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AKTUBHOCTD H-AT®a3s1 INTASMAJIEMMbI KIIETOK KAPTO®EJIA
B HOPME U ITPU 3APA’KEHUU I'PUBOM FUSARIUM SOLANI

PactutenpHbIC OpraHu3Mel B OTBET HA MH(PHULIK-
POBaHUE CIOCOOHEI HHAYLIUPOBATh YCTOMIHBOCTD K
Pa3HOOOpa3HBIM (PUTOMATOrCHAM, HCIONB3YS Pas-
JWYHBEIC MCXaHU3MbI. BaskHEIM 3BEHOM 3aIMUTHOrO
OTBETA NPpU MHQUITUPOBAHUH ABISACTCS AKTHBALHS
MATOrCH3aBUCUMBIX ()ePMEHTOB, B ToM uricic ATdas.
AxTtuBanus GepMECHTOB BEACT K Mepeaayc v YCHie-
HUIO 3 THCUTOPHBIX CUTHATOB, 3aBEPLIAOIIIXCS K-
CIIPECCUCH 3alTUTHBIX I'CHOB U OWOCHHTE30M Be-
IICCTB, KOTOPHIC B KOHCYHOM HMTOIC ONPECACTSIIOT
OTBET KJICTOK M PACTCHHS B LICIIOM Ha HH(HIUpOBa-
HUE NATOTCHOM.

K nHanbGonee paHHUM peakiusIM pacTUTEIBHON
KJIICTKH Ha 3aPaKCHUE OTHOCUTCS H3MCHCHHUE TPAHC-
MOPTa UOHOB U BEMHYHHBI TPAHCMEMOPAHHOTO MO~
TCHIHANA 71a3MAICMMEL, B KOTOPBIX AKTHBHYO POITh
npuanMarT AT®azel miazmaTuyeckux MeMOpaH,
HOpUYEM BAKHYIO PO/Ib B YCTOMYUBOCTH PACTCHHM
K (PUTONMATOTCHAM BHITIONHSIOT IJIa3MalICMMHAs
H*-AT®aza. [1].

H'-AT®a3za — kmroueBas GepMeHTHAS CHCTEMA
mwiazmarndeckux mMemOpan (IIM) kiaeTok BhICIIHX
pacternnii. IIporonnas momma IIM urpaer BaxHyIo
POTb B KJICTKE, KOHTPOIHPYS >KH3HCHHO BAKHBIC
MPOLIECCHI, TAKUE KaK POCT, TYProp, TPAHCIOPT Be-
LIECTB, POIb KOTOPHIX 3HAYUTEIBHO BO3PACTACT MIPH
naroreHese. H-AT®aza miasmanemmsr (IIM) pac-
TUTCIBHBIX KJICTOK OTHOCHUTCS K AT®dazam P-tuma,
asrsgercs Mg*-gaBucumoii, K -crumynupyemoit u
CO37aET ANCKTPOXHUMUICCKUH IPaIUCHT MPOTOHOB HA
IIM, ocyriecTBIsst OHOIHEPTETHUSCKYIO U PEryIIsi-
TOPHYIO (PYHKIUIO B 5KU3HH PACTCHHH [2].

Lleme paboThl COCTOUT B U3YUCHUN THIPOTUTH-
ueckoit akrusHOCTH HY-AT®azs ppaxumu niazma-
JIEMMBI KIIETOK KapTodens B HOpME U TpU 3apake-
HUU rpudoM Fusarium solani.

MeTtoauka

OOBbeKTOM HCCTICAOBAHUS CIYKUIN CYCIICH3UOH-
HbIe KynbTyphl kaprodens (Tamama n Canra), or-
JTUYAOLMUECSH MO CBOCH YCTOHYHBOCTH K rpudy
Fusarium solani. Be3aukynasapHyio $ppakiuio nnas-
MaJeMMBbl MOJVIATH METOJIOM pPa3AcicHUs MeMO-
pan B BoxHou asyxdasuoi cucteme (I1917/aex-
crpaHn) [3].

Hna pazaeneHus MeMOpaH B BOTHOU AByx(as-
soit cucreme 131/ aekcrpan, ocanoxk OM® romo-
reHuzuposand B 5 M K-docdarnoro Oydepa (3 MM
KCI, 5 MM KH,PO,/KOH, pH 7.8, 330 MM caxapo-
3a) ¥ BHOCHJTH B IMPOOHPKY, coaepxKaiyio Gasosyro
cMech ( KOHEUHBIE KOHIICHTpaUnH B a3oBoii cucre-
Mme: 6.2 % (8/B) 1121 3350/aekctpan T500,330mMM
caxaposa, 3 MM KCl, 5 MM KH,PO /KOH, pH 7.8).
[Mony4yeHnyI0 $a3zoByIO CHCTEMY TIIATENBHO IEpe-
MemuBaiy u neHTpudyruposanu 3 muH npu 1500 g.
Cobupanu BepxHIOW (pa3y U HAHOCHIM HA HOBYIO
HIKHIOW (hasy cucTembl. OUUCTKY IOBTOPSUTH 3 pasa.
CoOpaHHyIO MOCICIHUH Pa3 BEPXHIOW da3sy, coaep-
skaryto [ID1 u dpaxuuio 1M, pasdassiiu B Tpu
pasa cpemoii IV (300 MM caxaposa, 10 MM Tpuc-Mes,
pH 7.2) u uentpudyruposanu 1 u mpu 99 500 g.
Ocazmox MeMOpaH roMoreHu3upoBaid B 150 mxx
cpensr IV,

INuaponurnyeckyro aktuBHOCTs H'-ATdazm
¢paxuuii [IM ananu3uposanu uepe3 30MUH HHKY-
Oaruu npu 37°C B HHKYOALMOHHOMN CPE/IC COCTaBA.
50 MM KCI, 3 MM AT®, 3 MM MgCI, 30 MM
Tpuc-Mes, pH 7,0. Peakuunto octanasiusanu 20%
TXY na nensnoii 6ane. AxktusHoctsh AT®assl one-
HUBaIH criekTpodoromerpuuecku npu 720 HM 1o
konuuecTBy Heopranuueckoro dochara [3].Coaep-
sKaHKE 001Iero Oka OMPEaC/IsLIH MUKPOOHYPETO-
BBIM METOIOM [4].

CyCIEeH3HOHHYIO KYIBTYPY HONYYaTd U3 PhIX-
JOU, OTHOCUTEIBHO TOMOTEHHOM KaITyCHOM TKaHU
ctebna kaptodens copra Tamama u CaHta, BeIpa-
HIUBAEMOM Ha OCHOBHOU cpeae MS ¢ noGasiacHueM
kazeuna (2 r/m), 2,4-J1(2,0-3,0 mr/n), mytem ee nepe-
HOCa B KHIKVIO IUTATEIBHYIO CPEIY TOTrO K€ CO-
crasa. I'pub Fusarium solani Gpln MONYYCH U3
Hucruryra mukpodbuonorun MOH PK. Munenuit
MOYYAaIH, BEIpAIIUBas Ipud B MaTpanax Ha xKuJI-
ko# kaprtodenbHOU cpeae B TeueHue 10-12 mueit.
Opakiuu, coaepkaiue OeIKy, yriaeBoasl u HadTa-
3apWH BBIACISUTA U3 MHUIICTHS KaK OOUCAHO [3].

PesyabTatsl u 00cyxkaeHHe

J17151 OLICHKH! YHCTOTHI MOTYICHHOW MEMOPaHHOKH
(dpaxKuH UCCICAOBANH BIHIHHC CIEHH(PHICCKUX
WHTHOUTOPOB. OPTOBAHAAATA — CHCHUPUICCKUI
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Puc. 1. Tunponntryeckas akTHBHOCTh BE3HKYIAPHBIX (Ppakiuil TiazMaieMMbl: @ — 6€3 HHTHOHTOPOB;
6 — panayata (100 MM Na,VO,); ¢ — uutpata (100 MM KNO,); 2 — asuna natpus (1 MM NaN,);
1 — Canra (koHTpons), 2 — Canra (onbiT), 3 — Tamama (koHTpons), 4 — Tamama (onbIT)

nHruoutop ATPassl miasmaTnaeckux MeMOpaH; a3u-
Ja HATpHsl — THTHOUTOP MUTOXOHApHansHOH ATdazbr
¥ Q30THOKHUC/IBIH KaTHUi — HHTUOUTOP TOHOILIACTA
(puc. 1). Buano, uro npu 100aBICHUU B CpeLy UH-
KyOaruu OPTOBAHAIATA HAOIOAACTCS MOJABICHHC
aktuBHOCTH (hepmenTa noutd Ha 80% BO Bcex Ba-
PHAHTaX U HE3HAYUTEIBHOC ITOJABICHUC AKTHBHOC-
TH (pepMEHTA IpU A0OABICHUH a3U 1A HATPUS U HUT-
parTa Kajus, YTO CBUACTEIBCTBYCT O HATHYNHU HEKO-
TOPOTO KOJIMYICCTBA MPUMECH TOHOIIACTA.
[Tony4yeHHBIE JaHHBIE CBHACTEIBCTBYIOT O TOM,
YTO HAMH MOIVYCH MpenapaT mia3zMaTHICCKHUX

MemOpaH, oborameHHed AT®azamu. Jror npena-
pat OyAeT UCTIONB30BAH A H3YUCHHUS THAPOIHTH-
YECKOM aKTUBHOCTU (PepPMEHTA.

JI7is BBISICHCHUSI ONTHUMAIBHBIX YCIOBHEA pabo-
eI AT®a3e1 HEOOX0MUMO OnpeaeauTs onTUMYM pH,
JIOKANM30BAHHBIN Ha [J1a3MaieMME KIICTOK PACTCHUH
KapTodeNs JByX COPTOB, KOHTPACTHBIX 0 YCTOHIHBOC-
TH K BO30yauTemo ysapuosza. Jlanueie [2] cBuaeTeb-
CTBYIOT O TOM, YTO onTHMyM aktusHocTH H'-AT®a-
36l peructpupyveres npu pH 7,0-7.5. Ina pacreHuit
kaptodens Canra u Tamarina MaKCHMYM aKTUBHOCTH
depmenra orveuancs npu — pH 7,0 (puc. 2).
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Cyoxkuterounoe ppaxuuonuposanue. CyOkie-
TouHBIC (Qpakuuu noaydann guddepeHIHATBHBIM
LHEHTPU(PYTHPOBAHHEM TOMOTCHATA H3 CYCIICH3HOH-
HBIX KYIBTYD Kaprodens. Anpa, k1eTouHbIe CTCHKH
(B OCHOBHOM ILJIa3MATUYCCKHEC MEMOPAHBI), OCAK-
mamm ipu 1000g B Teuenme 10 mun. [Tnactugst, xo-
TOPBIC TPEACTABIAIOT COOOH BAKyONIH, XJIOpOIIac-
TBI, JICHKOIUTACTH M XPOMOILIACTHI, OCAKIAIN NPH
4000 g 10 mun; mutoxonapuu npu 20 000 g 30 mun
u Mukpocomsl 90 mus npu 105000 g [6]. Ilonyuen-
HBIC OCAAKH JHATH30BATH. AKTUBHOCTh (DSPMEHTA
OTIPEACIISLIN [T0 HAPACTAHUIO HEOPTaHHIECcKoro doc-
tarta B cpeae uHkydanuu, cogepxaert SOMM Tpric-
HCI 6ydepa (pH 7,0) u 0,5 MM AT®. UukyOarus
30 muH npu 38°C.

Haubomnbimei akTHBHOCTRIO 00/1a1a10T (ppaKimu,
ocaxkgaemeie pu 4000 g, 1 3Ta aKTUBHOCTH TIPH-
HAATICKUT PPaKkUHN KICTOUHBIX CTCHOK M IIa3Ma-
THYECKHX MeMOpaH. 3HAYUTENbHAS AKTHBHOCTb
H'-AT®a3e1 oOHapy:xeHa B Tamarme u Canre B rna-
cruaax. Ormedaercs HEOOIbINAS AKTUBHOCTD (ep-
MEHTa B MUTOXOHIPUATBHON (hpaKIiy Kak B yCTOH-
YHBOM, TaK H B BOCIIPHUMYHBOM copTax. M3yucHue
cyOkaerounor mokammzanuun H'- AT®aza taxxe
MOKAa3aJI0 BBICOKYIO aKTHUBHOCTh (DepMEHTA B KIie-
TOYHOU MEMOpaHE U MUTOXOHAPHSIX H HE3HAYUTECIb-
HYIO B MJACTHAAX W MHUKpocoMmax. IlpoBencHHbIC
SKCIECPUMEHTH MOATBEPAUIN, UYTO U3VUAECMBIC
AT®aszsl kapTodens npuHAAICKAT B OCHOBHOM
HAPV>KHOU IIa3MaTHYCCKOU MeMOpaHe.

[Tpu 3apazkeHNH pa3HBIX O YCTOHYHBOCTH COP-
TOB KapTodems KyIbTyPaTbHBIM GHIBTPATOM rprda

Fusarium solani 0GHAPYKEHO OHKCHUE TH IPOTIH-
Trdeckol aktuBHocTH HP-ATda3sr B iepBbhIc Yachl
3apa)KCHUs rPUOOM BOCIPHHMYHBOIO COpPTa Kap-
toenst (CaHra), TOrAa Kak y yCTOMYHUBOTO COPTa
(Tamaina) ruaApOIUTHYCCKAS AKTUBHOCTh HE MCHSI-
ercs (pazeeacaue 1:10). Uepes cyTku oTmedacTes
MOBBIIICHUE AKTUBHOCTH (PepMEHTA KaK B YCTOHUH-
BOM, TaK U B BoCpHUMUIUBOM coptax. Ha ocHoBa-
HUH MOJTYYCHHBIX JAHHBIX, JJIS JATbHCHIIUX OIbI-
TOB MBI HCIOJIb30BATIH PACTUTCIBHBIH MaTepHAlL,
MOTYYCHHBIH YePEe3 CYTKH MOCIE 3apasKCHUS IPUOOM
Fusarium solani.

H3y4yeHue BO3MOKHBIX LIEHTPOB CBS3bIBAHHSA
metabosiutos rpuda Fusarium solani, ¢ H-T®asza-
MH IJI1a3MATHYecKHX MemOpaH. MeraGonur rpu-
6a fusicoccum amigdalli dy3uxokiud (OK) mmpo-
KO HCIIOTB3YETCS JUTS1 U3YUCHUS KOPPETALNN MEKAY
aktuBHOCTHIO H' -AT®a3s1 o BEIXOAY MPOTOHOB U
KONMU4ueCcTBOM 14-3-3 OCIKOB B HOPMAJIBHBIX YCIIO-
BIIIX U Iipu natoreHese. OcobeHHOCThI0 MeMOpaHoC-
BsI3aHHBIX O¢nkoB 14-3-3 sBasercst ux y4acTue B
peuenuuu py3uxkokuuHa, a B3aumozaekicteue OK ¢
peuentopom Bei3biBacT akTuBaiuio H-AT®dasst
I1a3MaieMMBl U 3akpbiTie K'-BRIBOASINIX KaHATOB
[7]. Ha puc. 3 npexcrasieHsl JaHHBIE TIO CPAaBHH-
TETBHOMY aHATN3Y BIUSAHUS (PY3HKOKIMHA U METa-
Gonutos rpuba Fusarium solani Ha ruApOIUTHYCC-
kyio aktuBHOCTh H'-AT®azsr.

OnbiThl ¢ hy3UKOKIIMHOM M META0OMUTAMU IPH-
0a Fusarium solani nokazanu 3HAYUTCIBHOS TOBBI-
uieane aktuBHoctn H'-AT®aser B o0oux coprax
kapTodens npu A00ABICHUN B CPEAY HHKYOALMH

Puc. 3. Biusane Qpy3ukokiimHa 1 MeTaOOINTOR
rpuba Fusarium solani Ha aKTHBHOCTh
H*-AT®a3w1: 1 — Tamarma, KOHTPOIE;

2 — Tamamma, ¢ysukokimH; 3 — Tamarna,
OenxoBas Qpakius + ¢pysukoknud;, 4 — Tamara,
¢ysukoknuH + OenkoBas dpakius;, 5 — Tamana,
yrieBoaHas Gpakius + Gy3uKOKIHH,

6 — Tamarma, py3uKOKIHUH + yTIIeBOAHAS DPaKIHS,
7 — Tamarma, HadTazapuH + QY3UKOKIHH;

8 — Tamamma, ¢py3ukoknuH + HadTa3apuH,

9 — Canta-xkoHTponk; 10 — CaHTa, Qpy3UKOKINH,
11 — Canra, GenkoBast ppakiius + Qy3UKOKINH;
12 — Canra, Qpy3uKOKIH + OenkoBas Qpakifus;
13 — Canra, yriesoanas ¢pakims + Gy3uKOKIHH;
14 — Canra, Qy3uKOKITMH + yIiIeBoAHAS HpaKius,
15 — CanTa, HadTazapus + Qy3UKOKINH;

16 — CanTa, Qy3uKOKIIMH + HadTazapHH.

AKMBHOCTB,MKMOTb Pi/(Mr Genka B 4ac)

I

Konuentparust $y3uKoKipHa
" Hadrazapuna — 10°M.
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(dy3ukokiuHa U HaTazapuHa; 100ABICHUE B CPSAY
HWHKYOAIMH JPYTUX SJUCUTOPOB Iprda CHUMACT aK-
TUBUPOBAHHUE CPMEHTOB.

Buepsric moka3aHo CTUMYIHPYIOIICS ACHCTBUC
Ha(Ta3apuHA HA CKOPOCTh BBIACICHHS IPOTOHOB B
CYCIICH3HOHHBIX KJIeTKax kaptodens. Boamorxkuo, mo
CBOEMY MCXaHHU3MY HadTazapuH aHATOTHYICH Qy3H-
KOKITHHY U, CBS3BIBAACH C MIA3MATHICCKOH MeMO-
paHoli, 00pa3yeT KOMIUICKC MEK Ty auMepom 14-3-3
u H-AT®a30i1, 4To BeACT K AKTUBALIMH TPOTOHHON
ATdazsr. Hadrazapun MOXKHO HCIIONB30BATH B Ka-
YECTBE HHCTPYMEHTA JJ15 H3YUCHUS B3AHMOICHCTBHIS
MeTabonuToB rpuda Fusarium solani i IPOTOHHBIX
ATdas.

3akmouenue. M3 cycniecH3MOHHBIX KIICTOK Kap-
To(ens, KOHTPACTHBIX MO YCTOWYHBOCTH K TPHOY
Fusarium solani, BeLAENCHBI PpaKIFN Ta3MaTHICC-
kux MeMOpaH, oboramenHeie H-AT®azamu.

M3y4eHb! OCHOBHBIC CTPYKTYPHO-()YHKIIHOHAIb-
HBIC [TOKA3aTC/H (ONMTUMYM AKTHBHOCTH, CyOKICTOM-
Hasl TOKAJIN3alHs) NaTOrCH3aBUCHMBIX (DepMEHTOB
MIa3MaTHICCKUX MeMOpaH KIeTOK kapTodens B
HOPME H TIPH 3apaKeHUN rpudoM Fusarium solani.

Y CTaHOBICHO, YTO VIJICBOAHAS U YITICBOTHO-TH-
nuaHag ppaxoun munenus rpuda Fusarium solani
agroTced uHAyKTOopamMu — H'-AT®a3; 6enxosas
¢pakipst UHrHOHpYeT akTUBHOCTE — H'-AT a3k,
Hadrazapun B 2-3 paza yBEIMYHUBACT AKTUBHOCTh
(hepMeHTa, H [0 CBOEMY MEXaHU3MY JCHCTBHS HICH-
THYCH PY3UKOKIIUHY .

Taxum obpazom, n3 munenus rpuda Fusarium
solani BeLAETIEH METaOOIUT

(dheHoNpHOM npupoabl — HadTazapuH (-5,6-THOK-
CU-HAQTOXUHOH), KOTOPBIH 3HAYUTEIBEHO aKTHBHPY-
et padoty H'-AT®azer B yeToituusom copre Tama-
Ia, ¥ MOXKET OBITh UCIIONB30BaH B KAYECTBE HHCT-
PYMCHTA HCCICAOBAHHUS MEXaHU3MOB YCTOHYHUBOC-
TH KapTodens K aTOreHesy.
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Pesiome

OpTYprni cOpPTTH KapTONTHIH KANBIITH XoHe Fusarium
solani caHBIpayKyJTaHBIMEH 3aKbIMJaTHaH KJIETKanapblHa
H*-AT®azanbig nnazMaieMMachiHbBIH QpaKiluschiHa caJibl-
CTBIPMAITBI THAPOTUTHKANBIK, OeTICEH/IUTITHE TaNIay KYPri3uii.
MewmOpaHanbIK mpenapaTTapibl Cyabl eKi (aszansl Kyienepain
Oemmextenyine (1130 [lexcTpan) y3ak Tazanay apKbiibl albIH-
JTBL.

Summary

Comparison of plasma membrane H*-ATPase activity in
cells of different potato varieties in normal conditions and under
infection of the fungus Fusarium solani. Plant plasma membrane
vesicles was purified by partitioning in aqueous two-phase
systems (PEG/Dextran).
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