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~ P O T O H H ~ S I  ATOa3a n n a 3 M a m Y e c m x  M e M 6 p a H  HaXOAHTCX B ( (qeHTpe  @ ~ I ~ M O ~ ~ O T M M  PaCTeHEISI 

(in the Center of Plant Physiology))), K ~ K  0603~amn O ~ E I H  ~3 Be,qyuHx ~~ccneno~meneii ee 
CTpyKTypbI  H @ Y H ~ N ~  M&KJI ~ J I M ~ ~ H .   TOT @ ~ P M ~ H T ,  Bb1KaYMBa.X IIPOTOHbI H3  KJIeTKkI BO 

BHeILlHIOIO C p e w  H @OPMEIPYH ~ J I ~ K T ~ H Y ~ c K H ~  MeM6paHHb1fi IIOTeHqEILUI, 06ecnemsae~ 
3HeprkI3mklK) IIJIa3MLUIeMMbI. C03.I(EiHHb% ATOa30G I I P O T O H H ~ I ~ ~  T p w e H T  IIBJIIIeTCX ~ H H B ~ ~ c Z ~ J I ~ H O ~  

3HepXTHYecKOf i  Barmm>ii KJIeTKH, H a p W  C M ~ 0 3 p r M Y e C K H M H  COeAHHeHEIBMkI. 3HepI'H.H 

T w M e H T a  3JIeKTPOXkIMHYeCKOrO IIOTeHqHaJIa IIPOTOHOB - eM) XEIMEFIeCKaJI H 3JIeICTpEFIeCKaSI 

COCTaBlI5UOIT&le - 06ecnemsae~ ~ e M 6 p a H ~ b I j i  TPaI-ICIIOp HOHOB H M ~ T ~ ~ O I M T O B .  C p e ~  IIPOqeCCOB, 

IIpOTeKaK)I4HX KaK B O T ~ ~ ~ J I ~ H O ~  KJIeTKe, TaK H H a  YPOBHe UeJIOM PaCTeHMII, T P m H O  O ~ O ~ H ~ Z I ~ I T ~  T e  

143 HEIX, B KoTopbIe  B ~ o j i  EInH HHOG CTeneHH H e  BoBneYeHa H ? - A T Q ~ ~ ~  nna3MaTHYecKHx MeM6paI-I. 

Ee @EI~EIOJIO~EFI~CK~JI  porn s K m o Y a e T  s ~ e p r 1 1 3 ~ ~ 1 0  B T O P H ~ ~ O I Y )  WEIBHO~O TpEiHcnopTa, 

06ecne~~sax KaK ~ I I o M x H ~ T ~ I ~ ~  BbILIIe T p a ~ M e M 6 p a H H b ~  IIepeHOC C O ~ A H H ~ H H ~ ~ ,  TaK EI naJIbHHfi 

T P ~ C ~ O P T  M ~ T ~ ~ O J I ~ ~ T O B  B p a c T e H m .  I I o m e p x E i H ~ e  EI perymqm Typropa, a T a K m e  npoqeccb1 
BOAHOIY) o 6 ~ e a a  HtlIIpXMyKl3aBMCIIT OT aKTElBHOCTH 3 T O r 0  @ ~ P M ~ H T ~ .  B b I H 0 c  IIPOTOHOB H3 QHT030JLH 

BO BHeKJIeTOYHJTO C p e n y  JIeXEIT B OCHOBe PeryJIIIqEIH BHJTPMKJIeTOYHOrO pH, XBJI5IXCb BZJXHe&IIHM 

KOMIIOHeHTOM ~ H O ~ H ~ H S ~ C K O M  pH-CT~T~.  3 a ~ ~ l c n e H H e  BHeKJIe~0%0f i  Cpe,@I, BbI3BEiHHOe 

W H B a I p X e f i  IIPOTOHHO~ ATQam CTEIMyJIEIpYW POCT KJIeTKEI PaCTHXeHHeM, MeXEiHM3M, I I o ~ B I I I H ~  

HE3BEiHHe - TeOpHX KMCJIOrO POCTa. 



KOJIMYeCTBO pa6o.r. Me~onbr Fi I I O ~ X O ~ b I ,  MCIIOJIb3yeMbIe B TaKEIX p a 6 0 T a X  OYeHb p a 3 ~ 0 0 6 p a 3 H b I .  OHM 

BKJIIOYmT M ~ ~ H T ~ I @ E I K ~ ~ I I O  TeHOB, KOAkIPyIOmMX @ ~ P M ~ H T ,  O u e H T  YPOBHII EIX 3KCIIpeCCkIkI B 

pa3JIMZMbM O p r a H a X  M T K W X ,  a T U X e  IlpM A ~ ~ ~ c T B M M  p a 3 ~ 0 0 6 p a 3 H b I X  CTpeCCOBbIX @ ~ K T O ~ O B ,  

3KCIIpeCCHH) B reTepOJIOrHYHbIX CHCTeMaX M3yYeHMII C B O ~ C T B  3 T O r 0  IIPOTOHHOrO HaCOCa, 

TPil.AkIqHOHHbIe AJDI H 3 F e H H X  M ~ M ~ P E U I  MeTOAbI IIOTeH~MOMeTPMYeCKO~O M @ J I Y O ~ ~ C U ~ H T H O T O  

m a J I k I 3 a  kI qeJIbg p5la  APJTHX. Oco6oe BHkIMmkIe MCCJIeAOBaTeJIH YAeJIIIIOT kI3yYeHkIH) MeXaHH3MOB 

p e r y m q k ~ k ~  ~KTHBHOCTM H + - A T @ ~ ~ ~ I  n n a 3 M a T m e c K u x  MeM6paH.  Ha ceron~xru~mii n e H b  

yCTmOBJIeHb1 MOJIeKyJMpHbIe MeXaHH3MbI p e a J I k I 3 ~ M H  ~ @ @ ~ K T O B  MHOrMX @~KTOPOB, O K a 3 b I B W m X  

BJIMaHkIe H a  aKTMBHOCTb IIPOTOHHO~~ HOMnbI. B a x ~ a x  POJIb B HMX IIpMHaAJIeXkIT 6 e n ~ y  14-3-3 M 

@ o c @ o ~ M J I M ~ o B ~ H ~ ~ I ~  @epMeHTZi, KOTOpOe IIOTeHqMaJIbHO MOXeT OCYLqeCTBJMTbCII n0 pa3JIkIZMbIM 

c&T~M.  Eonbmoe BJIHXHkIe H a  aKTMBHOCTb H+-AT<D~~~I ,  XBJlrnorqyIoCII HHTeI'PWIbHbIM MeM6paHHbIM 

~ ~ J I K O M ,  OKa3bIBaeT IIpMpOAa Pi COCTOIIHkIe JIMlIkIaHOTO OKpJWeHkIR. O q e H ~ a  BnllHHH5I JIHnHAHOrO 

o K p y x e H u a  H a  ~ K T M B H O C T ~  @ e p ~ e ~ ~ a  rrsmacb O A H O ~  133 n e p B b m  sa~as ,  H a  penreme ~ o ~ o p o i i  G~LIIM 
H a n p a s n e H b I  y c m m  ~ccneao~a~ene2 .  Ceron~x s T a  sma~a  B H O B ~  c T m a  o Y e H b  a~~ymb~oi i ,  B TOM 

YMCJIe, BCJIeACTBMe yCTm0BJIeHHX reTepOreHHOCTM KneTOWbIX ~ e ~ 6 p m ,  YCTEUIOBJIeHHH) CBII3kI 

3JIeMeHTOB ~ J I ~ ~ M ~ T H Y ~ c K o ~ ~  MeM6pEUIb1 C BHyTPMKJIeTOYHbIMM KOMIIOHeHTaMH. B CB83kI C 

Bb1IUeCKa3aHHbIMy H e  B b I 3 b I B m T  COMHeHkIII BbICOKkIe 3Ha9kIMOCTb M aKTyaJIbHOCTb ~ M c c ~ ~ T ~ ~ M o H H o ~  

pa6o~b1 ~ ~ I I I k I H a  HMKMT~I KOHCT~HTMHOBMY~ ((P0JIb M ~ M ~ P ~ H H ~ I X  CTePMHOB B PeryJIFIUHM 

aKTHBHOCTkI P-ATQ~~~I nJIa3MEUIeMMbI KJIeTOK pacTeHMfi)). 

B ~ I I I o J I H ~ H H o ~  MCCJIeAOBEUIHe 06JIil.AaeT C Y L ~ ~ C T B ~ H H O ~ ~  H O B H ~ H O ~ ~ .  B YaCTHOCTH, MOXHO 

OTMeTMTb, BbInOJIHeHHOe H a  IIepBOM 3TtUIe, M3JTeHMe PaCnpeAeJIeHElII H + - A T ( D ~ ~ ~ I  M e W y  AOMeHaMEI 

I I J I ~ ~ M ~ T M Y ~ C K O ~  ~ e M 6 p a H b 1  C BbICOKkIM M HM3KkIM COAePXLlHMeM CTePHHOB. C ~ L ~ ~ C T B ~ H H O ~  
HOBH~HO% o6nmae~ CaM n p e ~ J I o X e H H b 6  B pa6o~e IIOnXOA K OqeHKe BJIEIXHMII CTePkIHOB H a  pa6o~y 
I I ~ O T O H H O ~ ~  AT<Dam - IIPOMCXO~MJIO kI3BJIeYeHMe YaCTH CTePkIHOB M3 COCTaBa ~ M o J I o ~ M Y ~ c K o ~ ~  

MeM6pZiHb1, a H e  TpaAHqEiOHHOe BCTpakIBEUIMe M3BJIeYeHHOTO M3 MeM6pEUIb1 @ ~ P M ~ H T ~  B KOMIIJIeKCe C 

neTepreHTaMkl  B COCTaB MCKYCCTBeHHO C@OPMHPOBSLHH~M Be3MKJTI (EIJIM EnM) Pa3JIMYHOTO 

JIMnkIAHOrO COCTtlBa. YcTEUIOB~~HO, q T 0  kI3BJIeYeHMe YaCTkI CTePMHOB k13 COCTaBa nJIa3MaJIeMMbI 

BbI3bIBaeT YBeJIMYeHMe KaK ~ H A P O J I M T ~ I Y ~ C K O ~ ~ ,  TaK M T ~ ~ H c I I o P T H o ~ ~  aKTkIBHOCTkl H + - A T @ ~ ~ ~ I .  
ABTOPOM c @ o ~ M ~ J I M ~ o B ~ H ~  rHI I0Te3ay  KOTOp- O T p Z X a e T  nyTM BJIHXHMII BX0,DjIaHX B COCTaB 

MeM6paHb1  CTePMHOB H a  aKTMBHOCTb H + - A T ~ D ~ ~ ~ I .  npeAJIoXCeHHa.% rkIlIOTe3a M c @ o ~ M ~ J I F ~ ~ o B E U I H ~ I ~  

BbIBOAbI ~ ~ ~ M P Y I O T C I I  H a  OpkIrHHaJIbHbIX pe3YJIbTaTaXY IIOJIyYeHHbIX IIpM BbIllOJIHeHMM pa6o~br. 

~ H C C ~ P T W H O H H S L I I  pa6o~a CTP~KTYPHO n o c T p o e H a  no T ~ ~ A H ~ ~ H O H H O M ~  nnmy EI COCTOHT 133 

BBeneHHII, o63opa JIMTepaTypbI, MaTepHWIOB M MeTOAOB, pe3yJIbTaTOB Pi MX 06cyyqe~~a ,  
~ ~ K J I I O Y ~ H H I I ,  B~IBOAOB, CnHcKa H C I I O J I ~ ~ ~ ~ M ~ M  c o ~ p a ~ q e ~ ~ f i  H cnMcKa ~ ~ I T H ~ O B ~ H H O ~  nHTepaTypb1,  

BKJIK)YElIOaerO 201 CCbIJIKy. Pa60~a M3JIOXeHa H a  127 CTpEUIMUaX, COAePXMT 23 PMCYHKa M 5 T ~ ~ J I E I L T .  



~ c T ~ H o B J I ~ H o ,  S T 0  MPCD, yfl2lJIXIOIIJEIfi CTePHHbI H3  COCTaBa M ~ M ~ P ~ H ,  BbI3bIBaeT aKTHBaLI;MEO 

H + - A T O ~ ~ ~ I .  Eonbruoii HHTepeC IIpeACTaBJMIOT BbIIIBJIeHHbIe aBTOPOM pa3JIHZMX B 

K O H ~ ~ H T P ~ ~ M O H H O ~ ~  3aBHCHMOCTH ~ @ @ ~ K T O B  MPCD H a  TEiApOJIHTWTeCKYIO H TpaI-ICIIOpTHjW 

aKTHBHOCTb V - A T @ ~ ~ ~ I  I I J I ~ ~ M ~ T H Y ~ c K o ~ ~  ~ e M 6 p a H b 1 .  B ~ U b ~ e f i J I t e M  BHHMaHHe 6b1.110 
COCpeAOTOZIeHO H a  aHaJIH3e IIOTeHqHUIbHbIX MeXaI-IH3MOB, O ~ ~ C J I ~ B J I H B ~ I O L ~ ~ I X  KaK axTHBHPYIOIIJee 

BJIHXHHe MPCD B IJenOM, TaK H BbHBJIeHHbIe pa3JIHrIElX B K0HqeHTPaLI;HOHHbIX 3aBHCHMOCTIIX. 

~ ~ ~ A I I o J I o X ~ H O ,  ZIT0 3 @ @ e K ~  3 K C T P w H H  YaCTH CTePHHOB H 3  COCTaBa ~ e ~ 6 p a ~  H a  TPaHCIIOPTHYIO 

~ K T H B H O C T ~  H + - A T @ ~ ~ ~ I  M o x e T  6 b 1 ~ b  06ycnosne~ BnMaHHeM H a  T p m c n o p T e p b I  nna3~a~mec~oi-i  
MeM6paHb1, pa6o~a KOTOPbIX CBX3aHa C 3JIeKTPOXHMHYeCKHM rpaAEIeHTOM IIPOTOHOB. 

B 3aKJIIO¶eHHEi aBTOPOM IIpeAJIOXeHa CXeMa, HHTepIIpeTHpyIoIIJaJI OCHOBHbIe pe3yJIbTaTbI H 

OTpaXUUOI42UI BbmBHHYTYIO rHIIOTe3y 0 MeXaHH3MaX BJIHXHW-I CTePHHOB H a  TPaI-ICIIOpT IIPOTOHOB. 



1. n p M  BHeCeHMM2 MM MPCD rMApOnHTHYeCK2i.H aKTMBHOCTb H + - A T @ ~ ~ ~ I  npaKTEIseCKH H e  

IIOBbILUEUIaCb, a TpaHCIIOpTH2i.H BO3paCTEUIa B 3 pa3a. 3 ~ 0  CBMAeTeJIbCTByeT 0 TOM, W O  B 

KOHTpOJIe 6 m o  HM3KOe COnpXXeHMe M e w  THAPOJlkI30M AT@ EI TPaI-IClIOpTOM 

  PO TO HOB? 
2. B pa60~e BbuIBJIeHbI pa3JIMWII B 3aBMCMMOCTM OT KOHqeHTpaqHM BHeCeHHOrO MPCD AJUI 

~ H A ~ o J I H T I ~ ~ ~ c K o ~ ~  aKTMBHOCTH H + - A T @ ~ ~ ~ I ,  CKOPOCTH AT@-~~BMCHMO~O TPaHClTOPTa H+ 
M CKOPOCTH naCCHBHOr0 T p a H c n o p T a  H+. CKOPOCTF, AT@-~~BHCHMO~O T p a H c n o p T a  

IIPOTOHOB OqeHHBEUIaCb 110 HaKOIIJIeHMK, IIPOTOHOB B Be3HKYJIaX M BeJIHYHHe 

CO3naBaeMOl-O B IIPEICYTCTBHH AT@ T a H e H T a  H+. OYCBHAHO, 9TO V a H e H T  XBJWeTCII 

p e 3 y J I b ~ M p y I o m e f i  B03HHKaK)IQerO BCJIeACTBMe pa6o~b1 AT@a3b1 IIOTOKa IIPOTOHOB H 

o6pa~~of i  yTeYrcll (no n m 6 0 ~ y  M ~ X ~ H H ~ M Y ) .  YcMJI~HH~ ~ ~ C C H B H O ~ ~  i;eYKM npMBeneT K 

KZOKyUeMyCR CHHXeHMEo nOTOKa 353 CYeT pa6o~b1 H + - A T @ ~ ~ ~ I .  B ~ a 6 n M q e  5 
(aB~ope@epa~, A H C C ~ ~ T ~ ~ ~ I I I )  I IpHBeneHbI KOlIHYeCTBeHHbIe 3HaYeHHX 0 6 c y m ~ a e ~ b 1 ~  

BeJIHYIlH (B eAHHMll(aX u 1 0 3  MUH-I). a CyMMa ( o T ~ Z O K ~ K ) I ~ ~ R  MMeHHO CKOPOCTb 

IIepeHOCa IIPOTOHOB AT@a30fi) npaKTHYeCKH H e  M3MeHIIeTCX B AMZilla30He OT 2 A 0  10 MM 
MPCD. 0 3 H a ~ a e ~  n H  3T0,  ZIT0 TpaHCIIOPTHasI aKTHBHOCTb MMeeT KPYTYI-0 CMr 'MOHAHP 

3aBHCMMOCTb OT K O H q e H T p a M H  MPCD, )CXe AOCTHriUI M a K C H M y a  IIpM 2 MM? A B 

EICCJIenyeMOM AMZUIa3OHe K O H ~ ~ H T P ~ ~ H ~ ~  (2-10 MM MPCD) PaCTeT TOJIbKO 

rHApOJIHTH9eCK2i.H aKTHBHOCTb @ ~ P M ~ H T ~ ?  

3. M~TOAOM AHHaMHYeCKOrO CBeTOpaCCeMBaHMII IIpOAeMOHCTpHpOBaHO o 6 p a 3 o ~ a ~ ~ e  
KpyIIHbIX W e r a T O B  BO @ p a ~ q H H  Be3HKYJI H~OJIEIPOB~HHO~? IIJIa3MEUIeMMbI lT0A BJIMRHHeM 

MPCD. Pan~yc  K p y n H b n r  a r p e r a T o B  B 200 pa3 npeBb1rnae-r p m y c  B ~ ~ H K ~ J I ,  a HX  om OT 

o61qero YEICJIa WiCTHq COCTaBJWeT 10%. ~ ~ ~ ~ c T B H T ~ J I ~ H o  JIH 3TEI q e r a T b 1  I I p e n C T a B m T  

TOJIbKO KOMIIJIeKCbI MPCD C 3KCTPaTMPOBaHHbIMH CTePEIHaMM, KaK IIpeAnOJIOXeHO B 

pa60~e? C J M M ~ P H ~ S  06'be~ KPJTIHbIX YaCTkIq 3HaYHTeJIbHO IIpeBbTmaeT c J W M ~ P H ~ ~ Z ~  
o 6 a e ~  AEICKPeTHbIX Be3EIKyJI. MJIM Xe KPJTIHbIe KOMIIJIeKCbI M O r p  6 b 1 ~ b  IIpeACTaBJIeHbI M 

WpeTMPOBaHHbIMH n0n BJIHXHMeM MPCD Be3MKyJIaMH H @ p a I T v f e ~ ~ a M H  I I J I ~ ~ M ~ ~ M M ~ I ?  

4. noJIaI'aK), W O  npe,qCTaBneHHe 3aBMCHMOCTM aKTHBHOCTM IIPOTOHHOG AT@a3b1 OT 

K0HIJeHTPaHE-i C Y ~ C T ~ ~ T ~  @Pic. 18 A M c c ~ ~ T ~ ~ M M )  B J I H ~ e f i ~ o f i  @0pMe,  HaIIPEIMeP, B 

n ~ 0 f i H b I X  0 6 p a ~ ~ b ~  KOOPAHHaTaX, 6onee HCtrJWAHO n 0 3 B O N J I O  6b1 OTpa3HTb 3 @ @ e ~ ' T  

MccneAyeMbrx  o6pa60~o~  HMeHHO H a  Vmax, HO H e  Km. 

Y ~ a 3 a H ~ b 1 e  BbTme BOIIPOCbI H 3aMeZItiHHII H e  JWaJTXKlT AOCTOMHCTB p e q e ~ 3 H p y e M o f i  pa6o~b1. 
P ~ ~ Y J I ~ T ~ T ~ I  k ~ c c n e ~ o ~ a ~ k ~ f i  n p o z u n M  anpo6aam H a  M e m y H a p o n H b r x  H ~ c e p o c c ~ i i c ~ x  
K O H @ ~ ~ ~ H ~ H ~ I X .  no  pe3yJIbTaTaM A H C C e p T ~ H O H H O r O  HCCJIenOBiiHHII f lZ i l l I I I5 i~a  H.K. o I I ~ ~ J I M K o B ~ H o  4 
CTaTbM B BeAYLqHX MeWyHaPOAHbIX M ~ O C C H ~ ~ C K N X  XypHWIaX,  npo@HJIb  KOTOPbIX IIOJIHOCTbIO 

COOTBeTCTByeT CIIeqMEUIbHOCTM AMCCepTaqMH - @M~MoJIoTuR H ~ M O X M M ~ I I I  p a c ~ e ~ ~ f i .  
O I I ~ ~ J I H K O B ~ H H ~ I ~  CTaTbM B H3AaI-IHIM, BXOA%K(MX B I IepeYeHb BAK IIOJIHO OTpaX2UOT OCHOBHbIe 

Pe3yJIbTaTb1, IIpeACTaBJIeHHbIe B AEiCCepTaHEi. 



A ~ a r m s  IIpeACTaBneHHOI'O MaTepHaJIa CBHAeTeJIbCTByeT 06 O~OCHOB~HHOCTH H AOCTOBepHOCTH 

IIOJIJWeHHbIX aBTOPOM pe3YJIbTaTOB. B ~ I B O A ~ I  apTyMeHTHPOBaHb1 H ~ ~ H P ~ K , T C I I  H a  IIOJIJWeHHbIX 

pe3yJIbTaTaX. T~KCT a ~ T O p e @ e p a T a  O T p W a e T  OCHOBHbIe pe3yJIbTaTbI H BbIBOAbI ~ C C ~ P T ~ U O H H O ~ ~  

p a 6 o ~ b 1 .  

P e 3 y J I b T a ~ b 1  AHCCepTaHOHHOrO HCCJIeAOBZiHlW MOrYT IIOCJIyXHTb ~ e O p e ~ ~ s e C K 0 f i  O C H O B H O ~ ~  

J&JUl pmpa6o~m HOBbIX MeTOAOB CeJIeKlJHH H HaIIpaBJIeHHOrO IIOBbNeHHR YCTO~~TMBOCTH 

C ~ J I ~ C K O X O ~ ~ ~ C T B ~ H H ~ I X  KJTIbTYP K A ~ ~ ~ C T B I I H )  H ~ ~ J I B T o ~ ~ H x T H ~ I X  @~KTOPOB. T a m ~ b ~ e  AOJIXHbI 

y 9 w b I B a T b  Kmo%ByKl POJIb IIPOTOHHO~~ AT@a3b1 IIJIa3MaJIeMMbI B @ Y H K ~ O H H ~ O B ~ I - I H E I  KJIeTOK 

paCTeHHfi KaK B ~ J I ~ ~ O I I ~ H I I T H ~ I X  YCJIOBlWX, TLLK H B COCTOIIHHH CTpeCCa. T a ~ x e  pe3yJIbTaTbI 

HCCJIeAOBaHW MOrYT 6b1Tb HCnOJIb30BaHbI IIpH pa3pa6o~~e H MOAepHH3aHH KYPCOB, HaIIpaBJIeHHbM 

H a  IIOAI'OTOBKy ClleqHaJIHCTOB B o 6 n a c ~ ~  @H~HoJIoI'HII pacTeHHfi  B BbICLIIHX pe6~b1x 3aBeAeHHRx. 

f l o 6 a ~ e ~ c ~ o r o  )) 
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