
TpuToH X-100, 20 MM cyKImHat HaTpusl.

Cranus 3. I'enp-punbTtpanus. [lomyuen-
HBII (DepMEHTAaTUBHBIN MperapaT HAaHOCUITH
Ha KOJIOHKY, 3amoJIHeHHY0 cedanexcom G-
25 (Pharmacia, IlIBenus), mast ocBOOOXKIe-
HUS OT COJIEH W HU3KOMOJIEKYISPHBIX TPHU-
Meced. Omonuio ocymectBisiim 10 MM
docharasiM O6ydpepom (pH 7.8), comepxa-
muM 20 MM cyKIMHAT HATpHUsA, CO CKOPO-
ctbio 30 e’ B vac.

Cranus 4. MonooOMeHHasi XxpoMarorpa-
¢us. depMEeHT HAHOCWIM Ha KOJIOHKY C
JIDAD-Sephacel (Sigma-Aldrich, CIIA),
IIPEIBAPUTENILHO ypaBHOBelIeHHY0 30 MM
tdbocharapim 6ydepom (pH 7.8), comepxa-
M 30 MM KCl. ®depment necopbupoanu
C KOJIOHKHU rpagueHToM KoHreHTpamun KCl
B cpene amoupoBanus. [lecopOuus dep-
MEHTa OCYILECTBJISUIACh JTUHEWHBIM Tpajiu-
enToM koHMeHTparuu KCl ot 0.03 1o 0.2 M
B cpene aecopoupoBanus: 20 MM docdar-
Heid 6ydep (pH 6.2), cogepxanmii 20 MM
CYKIIMHATA.

OGcy:kneHue pe3yJbTaToOB

bria npoBeneHa 4-ctaguiiHasi OYMCTKa U
HOHy‘IGHBI BBICOKOOYHUIIICHHBIC HpenapaTH
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Tabmuma 1. O4rcTka CyKIMHATIETHIPOT€HA3bI U3 TUCTHEB KyKYpy3blI pH 3acoieHnu(n=3, p<0.05)
Table 1. Purification of succinate dehydrogenase from corn leaves during salinization (n=3, p<0.05)

O6BeMy Benok, | OO6iias ax- Yaenbnas ax- Brixon, | Crenenb
Craaus bpaxuui, TUBHOCTb,
3 MT THBHOCTH, E % OYHCTKH
cM E/mr Genka
I'omorenar 5 13.198 0.298 0.023 100 1
DpaKIHOHUPOBAHKE
(NH4):S04 20-60% 2 5.302 0.253 0.048 84.89 2.09
Tems-gusrpaiyi Ha 4 2.846 0.146 0.051 48.99 2.22
cedanekce G-25
Xpomarorpadus Ha 2 0.102 0.126 1.495 42.31 66.31
JIDAD-Sephacel 2 0.101 0.104 0.935 35.05 41.48

O6mas axTHEHoCTE, B/ oM

Komerrpamuis KC1, uM

0 2 4 6 8

10

12 14 16 18 20

Ppasumn

Puc. 1. I[Ipoduns >mroruu ¢ konouku J[9AD-Sephacel nzohepMeHTOB CyKITMHATACTHAPOTCHAZEI
U3 JINCTBbEB KyKYpPY3bl, HoABepriunecs neiictsuto 150 MM xmopuaa HaTpus.
Fig. 1. Elution profile from the DEAE Sephacel column of isoenzymes of succinate dehydrogen-
ase from maize leaves subiected to 150 mM of sodium chloride

CAI' u3 TuCThEeB KYKYpY3bl, MOJABEPIIIUXCS
cosieBoMy cTpeccy (tadm. 1). [Tocne gecop6-
i ¢epmenta ¢ JIDAD-Sephacel nuneit-
HeiM TpagueraToM KCI (50-250 MM) Obimn
MONTyYeHbl [[Ba TMpemapara, 00JaJaroIIux
CYKIIMHATAETHIPOTCHA3HOW aKTHBHOCTEIO.
B omnbITHBIX mpo0ax yaenbHas aKTHBHOCTH
Ui TIepBOro m30(epMeHTa paBHAJIACH
1.495 E/mr Oenka, mpu 3TOM CTENEHb
O4MCTKU cocTaBmwia 66.31 pa3, BbIXOQ —
42.31%. lns BToporo uzodepmeHTa 3Haye-
HHE yJelnbHOU akTuBHOCTH Ob110 0.935 E/MT
Oejika, a cTeleHb OYMCTKU U BuIXOd — 41.45
pa3 u 35.05% cooTBETCTBEHHO.
H3odepmeHTHI CYKIIMHATAETHApOTe-
Ha3bl, TOJyYeHHBIE 13 00pa3IoB, UHKYOUPO-
BaHHBIX B 150 MM NaCl, obnaganu pazHoit
CTCTICHBIO COpPOIMM HAa HOHOOOMCHHHKE
JADAD-Sephacel 0 yeM CBUAETENBCTBYIOT
pe3yabTaThl MPO(UIS SITOUPOBAHHS C KO-
noHku. COrjacHo TaHHBIM JIUTEPATY Pl U30-
anextpudeckas Touka CAI" (pl) paBua 6.34

IIPU 3TOM BeJM4MHA pl BapbupylOT B 3aBU-
CUMOCTH OT aHAJM3UPYEMOH CYObeIMHUIIBI
[10]. IIpu ycnoBusix, cOOTBETCTBYIOMMX pl,
Oesok o0yiaaeT 3apsAaoM M B3aUMOJICH-
CTBYeT [0 MOHOOOMEHHOMY MEXaHHU3MY C
noHuTOM [14].

B nanHoit pabote copbuus gepmenTa Ha
JDAD-Sephacel mpoBoaunacek npu pH 7,8,
41O BbIIIE pl U3yyaemoro gpepmMeHTa U cro-
coOCTByeT (OPMHPOBAHUIO OTPUIATEIH-
Horo 3apsna. Pe3ynbraThl HccienoBaHMA
nokaseiBatot, yto CAI'l u CAI'2 necopbu-
poBanuch ¢ konoHku JIDAD-Sephacel npu
koHueHTpauuu KCI1 91.65 MM u 174.95 MM
KClI (puc. 1). Otnuurie B KOHIEHTPAIIUH Jie-
COpOMpYIOIIETr0 pacTBOpa XJIOpUAA Kalus
yKa3blBae€T Ha pasziuyue B BEIMYUHE II0-
BEPXHOCTHOTO 3apsiia N30(pEepMEHTOB CYK-
LIUHATICTUAPOTeHa3bl M3 JIUCTHEB KYKY-

PY3BL
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Puc. 2. Onekrpodoperpamma B [TAAI ¢ yHUBepCcalbHBIM OKpallMBaHHEM HUTPATOM cepedpa
Ha TOMOTEHHOCTH TOJyYEHHBIX NPENapaToB CyKIMHATIAETUAPOTeHA3bI U3 JIUCTHEB KYKYPY3bl
ipu 3acosieHnu. P — GenkoBele monockl, F — dponT kpacurens, 1 — CAI'L, 2 — CAT'2 [15].
Fig. 2. Electropherogram in PAGE with universal staining with silver nitrate for the homoge-
neity of the obtained preparations of succinate dehydrogenase under salinity stress.
P — protein bands, F — dye front, 1 — HSD1, 2 — HSD2 [15].

Juck-anexTpodope3 B MOTHAKPUIAMHI-
HOM reJie ¢ OKpacKoi HUTpaToM cepedpa 1o-
Ka3aJI TOMOTEHHOCTb ITOJTyYEeHHBIX Tperapa-
TOB M30()ePMEHTOB BO BCEX MpOOax, MoIry-
YEHHBIX IT0CIIe HOHOOOMEHHOH XpoMaTorpa-
¢un. Ilpu nposiBaeHnn OBLIIO OOHAPYKEHO
HaJIMYHUE TOJIBKO OTHON OETIKOBYIO TOJIOCHI B
Ka)xaoM oOpasiie (puc. 2).

3aKiaroueHue

[TomyuyeHHbIe pe3yIbTaThl COTJIACYIOTCS C
JAHHBIMU MPEIbINYIIUX UCCIEA0BaHUH, CO-
[JIACHO KOTOPBIM MOKAa3aHO HaJIMYUE JIBYX
nzopepmentoB C/I" B IHUCTBSIX KyKypy3bI
[11], B nucThsix ropoxa [12]. [Tokazano, uto
B YCJIOBHSIX COJIEBOTO CTPECCa MPOUCXOAUT
MoAyJisitusg BenuuuHbl pH 1uTo30is mMem-
OpaHHBIX OPraHOMJIOB KJIETKU, B TOM YHCIIE
3a CUeT IepepacupeiesIeHUs] BaKyOIsIpHOTO
nyna npotoHoB [13]. I3MeHeHne 3HaueHUi
pH Marpukca MUTOXOHAPHI CKa3bIBACTCS
Ha KOH(OPMAIIMOHHBIX COCTOSIHUSX OEJIKO-
BBIX KOMIIOHEHTOB U30depmentoB CJII, uro
HaXOJIUT OTPAKEHUE B U3MEHEHHUH CPOJICTBA
K cyOcTpary.
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