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Hezamuenuii éniug saconenozo cepedosuuya Ha pociunu nepedycim 3ymosieHull npucymuicmio Na*
8 COJIAX SIK IXHbO2O 20/106H020 Kamiona. Ha kaimunnomy pieni 3axucm pociun 8io mokcuynozo Na* nonseace 6
NIOMPUMAHHI 1I020 HU3LKO2O PIBHA 8 YUMONIA3MI WIAXOM UOATIeHHS HA308HI A 00 8AKYO0AAPHO20 NPOCHIO-
py 3a oonomoeoio eémopunnoakmusnux Na*IH*-anmunopmepis. Conecmitikocmi pociun 6daemvcsi 0ocsiemu,
aKmugyouu QYyHKYIOHY8AHHA YUX AHMUNOPMEDPIB 3d OONOMO20I0 Memo0die 2eHHOI iHJCeHepii, a MaKoic 3a-
NPONOHOBAHO20 HAMU 3ACMOCYBAHHA DIOAKMUBHUX NPENnaApamis.

Jocnioaceno eniug 080x Oewesux i HeMoOKCUYHUX CUHMeMUYHUX npenapamis. Memiypy, akuil 6usaensie
CUTILHY CONenpOmMeKmopHy eiacmugicmo ma Iginy, 6 K020 60HA € He3HAUHOI0, HA (yHKyionyeanns Na*[H*-
aHmunopmepa NAA3MamudHoOi MemMOpany 8 KIIMUHax KOperie npopocmKis KyKypyosu, ekcnonosanux na 0,1 M
NaCl. B ymosax 6e3conbo6020 konmponio akmusticms Na*IH*-aumunopmepa 6 knimunax kopenis 8-00606ux
NPOPOCMKIB BUABUNACH OYIHCE HUZLKOIO, dle 0ewo 3pOCmaia 3 iXHiM 8ikom, mooi AK cladKka ekcnpecis eeHa
ti020 npomeiny ne sminiosanace. 3acmocysanns npenapamie Memiyp ma Isin 6 konyenmpayii 107 M winsxom
nepedobpoOKU HACIHHA He 8NIUBANA HA AKMUBHICMb AHMUNOPMEPA NPOPOCMKIE BUPOUEHUX 3G HOPMATbHUX
ymos. Qonooobosa excnoszuyis na 0,1 M NaCl snauno nocuniosanra akmusnicmo Na[H -anmunopmepa ma
excnpeciio 1102o eena, xoua 3a 10-000060i excnozuyii oouosa egpexmu 3nuxau. ¥ pazi 00no006060i conbosoi
excnoszuyii Memiyp cnpuuuniosas nooanvuie nocunenns akmuerocmi Na*IH -anmunopmepa, saxe 36epizanoco
3a n000sdcenHs excnozuyii 0o 10 Ouis, ne 3minI0O4U eKcnpeciio oo eena. Ilpu yvomy egpexm Isiny na moe-
Kysipry akmusHicmo Na*lH -anmunopmepa 6ye nesnaunum, a Ha ekcnpeciio 1o2o 2ena 6i0CymHuim.

Ooeporcani pezyromamu c8i0uaoms, wo Mexawizm coienpomexmopnoi 0ii Memiypy na pociunu
8 YMOBAX CONbOBO2O CMpeECy, 3YMO8IeHo20 npucymuicmio Na*, nonseae 6 1020 30amHOCMi NOCUNIOBATNU
pynryionysanns Na*IH -anmunopmepa naasmamuunoi memopanu 6 Kiimunax Kopemis, uo 6i00y6acmvcs Ha
MONEKYNAPHOMY DIGHI.

Knwuoei cnoea: Zea mays L., niazmamuuna memopana, coavosuil cmpec, Na‘lH*-anmunopmep,

Memiyp, Igin.

ACOJICHHS TPYHTIB € OJHUM 13 HAHCHIBHIITHAX

CTpecopHUX (DAKTOPIB IJISI POCIHH, SKUH

00MeXye iX BUIOBY pi3HOMAHITHICTB Ta MIKO-
IATh arpOBHPOOHMIITBY B CBITOBOMY MAacIITa0i.
ConpoBHUI CTpEC € CHITBHUM pPE3yJIBTaTOM IOpY-
IIEHHS B POCIWHHOMY OpraHi3Mi OCMOTHYHOTO i
IOHHOTO TOMEOCTa3y, M0 CYIPOBOMKYETHCS BH-
HUKHEHHSM BTOPHHHOTO OKHCITIOBAJIFHOTO CTPECY.
[Ipu mpOMy BaXKiCTh 1 HE3BOPOTHICTH il CONBO-
BOT'O CTPECY 3YMOBIIOETHCS TIPUCYTHICTIO HATPITO,
SIKUM € TOJIJOBHUM KAaTiOHOM COJIEH, 1[0 3aCOJIIOIOTh
rpyHTH. TBapuHHI 1 pPOCTUHHI OpraHi3MHU JOKOPIHHO
BIAPI3HAIOTHECS CBOIM BITHOIICHHSIM IO HATPIfO,
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OCKUTBKH IS TIEPITUX BiH € JKUTTEBO HEOOXiTHUM
€JIEMEHTOM, a JIJI APYTUX — HE JTUIIEC HEMOTPIOHNM,
ajie i TOKCHYHUM, 1110 BUSBJISETHCS HA KIIITHHHOMY
piBHI. ToMy amanrarist poCIIHH 1O YMOB 3aCOJICHHSI
TIOJISITa€, TOJIOBHUM YMHOM, Y TiATPAMaHHI HU3bKO-
ro piBHsA Na* B IUTOIIIIa3M1 MOJIOIUX KJIITHH.
Bmict Na® B nmTomiasMi 3aleXHTh Bil
IHTCHCHBHOCTI OT0 HaAXOKEHHS B KJIITHHY, a Ta-
KOX BUJAJICHHS HA30BHI Ta KOMIapTMEHTaJi3aIlii
y BakyodsspHomy mipoctopi [1]. [IponnkaenHsT Na*
Kpi3b IIa3MaTHIHY MEMOpaHy BigOyBaeThCcs Ta-
CHBHO Mo KaHamax s K', ctBoprorounm aedinut
octauHboro [2]. Tomy perynsmii miagaroTeCs IuIe
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MpolecH HOro akTUBHOTO BUAAJICHHS KPi3b IJ1a3Ma-
TUYHY 1 BAKYOIISIpHY MEMOpaHH, SIK1 3111 HCHIOIOTHCS
BTOPMHHOAKTHBHUMU Na*/H*-anTunoprepamu,
OI0 BHUKOPHUCTOBYIOTH CHEpPril0 MEeMOpaHHUX
MOTEHI[iaIiB, CTBOPEHUX MEPBICHOAKTUBHUMH — Ha-
cocamu [3].

[lpuurHa TPOTHIICKHOI pPOIi, AKy Bimirpae
Na* y mpeacTaBHHMKIB JBOX LApCTB KUBOI MPHUPO-
1Y, TIOJISITa€ B TOMY, L0 B POCIMHHUX KIITHHAX,
Ha BIAMIHY BiJl TBapHHHHUX, EJICKTPOXIMIUHHUI
MOTEHINial Ha IUIa3MaTHYHIM MeMOpaHi CTBOpPIO-
€Tbcs He Na'-HacocoM, MEXaHi3M SIKOTO perpe3eH-
toBaHuit Na*/K'-ATPa3oro, a H*-Hacocom, mo 0yio
BcraHoBieHo Pamonom Ceppano [4]. MexaHnizm
Hioro mii perrpe3enToBanuit H*-ATPa3or0, sika Takox
HanexuTh 10 E1-E2-tuny tpancnoptaux ATPas.

Na*/H*-antumoprep mmasMaTHaHOi MeMOpa-
HU € NPOTEIHOM, MOJINENTHAHUN JIAHIIOT SIKOTO
nepetnHae ii 12 pasiB, a moBruii C-kiHeUb 3aHY-
peHuil B muTomiasMmy [5]. Y pocinHax KyKypyma3u
el mpotein komyerbes reHoM ZmSOSI, mo Mmae
MOJIeKYJIsIpHY Macy 126,2 k/la i ckmagaeThes 3
1136 aminokucnoTHux 3anumkiB [6]. Poiar Na'/
H*-aaTunopTepa mia3zMaTUYHOI MeMOpaHH B poc-
JMHHOMY OpTaHi3Mi He OOMEXYEThCS JIUIIIE BHJIA-
JICHHSIM 13 KJIITHH Na*, ajie CTOCYy€eThCs TaKOX HOro
PO3MOALLY MiX OpraHamMHd, OOMEKYIOYH HaKOIIH-
YCHHS B KJIITUHAX TKAHWH [7], B IKHX B1JI0YBAETHCS
dorocunTes.

Perynsuiss  Na*/H'-antumnoprepa  ria3ma-
TUYHOT MEMOpaHU 3IIHCHIOETBCS 3a JIOMOMOTOIO
curnaisHoro muisaxy SOS (Salt Overley Sensetive),
SKUH cKIanaeTbes i3 mpoteiniB SOS3 — SOS2 —
SOS1. ®yHkuioHyBaHHS HOTO aKTUBYE KOMIIOHEHT
SOSI, sxkum e Na*/H*-antunoprep [8, 9]. YBa-
I'y JOCHiIHUKIB OyJO CIpSIMOBAaHO Ha MOCUJICHHS
COJIECTIMKOCTI POCIMH Ha II0 PETYJISTOPHY CHUCTE-
My, NPUYOMY JOMOITHCS PaJAMKAIBHOIO YCIHIXy
MOXKJIUBO OyJO MUISXOM BOYMOBH YYKOPITHUX
T'eHiB, AKi KOAYIOTh MOTYXKHIIII MPOTEIHU CUCTEMHU
SOS [9].

Taxum 9UHOM, TOCUJICHHS COJIECTIHKOCTI poc-
JIMH 3aJIMIIA€THCS AKTYaJIbHOIO MPOOJIEMOI0, MpH-
oMy HaAHTEPCHEKTHBHIMIAM CIIOCOOOM i1, Xoda
W HEpaJuKallbHOTO BHPINICHHS, € 3aCTOCYBaHHS
010aKTHBHUX TIpENapariB aJanTOreHHOTO CIPAMY-
BaHHsI. 3 I[I€10 METOI HAMH OYJI0 JOCIIKEHO CoJie-
NPOTEKTOPHY BJIACTUBICTh Y HHU3KH CHUHTETUYHHX
npernapatiB. Haiikpamii pe3ynbraTv BHSIBHUB JelIe-
BUl 1 Oe3neunuid npenapatr Metiyp (puc. 1). Ha
miicTaBi pe3yabTaTiB 1a00paTOpPHUX, BEreTalllitHIX
i TOJNBOBUX JOCHiJIB BiH OYyB 3alpOIOHOBAHUU
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Puc. 1. Cmpyxmypni popmyru  euxopucma-
HUX 68 pobomi  OioaKMUGHUX  npenapamis.
A — Memiyp — mnampicsa cino (6-memun-2-
Mmepkanmo-4-ciopoxcunipumioun); b —  Igin

(N-okcuo-2,6-0umemuanipudut)

HaMH UL BUPOILYBAaHHS KyKYpyA3H Ha 3€pHO SIK
HalconeuyTmBimoro 3maky [10, 11] B ymoBax 3a-
COJICHHA.

3’sicyBaHHsS BIUIMBY MeTiypy Ha BUAAJICH-
Hs1 Na* 3 pOCIMHHUX KJIITHH MPOBOJIMIIOCS HAMH B
HOPIBHSAHHI 3 AI€I0 IHIIOTO Oi0aKTHBHOTO IMpera-
pary, sikum € IBin (puc. 1). YV Hamux momepegHix
JOCiIax BiH MOKa3aB Ol cIadKy COJernpoTeK-
TOPHY BJACTHUBICTb, SIKa BHSBISJIACA B WOro il
NepeBaKHO Ha HAJ3€MHY YacTUHY DPOCIWHH, SKa
BTpayanacsi B pa3i Mepexomy POCIHH 10 Hepiomy
reHepaTUBHOTO po3BUTKY [11]. 3a BuBUEHHS
0IOXIMIYHMX MEXaHI3MiB COJCNPOTEKTOPHOI [ii
oUX TpenapaTiB HaMu OyJO MPOJEMOHCTPOBAHO
nepeBary Mertiypy mogo mnociabiaeHHs TPOsBiB
OKHCIIOBAJIBHOTO cTpecy [12], migTpuMaHHs oc-
MOTHYHOTO TOMEOCTa3y 3a JIOMOMOTOI0 MOCHIICHO-
ro cuHTe3y ocmolitie [13], cTabimizamii Jimi HOTrO
CKJIaJy IUIa3MaTuuHoi MemOpanu [14], a Takox
aktuBauii H'-HacociB mia3MaTH4HO 1 BaKyOJISIpHOT
MeMOpaH, MEXaHi3MH SIKHX Pelpe3eHTOBaHI TpaHc-
noptaumu H*-ATPazamu [15].

Metoro  poOOTH  CTaJi0  JIOCIIIJUKEHHS
MexaHi3MiB il 1uxX Ol0aKTUBHUX THpenapaTiB
Ha (hyHKIIOHYBaHHS Na*/H*-antunoprepa

I1a3MaTUyHOi MEeMOpaHU B YMOBax 3acOJICHHS
HUIAXOM 3’siCyBaHHSI iX edekTy Ha MOJEKYJISpHY
AKTHBHICTB HOT0 MPOTETHY Ta EKCIPECII0 KOAYIOUO-
ro reHa.

Marepiayu i meToau

O0’eKTOM JOCITIP)KEHb CIyTYBalld MPOPOCT-
K1 KyKypyasu Zea mays L. (riopun «Octep CBy),
SIKI BUPOILYBAJIM Y BOAHIN KYJNBTYpi Ha MOXHBHO-
My cepenosuii Xorienaa npu 25 °C ta OCBITICHHI

135



EKCITEPUMEHTAIJIBHI POBOTU

50 Bt/m?. CemuieHHI MPOPOCTKH TEPEHOCHIIN Ha
cBixe cepenosuile, sike mictuiio 0,1 M NaCl, o
€ KPUTHYHOI KOHILEHTPALIEI M KYKypyI3u i
excrionyBanu 1 a6o 10 ni6. bioakTuBHI npenapa-
i Mertiyp Ta IBiH 3acTOCOBYBaJIM LUISIXOM 3aMO-
qyBaHHs 3epHiBOK y 107 M BoaHMX po3umHax ix
npotsirom ao6u. KoHTposem ciyryBaid mpopocT-
KM, HACIHHS SIKUX OYJI0 3aMOYEHE B JUCTHIILOBAHIH
BOJII.

Opakiiito miIazMaTHIHUX MEMOpaH 130J1I0BaIN
MeronoM moainy a3 [16]. MemOpaHHi mpema-
patu oJepKyBalld 3 YChOIO KOpeHst 0e3 #oro
MOALTY Ha OKpeMi TKaHWHHU LUISIXOM LEHTPUY-
ryBaHHs Ha ynpTpaneHTpudysi Optima tm L-90K
Beckman Coulter. Ynuctory onmepx)aHux (pakimii
1 HasiBHICTP MEMOpaHHUX JOMILIOK BU3HAYaIH 32
AKTHUBHICTIO MapkepHUX eH3uMiB [16]. KinmbkicTh
MpoTeiny BUMiproBanu 3a MetoaoM [18]. s noOy-
JIOBU KaiOpyBaJbHOTO rpadika BUKOPUCTOBYBAIH
anpOyMiH KPOBI JIOMHU.

AxkrtuBHicTh Na*/H*-00MiHy B ma3maru4Hii
MeMOpaHi  BU3HA4YaIu  (PIYOPECIEHTHUM  Me-
tomoMm [17]. BuMiproBaHHsI 3IiliCHIOBaJIM Ha
cnekrpodayopumerpi Shimadzu RF-1501 3a 30y-
moxeHHs npu 430 HM, ewmicii 50 HM Ta mWUpHHI
miaveu 10 HM.

Peakuito posmounHanu noiaBaHHsM 3 MM
MgSO, ta 3 MM ATP, a micis JOCATHEHHsS
¢dyopecueHIii mocTiiHOro piBHA BHOCHIN 3 MM
Na,SO,, dikcyroun 3naueHns yepes 30 ¢ micias 1o-
JaBaHHS OCTAHHBOTO PEAKTHUBY.

3Mminy ¢uryopectieHiiii oouucaoBaiu 3a Gop-
MYJIOHO:

AF% = (F,~F/F, —F._)100%,

max min-

ne F, ) — dmyopecuennis uepes 30 ¢ micns monaBan-
ns Na,SO,, F, - (hyopecueHIlis micis J0IaBaHHs
3 MM MgSO, ta ATP, F . — dryopecuenuis micis
BpIBHOBaKEHHS PeaKIliifHOT CyMilli MpoTIroM 5 XB
B TEMHIli Kamepi, Bupaxkena B A%F/Mr nmpoTeinyXB.

3acTocoBaHi pEaKTHBH BITUYM3HSHOTO BH-
pOOHHMIITBA Masd Kiacu}ikalio «4aa», Kymaci
sickpaBo-OnmakutHuii — Fluka (IlBeitnapis), pemra
peaxTtusiB — Sigma (CLLA).

Excnpecito reHa Na*/H*-antumnoprepa
OLIIHIOBAJIHA Ha miicTasi HAKOIMMYEHHSI
HOro  TpPaHCKPUNTIB, BHU3HAYAIOUH  METOAOM
HaMiBK1JIbKICHOT 3BOPOTHO-TPaHCKPHITIIIHHOT
noJjiiMepasHoi JaHirorosoi peakiii (3T-ITJIP). dus
i3omoBanHg 3aranbHoi PHK  BukopucToByBann
HaOip peakturiB GeneJetTM Plant RNA Purification

136

Mini Kit (Fermentas, JIutsa). KinbkicHuii ananis
PHK s3pgificHroBanu cneKTpopOTOMETPHYHUM Me-
TOJIOM, a SIKICHUH — HUISIXOM enekTpodopesy B 1%-
My arapo3HOMy Teji B yMmoBax neHaTypauii [19].
3BopoTHy TpaHckpuriito TotanbHoi PHK (1 ur)
Ta aMIUTiQiKanilo MPOBOAMIM Ha aMIuTipikaTopi
«Tepuuk» 3 BHKOPHCTaHHSIM Ha0OpiB pearcHTiB
(Fermentas, JlutBa) Ta crnenudiyHUX MnpaiimMepiB
0 minsHkM reHa ZmSOSI, mo Maiau HacTynHY
HYKJIeOTUaHy mnochigoBHicTh: Sense 5-TGT TGC
GTC ACT TTG GGT AT-3’, Antisense 5-TCC TCG
TCA TCC CTT AGT TC-3' [6]. Ammiidikarito
3MIMCHIOBAIM B TEMIIEPATypPHOMY pexumi: 95° —
3 xB, (95° - 30 ¢, 55°- 30 ¢, 72°- 30 c) — 30 uukIiB,
72° — 1 XB, BUKOPUCTOBYIOUH HETaTUBHI KOHTPOJII —
6e3 k/IHK Tta 3 torampnoro PHK. IIponmykr
3T-ITJIP posainsnu y 1,5%-My arapo3HoMy reini B
OPUCYTHOCTI OPOMHUCTOTO €THMIII0, BizyaniyBaslu
B yJabsTpadioneToBomMy cBiTHi Ta (oTorpadysann
3a JIOMOMOro cuctemu Bio-Vision. 3HIMKH TeniB
aHamizyBasu B mporpami GelAnalyzer. PiBenb
eKcIIpecii TeHiB HopMaTi3yBaJIH BiJIHOCHO eKcIpecii
reHa o-TyOymiHy Kykypyasu (ZmTUAS) sk eHpo-
TEeHHOTO KOHTPOITIO.

Bcei pocniu 3ilicHIOBaIA B TPHOX MOBTOPAX,
BIPOTiIHICTh OACPKAHUX PE3yJbTATIB MEPEBIpsLIN
3a t-kputepieM CThIOJICHTA.

Pe3yabraT Ta 00roBOpeHHs

Busisieno, 10 AKTUBHICTh Na*/H*-
aHTHUIIOpTEpa MIa3MaTHYHOI MEMOpaHU B KOPEHSX
8-11000BUX KOHTPOJBHUX IMPOPOCTKIB Oyyia Jjen-
BE MMOMITHOIO, TpoTe 4epe3 10 mid mocuiroBanacs
B 4 pasu (tabm. 1). HasBHIicTh 1[pOr0 mpoteiny 3a
BigcyTHocTi B cepenoBuini NaCl Oymo mokazaHo
METO/IOM IMYHOOJOTHHTY B KOPEHSX 1 JUCTKax y
Arabidopsis thaliana [20]. ToMy HU3bKY aKTHBHICTb
Na*/H*-anTunoprepa B MOJOIIIUX MPOPOCTKIB 32
KOHTPOJIBHUX YMOB MO)KHA TIOSICHUTH HOTO TIepedy-
BaHHSIM B HEAKTUBHOMY cTaHi [1]. 3a BiJicyTHOCTI B
CEepEeIOBHILI HATPIIO BIUIMB NpemnapariB MeTiyp Ta
IBin Ha aktuBHicTH Na'/H*-antumoprepa He 0yso
BUSIBIICHO.

OnmHomoOoOBa  €KCTO3UIlisl  MPOPOCTKIB Y
npucytaocti 0,1 M NaCl cnpuunnioBanra 6-pa3o-
Be TOCHWJIEHHS akTuUBHOCTI Na'/H*-amtumoprepa,
gKe OyJl0 KOPOTKOYaCHHM, CKOPOYYIOUHCH 32
10-n060B01 710 33%. (Tabiu. 2). [logiOHa TeHaeHIIis
criocTepiranacsi TaKOX y KOPEHSX SYMEHIO, e
akTuBHICTH Na‘/H-anTHmoprepa mocsraga MakcH-
MyMy 3a 106oBoi ekcrio3unii Ha 0,1 M NaCl i3 no-
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Tabnuysn 1. Bnaus npenapamie na axmusnicmo Na*lH*-anmunopmepa naaszmamuunoi membpanu 6
KITMUHAX KOPEHi8 npopocmkie KyKypyosu (A%F/me npomeinyxs)

Bik mpopocTkiB — | % mno BigHOmeHHO | Bik mpopocTkiB — | % 0 BiHOLIEHHIO
[Ipenapar . .
8 ni6 JI0 KOHTPOJTIO 17 ni6 JI0 KOHTPOJTIO
Kontpons 0,068 £+ 0,02 100 0,273 £ 0,09 100
Meriyp 0,088 = 0,03 129 0,280 = 0,07 102
IBin 0,071 £ 0,04 104 0,275 + 0,09 99

Tabnuysn 2. Bnaus npenapamieé na axmusnicme Na‘lH*-anmunopmepa nnazmamuunoi memopanu 6
KIMUHAX KOPEHi8 npopocmkie KyKypyosu (4%F/me npomeiny-xa), excnonoganux y npucymuocmi 0,1 M NaCl

Tepmin excriosutii Ha 0,1 M NaCl
. 1 noba 10 116
Bapiant % 10 % 10
AKTUBHICTB % no NaCl | AKTUBHICTH % no NaCl
KOHTD. KOHTD.

KonTtposnb 0,07 £0,02 100 - 0,27 £ 0,09 100 -
NaCl - 0,41 £0,02% 603 100 0,36 + 0,08 133 100
NacCl Mertiyp 0,49 £ 0,02%* 721 119 0,61 +£0,07* 223 168
NacCl IBin 0,41 0,02 603 100 0,42 = 0,01 155 116

M+ m; n=26,P <0,05; *Bipori Ho BiAHOCHO KOHTPOJIO 0€3 COJILOBOI EKCIMO3MIIIT; *BIpOriTHO BiTHOCHO KOHTPOJIIO 3a

COJILOBOI €KCITO3MIIT

nanpmuM naginasaM [21]. 3actocyBaHHsT MeTiypy
3yMOBIIIOBAJIO MiJBUIIEHHS aKTUBHOCTI aHTHUIIOP-
Tepa, AKe 3HAYHO TOCHIIIOBANIOCS B pasi IMOJOB-
KEHHS CONboBOI excro3uii 3 19 no 63%. Cnabkuii
no3uTuBHUU edekt IBiHY crmocTepiraBcs nuime 3a

ITOIOBXKEHOI COJIbOBOi  €KCIO3MIii, CTAHOBJISIYH
BChOTO 16%.

KopoTkouacHe  MiJBHIIEHHS  aKTUBHOCTI
Na*/H*-anTtumoprepa mia3MaTHYHOI MeMOpaHH

B KJIITHMHAaX KOpEHIB 3a Jii cTpecopHoro (akropa
Ta 3a aii NOJOBXXEHHS 1 IOCUJIEHHS M1J BIIJIMBOM
010aKTUBHUX ITpenapariB, 0COOIMBO MeTiypy, Majio
0 Bi10yBaTHCsI HE JTUIIIE HA TTOCTTPAHCKPHITLIHHOMY
piBHI, ane i reHernuHomy. [ns 3’ICyBaHHS LIbO-
ro MU JOCHIIUIN ekcrpecito reHa ZmSOSI, skuit
KOJIy€ IPOTETH LIbOTO aHTUIIOPTEPa, 3a Jii 3a3Haye-
HUX (aKTOpiB.

Busiuiocs, 1110 3a BiJICYTHOCTI B CEPEIOBHUIITI
HATPIIO EKCIIPEeCis TeHa, 10 KOJIYE MPOTEiH IbO-
ro Na'/H-antumoprepa B KOpeHsX 8-7000BHX
MPOPOCTKIB OyJia HE3HAUHOO, MPUUOMY 3aCTOCY-
BaHHS IpenapariB Ha Hei He BIIMBao. BonHowac
nobosa exkcrnosuiss B npucytHocti 0,1 M NaCl
MaliKe BJIBIUI MMOCHUIIIOBAJIa EKCIPECI0 I[bOT0 r'eHa
MOPIBHSIHO 3 0€3COJIbOBUM KOHTPOJIEM, MPUIOMY
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00po0OKa mpernaparaMu He CIPUYMHIOBAJIA M0J1aJ1b-
mux 3MiH (puc. 2). TakuM 4MHOM, KOPOTKOTPHBA-
JIUHA CONBOBUH CTPEC IMOCUIIIOBAB HE JIUIIE MOJIEKY-
JSIpHY akTUBHICTH nmpoTeiny Na'/H*-antunoprepa,
aje TaKoX, X0ya W MEHIIOK MIipOI, CSKCIIPECito
fioro rena. [locwieHHs ekcrnpecii reHa, Koayr4o-
ro nporeiny Na'/H*-antunoprepa mia3mMaTHuHOT
MeMOpaHH B yMOBax COJIbOBOTO CTpecy, OyJo
BiIMIU€HO TaKOX y pociuH Arabidopsis thaliana ta
Solanum licopersicum [22, 7]. lle cBimuuTh 1po e,
11O PeryJisilisi Ha TCHETUYHOMY PiBHI BiZlirpae Bax-
JUBY poiib y GyHKIioHyBanHi Na*/H -autumnoprepa
1a3MaTUYHOi MEeMOpaHH B YMOBax COJIbOBOT'O
ctpecy, 3ymoniieHoro NaCl.

[IpoTe 3i 30inbIICHHSAM BiKy NPOPOCTKIB Ta
MOJIOBXKEHHI TEPMiHY X COJIbOBOI ekcro3uilii 10 10
JI0 iICTOTHHX 3MiH 10/10 ekcrpecii rena ZmSOSI ve
cniocrepiranocs (puc. 3).

Lle BKasye, mo B yMoBax 0€3CONBOBOIO KOH-
TPOJIIO eKCHpecis T'eHa, 0 KOAYE MPOTeiH LbO-
o aHTUIIOPTEPa, 3 YACOM HE 3MIHIOETHCS, TOL
SK 3a JOBIOTPUBAJIOl COJBOBOI EKCIIO3MIlii BOHA
3HMKYETHCS 10 IOYaTKOBOTO PiBHSI.

IloxaszaHe HaMU 3HUKEHHS MOJIEKYJISIPHOL
aktuBHOcTi Na'/H*-anTumnoprepa mia3mMaTHuHOT
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106 m.1.
Puc. 2. Excnpecis cena NatlH*-anmunopmepa 6 kaimunax xopenis 8-00608ux npopocmrie (1 0ob6a conbosoi
excnosuyii): 1 — konmpoas, 2 — 0bpodra npenapamom Memiyp, 3 — obpoodra npenapamom lein, 4 — 0,1 M

NaCl 6 cepedosuwyi, 5 — 0bpooka npenapamom Memiyp + 0,1 M NaCl, 6 — obpobra npenapamom Isin +
0,1 M NaCl. Josaxcuna amniikona ecena SOSI — 343 n.n., TUAS — 106 n.n. * Bipociono 6i0HOCHO KOHMPOLIO

be3 convosoi excnozuyii (M £ m; n =3, P < 0,05)

0,7
0,6
0,5
0,4
0,3
0,2
0,1

0

Binnocuwmii piseas MPHK
SOSI/TUAS, ywm. on.

SOS1

1 2 3

bl 200 11.H..
TUAS T — — . — 106 11.H.

500 m.H.
343 m.H.

Puc. 3. Excnpecis eena Na*IH*-anmunopmepa 6 kaimunax xopenis 17-00606ux npopocmkis (10 0i6 convosoi
excnozuyii): 1 — konmpous, 2 — obpodxa npenapamom Memiyp, 3 — obpodra npenapamom lein, 4 — 0,1 M
NaCl 6 cepedosuwyi, 5 — 00pobra npenapamom Memiyp + 0,1 M NaCl, 6 — o6pobxa npenapamom lgin + 0,1 M
NaCl. Jloeacuna amniikona eena SOSI — 343 n.n., TUAS — 106 n.n.

MeMOpaHH Ta ekcopecii HOro reHa B KIITHHaX
KOPEHiB IPOPOCTKIB KYKYPYA3H B yMOBaxX TPUBAJIOi
COJILOBOI EKCIO3MIII MOXE BKa3yBaTH Ha BHCHA-
KECHHS CUCTEeMH, siKa 3abe3neuye BUAAJICHHS 13 1U-
TOIJIA3MU HATPil0 Ha30BHI Ta MEpexiJ KIITHUHU Ha
Horo Ha aKTHBHE BUIAJICHHS JI0 BaKyOJIi.
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Y pocnunu Aeluropus littoralis, axa € co-
JNCBUAAISIIOYMM  TaioiToM, eKCIpecis TreHa
AHTUIIOpTEpa, HABIAKW, IIOCHJIIOBAjacs B pasi
MOJIOBXKEHHSI TEPMiHY COJBOBOI EKCHO3HWINI Ta
masumeHHas komeHTparii NaCl B cepemnoBwmmmi
[23]. Lle memoHCTpye BiAMIHY MiX Tiikoditamu i
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rajogitaMu MO0 MEXaHI3MIB 1X ajanTariii Ha piBHI
KJIITHH JIO TPUBAJIUX YMOB 3aCOJICHHSI.

YV mamux mociigax 0l0aKTHBHI MperapaTy He
BUSIBUJIM TIOMITHOTO BILIMBY Ha EKCIIPECI0 reHa
Na*/H*-antunoprepa, xoua MeTiyp 3HAYHO MOCHU-
JI0OBaB HMOr0 MOJICKYJSpPHY aKTHUBHICTb B yMOBax
3acosieHHs. lle cBiqYuTh Tpo Te, M0 MeXaHi3Mm il
Mertiypy BiIOYyBa€ThCS Ha MOJICKYJISIPHOMY DiBHI,
HE TOPKAIOYUCh TCHETUIHOI PETYJIISIII.

Panime Oyro mokasaso, 1o npenapatu Metiyp
ta IBiH BmnMBawTH Ha QyHKUioHyBaHHs H*-
HACOCIB y MJIa3MaTHYHUX 1 BaKyOJSIpHUX MeMOpa-
HaX KJITHH KOPEHiB MPOPOCTKIB KyKYpPYA3H, MOCH-
JIIOIOYH TXHIO aKTHBHICTB, K B yMOBaX 3aCOJICHHS
Tak 1 6e3 HbOro, 0coOMBO mpemapat MeTiyp [15].
[Ipunyckaemo, 110 TO3UTUBHUI BIUIMB Ipenapary
Mertiyp Ha ¢yHkiionyBanHs Na‘*/H -antunoprepa
B YMOBax 3acOJIEHHs OIocepenkoBaHui uepe3 H-
ATPa3y mia3marudnoi MeMOpaHHu, 10 3a0e3neuye
Horo eneprieto. KpimM TOro, He BHKIIOUCHA
MOXJIMBICTh HOrO BIUIMBY Ha PEryJATOpHY CHUI-
HanpHY cuctemMy SOS, BHACIiIOK (pyHKI[IOHYBaHHS
K0T akTUBY€eThCs Na*/H*-anTunoprep.

BJIMSTHUE AJATITOTEHHBIX
ITPEITAPATOB

HA ®YHKIIMOHUPOBAHWE Na'/H'-
AHTHUIIOPTEPA IIJIASMATHYECKOM
MEMBPAHBI B KJIETKAX KOPHEN
KYKYPY3bI B YCJOBUSIX
3ACOJIEHHOM CPEJIbI

H. O. Kosanenko, K. . Bunwixk,
T. A. Iannaouna

WucturyT 60oTanuku uM. H. I. XonogHoro
HAH Vkpaunsl, Kues;
e-mail: tatiana_palladina@ukr.net

HeratuBHoe BiusHUE 3aCOJEHHON Cpelnbl Ha
pacTeHus Ipexae BCero 00yCIoBICHO IPUCYTCTBHU-
em Na" B cossix Kak MX IJlaBHOro KaTtuoHa. Ha kie-
TOYHOM yPOBHE 3alllUTa PaCTEHUI OT TOKCUYECKO-
ro Na' 3akirouaercs B NOAACPKAHUU €r0 HU3KOTO
YPOBHS B IIUTOIJIa3ME MyTEM yAaJIeHUsl HapyXy U
B BaKyOJIb C IIOMOIIbIO BTOPHYHOAKTHBHBIX Na*/H*-
anTumnoprepoB. CoJeycTOHUYNBOCTH pacTeHUN BO3-
MOXHO JOCTUYb, aKTUBUPYS (YHKIHOHUPOBAHHE
OTUX aHTHUIIOPTEPOB € IIOMOLILIO METO/I0B Te€HHOU
WH)KEHEPUH, a TAK)KE MPEAJIOKEHHOT0 HAMH ITPUMe-
HEHMsI OMOaKTUBHBIX IPENapaToB.

I/ICCHGILOBaHO BJIMAHUC JBYX JCHICBBIX W HE-
TOKCUYHBIX CHHTETUYECKMX Ipenaparos: MeTuypa

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, \Vol. 86, N 5

(c CHJIBHBIM COJIETIPOTEKTOPHBIM JieiicTBreM) 1 M Bu-
Ha (C HE3HAYMTENbHBIM), Ha (YHKIHOHHPOBAHHE
Na*/H*-antumoprepa maa3MaTuueckoii MeMOpaHbI
B KJIETKaX KOpHEH MPOPOCTKOB KYKYpYy3bl, JKCIIO-
HupoBanbix Ha 0,1 M NaCl. B ycnoBusax 6eccose-
BOIO KOHTPOJSl akTUBHOCTH Na'/H-antumnoprepa
B KJIETKaX KOpHEW 8-CyTOYHBIX MPOPOCTKOB, OKa-
3ajach OY€Hb HU3KOH, HO C BO3PAcTOM YyBEIHYH-
BAIOIICHCSI, TOT/Ia KaK ciabast IKCIpeccus reHa ero
NpoTerHa He u3MeHsnack. [IpuMmenenue npenapa-
ToB Metnyp u MBuH B koHuentpauuu 107 M nmytem
npenoOpaboTKH CEMsIH HE BJMsJIA HA aKTUBHOCTh
aHTHUIIOpTEpa MPOPOCTKOB BBIPALICHHBIX B HOP-
MaJbHBIX ycJIOBHAX. OTHOCYTOUHAs SKCIIO3UIU A Ha
0,1 M NaCl 3HauuTENHHO yCHUJIMBaJIa aKTUBHOCTH
Na*/H*-anTumoprepa u 9KCIPECCHIO ero reHa, XOTs
npu 10-cyTouHoii sKkcno3unun oda dpdexra ucue-
3aiu. B cilyyae OmHOCYTOUYHBIN COJEBOM 3KCHO3U-
uuu MeTuyp BbI3bIBAJI JAJIbHEUINEE YCHIIEHHUE aAK-
tuBHocTH Na'/H*-antumnoprepa, coxpassromeecs
IpU IPOJJICHUN dKcro3unuu A0 10 gHe, He MeHss
aKcnpeccuro ero reHa. [Ipu stom apdexT MBruna Ha
MOJIEKYJISIPHYIO0 aKTHBHOCTH Na'/H*-antumoprepa
OBbLT HEe3HAYUTENLHBIM, a Ha DKCIPECCUIO ero reHa
OTCYTCTBOBAJ.

[Tomy4eHHbIe pe3yabTaThl CBUIETEIBCTBYIOT O
TOM, YTO MEXaHHU3M COJIEIPOTEKTOPHOTO JAEHCTBUS
MeTuypa Ha pacTeHHS B yCIOBUSX COJIEBOI0 CTpec-
ca, BBI3BAHHOTO NpUCyTcTBUEM Na', 00ycIOBJIECH
€ro CIIOCOOHOCTBIO YCHUITMBATH (DY HKITHOHHUPOBAHHE
Na*/H*-antumoprepa maa3MaTudeckoil MeMOpaHbI
B KJIETKAaX KOpPHEM, 4TO MPOUCXOAUT Ha MOJIEKYJISP-
HOM ypPOBHE.

KnwoueBbie cnoBa: Zea mays L., nnaz-
MaTH4eckasi MeMOpaHa, cojieBoii crpecc, Na*/H*-
antunoprep, Metuyp, VBuH.

EFFECT OF ADAPTOGENIC
PREPARATIONS ON Na‘/H*-
ANTIPORTER FUNCTION IN PLASMA
MEMBRANE OF CORN ROOT CELLS
UNDER SALINITY CONDITIONS

N. O. Kovalenko, Zh. 1. Bilyk, T. A. Palladina

Kholodny Institute of Botany, National
Academy of Sciences of Ukraine, Kyiv;
e-mail: tatiana_palladina@ukr.net

Salinity is a hard stress factor for plant organ-
isms which negative effect is caused chiefly by so-
dium toxic for plants. Plant cells try to remove Na®
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from their cytoplasm outside and to vacuolar space
by secondary active Na*/H*-antiporters. Their func-
tions can be intensified by gene engineering methods
however we try do it with the help of non-toxic bio-
active preparations. A comparison of their effect on
the plasma membrane of Na*/H*-antiporters was car-
ried out on corn seedling roots of Zea mays L. ex-
posed at 0.1 M NaCl. Before we have established that
Methyure used by seed pretreating possesses a high
salt protective ability as against Ivine. It was found
that without NaCl exposition Na*/H*-antiporter ac-
tivity in root plasma membrane was nearly unno-
ticeable but increased slightly with seedling age.
Methyure and Ivine did not influence its activity
in control root seedling. One day 0.1 M NaCl ex-
position evoked a considerable increasing of Na*/
H*-antiporter activity and its gene expression but
these effects disappeared at 10 day NaCl exposition.
Methyure use reinforced Na*/H*-antiporter activity
and prolonged it at NaCl exposition without effect
on its gene expression whereas Ivine effects on these
indexes were insignificant. Obtained results showed
that the salt protective capability of Methyure is con-
nected with plasma membrane Na*/H*-antiporter ac-
tivation which is realized on molecular level.

Key words: Zea mays L., plasma mem-
brane, salt stress, Na*/H*-antiporter, Methyure,
Ivine.
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