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0 npupo,zi;e KOMMynnKauuu 
• B cpe,zi;e MHKpoopraHH3M0B 

T. H. fpe"f.eHKO, A. H. XapumoHoB, A. B. )/(eca11110 

0 6merrpHH51TO, lJTO MHKpoopraHH3Mbl 51BJI5IIOTC5l COUHaJibHbIMH 

cymecTBaMH. Tio onpe.neneH1110 KOMMYHHKau1111 - 3TO npouecc 

HHQ)OpMaUHOHHOro o6MeHa Me)K,lly ornpaBHTeJieM 11 noJiylJaTeJleM qe

pe3 06my10 cpe,ny. KoonepaU,H51 rrpHHOCHT BblfO.llY HH,llHBH,llyaJl.bHbIM 

KJieTKaM B MHKp06HblX nonyJ151UH51X, TIOMOra51 pelUHTb 3a)lalJy, KOTO

paH 6brna 6hl CJIHlUKOM CJIO)J(Ha M Hepa3pe1UMMa ,llJIH 11H.lll1Bl1.llyMa. no-

3TOMY cymecTByeT Macca np11MepoB M11Kpo6HbIX KoonepauHH, 06ecne

lJMBa10m11x sceo6my10 Bbiro,ny. Pa3,nenett11e o6mero 6nara nocpe.ncTBOM 

qyBCTBa KBOpyMa HBJIHeTCH 0,llH11M 113 crroco60B COTPY.ll.H11lJeCTBa 11H

)lHB11JlYMOB BO MHOrHX Ml1Kp06HbIX nonyJlHI.(MHX (Prajapat et al., 2016). 
B TO BpeM51 KaK KOMMYHMKaUH11 nocpe,llCTBOM X11MHlJeCK11X semecTB 

npMBJieKaJOT BHJ1Mam1e 11CCJie,nosaTeJieH, 11CIT0Jlb30BaHHe Q)113HlJeCKOti 

C11fHaJIH3aUHH 113ylJeHO cpaBH11TeJibHO MaJIO, H ocTaeTCH MHOro Hel13-

BeCTHOrO O npHpOJJ,e 11 p0Jl11 Q)113JilJeCKHX ClHHaJIOB. 3BOJIIOIJ,110HHOe 

3HalJeH11e Q)l13JilJeCKOtt (B lJaCTHOCTH, 3JieKTP11lJeCKOM) KOMMyH11Kau1111 

MO)KHO Jiyqrue ITOH51Tb npII cpaBHeH1111 C X11MHlJeCKOtt KOMMyH11Kau11-

eH. qyBCTBO KBopyMa OCHOBaHO Ha cnoco6HOCT11 opraHl13M0B o6maTb

CH qepe3 HaKOITJleHHbJl1: BO BHelUHett cpe,lle CHfHaJI B B11JJ,e Xl1MH'-leCKOro 

semecrna 11 penporpaMM11p0BaTb 3Kcrrpecc1110 reHOB KaK cj)yHKUHJO, 3a

B11CHl11YJO OT ITJIOTHOCTH KJieTOlJHOro coo6mecTBa. HeJaBHCHMO OT np11-

pOJJ,bl XHMHt.JeCKOro Cl1rHaJia '-IYBCTBO KBopyMa Tpe6yeT cymecTBeHHblX 

3HepreTHt.JeCK11X 3aTpaT Ha CHHTe3 CHrHaJla l1 pacn03HalOlIJHX peuenTO

poB. CHrHaJI Jl,OJI)KeH 6b!Tb Cl1HTe3Hp0BaH B Heo6XOJJ,J,IMblX KOJIHlJeCT

BaX, lJT06b1 JJ,OCTtt:raTb noporaJJ,eTeKu:1111 pacno3Ha10m11M11 peuenTOpaMtt: 

npH YlJHTbIBaHHH ero paJ)KIDKeHHH. Hao6opOT, Q)11311'-leCKHe C11rHaJibl 

* 
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l1CCJle.QOBaHtte BblnOJJHeHO 3a ClJeT rpaHTa PoCCHHCKOro H8YlJHOfO cpOH)la 
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0 npupoae KOMMYHUKQU,UU 8 cpeae MUKpOOp2aHU3M08 

Tpe6yIOT MHHl1MaJihHOH 3Heprn11, IlOTOMY qTo OHM onep11py10T Hl13KH

MH HHTeHeHBHOeT51Ml1 H 11enOJih3YIOT 3HeprHIO, BhieB06mK)l.aIOI1.(yIOeJ1 

113 eeTeerneHHhIX KJieToqHhIX npoueeeos. Hanp11Mep, MeTa6on11qeeKaH 

)l,eHTeJihHOeTh 11 TeMn poem KJieTKl1 yBeJIJ1'-Il1BaIOTeH B OKpy)l(aIOmetl 

epene, 6oraTOH n11mTeJibHblMJI semeeTBaMJI. 3TO npHB0)],11T K oeU,HJI

JIJITOpHbIM LI.BH)l(eHJIHM JI ITOJI51pl13aUHH KJieTKH, qTo B eBOIO oqepe)l,b 

BbI3bIBaeT 3BYKOBYIO BOJIHY, 3JieKTPOMarHHTHYIO pan11au1110 11JIJI 3JieKT

pJiqeeKJIH e11rnaJI. TaKHM enoeo6oM H36bIT0K 3HeprJIJI MO)l(eT JieITOJib-

30BaTbeH Ha nepe.n;aqy <PJIJHqeeKoro ettrHaJia. KaK TOJibKO OH )l,OeT11rHeT 

BOenp11H11Ma10mett KJieTKH, OH BbI30BeT Bl16pall,JIIO HJIH IlOJIHPH3aUHIO. 

l1HTeHel1BHOeTb JI qaeTOTa BXO)l,51ll(HX eHrHaJIOB TaK )Ke, KaK H MeTa6o

JIHqeeKl1H eTaTye BOenpHHl1MaIOll(eH KJieTKH, 6y)l.yT onpe)l,eJIHTb OTBeT 

H BH)l, OTBeTa Ha BXO)l,Hll(HH eHrHaJI . 

KpoMe Toro, ¢11311qee1<11e e11rHaJihI paenpoeTpaHHIOTCH 6bleTpee 

XHMHqeeKHX, TaK KaK OHH MaJIO JIHMHTHPOBaHhl Ll.11<P<PY3HeH. Il03TOMY 

OHH Iii o6eeneqHBaIOT HaHJIY'-llllHH MexaHH3M KJieToqHoH eHrHaJIH3all,HH, 

KOf)l,a Tpe6yeTeH 6hleTpbIH OTBeT. B no6aBOK K eKa3aHHOMY, OHH eno

eo6Hbl paerrpoeTpaHHTbeH qepe3 o6oJIOlfKY soenpHHHMa10mei1 KJieTKl1 

11 rrp51MO 3aTparn BaTb aKTHBHOeTb 3H3HM0B H 3KerrpeeeHIO re HOB, TaKHM 

enoeo6oM o6xo,nH Tpe6osamie npoxo)l.HTb qepe3 paeno3HaIOll(HH peu,en

TOp IlJia3MaTHlfeeKOH MeM6paHbl. TeM He MeHee MHOrne ,D,aHHbie f0BO

p51T O TOM, qTo <PH3HlfeeKHe e11rnaJibl B KOMMYHHKaUJrn Ml1KpoopraHH3-

M0B urnpoKO paenpoeTpaHeHbI B eeTeCTBeHHbIX npHpO)l.HbIX yeJIOBHHX. 

EeTb Ha6JIIO)l,eHHH 3a TpeMH Bl1)l.aMH <Pl13HlfeeKHX eHrHaJIOB - 3BYKOBbl

MH BOJIHaMJI, 3JieKTPOMarHJITHOH pa)l.JiaU,HeH JI 3JieKTpHlfeeKMM TOKOM 

(Matsuhashi et al., 1998; Fels, 2009; Reguera et al., 2006). 3TH eiirHaJibI 

6breTpO paenpoeTpaHHIOTeH II ,lla)[(e npH MaJibIX HHTeHeHBHOeTHX o6ee

neqJIBaIOT 6bieTpbIH OTBeT. 3KenepJIMeHTaJibHbie )l.aHHbie TaK)l(e IlOKa3bl

BaIOT, '-ITO MJIKpoopraHH3Mbl MOfYT H reHepHpOBaTb, H OTBe'-!aTb Ha <PH-

311lfeeKHe eJirHaJibI THna 3BYK0Bb1X BOJIH, 3JieKTpOMafHHTHbIX pa.uJiall,HH 

H 3JieKTp11qee1<11x BJIHHHHH (Reguera, 2006). 
B rrpttpo.n:e 6HOITJieHKJI HBJ151IOTe5I HaH60Jiee paenpoeTpaHeHHhl

MJI eTpyKTypaMH, ¢opMJipyeMbIMJI BO BpeMH poem MJIKpoopraHH3M0B. 

B 6MOITJieHKax 6aKTepMH np05IBJI51l0T BbJeOKOKOOp)l.HHHPOBaHHYIO aK

TJIBHOeTb, '-IT06hI BhIIlOJIHHTb eneuJI¢JiqeeKHe <PYHKUHH. Mb! MJyqaeM 

3JieKTp11qee1<y10 eJirHaJIJI3aU,JIIO, lfT06hI IlOKa3aTb ee pOJih KaK ynpaBJIH

IOll(ero MexaHJI3Ma B eou1106JIOJIOfHH MHKpoopraHH3M0B. )lJIH Toro qTo-

6hI BhIHBJITh 3TY <PYHKUJIIO 3JieKTPH'-!eeKJIX npoueeeoB HaJI60Jiee HpKO, 

OilhlThl 6bIJIH rrpoBe,UeHhI Ha IlJIO)l.OBOM TeJie MJIKeOMMU,eTOB JI LI.PO)l()l(e

BhIX KJieTKax. B onpe)l,eJieHHOM eMbieJie 3TH 06beKThl Be)l.yT pa3HblH o6-

pa3 )l(H3HJI - IlJIO)l.OBOe TeJio 06be)l,HHHeT MHKpoopraHH3Mbl, e03)],aBaH 
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T. H. fpe'leHlco, A. H. XapumoHoe, A. B. )l(e2a11110 

npOTOTl1TI MHOfOKJieTOtrnoro opraHl13Ma KaK KBl1HT3CCeHIU110 B 6opb6e 

3a BbDKHBaH11e, anpmK)l(eBble KJieTKl1, HaxonSICb B KOMcpOpTHOH nJISI Hl1X 

cpene, BenyT OTHOCHTeJibHO He3aBHCl1MbIH o6pa3 )1(113HH. 

MeTonnKa 

3JieKTpocpH3HOJIOfl11.JeCKl1e OilbITbl BbITIOJIHeHbI Ha nJionoBOM TeJle Ml1K

COM11UeTOB Myxomycetes M npO)l()l(eBhIX KJleTKax Saccharomyces cerevisiae. 
8 tfaCTH OTibITOB HCilOJib30BaJlaCb perl1CTpau11s:1 onHoBpeMeHHO nsy

M51 311e1<TponaMM, noMemeHHhIMH B pa3Hhre o6nacTM nJionosoro Tena 

HJII1 pa3Hble CKOnJ1eHI15I KJleToKnpO)l()l(ett. B351Tbie 113 np11ponHOH cpenbI, 

MJ1KCOMI1UeThI I1CCJ1enosaJ1 I1Cb B na6opaTOpHbIX YCJ10Bl151X np11 KOMHaT

HOH TeMnepaType ao3nyxa (23-25 °C). PerncTpau11s:1 3J1eKTp111.Jec1<oti aK

THBHOCTH npOl13Bonttnacb CTeKJI5IHHbIMI1 3JleKTponaMI1, 3aTIOJ1HeHHb1MI1 

1 M KC!. <I>parMeHTbI 3an11c11 3JieKTp11qec1<ow aKTHBHOCTH outtcppoBbJ

san11cb 11 nonsepraJIMCh cneKTpanhHOMy aHan113y B cpene CTaTI1cT111.Jec

Kol1 o6pa60TKI1 R 3.0 (R Development Core Team, 2011). CneKTpanbHbIH 

aHan113 BbITIOJ1HHJICs:1 nns:1 11cxonttoi1 3an11c11 nyTeM nocrpoett11H nep110-

norpaMMh1 C HCTIOJ1b30BaHHeM 6bICTporo npeo6pa30BaHI1H Cl>ypbe, 95% 
JJ,OBepHTeJibHbie I1HTepBaJibl MOIUHOCTH cneKTpa Bb[1.jl1CJIHJ1I1Cb Ha OCHO

Be annpOKCHMaUIHi x2 pacnpeneneHHeM. Ha1111q11e 3.JleKTPHI.JeCKOH CBH-

311 Me)l(JJ,y napow JlOKYCOB TIJ10)l0B rrptt I1X OJJ,HOBpeMeHHOi! pernCTPRUHH 

Bbl5IBJI5iJiaCb np11 ITOMOIUH Kpocc1<oppeJ151UI10HHOro aHaJ1113a. )].J15l Bb1HB

JleHH5i CTPYKTYPHbIX oco6eHHOCTett OCUHJ1J151TOpHOH aKTHBHOCTH npo

B0)],I1J1C5i aBTOKOppeJJHUHOHHbIH aHaJlJ.13. )].JlMTeJibHOCTb Ol.l,HcppoBaH

HbIX yYaCTKOB 3 C. 

Pe3yJibTaTbI 

Pattee 6bIJ10 noKa3aHo, I.JTO 3JleKTpH4eCKa5i aKTHBHOCTh, 3aperncTpttpo

BaHHa5i OT KJleTOK JJ,pO)l()l(eH H ITJ10JJ,OB0f0 Tena B Bttne noneBblX n0TeH

U,J1aJ10B, HMeeT qacTOTbl OT 0,1 no 45 ru (fpeqeHKO 11 np., 2015). Dptt pe

fHCTpauHH onHospeMeHHO nsyMs:1 311e1<rponaMH or nnonosoro rena 

Ml1KCOMHUeTOB 3JieKTPO.UbI pacrronaraJTHCb HJlH pHJJ,OM no JJ,HaMerpy 

ITJIO.UOBOfO rena, HJlH )Ke npHMepHo Ha O.UHOH JlHHHH nptt pacnOJlO)l(e

HHJf onttoro B nosepxHOCTHOM cnoe KJleTOK, a npyroro BO BHyrpeHHHX 

CJI05iX. Attamf3 3JieKTPH4eCKOH aKTHBHOCTH noKa3aJI, 1.JTO B 15 H3 20 
paccMorpeHHhIX cnyqaeB aKTHBaUHH OCUHJIJ151UHH Ha6n10na10TC51 CHH

xpoHHO B 06011x OTBeneHH51X (pttcyHOK lA). IlpHMeHemte Cl>ypbe-atta

JIH3a TIOKa3aJlO, lJTO Ha 1.JaCTOTHbIX cneKTpax MaKCHMYMbl Jl0KaJ1H30BaHbl 

npttMepHO Ha O,!l,Hl1X H Tex )Ke MeCTaX (pHCYHOK 16), a aBTOKOppeJI51l.l,H-
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Puc. 1. 3JieKTplflieCKaH aKTl1BHOCTb ITJIOL(OBOro Tena MHKCOMrrueTOB Myxomycetes, 
3aperncTprrpoaaHHaH OT pa3Hb!X JIOKYCOB OLIHOBpeMeHHO LIBYMll. 3JieKTpo,n:a

M11. A - 3JieKTp11'1eCKl1e OCUl1JIJIHU11H B JIOKyce (a) H JIOKyce (6); Kann6p0BKa: 

300 MC, 10 MKB; B - '!aCTOTHbie xapaKTepHCTl1Kl1 3Tl1X Bl1LIOB aKTHBHOCTl1 -

E,a COOTBeTCTBeHHO 51BJIHeTCll. cneKTPOM A,a, E,6 COOTBeTCTByeT A ,6. 06o-

3Ha'leHl151: no ocrr a6cuHcc qacTOTa a ru, no ocrr op.n:rrHaT- cneKTpaJihHaH 

ITJIOTHOCTb B YCJIOBHblX e.n:HH11Uax. 8 - rpa(jrnKrr KPOCCKOppeJIHU110HHOH 

<PYHKU1111, ITOKa3b1BaIOmHe B3al1M03aBl1Cl1MOCTb OCU11JIJIHU11H JIOKYCOB. 

B,6 - xapaKTep11CTl1Ka aKTl1BHOCTeti, rrp11ae.n:eHHblX Ha A qepe3 2 MHH 18 C, 

B,a,B - xapaKTep11CTl1Kl1 aKTl1BHOCTeH B 3Tl1X)Ke JIOKycax 'lepe3 20 C 114 Ml1H 

30 COT Ha'!aJia perncTpauH11; r - rpaq>rrKH aBTOKoppeJIHUl10HHOH q>yHKU11H, 

xapaKTepl13YI0W:He CTPYKTYPY aKTl1BHOCTH. r,a COOTBeTCTByeT A,a, r,6-A,6. 

06o3Ha'leHrrH: no oc11 a6cuncc 3ana3JJ:h1BaH11e B ceKyHt1ax, no ocrr op,n:HHaT-

3Ha'!eHrre K03q>qrnurreHTa KpOCCKoppeJill.U1111 (B), aBTOKOPPeJIHUirn (f) 
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T. H. Fpe11eHJco, A. H. XapumoHoe, A. B. )f(ecaflflO 

OHHa5I <PYHKI.l,H5I Bhl5IBJI5IeT BeChMa CXOJlHYIO CTPYKTYPY OCI.l,HJlJl5ITOp

HhIX BepeTeH (pHCYHOK If). Haw6011ee HHTepecH&Ie pe3yJlhTaTbl no

Jly<-!eHbl npl1 nocTpoeHHH rpaq>HKa KPOCCKOppeJl5II.l,HH aKTHBHOCTeH, 

perncTpHpyeMblX B pa3Hb[X JlOKycax IlJl0)l0B0f0 TeJla (pHCYHOK 18). Co

rnacoaaHHOCTh OCI.l,l1JlJl5ITOpHblX npoI.1,eCCOB, CXO)lCTBO HX CTPYKTYPHbIX 

11 apeMeHHbIX napaMeTpoa xapaKTepHo JlJ15I scex napHhIX perncTpaI.1,1111 

OT IlJlO)lOBOro Tena Myxomycetes. no-BH)lHMOMY, TaKa5I oco6eHHOCTb KO

op)lHHHpOBaHHhIX BHYTPH- H BHeKJleTO'-IHbIX C06hITHtl 3TOH opraHH3a

I.l,l1H OTpa)l(aeT o6IIIHOCTb TIOBe)leH'-leCKOH CTpaTernH, HanpaBJleHHOtl 

Ha BbI)l(JfBaHHe nony115IIJ,HH. 

AHaJll13 3JleKTPH'-leCKOH aKTHBHOCTH, 3aperncTpHp0BaHHOH JlBY

MH 3JleKTP0.1laMH OT KJieToK JlPO)l()l(eH Saccharomyces cerevisiae noKa3aJI, 

'-ITO B HX o6meHHH CM HXPOH H3aI.l,lrn 5IBJl5IeTC5I pe)lKHM co6&ITHeM - H3 30 

paccMorpeHHhIX cpparMeHTOB aKTHBHOCTM TOJihKO a 6 CJlytc!a5IX Bhl5I BJieHa 

CliHXPOHI13aIJ,HSI OCI.l,HJ1Jl5I UHH. Heo6XO)lHMO OTMeTHTh, 'ITO paCCT05IHHe 

Me)l()ly CKOTIJieHMSIMH (nyq>aMH) JlPO)l()l(eBhlX KJieTOK )IOCTMra110 2-3 CM. 

311eKTPH'-leCKHe OCUHJ1Jl5I UH H )lpO)l()l(eBbIX KJJeTOK, KaK npaBHJIO, opra

HH30BaHhI B aepereHa (pHCYHOK 2A, a,6), KOTOpbie tta6mo.naIOTC5I OT 10 
C .no 30 c. qaCTOTHhlH cneKrp TIOKa3hIBaer JlOKaJlH3aUHIO IlHKOB aKTHB

HOCTH B 0611aCTJil 15-30 ru (pHcyHOK 2E). KpoccKoppeJISIUHOHHhJH aHa

JIH3 )leMOHCTpttpyeT )IHHaMHKy B3aHMOCB5I3H Me)l()ly napoH KJleTOK (pH

cyHOK 2Ba, 6, B). 

06cy*)leuue 

PerncTpaUH5I OCI.l,l1JlJJ5ITOpHOH aKTHBHOCTH OT IlJ10)l0B0f0 Tena MHKCO

MHL(eTOB Myxomycetes HOT ,upO)l()l(eBhIX KJJeToK Saccharomyces cerevisiae 
IIOKa3aJJa, 'ITO 3JieKTPHlJeCKHe CHrHaJlhl 5IBJIHIOTCSI rrepe,uaT4HKaMH HH

cpopMaIJ,HH H Bh!pa)Ka!OT COCTOHHHe rronyJIHI.l,HH MHKpoopraHH3M0B. 

MHKCOMHIJ,eThI, ocymecTBJI5ISl 6op&6y 3a cymecTBOBaHHe, opraHH3YlOT 

cTpyKryptto ocpopM11eHHoe coo6mecrno. CttttxpoHH3HpoaaHHhre 3JieKT

ptt11ecKwe OCI.1,HJlJl5I'I.1,JilJil, nO-BH)lHMOMy, CBH)leTeJJbCTBYIOT O TOHKOH no.n

crpOHKe Mera6om1qecKHX npoI.1,eCCOB, ocyII.l,eCTBJ15[eMbJX Ka)K)lh!M Ml1-

KpoopraHH3MOM 3TOro caoeo6pa3H0f0 CO)lpy)KeCTBa. YnpaBJ1SIIOII.1,a5I 

cpyHKI.l,HSI 3JieKTPH'-leCKHX HHq>OpMaIJ,HOHHhlX CHrHaJIOB B 3TOM CJiylJae 

CTaHOBJi1TC5I' HaH60JJee 04eBl1.l1HOH B cpaBHeHHH C OCI.1,HJIJISII.l,H5IMH, pe

rHCTpHpyeMbIMH OT CKOilJieHHH JlPO)l()KeBhIX KJieTOK, pacnOJlO)l(eHHblX 

Ha 3Ha'-111TeJihHOM pacCT05IHHH Jlpyr OT ,!lpyra. 

PoJTh 3JleKTPH'-leCKHX CHrHaJIOB np1rn11eKJia BHHMaHHe HCCJie.no

BaTeJleH cpaBHHTeJibHO He)laBHO (Masi et al., 2015), XOTSI' 6HOq>H3Hl.fe

CKHe pa60Thl no H3yl.feHHIO reHe3a HOHHhlX KaHaJlOB 6bIJJH npoBe)leHUbl 
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PHc. 2. 3JJeKTpw-1ecKaH aKTllBHOCTh .npmtoKeBhIX KJJeTOK Saccharomyces cerevisiae, 3aper11cTp11posaHHaH .nnyMH 3JJeKTpo.naM11. 

A - OCU,llJJJJSIU,llH, opraHMJOBaHHhJe B sepeTeHa, B .UBYX CKOnJJeHl!HX KJJeTOK. KaJJ116pOBKa: 300 MC, 10 MKB. E - cneK

TpaJJhHhIH aHaJJll3 aKTlfBHOCTM, npe.ncTaBJJeHHOH Ha A (a,6). B - rpa<t>11 KH KpOCCKoppeJJHU,1111, noKa3hlB3IOILl,lle .n11HaM11Ky 

B3311MOCBSl311 CKOilJJeHlfH KJJeTOK .npoxxeti: B , a - 33Bl1ClfMOCTh Mex.ny 3JJeKTPl1'JeCKl1MH OCUHJJJIHUHHMH, npe.ncTaBJieH

HhlMH Ha A,a,6 . <I>parMeHT aKTMBHOCTM '1epe3 l MHH 12 COT H a'!aJia per 11cTpau1111, '!epe3 3 M MH 42 C (B,6) 11 '!epe3 4 MHH 

36 C (B,B). 0603Ha'!eHlfH KaK Ha p11c. l 
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T. H. fpe'leHKO, A. H. XapumoHoB, A. B. )f(eza!l!IO 

ellie B 1980-e fO)Ibl H TIOKa3aJJl1 , 'HO npoKap110Tbl y)l(e 11MeIOT He TOJJbKO 

KaJrneBbie KaHaJibl, HO TaK)f(e HaTpHeBbie H KaJibUHeBbie 11 KaJibI.J,l1tt-3a

BHCHMble KaJ111eab1e (Harris-Warrick, 2000; Prindle et al., 2015).J1fay':lett11e 

6aKTep11aJibHb!X HOHHblX KaHaJIOB o6ecne':IHBaeT cj)yH)IaMeHTaJibHOe no

HHMaHHe CTPYKTYPHbIX OCHOB Het!poHHOH c11rna1111Jau1111. 0JJ.HaKo np11-

po;rnaS1 cj)yHKU11SI HOHHbIX KaHaJlOB y 6aKTep11i1 OCTaeTCSI TyMaHHOH. no

Ka3aHO, ':!TO 3J1eKTp11qecK11t! Cl1rHaJ1 npOBO)IHTCSI no 611onJieHKe 1111rpaeT 

3Ha':IHTeJ1bHYIO POJlb B KOMMYHHKal..(1111 6n aroJJ,apS1 npocTpaHCTBeHHOMY 

pacnpocTpaHeHMIO KaJrneBOH BOJIHbl. 3n1 BOJ1Hbl SIBJJSIIOTCSI pe3yJibTa

TOM ITOJIO)KHTeJibHO:t! o6paTHOi1 CB513l1 , np11 KOTOpo/:1 MeTa60JIH':leCKHe 

Tpttrrepbl Bbl3bIBaIOT Bb!CB060)f()IeH11e BHYTPHKJleTO':IHOfO KaJJHSI, KOTO

pb!H B caot! qepe..u )Ienom1p1nyeT pSIJIOM CTOSillJHe KJieTK11 (Prindle et al. , 

2015). PacnpocTpaHSISICb no nJieHKe, 3Ta BOJ1Ha)Ienom 1p113au1rn KOOpJI11-

H11pyeT MeTa60JIH':leCKOe COCTOS1Hl1e KJieTOK 6HOITJieHKl1. Y..uaJieH11e Ka

JIHeBbIX KaHaJIOB YHH':ITO)f(aeT 3TOT OTBeT. 3TH pe3yJibTaTbl TIOKa3bIBaIOT 

cj)yHKUHIO HOHHblX KaHaJIOB B 6aKTep11aJibHb!X 611onJieHKax, o6ecneq11-

Ba10IIIl1X CJ1fHaJ1113auw10 BO BpeMSI KJieTO':IHbIX KOMMYHHKaUMH. HccJie

)IOBaHHSI Kamf.eBbIX KaHaJIOB y npoKapHOT BH)Ia KcsA cnoco6CTBOBaJIH 

noJiy':leHHIO nepBOH HHcj)OpMal..(HH O HOHHOH l136HpaTeJibHOCTM l1 npo

BO)IHMOCTl1. CoeceM He;I.aBHO 6bIJIO YCTaHOBJJeHO, ':!TO 6aKTepHH 11MeIOT 

MHOfHe Ba)f(Hbie KJiaCCbl )Ipyrnx KaHaJIOB, TaKHX KaK HaTpHeBbie, XJJOP

Hble KaJibUHH-ynpaBJISieMbie Kam,eBbie 11 HOHOTPOITHb!e rJIIOTaMaTHbJe 

peuenTOPbI , TIO)I06Hble TeM, KOTOpbie Hat!,.ueHbI Ha HeJl:poHax ( Harris

Warrick, 2000). TeM He Mettee eCTec TBeHHaSI cpyHKUl1SI 3TMX 6aKTepH

aJibffblX KaHaJIOB OCTaeTCSI HeR.CHOH. 

0 TKpbITHe Toro, t.!TO Geobacter sulfurreducens (rpaMOTPHQaTeJibHaR. 

MeTaJI- w cyJibcj)aT-pe..uyu.11py10ll1aS1 npoTeo6aKTep1rn) MO)KeT coJJiaBaTb 

cj)HJiaMeHTbl npoTeHHOB C MeTaJIJIOTIO)I06HOH npOBO)IHMOCTbIO, KOTOpble 

l13BeCTHbl nO)I Ha3BaH HeM HaHonpOBO)IOB 11 06nert.1aIOT TpaHCTIOPT 3JJeK

TpOHOB, Bbl3bIBaJio napaJJ.HrMaJibHblH C)IBJ1f B 6MOJ!Orl1H (Lovley, 2012). 

ObJJIH HaH)IeHbJ TMTI bl cj)MJiaMeHTOB, KOTOpble Heo6XO)Il1Mbl )IJISI 3KCTpa

K JJeTO'!HOfO Tpattcnopra 3JJeKTp0H0B K 3KCTpaKJieTOt.!HblM aKu.enTopaM 

'.)JleKTPOHOB )IJISI HX nepe,.uat.!H B 6worn1eHKaX. 3TOT MexaHH3M 3JieKTPOH

HOH npoBO)IHMOCTM KOHTpacr11pyeT C paHee H3BeCTHblM MeXaHH3MOM 

6MOJIOrHt.!eCKOt! nepe)Iat.!M 3JJeKTpOHOB t.1epe3 3JieKTPOHHbie T y HHeJIH 

HJIM )Ke 3axaaTb1BaH11eM PR.LI.OM pacnoJio)KeHHbIX MOJieKyJJ (Prindle et al., 

2015). 
Pe3yJibTaTbl TIOKa3bIBaIOT, '!TO aHaJIM3 npocTpaHCTBeHHO-BpeMeH

HOM 3JieKTPH':leCKOH aKTHBHOCTM np11 6aKTepttaJibHOM pocTe MO)KeT OT

KpbIBaTb HOB.hie nepcneKTl1Bbl B HCCJJe)IOBaHHMH KOJIJJeKTl1BH0f0 noae

JJ,eHIHI MHKpoopraHl13MOB (Malvankar, Lovley, 2012). 
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