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HAJT -manatneruaporenasa (HAI-MAT, KO 1.1.1.37) siBasiercst pacipocTpaHEHHBIM (GEPMEHTOM,
UTPAIOLIMM BaKHYIO POJIb BO MHOTMX METOOONMYEeCKMX mpoueccax, Takux kak L[TK, a3oTHelii oOMeH u
tpanciopt HAJIH. Pa3nuuHble yclioBHsI Cpeibl CUIIBHO BIHSIOT HA aKTUBHOCTH (DEpPMEHTOB, aKTUBHPYS WU
uHruoupys ee. Llenpio naHHOW paboThI OBLIO HMCCIIEIOBAHME M3MEHEHHS aKTUBHOCTH MalaTIeTUIpoTreHas
IIPYU IEUCTBUY PA3JIMYHBIX TEMIIEPATYP.

B xauectBe oObekTa uccienoBaHMsl BbicTynanu 10-qHEBHbIE TIPOPOCTKU Zea mays, BbIpalleHHbIE
THJPOTIOHHBIM MeToJ0M. M30(epMeHThl MaJaTAernaporeHas U3 JIMCThEB KyKypy3bl ObUIM OYMIICHBI C MO-
MOIIIBIO YETBIPEXCTAIMHHON OYMCTKH, BKJIIOYABIIEH B ce0s1 CTaauy TOMOTEHU3UPOBAHUS PACTUTEIHHOTO Ma-
Tepuaia, OcakAeHHA OelKa Cynb(haToM aMMOHHMS B KOHIEHTpanuu 25-80% HachleHus, reab-(QuibTpannu
yepes ceagexc G-25 u HOHOOOMEHHOH XpomaTorpaduu Ha KOJIOHKe, 3anmonHeHHoH [IDAD-Sephacel. Dimro-
LSl IPOBOJAWIIACH JTUHENHBIM IPaJUEHTOM XJIOPUCTOIO HaTpus B KoHUeHTpauuu ot 0 1o 150 MM, B nponec-
ce KOTOpOH coOMpanuch (Qpakiuu ¢ MalaTACIHIPOreHA3HOW aKTHMBHOCTBIO. V3MepeHne akTHMBHOCTH (ep-
MEHTOB IIPOBOAMIOCH CHEKTPOGOTOMETPUIECKH 110 ONPENEIEHUI0 CKOPOCTH 00pa30BaHMs MM PacXo0Jl0Ba-
uust HAJIH npu mmuae Bosabl 340 HM. DiekTpoOopeTHYecKue MCCICAOBaHMs MPOBOAMIN B MOJIHAKPHIIA-
MUJIHOM Telie ¢ MOCICIYIONUM YHHUBEPCATLHBIM OKpaIllUBaHHEM OEJIKOB HUTPATOM cepebpa win crerudu-
YECKHUM IMPOABJICHUEM q)epMeHTaTHBHOﬁ AKTUBHOCTU TCTPA30JIMEBBIM MCTOJAOM C HH[[yKLIPIeﬁ O6paSOBaHI/IH
HEepacTBOPUMOTo Iu(opMa3aHa B MECTE PacIioNOKeHHst (hepMeHTa.

[penapar unTonmazmaruueckoit M/II" xapakrepusoBajics yAenbHONH akTHBHOCTBIO 256 E/Mr Genka
u crenenpio ouucTky 115. Beixon cocraBmi 3.5 %. YenbHas akTHBHOCTh MUTOXOHIPHAIBHONW (OPMBI HC-
cienyemoro Qepmenrta paBHsutach 155 E/mr Genka npu crenenn ounctku 67 u Bbixone 2%. Ilepokcuco-
MmanbHas popma M/II™ xapakrepuzoBanack yaenbHol aktuBHOCTEIO 180 E/MT Genka, cTeneHpio O9nuCcTKH 78 1
BEIX0#OM 1%. BbIIO mMoka3aHo HE3HAUMTEIHHOE BIMSHUE MOITy4acoBOM MHKyOamuu depmenta mpu 7, 15,
30°C. OnpeneneHbl TeMIIepaTypHbIe ONTUMYMEI IJIs IPSIMON U 0OpaTHOM peakuuii Tpex (GopM MaraTaermI-
porenas: 25 u 45°C mns nuromnasmarndeckoit u 30 u 45°C mns MuTOoXOHApHANbHONW. TemnepaTypHBIA OII-
TUMYM NIEPOKCHCOMAIILHOM (OPMBI [T peakuii OKMCIEHHUS MajaTa U BOCCTAHOBJIEHHsSI OKCaJloalerara Ou-
HakoB U paBusieTcs 35°C.

KaroueBnbie ciaoBa: HAJl -manataeruaporenasa, Zea mays, HOHOOOMEHHass xpoMaTorpadusi, Tep-
MOCTa0HIIbHOCTB, TEPMOJIAOUIEHOCTb.

MpeBpalieHue OKcajoaleraTa B MaJjlaT C
BeeneHue ucnons3oBanueM HAJIH B kadecTBe Ko-

Manatsiersiporenasa (HAJT-MJIr, $axropa u obecneunparowmuii nporexanne

HAJT'-3aBucHMas  OkcHopeiykrasa, K@ ?HEPrETHYECKOro M KaraGoMYecKoro Me-
b

1.1.1.37) — mmpoko pacnpoctpanenmpii 1a00mm3mMa  [1.2]. B oykapHOTHUECKHX

q)epMeHT, KaTaJII/I3I/Ipy10H_[I/II7I O6paTI/IMO€ KJIICTKaX MOXHO HaWTWU IIO KpaMHCU MEPEC
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nBe (hopMbI TaHHOTO (hepMEHTa: IUTOILIA3-
MaTUYECKyI0 U MUTOXOHIpHanbHyro MJII'.
OpHako y HEKOTOPBIX OpPraHU3MOB BbIJE-
JSIFOT TaKXKe TPEThIO, TIIMOKCHCOMAIIBHYIO
(mepokcucoManbHyto) hopmy [3-5].

B Hacrosimee BpeMsi OUYMILEHHBIE Ipe-
napatbl JIeTujiporeHas, B Tom uucie M/,
IIMPOKO MCIIONB3YIOTCS B OMOTEXHOJIOTHH U
MenumuHe [6,7]. IIpu 3TOM METOAWKHA BbI-
NEJICHUS U OYUCTKU (DEPMEHTOB MOCTOSTHHO
COBEPUIECHCTBYIOTCSA B 3aBUCUMOCTH OT (-
(eKTUBHBIX TapaMeTpoB padoTHl (epMeH-
ta. Takum oOpa3oM, mosiBisgeTcs HE00Xo-
TUMOCTh HCCJIEIOBAHUSI TaKUX XapaKTepu-
CTHK MaJaTAeTHApOoreHassl kak pH u tem-
NepaTypHbIl ONTUMYMBI, BIUSHUE KO]ak-
TOPOB W HMHTEPMEIUAHTOB, CTAOMIBHOCTH
depmenta u T.1. B CBSI3U ¢ 3TUM, IENBIO
JAHHOM paboTHI SBISUIOCH MOJyYeHHE XPO-
MaTorpauuecKuMu METOJaMH TOMOTEH-
HBIX TIpernapaToB ()EPMEHTOB M Ompeiese-
HUE UX PETYJSITOPHBIX CBOMCTB MpHU JeH-
CTBHH PA3JIMIHBIX TEMIIEPATYP.

3KcnepumeHTaanaﬂ YacTb

B kauectBe 00BEKTa MCCIEIOBAHUS BbI-
cTynany Juctes 10-TM ITHEBHBIX IPOPOCT-
KoB Zea mays L (copt — Boponexckas 76).
Pactenus ObulM BBIpAILEHBI TUAPOIIOHHBIM
MeToA0M Mpu Temneparype 25°C.

AxtuBHocte M/l m3mepsiin cnektpo-
(doTOMEeTpUYECKH IO CHI)KEHUIO WM yBe-
JUYEHUIO ONTHYECKON IUIOTHOCTH PEaKIH-
oHHOI cMecu. CkopocTh 00pa3oBaHus WIN
pacxomoBanusas HAJIH wu3mepsnu  npu
340 am nHa C®P-2000 («JIomo», Poccus).
AxtuBHocte MJII' mo oOpatHO#l peakuuu
OTIpeNIeIsTA B Cpelie CIEeKTPO(HOTOMETPH-
poBanus, conepxasiueit 50 MM Tpuc-HCI
oydep, pH 8.0, 1.5 MM okcanoamerart;
0.15 MM HAJZIH u 5 MM xJnopua marsus.
Cpena npu omnpeneneHur CKOPOCTH OKHUC-
neHusi manara cocrostia u3 50 MM Tpuc-
HCI 6ydepa, pH 9.0, 4 MM manara Hatpus
v 1| MM HAJT" u 5MM xJ10puaa Maraus.

Ennnuna depMeHTaTUBHONW aKTUBHOCTH
(depMeHTa paBHAJIACh KOJIUYECTBY (pepMeH-
Ta, KOTOPOE OKUCIISUIO WM BOCCTaHABIIMBA-
1o 1 mxmons HAJIH 3a 1 mun npu 25°C.

OuncTKy OpPOBOIWIM B YETHIpE STama.
Ha mepBom sTame roMOreHU3MpPOBAIH pac-
TUTENIbHBIN Matepuan [8]. Jlanee mpoBoau-
M OCaKAeHue OerKa, KOTOPOe OCYIECTB-
A MyTEM  A00aBJIEHHUS CEPHOKHUCIIOTO
aMmMoHus oT 25 no 80% HachllieHust pac-
TBOpa. HcmonwszoBanme cedanexca G-25
(«Pharmaciay, I1IBerus) mo3BOIHUIO TPOBE-
CTH OYHMCTKY SH3MMa OT CBSI3aHHBIX COJIEH U
MpUMecei, UMEIONUX HU3KUH MOIEKYJISp-
Heli Bec. IlpoBeaeHne HMOHOOOMEHHOM
XpomaTorpaduu ¢ moMoIIs0 3anoIHEHHON
konoHku JIDAD-Sephacel («GEHealthcarey,
[IBeryst), MO3BOIWIO TMONYYHTHh OENKOBBIC
dpakuu, obnamarmye MajaTaeruapore-
HA3HON aKTUBHOCTBIO. DIIONUS TPOBOAU-
Jach JIMHCWHBIM TPATUCHTOM XJIOPHCTOTO
Hatpusi B KoHUeHTpauu ot 0 go 150 MM
[9,10]. Conepkanune Oenka OMpeaAeIsIN
KOJIOPUMETPUUYECKUM MeTOo0oM [11].

OnekrpodopeTHuecKkue  UCCIIeTOBaHUS
npoBoaunu B [TAAT'. 'enu okpammBanu Ha
TOMOT€HHOCTh HUTpaToM cepebpa. Crenu-
(uyeckoe MpOsIBICHUE OCYIIECTBISUIA TET-
pa3oaueBbIM MeToI0M [8].

HccnenoBanne TeMmepaTypHBIX OITH-
MYMOB TPOBOJWIOCH CIIEKTPOPOTOMETPH-
yeckH B MHTEpBasie oT 5 no 70°C nus nps-
Mol u oOparHoll peakuuu. TepmocTaduib-
HOCTb TIPETapaToB ONpPeAeIsUIN IPU TeMIIe-
patypax ot 7 no 70°C B Teuenue 30 MUH 11O
peakiry BOCCTAaHOBJICHUS OKcasoalerara.

ONBITE ¥ AaHATHTHYECKUE OIPEICTICHHS
JUISE KXKIOW MPOOBI OCYIIECTBISITA B TPEX
MOBTOPHOCTAX. JIJis cTaTUCTHYECKO o0Opa-
00TKH UCTIONB30BaICs Kputepuid CThIOIeH-
Ta C MPUMEHEHHUEM ITOTpaBku boHdepponun
Ha MHO>KECTBEHHbBIEC CPABHEHHUS.

O6cyxaeHue pe3ynbTaToB

HAJI -3aBucuMas  OKCHUAOPEMYLUPYIO-
mas MajJaTACTHIPOreHas3a, BbIICICHHAS U3
JUCTBEB KYKYpY3bl, JIOKaJIM30BaHa B TPeEX
KOMIIaPTMEHTAaX: LUTOIUIa3ME, MHUTOXOH-
JPUAX U IIEPOKCUCOMAX.

[Tocre veTbpexcTaguitHON OYUCTKU OBI-
JM TIOJy4eHbl Npernaparbl Tpex ¢GopMm Ma-
JATACTUIPOreHa3:  LUTOINIa3MaTUYECKOH,
MUTOXOHJIPHAJIBHON M TEPKCHUCOMaIbHON
(puc. 1). Ilpm »oTOM, mnpenapar uu-
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Muroxonapraasaas MIAT

IlaronaazvMarageckans N

Mepoxrcncomansaan MNJIT

Puc.1. 3d-mozmenu Manatneruaporenas KyKypysbl, BBIICICHHBIX
U3 pa3IUyHBIX KOMIApTMEHTOB [18].
Fig. 1. 3d models of maize malate dehydrogenases isolated from various compartments [18]

Ta6bnuua 1. Dranel ounctkr HAJI -3aBHCHMOM ManaTAerMaApPOTeHashl M3 JIUCTHEB KyKYPY3bl

(n=3, p<0,05)
Table 1. Stages of purification of NAD'-dependent malate dehydrogenase from maize leaves
(n=3, p<0.05)
V, | benok, Obmas VaembHas Brixon, | Cremnenn
Cragus 3 aKTUBHOCTH, | aKTHBHOCTH, o
cM MI % OUHCTKHU
E. E/mr 6enka
1) l'omorenar 10 64 150 2.3 100 1
2) dpakIHOHUPOBAHUE
consmn (NH.),SOx 1 6.8 47.9 7 32 3
3) I'enb-punbrpanus yepes
cedanexc G-25 5 6.5 45 6.9 30 3
4) MonooOMeHHas 2 0.02 53 256 35 115
xpoMmatorpadus Ha J[DAD- | 2 0.02 3.1 155 2 67
SEPHACEL 3 0.01 1.8 180 1 78

torasmartnueckon M/II' xapakrepusoBai-
sl yACTbHON aKTHBHOCTBIO 256 E/Mr Oernka.
Crenenb ouMcTKM paBHsutach 115. Beixon
coctaBui 3.5%. YaenbHas akTUBHOCTb MU-
TOXOHApPUAIBbHON (opmbl paBHAnace 155
E/mr Genka mpu CTeneHn OYMCTKH 67 U BHI-
xone 2%. IlepokcucomanbHas ¢opma Xxa-
PaKTEpHU30BaIACh YJEIbHONM aKTHBHOCTHIO
180 E/Mr Oenka, CTEeNEHbIO OYHUCTKH 78 U
BeIXoaoM 1%.

AKTUBHOCTh (pepMEHTa 3aBUCUT OT TEM-
nepaTtypbl: C OAHONW CTOPOHBI, YPE3MEPHO
BBICOKME TEMIIepaTypbl CHIDKAIOT €€ 3a
cyeT neHatypanuu 6enka. C apyroit ctopo-
Hbl, [IOBBIIIEHUE TEMIIEPATypbl MOXET
YCKOPATH 00pa3oBanue hepMeHT-CyOCcTpaT-
Horo komruiekca [12]. IIpu atom, 3adactyto
TEMIIEPATYPHBIIl ONTUMYM 3aBUCUT OT Cpe-
Ibl obuTaHusT u3yyaemoro oowekra. Tak,
HanpuMep, ONTUMajlbHas TemIepaTypa
pPACTUTENbHBIX U JKUBOTHBIX (DEPMEHTOB

ropas3io HUXe, YeM ONTUMYM (EepMEHTOB
TepMOQHIBHBIX OakTepuii [12-14].

Jlis mpsiIMOM peaku MajaTIeruapore-
Ha3 KyKypy3bl U3 HUTOIUIa3Mbl H MUTOXOH-
Jpuil XapakTepHbl Oojiee HU3KUE TeMIlepa-
TypHble onTUMyMbl — 25 u 30°C cootBet-
CTBEHHO. MaKkCHUMaJIbHYIO0 CKOPOCTh 00paT-
HOM peakuuu LUTOIUIa3MaThyecKas gopma
npossisiia npu 40°C, a MUTOXOHIpHANIbHAS
dopma — mipu 45°C. Takoi cIBUT Temriepa-
TYPHOTO ONTHUMyMa YKa3blBaeT Ha Bax-
HOCTb NPSIMOM PEAKIMU U CBS3AHHBIX C HEMN
GbyHKuMil hepmMeHTa, a IMEHHO PaboTy IMKIIA
Kpebca u 3amacanme manara. Temnepatyp-
HBI ONTHUMYM TE€POKCHCOMAaTIbHON (HOpMBI
JUISL peaklid OKMCJIEHMs MajlaTa U BOcCTa-
HOBJICHHsI OKcajloaleraTa OJMHAKOB U paB-
usercs 35°C (puc. 2,3).

TepmocTaOUIBHOCTh (pepMEHTa SIBIISET-
Csl BOXHBIM TIApaMETPOM, KOTOPBINA OIIpe-
JensieT BO3MOXKHOCTb €ro npuMeHeHus [15-
17]. Ilpu BBICOKMX TeMIiepaTypax
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Puc. 2.0npenenenue TeMnepaTypHOro OI- Puc. 3. Onpenenenue TeMnepaTypHOro or-
TUMyMa MaJaTACTHPOTEHA3HI 110 MPSIMOM TUMyMa MaJaTACrHIPOTeHaskl o 00paTHON
peaxkuuu. tM/II" — nurorasmaTudecKkas peakuuu. tM/II" — nuronnazMarudeckas
thopma, MM/II" — MuTOoXOHpUaNBbHAS (HOp- ¢dbopma, MM/II" — MuTOXOHApHANEHAS HOp-
ma, tM/JII" — mepokcucomanbHas popma Ma, tM/II" — mepokcucomanbras Gopma
Fig. 2. Determination of the temperature Fig. 3. Determination of the temperature
optimum of malate dehydrogenase by direct optimum of malate dehydrogenase by the
reaction: cMDG — for the cytoplasmic form, reverse reaction: cMDG — for the cytoplas-
mMDG - for the mitochondrial form, mic form, mMDG - for the mitochondrial
pMDG - for the peroxisomal form form, pMDG - for the peroxisomal form
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Fig. 6. Changes in the activity of peroxisomal MDH at following temperatures
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KOJIJIOWJAHO-XUMHUYECKasi aKTUBHOCTh (hep-
MEHTOB pa3pyllIaeTcss U B pe3yjbTaTe OHU
TEPAIOT KATAIUTUYECKYI aKTUBHOCTB. [y
BCEX (PEPMEHTOB CYMIECTBYIOT IUAMa30HBI
TeMIIepaTyp, P KOTOPHIX OHU JEHATypH-
PYIOT U TOJHOCTBIO TEPSIOT CBOKO AKTHB-
HOCTb. brTo TTOKa3ano, yTo M/II" Hanboee
ctabubHa B mpenenax temmneparyp oT 0 mo
30°C. Temmnepatypsl Bbitie S0°C npuBOasT
K OblcTpoit gerpagaumu (epmenra. Ilpu
9TOM, HanboJjiee CTaOMILHOMN SBJISIETCS IH-
ToIjIa3MaTuyeckass ¢Gopma MalaTaeruapo-
reHas3bl, KOTOpas BBIJEPKUBAET HarpeBaHUE
¢depmenta 1o 70°C B TeueHue moiydvaca, B
TO BpEMsI KaK MUTOXOHIpHaJIbHAs U NEPOK-
cucoMalibHasi ()OPMBI TOJHOCTBIO TEPSIOT
aKTUBHOCTH 4epe3 10 u 5 MUHYT cOOTBeT-
CTBEHHO (puc. 4-6). Takoe paznuune MOXeT
OBITH CBSI3aHO CO CTPOCHHEM H30(epMEH-
ToB. M3BEeCTHO, TO MaJaTAEruIpOreHasbl
MOTYT OBITH aKTHBHBI B (hOopMe ITUMEpOB,
TerpamepoB U oiauromepos [1]. I{uromas-
MaThyeckas (opma, B OTIMYHME OT MHTO-
XOHJpPHAIBHOW ¥ NEPOKCHCOMAJbHOI,
UMEIOUINX JIUMEPHOE CTPOEHHUE, SIBISETCS
terpamepoM [4]. Beicka3piBaeTcsi mpenro-

JIO’)KEHUE, YTO TpPU YaCTUYHOW TEIIOBOM
JIeHaTypauuu unurormiasMaruueckas M/
CrocoOHa pacrmajaTrbCcsi Ha aKTUBHbBIE TU-
MEpHBIE (HOPMBI.

3aknoyeHue

YerslpexcTanuitHas  epMeHTaTUBHAs
OYMCTKA MO3BOJIWIIA MOJTYYUTh TOMOTECHHBIC
rmpenaparsl  pa3iu4yHO  JIOKAJIU30BaHHBIX
uszopepmentos HAJI'-manatmeruaporena-
3Bl U3 JINCTHEB KYKYPY3bl.

DbblIM BBISBIIEHBI TEMIIEPATypPHBIE OINTH-
MyMBl JJIs LHATOIUIA3MAaTHYECKOH, MUTO-
XOHJPHUATILHON U MEPOKCUCOMAIIbHOMN (opM
M/T'. IToka3aHo BausiHUE TeMIIEpaTypbl HA
aKTUBHOCTh (epMEHTa TpHU WHKyOaIum.
HHTEpecHO OTMETUTH, YTO y Pa3IM4HO JIO-
KaJan30BaHHBIX m3odepmentoB M/ ompe-
JeJAIach pa3Has BEJIMYMHA ONTUMAJIbHON
TeMIieparypsl. /[lemaercs 3akitodyeHHEe O
pa3IUYHON TEepMOCTaOMIBHOCTH U TEPMO-
1a0UIBPHOCTU LIMTOIUIA3MaTUYECKOM, MUTO-
XOHIpUAJILHON U MEPOKCUCOMANIBHON GopM
MaJIaTAETHIPOTEeHA3.

Paboma evinonnena npu noodepocke Munucmepcmea HayKu u vicuteco oopazosanus PO
6 pamkax 2ocyoapcmeentozo 3adanus BY3am 6 cghepe nayunou oesmenvrnocmu
Ha 2020-2022 200v1, npoexkm Ne FZGU-2020-0044.
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The application of ion-exchange chromatography
for the separation of NAD*-dependent malate
dehydrogenase isoforms from maize for investigation
of their thermal stability and thermolability

© 2021 Gataullina M.O., Eprintsev A.T.

Voronezh State University, Voronezh

NAD"-malate dehydrogenase (NAD*-MDH, EC 1.1.1.37) is a common enzyme playing an im-
portant role in many metabolic processes such as TCA, nitrogen exchange and NADH transport. Different
environmental conditions strongly affect the activity of enzymes, activating or inhibiting them. The aim of
this study was the investigation of the changes in the activity of malate dehydrogenases under the action of
various temperatures.

The object of the study was 10-day-old Zea mays seedlings grown hydroponically. Malate dehydro-
genase isozymes from maize leaves were purified using a four-stage purification, which included the stages
of homogenization of plant material, protein precipitation with ammonium sulphate at the saturation of 25-80
%, gel filtration using Sephadex G-25 and ion exchange chromatography on a column packed with DEAE-
Sephacel. Elution was carried out with a linear gradient of sodium chloride at a concentration from 0 to 150
mM and the fractions with malate dehydrogenase activity were collected. The measurement of enzyme ac-
tivity was carried out spectrophotometrically based on the determination of the formation or consumption
rate of NADH at a wavelength of 340 nm. Electrophoretic studies were carried out in polyacrylamide gel
followed by universal staining of proteins with silver nitrate or a specific staining for enzymatic activity us-
ing tetrazolium method with the induction of the formation of insoluble diformazan at the site of the enzyme.

The cytoplasmic MDH preparation had a specific activity of 256 U/mg protein and a purification
degree of 115. The yield was 3.5%. The specific activity of the mitochondrial form of the studied enzyme
was 155 U/mg protein with a purification degree of 67 and a yield of 2%. The peroxisomal form of MDH
was characterized by a specific activity of 180 U/mg protein, the purification degree of 78, and a yield of 1%.
An insignificant effect of 30 min incubation of the enzyme at 7, 15, and 30°C was demonstrated. Tempera-
ture optima for the direct and reverse reactions of three malate dehydrogenase isoforms were determined: 25
and 45°C for cytoplasmic, 30 and 45°C for mitochondrial isoform. The temperature optimum of the peroxi-
somal form for the reactions of malate oxidation and oxaloacetate reduction was the same, 35°C.

Keywords: NAD"-malate dehydrogenase, Zea mays, ion exchange chromatography, thermal stabil-
ity, thermal stability.
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