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B o02nq0i yzacanvueno mexanizmu nepedaui eiekmpoHi6 HA HEPO3YUHHUU MEePMIHATbHUL aKyen-
mop (anod) acoyiayiclo XemoopeaHompopuux oOaxmepil 6 Oi0eNeKMPOXIMIUHUX cucmemMax, SAKI He €
83AEMOBUKIIOUHUMU. BOHU NOOinaomsbcsa Ha MeXaHismMu: 3 6UKOPUCIAHHAM CNOJYK-Mediamopie eleKmpoH-
HO20 Nepenocy; 0NocepeoKo8anol nepedadi enekmporis 3a 00NOMO2010 NPOMINCHUX NPOOYKMI6 Memabonizmy
i npsimoi nepedaui enexmponis i3 nogepxui kiimunu. Tax, mediamopamu ereKmpoHHO2O0 NepeHocy Cayey-
1omov WwmyuHi abo cunme3o6awni baxmepiimu pubo@uasin i noxioui henasuny, sKi marKodc 00YMOBIIOIOMb
30amuicmo baxmepiil 00 aHMAa2oHiZMYy. YV Mexanizmax onocepedko8anoi nepedati enekmponie 3a 00NOMOo20i0
NPOMIHCHUX NPOOYKMIE MeMAOONI3MY, AKUMU € HUZLKOMONEKVIAPHI KApOOHOBI KUCIOMU, CNUPMU, 800€Hb
ma in., 3a0iAHI MIKPOOP2aHizmu 3 2iI0POAIMUYUHOIO, KUCTOMO2EHHOI0 MA eK30e1eKMpPO2eHHOI0 AKMUBHICHIO.
Ilpsima nepedaua enekmpouie Ha HEPOSUUHHUL AHOO MONCIUBA 30 PAXYHOK MEMOPAHHUX CIMPYKMYP (Yumo-
Xpomu, nini ma in.). Acoyiayis mikpoopeanizmis, a, omaice, il OIOXIMIUHI MeXaHiZMU nepeoayi eieKmpomis, 3d-
eACanmov 8i0 NOXOONCEHHS IHOKYIAMY, CyoCmpamy, iHmeHCU8HOCHI MACO0OMIHY, YMO8 aepayii, nomeHyiaiie
i pozmauty8anHs eieKkmpooie ma IHUWUX YUHHUKIG, W0 BUSHAYAIOMbCSL MEXHOLO2IYHUMU | KOHCIPYKIMUBHUMU

OIOMEXHON0CTYHUMU napamempamu NPOOYKYBAHHS eleKMPUYHOT eHepeil.

Knwuoei cnoea: xemoopeanompodui baxmepii, 306HIUHbOKIIMUHHA Nepedaid eleKmpoHis,

eneKmpoaxmuena 6ioniexa, 6ioaroo.

JMATHICTh ~ XEMOOPTaHOTPOPHUX  MIKpPO-

OpraHi3MiB J0 TIiepedadi eIeKTPOHIB Ha

HEepPO3YNHHI TepMiHATLHI aKIENTOPH
BiJIirpa€e KIJIFOUOBY POJIb B 0IOT€OXiIMIYHUX IpOIIe-
cax. MexaHi3MHU BUKOPUCTaHHS MiKpOOpraHi3MaMHu
HEPO3YMHHHUX OKCHIIB Ta TiIPOKCUIIB METAJIB SK
TepMIHATBHUX AaKIENTOPiB EJIEKTPOHIB 3a OKHC-
JICHHSI OPTaHIYHUX CIONYK JETAIBHO IMOYajd BUB-
vatu juie y 1987 p., micus Binkpurts Geobacter
metallireducens [1]. Ommak mpakTHYHE 3aCTO-
CyBaHHA IILOTO SIBHINA B CBOIX JOCHiJax Ipoje-
MOHCTpPYBaB aHTTiiichbkuii BueHwil lloTTep mmie y
1912 p., sskuil, 3aHYPIOIOYU NJIATUHOBUHN €JIEKTPOJ
y kyasrypy Escherichia coli 3a anaepoOHuX yMOB,
CTIIOCTepiraB yTBOPEHHS TOTEHIlially, HeraTHBHO-
r'0 TIO BiJTHOMIEHHIO /IO MOTEHIlia Ty TaKOTO CaMOTo
eJIeKTpo/ia, SKUH 3HAXOIWBCA B aepoOHOMY CTe-
puinsHOMY cepenosumii [2]. ¥V 1931 p. baprer Ko-
XEeH CTBOPWB KOHCTPYKIIIO 3 KiJBKOX ITOCIIiIOBHO
3’¢THAHUX MiXK COOOI0 HAWIIPOCTIMUX MIKpOOHUX
nanuBHUX eneMmeHTiB (MIIE) i oTpumas cuity cTpy-
My B 2 MA 3a Hanpyru nioHan 35 B [3]. ¥V 1967 p.
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. Hesic Ta I. SIpOporx oTpuMaiy MepIinii maTeHT
Ha BHHaXiJ «MiKpoOHUN OKHCITIOIOUHH TMaTUBHHI
enemeHT» [4]. Ha choromni Ham po3po0OKOI0, BIIOCKO-
HaJICHHSIM Ta BIIPOBAKEHHSIM 010€IEKTPOXIMITHUX
cucteM (BEC) aktuBHO mparoooTs moHamx 30
nmociigaunbkux rpyn y CIIA, Kopei, Kurai. Inmaii,
benprii, ®panmii, Hizepnangax, Benmmkodpuranii,
Kanami i ABcTpamii Ta HH3Ka KOMIaHINH, cepen
SIKMX TaKl BCECBITHBO BiTOMi OpeHIH, STK KOMIaHI{
Canon ta General Motors.

[lepcnexkTuBHUM 3aCTOCYBaHHIM BEC
IUIs TeHepyBaHHSA eNeKTPUYHOI eHeprii € ix
IHTeTpamiss B CHCTEMH OYMIICHHS CTIYHUX BOJ
[5-7], mo oOymoBIIO€ HEOOXiIHICTb BHKOPH-
CTaHHS acolarii MIKpOOpPTaHi3MiB, a HE UYHCTHX
KyIbTYyp  JAUCAMUISTUBHUX  METaOPEIYyKYyIO-
gux Oaktepiit (JAMPB) [5]. Ha enekTpoxiMiqHUX,
eJeKTPOTEXHIYHNX Ta TEXHOJOTIYHHUX aCHeKTax
po3pobku BEC mis chcTeM OUYMINEHHS CTITHUX
BOJl, B SIKMX BHUKOPHUCTOBYETBHCS 3MATHICTH XEMO-
opraHoTpo@HUX OaKTepiii IepemaBaTH EIEKTPO-
HHW Ha HEPO3YMHHI €K30KJIITHHHI TepMiHAIbHI ak-
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LEenTopHu, CHOKYCOBAHO TCOPSTUYHI Ta MPAKTHUYHI
JIOCTIJPKCHHSI YKPATHChKUX 1 3apyOiHUX BUCHUX
[8—11]. OnHak He MeHI aKTyaJbHUM € y3arajbHeH-
Hs OIOXIMIYHMX MEXaHi3MiB Tepenadi eJeKTPOHIB
Ha HEPO3UYMHHUH MITYYHUI TepMiHANBHUN aKien-
TOp, SIKUM MOK€ CIIyT'YBaTH aHO[ 3 IEBHUM 3Ha4CH-
HSIM BiJTHOCHOT'O OKHCHO-BIJTHOBHOTO TOTEHI[Iay
(E =-0,3-0,15 B (Binn. HBE), acoriarniero xemoop-
raHoTpopHuX O6aKkTepil, o 1 € METOO OTJISIY.

3arajbHa XapaKTepUCTHKA

MexaHi3MiB nepenadi eJIeKTPOHiIB Ha
HEePO3YHHHUI TepMiHAIbHUI aKIenTop
B acouiamii Mikpoopranizmis

Acoriaiisi MiKpoopraHi3MiB — 1e iX CIiB-
ICHYBaHHS, SIKE B3a€MOOOYMOBJICHO PO3BUBAETHCSI.
B 1ioro OCHOBI JICKUTh TOCHTIJAOBHICTh PO3KJIATY
cyOcTpaTy pi3HUMH MiKpoOpraHizMamH, eHepre-
TUYHUH 00MiH (cuHTpOo(HI acomiamii), 0OMiH ¢ak-
TOpaMH POCTY, BUJAJICHHS TOKCHYHHUX MPOJYKTIiB
oOMiHy (ameHcali3M) Ta iH. Y OUIBIIOCTI cydac-
HUX MIKpOOHHMX TIaJIUBHUX €JIEMEHTIB BHUKOPH-
CTOBYIOTBCSl 3MilllaHi OaKTepianbHi KYyJIbTYPH,
TOOTO acomiamii MiKpOOpraHi3miB, SIK MpPaBUIIO,
B3STI i3 MPHUPOMHOTO CEPEIOBUINA — TIPYHTY abo
aHaepoOHOTO aKTHUBHOTO MYIY 31 CTaHIIid OYHCT-
KM CTIYHHX BoJ. Taki acomiamii MiKpoopraHi3MiB
i3 MIMPOKUM PIZHOMAHITTSIM OakTepiid, He Marouu
IpH 1[LOMY AOMIHAHTHHUX BH[iB, € NOCTYITHUMH,
cTaOlIbHUMHM 1 BUSIBIISIOTH 3HAUHY ACCTPYKTHBHY
3IATHICTH JI0 IIUPOKOT0 KOJia cyOcTpariB — BiJI Po-
CTUX OpraHiuHuX KucioT [12], ByrneBoaiB (y ToMy
YUCJII CKJIQJHUX BYTJICBOJIB, TAKUX SK KPOXMallb,
nentonosa, [13, 14]), npoteinis [15] — no mupoko-
ro CHeKTpa mnojJiapoMaTHYHUX cyOcTpatiB. [lpu
bOMY CKJIaJl CyOCTpary, TEXHOJIOTIYHI YMOBH
mporecy, MOTEHIlial aHoAa Ta HAsSBHICTh MITYY-
HUX MEIIaTOpiB BU3HAYAKOTh CKJajJ acomiamii
MIKpPOOPTaHi3MiB, a OTXKe, € PpEeryIsTopamMu
010XiIMIUHHX MPOIIECiB y OlorIiBIi Ha aHOMi. JKuBi
OakTepii B aHOAHIN KOMipii mepeOyBaroTh y JBOX
CTaHax: BUIBHO IUIaBaIOTh B 00’€Mi €JIEKTPOIITY
(cybcrpaty) [16] abo mpukpirieHi 10 TOBEPXHI
aHoza y Buriisiai 6iorutiBku (puc. 1). CycnenaoBaHi
XeMOOpraHoTpodui OakTepii NEpeHOCITh eJieK-
TPOHU 32 OINOCEPEIKOBAHMMHU MeXaHI3MaMHu:
OakTepiss — wMemiatop (OKUCIEHMI) — aHOM,
OakTepiss — MPOBIIHUN 30BHIMIHBOKJIITHHHUN Ma-
TPHUKC — aHOJl, OaKTepisi — MPOAYKT-IHTEpMeaiaT —
OakTepis—aHox, OaKTepis — MPOAYKT-IHTEpMeaiaT —
anojg (puc. 1). MexaHi3mMu Tniepenadi €JICKTPOHIB
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iMMOO1TI30BaHUMU OAKTEPisSIMU € K MPIMUMHU, TaK
1 omocepeKOBaHUMHU: OaKTepist — aHOA, OaKTepist —
il — anon, 6aktepis (i) — 6akrepis (mini) — aHOZ,
OakTepis — MeaiaTop (MPOAYKT-iHTEpMeaiaT) — aHOJ
(puc. 1).

3a3HayeHi MeXaHI3MH IepeAadi eleKTPOHIB
HE € B3a€MOBHMKIIIOUHMMH, OCKiJIbKH OIOIJIIBKA Ha
MOBEPXHi esleKTpoaa (hopMyeThCsi HEOTHOPIAHO Ta
Ma€ CTPYKTYypy OaraTomrapoBoro MpoBiJHOTO Ma-
TPHUKCY )KMBHX Ta BIAMEPIIUX KIITHH, IO J03BOJISE
MiKpoopraHizmam BUKOPHUCTOBYBAaTH pi3Hi
MEXaHi3MU OJIHOYACHO, 200 30BCIM HE YTBOPIOETHCS
Ha OKpeMHUX [iJsSHKax, 110 pPOOUTH MOXKJIWBUM

-+
H -cenekTuBHa
membpaHa

Puc. 1. Yzaeanvuena cxema mexawnizmie nepeoaui
e1eKmpOHI8 MIKPOOP2AHIZMAMU 8 AHOOHIU KOMIpYL
MIKpOOHO20 nanusHoeo enemenma (be3 30epedicen-
Ha nponopyin): S, ,, S, — 6i0HO6IeHa ma oKucie-
Ha ¢opmu cyocmpamy, M — gi0HOBIEHA MA

red’ 0x
oKuciena opmu mediamopy
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nepebir (OHOBUX EIEKTPOXIMIYHMX MPOLECIB Ha
aHoMI.

Bioximiuni MmexaHi3Mu nepenayi eJ1eKTpoHiB
3a JI0IOMOI 010 CIIOJIYK-MeNdiaTopiB

MexaHism Oaktepis — wmemiatop (OKuCIe-
HUH) — a”on (puc. 2) nependayae KOHTAKT KIITHH
MIKPOOPraHi3MiB 3 aHOJOM 4epe3 MeAiaTop, SKHi
3MIACHIOE TIEPEHECEHHSI eNIEKTPOHA, BUITY4YEHOT0 32
OKHCcIeHHs KIITHHHUX KodakTopiB (NADH), kpi3b
MeMOpaHy KIITHHH Ta JUQY3if0 B MPUETEKTPOIHO-
MY MPOCTOPi.

HIBUAKICTE  €IEKTPOXIMIYHOTO  OKHCIICHHS
BiJIHOBJIEHOTO MeJliaTopy M, , Ha TIOBEPXHi aHO/A:

M, M, +2H +2e (1)

BHPAXKAETHCS SIK (QYHKIIS BiJ TYCTUHH CTPYMY:

Vped £ = —L,F_m\_ E— — @
2F = 2F

ne ry, .. i Mors — ITBUKOCT] €JIeKTPOXiMITHOTO
OKHCIICHHS 1 BITHOBJICHHS MEJIaTOPy Ha MOBEPXHi
enekTpona, F — crama ®apanes, 96 485 Ku/moob.
I'yctuHa cTpyMy, 10 BHPOOJSIETBCS B MpoIeci
EIeKTPOXIMIYHOTO  MEIiaTOPHOTO  OKHCJICHHS,
1 omucyeThcsl piBHSHHSIM batnepa—®donbMepa
[17, 18]:

-1
A ‘S‘f'.',.lfrr.':f Sf':..\frm S.f'.'.ff
= 'i[],h.'.f' x
' S.-L_-,r,.m-‘-gx Sn_'.f"._'lfn_\' Set
cxp[2’3031) ] u.p( 2,303 > ] 3
X ’ + |~ °X i :
b ac b ( )
pe i, .. — TycTMHa CTpyMy OOMiHY 32 OKHCICH-
HA Mmenmiatopy, A/M* (3a cry); S, i S ered

KOHIIEHTpalii BifHOBIEHOI (QopMu MemiaTopy Ha
MOMEHT PO3paxyHKy Ta 3a CT.y. Ha ITOBEPXHI eJIeK-
Tpoma, MOIb/aM>; S tor | Snf vox — KOHIIEHTpALii
OKHCIIeHOT (POpMH MeiaTopy Ha MOMEHT PO3paxyH-
Ky Ta 3a CT.y. Ha IOBEPXHi €JIEKTPOJIa, MOMIB/AM’; S |,
1 S,y — KOHLEHTpALIi IPOTOHIB HA MOMEHT PO3pa-
XYHKY Ta 3a CT.y. Ha IOBEPXHIi eJIEKTPOIa, MOJIb/IM>;
b — koediuienTt Tadernst 1ist OKUCTCHHS MEAIaTOPY;
1., — AKTHBAIlIiHA MIEPEHATIPYTa Ha aHOJI.

CtpyM [, 1m0 TPOAYKYETbCS Ha EIEKTPO.I,
ONUCYIOTh HUISXOM IHTErpamii BCIX MOMKIHBHX
JIOKaJIBHUX TYCTUH CTPyMY ij Ha TJIOIII TOBEPXHi
enextpona A (ak y mozeni 6iokoposii ITiniopeany
i Ban-Jlocnpexr):
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I=[idA @
A

€mHICTE Q  pO3paxoBYETbCA  HUIAXOM
IHTerpyBaHHS 32 yacoM t ojiepkaHoi cuitu cTpymy |:

= j Idt. 5)

3 HaykoBOi JiTepaTypH BiJioMi pi3HI BHIU
xiMiuHHX MeniaTopiB. Tak, TiOHIH BHKOPHCTO-
ByBaJIM B JOCIHIJUKCHHSX €JIEKTPOHHOTO Iepe-
Hecenns Big Proteus vulgaris i E. coli [19, 20].
Opraniyni  OapBHuku  OeH3wmiBiosioren  [21],
2,6-nuxnopodeHon-inaopenon [22], 2-rizpokcu-
1,4-nadroxinon [23], ¢denasunu (peHasuH ero-
cyiabdar, cadpanin), ¢eHoTiazuH (amizapuH
niamantoBuit cuuiit, N,N-mumeTun-gucynbpoHaT
TIOHIH, METHUJICHOBUH CHHIN, (QEHOTIa3WH, CHHIN
tonyinuH-0O) 1 heHokcaznHu (AiaMaHTOBHI Kpe30-
JIOBUH CHUHIH, TanouiaHiH, pe30pdiH) BUKOPHCTO-
ByBaJld B JIOCJI/PKCHHSIX MEIIaTOPHOTO MEPEHOCY
enektpoHiB B E. coli, Actinobacillus succinogenes,
Desulfovibrio desulfuricans, Anabaena variabilis
[22, 24, 25]. Jns OUIBLIOCTI MIKpPOOpPraHi3MiB
(enokcasuH, ¢eHoriazuH, (eHazuH, iHAODEHOI,
OlmipUUIBHI TMOXiJHI, TiOHIH 1 2-Tigpokcu-1,4-
HAQ)TOXIHOH CepeJl JIOCHIJDKEHUX OapBHUKIB BU-
SIBUJIACST  HAaHE(EKTHBHIIIMMU  TIEPEHOCHUKAMHU
eNeKTPOHIB. TakoX BCTAHOBJICHO, IO XeJaTHi
KoMIiekcn 3aniza (Hampukian, Fe(IID)-EJTA)
YCIILIHO MEPEHOCSATh EJNeKTPOHHM B CHUCTEMI 3
Lactobacillus plantarum, Streptococcus lactis
i Erwinia dissolvens. ¥V cBowo uepry, MoOHO- i
Iucynb(oHOBaHI MOXi/IHI TIOHIHY 3aCTOCOBYIOTHCS
JUTSl BU3HAYEHHS BIUTMBY T11po(diTbHUX 3aMICHHUKIB
Ha e()EeKTUBHICTh MEIiaTOPHOTO EJIEKTPOHHOIO TIe-
penocy Bix E. coli mo anoma. 3amimieHHst TiOHIHY
J0 2-cynb(pOHOBAHOrO Ta 2,6-AHCYJIB(OHOBAHOTO
TiIOHIHY TIPU3BOAUTH 10 301MbIICHHS e(DeKTUBHOCTI
MEJiaTOPHOIO0  EJNEKTPOHHOTO  MEpeHOCy,  LI0
BiJJOOpakaeThCsl B POCTI BEIMYUHH EIEKTPUYHOTO
ctpymy MIIE [24, 25]. Takox epeKTUBHUM € BH-
KopucTaHHs ABOX (1 Oinbiie) mexiatopis. Tak, mms
3a0e3neueH sl eNeKTPOHHOro nepeHocy Bix E. coli
JIO aHOJIa B CEPE/IOBUILC BHOCHIIU TIOHIH 1 KOMILIEKC
Fe(III)-ETA. IBuaKicTh BiJHOBJICHHS TiOHIHY B
100 pasziB Bue, Hix st Fe(IIN)-EJITA, Tomy mpo-
1eC mepeaayi eJNeKTPOHIB MPOXOJAMB 33 CXEMOIO:
E. coli — Tionin — Fe(IIT)-EJITA — amnox [24].
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Puc. 2. Fioenexmpoximiuna cxema OKUCAEHHS 2IOKO3U 8
OKUCIeHa ma 8i0H08IeHA hopmu mediamopy

OnHak ayd  BUKOPUCTAHHA CHHTETHYHO-
ro MejiaTopy ejekTpoHHoro mnepeHocy B MIIE
€ HH3Ka OOMEXeHb: MeIiaTop IOBHHEH OyTH
CJIEKTPOXIMIYHO aKTUBHUM B aHOJHOMY IPOCTOPI
MIIE, a i#ioro peaokc-OTEHIial BiANOBIATH
MMOTEHITIATy MeTaOOoiTy-BiTHOBHUKA;, MEIiaTop
Ma€ MaTH BHCOKY NPOHMKHICTH Kpi3b KIITHHHY
MeMOpaHy B OKHCIIEHOMY 1 BiTHOBIIEHOMY CTaHi i
He ajcopOyBaTHUCh HAa TMOBEPXHI KJITHH YU €JICK-
Tpoaa; OyTH PE3UCTEHTHUM [0 Ail €H3UMHHUX CH-
CTEM MIKpOOpPraHi3My 1 HSTOKCHYHUM; TIEPEHOCHUK
CJIEKTPOHIB Ma€ BUSBISATU CTaOUIBHICTh MPOTATOM
TPUBAJIOTO YaCy eKCIuTyaTarlii Ta OyTH eKOHOMITHO
BUTIIHUM. Taki KOPCTKi BUMOTH POOJSTH BHKO-
puctanHs wmemiatopiB 'y MIIE nns omepxanHs
€JEKTPUYHOI SHepTrii TEXHOJIOTIIHO Ta €KOHOMITHO
HENPUWHATHUMU.

Jlesxi Bumm OakTepiil, MO TEPEHOCATH eJeK-
TPOHHM 332 MEXaHi3MOM OakTepis — MeaiaTop (OKHC-
JICHUH) — aHOA He MOTPeOYIOTh BHECEHHS CHHTE-
TUYHUX MEIaTOpiB, a CIPOMOXKHI X CHHTE3yBaTH.
Jlo Hux Hanexarb Oaxtepil poxiB Shewanella i
Pseudomonas, Geothrix fermentans [26, 9]. Ileit
MEXaHI3M PO3IJIAIAEThCS SIK OaKTepiss — MeiaTop
(TpomyKT-iHTEepMeIiaT) — aHOJ, OCKIJTBKH OaKTepii,
B OCHOBHOMY, PO3BHBAalOThCs B OioriiBii. Tak,
oaxtepii Shewanella loihica PV-4 nys nepenecenns
CJIEKTPOHIB Ha BYIJICHEBHH €IEKTPOJ] CHHTE3YIOTh
(maBiHOBI Ta XIHOHOBI MeaiaTopH [27], IKi MOXKYThb
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TAKOX aKyMYJIIOBaTHCh B 30BHILIHbOKJIITUHHOMY
MaTpUKCi  OIOTUIIBKM  Ta  MPUEICKTPOIHOMY
MIPOCTOPI, AKUI BUKOPUCTOBYIOTH 1HIII OaKkTepii AJist
mepenadi eIeKTPOHIB 3a MEXaHI3MOM OakTepis —
IPOBIIHUH 30BHIITHBOKJIITHHHUN MaTPUKC — aHO/.
Shewanella oneidensis MR-1 npoaykye pubodiaBin
(6,7-numetnn-9-(D-1-pubutiin)) 1 puboduaBin-5-
(hocdar s mepenavi eIEKTPOHIB HA HEPOIUMHHI
(rinp)oxcuau  Fe(Ill) i Mn(IV) [28]. baxtepii
Pseudomonas chlororaphis ex3orenHo cuHTE3y-
OTh TOXimHiI (eHasuHy (peHa3uH-1-kapOOHOBY
KHUCIOTY, (eHa3uH-1-kapOokciaMiH) aiisg mepenadi
eNeKTPOHIB Ha aHo[ [29], SKi TakoX MarOTh BHpa-
KEHY OaKTepioCTaTUYHY JII0 MO BiJHOIICHHIO JI0
0araTbOX MAaTOTCHHMX MIKPOOPTaHi3MiB, OCKIJIBKU
iari0ytore JIHK-3anexxuuit cuare3 PHK mms-
XOM YTBOPCHHS CTaOlIbHOTO KOMILIEKCY 3 €H3H-
mamu PHK-momimepasHoi cuctemMu TpaHCKpHITIIi
[30]. e € BaxkynuBUM (hakTOpOM 3a iHTErpyBaHHS
MIIE B TExXHONOTi0 OYHINEHHS MOOYTOBUX
CTIYHMX BOJ, OCKIJBbKM aHOJHa OIOIJIIBKAa Mae
MPUTHIYYBAaTH PO3BUTOK iHQEKUIHHUX areHTiB.
OmHak CHHTE3 MeEIiaTopiB € EeHEepPreTUIHO 3a-
TPaTHUM ISl MIKpPOOPTaHi3MiB, TOMY IHTOMa
notyxHicTb MIIE i3 BUKOpUCTaHHSM YACTUX KYJITb-
TYp MIKpPOOpPraHi3MiB, III0 €K30T€HHO CHHTE3YIOTh
MeNiaTOpH, € HIDKUYOIO IMOPIBHSHO 3 OiOIJIiBKOIO
acorriartii MiKpoopraHi3mMiB ab00 YHCTUMH KYJBTY-
pamu OakTepil, sSKi mepeJaloTh eIeKTPOHHU 3a Tpsi-
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MHMHU MeXaHi3MaMH 0akTepis — aHOA i OGakTepis —
it — aHo,.

MexaHi3Mu onocepeKOBaHOT0
NepeHeceHHs eJIEKTPOHIB uepe3
NPOAYKTH-iHTepMeaiaTH

Ornocepe/ikOBaHE TICPEHECCHHST CJICKTPOHIB
3a MEXaHi3MOM OaKTepisi — IpOoLyKT-iHTepMeIiaT —
OakTepiss — aHOJA HAaMBHBUCHIIIA 32 BHKOPUCTAH-
Hs OiHapHUX KyisTyp y MIIE. B nmociimkeHHsIX
3 Geobacter sulfurreducens rta Clostridium
cellulolyticum BIIEpILIC MPOJICMOHCTPOBAHO
(YHKIIOHATBHY POJb 1 METa0OIIuHI B3a€MO3B’SI3KI
pisaux Buais y MIIE. G. sulfurreducens uanexurtsb
JI0 IUCUMUTSTUBHUX METAJIOpEyKYIOUHX OaKkTepiii,
CIPOMOKHUX BUKOPHCTOBYBATH SIK JIKEPEJIO ByTJIe-
IO Ta EJICKTPOHIB JIMIIIEC JICTKI KapOOHOBI KUCIOTH
Ta anerar (puc. 3).

Meraboniuni msxu y G. sulfurreducens
pekoHcTpyiioBaHi in Silico 3 BigKpuTHX pamMoK 3uu-
TyBaHHS, 3aKofoBaHux y renomi G. sulfurreducens
[31, 32], 3a I0MOMOIOK0 paHillle OMHCAHUX IMPOIIC-
Oyp MeTa0oNiuyHOI PEeKOHCTPYKLIi 1 JIOCTYHMHHUX
Meraboniuanx 0a3 manux [33-35]. MopentoBaH-
HS MeTa0OoNIYHUX IAXiB (pHc. 3) BUSBWIIO, IO

2-pocorniuepar

auerar
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G. sulfurreducens mae kingpKa MIIAXIB KaTAOOMIZMY
aneraty (anetun-KoA tpaHcdepasa, anieraTkinasa i
tdocdoTpancanernnaza), nepeTBOPEHHs MipyBary B
anetun-KoA (mipyBatdopmiariiasa, mipysar depe-
JIOKCHH OKCHJIOpEIyKTa3a i MmipyBaT/Aeriporenasa
(He TIOKa3aHo Ha CXeMi), 1 aHAIIEeBPOTHYHI peaKiii
LHTK (pochoenonmipyBar kapOOKCHKiHA3a i
nipyBaTkapOokcunasza). Tak, y pasi oOmexe-
HOTO JIOCTYNy aleTary B CepeIOBUIIl 3 LUTpa-
tom Fe(Ill) (mBHAKICTH CHOXKUBAHHS aneTaTy
cknaznae 13,63 mmounb/rog Ha 1 T cyXoi pedoBHHH
3a mBuAKoCTI pocty 0,06 rox?!) 93,6% arerary, mo
TPAHCIIOPTYETHCS B KIIITHHY, BUKOPHCTOBYETHCS
Ju1st okuciieHHs 1 cuate3y ATP uepes LITK [31].
ExcniepuMeHTanbHi  JOCTIJPKCHHSI  TIOKa3y-
foTh, mo C. cellulolyticum saificHioe eH3uMaTH9-
HUH rigponi3 momimepis: nemtono3n (MN301) ta
KapOOKCHMETHIIIETIONO3H, A0 HHU3BKOMOJICKYIISIP-
HUX OpraHiyHUX KHCJIOT, y TOMY YHCII anerary,
a Oaxtepii G. sulfurreducens BHKOPHUCTOBYIOTH
ix stk cyoctpart. [Ipu 1ipoMy y pa3i BHKOPHCTaH-
Hsl OiHapHOi KyJBTYpH TMOXiJHI LENIONIO3H PO3-
KJIaJaloThess Ha 64%, TOMI SK 32 BUKOPHCTAHHS
guctoi kKynsrypu C. cellulolyticum numie Ha 42%.
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20

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, Vol. 86, N 2



. A. CAMAPYXA

BHACJIJIOK PO3KJIAJly MOXIJHUX ILEII0JIO3U € BO-
JICHb, alleTaT, €TaHOJI Ta BHUPOOJICHA EJIEKTPUYHA
eHeprist moTyxHicTio 143 MBT/M? 1151 KapOOKCHMe-
trrenonosu (1 r/am?) 1 59,2 MBt/m? auis nesronos3u
(MN301) (1 o/am®) [36].

MexaHni3m OakTepisi — IpOayKT-IHTepMeTiaT —
AHOJI € HE JIUIIE B TETEPOTrCHHIN CHCTeMI acolliamii
MIKpOOpPraHi3MiB, a JIKHTb B OCHOBI po0OOTH
onocepenakopanux MIIE, B skux Bij0OyBaeThCs
MiKpOOIOJIOTIYHHMI CUHTE3 MPOAYKTIB JIJIsl TIO/AaJIb-
IIOTO €JICKTPOXIMIYHOTO OKUCJICHHS B MaJIMBHOMY
enemenTi. Tak, pi3Hi xemoopraHotpodHi OakTepii
(mampukiaza, Enterobacter aerogenes, Clostridium
butyricum, Clostridium acetobutylicum, Clostri-
dium perfringens) 3a anaepoOHHX YMOB 3[aTHi J0
CUHTE3y BOJHIO, SKUH IMOTIM BUKOPUCTOBYETHCS
SIK TAaJMBO B BOJHEBO-KUCHEBOMY MAJUBHOMY
eneMeHTi [8]. OpgHak Takuii MeXaHi3M mepenadi
CJIEKTPOHIB HA TEPMiHAJIBHMI aKIENTOP CIpskKe-
HUH 31 3HAUHHUMH BTpaTaMH, 10 OOYMOBIIIOE 3HU-
JKSHUH 1HTEepeC J0 HOro JOCIIIKEHHS.

MexaHizMu npsiMoi nepeaadi eJIeKTPOHiB
HA HEPO3YMHHMI aKkuenTop y 0akrepii

Mexanizmu OakTepisi — aHOJ 1 OaKTepist — i —
AHOJ/I XapaKTepHU3YIOTh IMPOLECcH MpsMOI mepenadi
CJIEKTPOHIB Ha HEPO3UMHHHI TEPMiHATLHUHN aKIern-
Top. BincTans, sIKy elIeKTPOHU MAIOTh IEPETHYTH 13
BHYTPIITHBOI MeMOpaHu OakTepiaJibHOI KIITHHHOI
MOBEPXHI CTAHOBUTH HE MeHIe 8 HM [37], 1110 € 3a-
BEJIMKOIO BiJICTAHHIO JUIsl TIEPEHECCHHSI CIIEKTPOHIB
3a TYHEJIBHUM MEXaHi3MOM, B SIKOMY BiJICTAHb HE
Mae nepeBumtyBatu 1,4 um [38].

BakTepianbHi MYJIBTUTEMOBI IUTOXPOMHU C
(c-Cyt), sik B17IOMO, € OCHOBHUMH KOMIIOHCHTaMH, SIK1
Oe3nocepeHbO OepyTh YUacTh Y TPAHCIOPTYBaHHI
€JIEKTPOHIB BiJl BHY TPilIHBOT MEMOpaHu OaKTepii 10
MOBEPXHI TBEpAUX (TiIP)OKCH]IIB METalliB, a, OTXKE,
i Ha eNeKTpox 3a MEXaHi3MOM OakTepisi — aHOJ.
Xoua aMIHOKHCIIOTHI IIOCIIZOBHOCTI IX ICTOTHO
BIJIPI3HSAIOTHCS, OfHAK Bcl ¢-Cyt MamTh xoua 0O
onuH reMm. @parMeHTH remy, siK MpaBuIlo, 3B’s13aHi
yepe3 JBa Tioe(ipHi 3B’I3KU 3 MPOKCUMAaTbHUMU
3aJIMIIKaMU IMCTEiHY B MPOTEiHi, JIe CUTHATYp-
Hoto koo s c-Cyt e CX CH (abo CX, ,CH,
CX,CK i A/FX,CH). Ii pinsHK¥ 3 KOBaJCHTHO
3B’SI3aHUMH Te€MaMH € KIIOYOBHMH CKJIaJOBHMH
KOMITOHEHTaMH T'€MBMICHUX JOMEHIB Ta BHUKOHY-
I0Th pi3HOMaHiTHI (yHKIIi, cepex SKUX Karami3
MEPEHECEHHS EJIEKTPOHA 1 K KOHJIEHCATOPH IS
HAKOMWYEHHS eNeKTpoHiB [39, 40]. MynbsTUreMoBi
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c-Cyty IMPB po3raiiioBaHi B 30BHilIIHI it MeMOpaHi
JUIs peasizamii B3aeMoii 3 MO3aKJIITUHHUMU CyO0-
cTparamu, TOJi sIK OUIbIIiCTE MeMOpaHHUX c-Cyt
B IHIIUX OaKTEpisiX, y TOMY YUCII MYJIBTUT€MOBUN
c-Cyt y cynbdaTpenykyrunx 0akTepiii, Takux K
Desulfovibrio, 3’13ani i3 ruroniasMaTuyHow0 adbo
BHYTPIITHBOIO MeMOpaHamu [41].

OcobnuBicTio  OinbmocTi  OakTepiaTbHUX
MyJIbTHreMOBUX c-Cyt, s sikux Oynu moOynoBaHi
cTpykTypHi Mogmeni 3D, e posranryBaHHs TpyIl
remy. Y mynstureMoBux c-Cyt Bci Ipynu remy
pO3TamoBaHi TAKMM YHHOM, IO KOKEH TeM 3Haxo-
JIUThCS B Oe3rmocepeHii OTM3bKOCTI MPUHANMHI J10
OJTHOTO 3 1HIIMX TeMiB, a MOPQIPUHOBI KiJBIIS IBOX
CYMIKHHX IeMiB pO3TalllOBaHi apajeabHo ado rep-
NEHIUKYJSIPHO OJIMH JI0 OJHOTO. BBaskaeThcs, mo
Taka CTPYKTypa CIpHSE MBUAKOMY CIeIH(PiTHOMY
TPaHCMOPTYBAHHIO €JIEKTPOHIB Y IpyIax I'eMiB, sKi
YTBOPIOIOTH CYLINBHUH «ENEKTPHYHUN ApIT» [42].
Konmu mpoTeiHOBI KOMIUIEKCH YTBOPIOIOTHCS MikK
MyJIbTHTeMOBUME c-Cyt, TO IprHAaWMHI O/THa TpyTIa
remy B onHiil c-Cyt cyOOAMHMII, SIK TPABUIIO, PO3-
TalIoBaHa OJU3BKO JI0 Ipynu remy B iHmin c-Cyt,
IO COpHsi€ IIBUIKOMY 1 cnenu(iuHOMYy TpaHc-
NOPTYBAHHIO EJIEKTPOHIB MiX NPOKCUMAaTbHUMHU
cyoonunuisimu [40]. Hanpukian, kommieke ¢-Cyt
XIHOJIJICT1IpOreHasa (NrfH)/aiTputpenykrasa
(NrfA) y Desulfovibrio vulgaris cknamaerbes 3
nBox NrfH i woruprox NrfA (3aramom 28 remis),
SKi BUKOPUCTOBYIOThCS ISl (DOPMYBaHHS €IMHOI
eJICKTPOHTPAHCIIOPTYBaIbHOT Mepexki 3 NrfH/NrfA
KoMIuiekcy. HalioBmia BifcTaHb, Ha SIKY MOXYTh
NEePEeXOIUTH ENEKTPOHU (BiJ LEHTPY CYOOIMHUII
XIHOJIJICTIIPOTEHA3U  JI0 LEHTPY CyOOMMHMII
HITPUTpeyKTa3H) JopiBHIOE ~ 98 A (a6o 9,8 HM),
ne Bxiroueno 10 remis [40].

VY S. oneidensis MR-1 € pi3Hi MyJIbTUTeMOBI
c-Cyt, sxi 3a0e3mevyyoTh CTPYKTYpHI Ta
CJIEKTPOXIMIUHI HUISIXM Mejialii TpaHCIIOpTyBaH-
Hsl CJIEKTPOHIB BiJi XiHOHY/XiHOJY BHYTPIIIHBOI
MeMOpaHU B MEPHIIa3My JI0 30BHIIIHBOT MeMOpa-
HU 1, HapemTi, A0 MO3aKJIITHHHUX HEPO3YMHHHX
TepMiHaNBHUX akuenTopiB (puc. 4). Hnsg cmpo-
IICHHS JUJISSHKY BIiJHOBJICHHS XIHOHY B JIUXaJib-
HOMY JIQHI[I031, HIap TENTUIOTTIKaHy 1 OKpeMi
KoMroHeHTH cucreMu cekpeuii II Tumy (T,S) i
nini IV tumy (T,P), oxpim GspD/PilQ, GspF/PilC i
TNICEBIOMIIIHY/MTIHY BUKJIIOYEHI 3 Mozenmi. TeTpa-
remoBuii C-Cyt CymA y BHyTpilHiiH MemOpaHni
S. oneidensis MR-1 wnanexutrs g0 NapC/Nirl-
POJIMHU X1HOJ JETiApOreHas i 3JaTHUH OKHCITIOBA-

21



OIS N

4’_?‘» <> A H 0 ﬂ

OmcA X MitrC X OmcA

30BHilWHA

membpaHa e MtrB Je

MtrA

Mepunnasmatuuumii |
npocrip

BHyTpiWwHA

—] XiHon

XiHon

membpaHa

Puc. 4. Mexanizm mpancnopmyeanns enekmpouie na anoo S. oneidensis MR-1

TH X1HOJI Ha BHYTPIiLIHII MeMOpaHi 1 BiJTHOBJIIOBaTH
c-Cyt MtrA, mo mae 10 remiB i po3TanioBaHui B
MEPUTIIa3MaTHYHOMY MPOCTOpi. MtrA Takox Moxe
B3a€EMOJISTH 3 TPaHCMEMOpaHHUM IpoTeiHoM MtrB
B 30BHIIIHIA MemOpani [37] 1 cnpuse nokamizamii
ainonpoteinoBux C-Cyt MtrC i OmcA B 30BHIIIHIH
MeMOpaHi [43, 44].

Cucrema cekpenii ICEBIOMiJIiHY, YTBOPEH-
HSl SIKOTO PETyJIOETHCS MPOTETHOBUM KOMILICK-
COM Yy BHYTPIIIHIKH MeMOpaHi (Ha cxemi MOKa3aHO
TimpKH MeMmOpanHuil mpotein GspF) BumTOBXYE
c-Cyt MtrC i OmcA 3 nepumia3mMu 3a JOIMOMOTOI0
MeMmOpaHHoro npoteiny GspD, sikuii € CKI1aJ0BOIO
OaxrepianbHoi cuctemu cekpenii I tumy (T,C),
70 TIOBepXHI OakTepiaibHOI KiiTuHH, Ae MtrC i
OmcA yTBOpIOIOTH (DYHKLIOHATBHHM KOMILIEKC.
Ha nmosepxHi kimituan MtrC i OmcA 31atHi 6e310-
CEpeIHBO BiTHOBIIOBATH HEPO3IUHHHI (T17p)OKCUIU
Fe(IIT1)/Mn(IIL,LIV) Ta/abo mepenaBatu eIEKTPOHU
Ha aHOJ.

KonuenTyaneHa MoAens MexaHi3My nepenadi
enekTpoHiB 'y S. oneidensis MR-1 ictoTHO
BiZpi3HsEThCs Bin MexaHizmy y G. sulfurreducens,
32  SIKHM  @JIEKTPOHHM TPaHCIOPTYIOTbCA IO
TepMiHAJIBHUX  aknenTopiB (puc. 5) uepe3
nonosxeni mini I'V tuny (T,P) abo reomii (geopili),
SAKi € enekTporpoBigHUMH [44—46]. Ilpote moci
BiJICYTHE HayKOBE IMOSCHEHHS MEXaHi3My Iepenadi
CJIEKTPOHIB Yepe3 mpoTeid misiH. TpancmeMOpanHi
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npoteinu PilQ ta PilC € cTpykTypHHUMH KOMITOHEH-
tamu T,P 1 BUKOHYIOTH (QyHKIIIFO JIOKaTi3alii minen
B MeMOpaHi.

[Tpunyckarots [47], 0 TeTpa- Ta rekcareMoBi
c-Cyt OmcE i OmcS y 30BHimHIN MeMOpaHi mepe-
JAal0Th EJCKTPOHM Ha cuctemy mined VI Ttumy,
AKi TOTIM TIepeHocATh IX Oe3rnocepegHbO Ha
TepMiHanbHUH akuenTop. CTPyKTypHI KOMIIOHEH-
TH, 32 JONOMOTOI0 SIKMX 3AiHCHIOETHCS TPaHCHOP-
TyBaHHSI €JIEKTPOHIB BiJl BHYTPIIIHbOT MeMOpaHH
no C-Cyt OmcE/OmcS B 30BHIIIHIN MeMOpaHi, Ta-
KO €KCIIEPUMEHTAJIEHO HE BU3HAUCHO.

OTxe, 3a NPUPONOI0 TPOIECYy MeXaHi3MHU
nepeaadi  eNeKTPOHIB B acollialii XeMOOpraHo-
TpopHUX OakTepili MOMIIAIOTHCS HAa MEXaHI3MU
3a BUKOPUCTAHHS CHONYK-MEIiaTopiB, MEXaHi3MH
OIIOCEpEeIKOBaHOI TMepeaavl eJIeKTPOHIB 3a J0-
MOMOTOI0 MPOMIKHUX TNPOAYKTIB MeTadomi3mMy
Ta MEXaHI3MH TpAMOi Tmepenadi eIeKTPOHIB
i3 moBepxHi kiiTmHH. KiHeTuka mpomecy 3a
MEXaHi3MOM MeiaTOPHOTO TEPEHECCHHS 3HAYHOIO
MIipOIO 3aJICKHUTh BiJl XIMIYHOI Ta MPOCTOPOBOI OY-
JIOBH, INBHJKOCTI JUQy3ii, OKHUCHO-BiTHOBHOTO
NOTEHI[ialy Ta CHoco0y CHHTE3y (XIMIYHOTO YHu
IPUPOIHOTO MOXOJKEHH ) MeniaTopy. bioximiunuit
npolec  TPAaHCIOPTYBaHHS  CJIEKTPOHIB  3a
MEXaHi3MOM OIlOCEpPEIKOBaHOI mepenadi 3a pa-
XYHOK MPOMIXHHUX HPOAYKTIB 3aJICKUTh BiJ BH-
JIOBOTO CKJIay acormiamii OakTepiii Ta ocoOim-
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Puc. 5. Mexanizm mpancnopmysanns enrexmponie na anoo G. sulfurreducens
BOCTE MeTabomi3My JOMIHYIOYMX BHJIB, IO MEXAHMU3MBI IEPEJJAYHN

JIETEpPMIHOBAHO CKJIAIOM cyOcTpary. MexaHizmMu
MIPSIMOI TIepeadi eJICKTPOHIB 13 TOBEPXHI KIIITHHHU
BJIACTHBI JIWIIE OKPEMHM BHIAM OaKTepiii Ta
peamizyloThCcsi 3a PaxXyHOK WPSIMOTO EeJIeKTPHY-
HOTO KOHTaKTy MEMOpaHHHX CTPYKTYp OakKTepiid
i3 30BHINIHIM HEPO3UMHHUM TEPMiHAJIBHUM aK-
[enTopoM. IHTepec 10 IOCHiIKEHHS IIPOIIECiB
repenadi €JICKTPOHIB HAa TEPMiHAIBHI aKIENTO-
pHU, 0 HE MOXYTh TPAHCIOPTYBAaTHCH Oe3moce-
peNHBO B KIITHHY, HOCHTH HE JIUIIE TEOPETHU-
HUH XapakTep, a ¥ Mae MpaKkTUYHE 3HAYECHHS s
OOTpYHTYBaHHSI Ta PO3POOKH OIOTEXHOJIOTIH OTpPH-
MaHHS CHEprii Ta eHEepProHOCiiB, OUMINECHHS BOIH i
yTHITI3amii BigxoaiB. BcTaHoBiaeHHS OiOXIMIYHHX,
KIHeTHYHUX, (I3HKO-XIMIYHHX Ta TiAPaBIIIHUX
3aKOHOMIPHOCTEH € HAayKOBHM IIATPYHTSIM TSI
CTBOPEHHSI HOBHUX KOHCTPYKTHBHHX pIIlIeHb Ta
CIoco0iB PO3PaxXyHKY TEXHOJIOTIYHHX TapameTpiB
MIPOIIECIB.
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3JEKTPOHOB HA HEPACTBOPUMBbBII
TEPMUHAJIBHBIN AKIIEIITOP
XEMOOPITAHOTPO®HBIX BAKTEPUI

U A. Camapyxa

HanunoHanbHBIN TEXHUYECKHUI YHUBEPCUTET YKPAUHbI
«KueBckuil monuTeXHUYECKU HHCTUTYTY, Kues;
e-mail: iryna.samarukha@gmail.com

B 0030pe 0000mmeHs MeXaHW3MBI Iepena-
YU SJIEKTPOHOB Ha aHOJ| accollMalueil xemoopra-
HOTPOPHBIX OaKTepUii B MUKPOOHOM TOTLTUBHOM
JJIEMEHTE, KOTOPbIe HE SIBJISIOTCS B3aMMOMCKIIIO-
yaromuMu. OHH JIeNATCS HA MEXaHHU3MBI C UCIIOJb-
30BaHUEM COCJIHHEHUI-MEIMATOPOB JICKTPOHHOTO
MePeHOCca; MEXaHU3MbI OTIOCPEIOBAHHON Mepeaayn
JJIEKTPOHOB C MOMOIIBIO TTPOMEXKYTOUHBIX POy K-
TOB MeTabonu3Ma M MPSMOU Iepeadu dJIeKTPo-
HOB C MOBEPXHOCTH KJETKH. Tak, MeauaTopamu
JJNIEKTPOHHOI'0 TMEpPEeHOCa CIYKaT HCKYCCTBCHHBIC
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orJisiau

WM CUHTE3UpOBaHHBbIE OakTepusMU pubOQIaBu-
Hbl W TPOM3BOAHBIC (heHa3uHa, KOTOPbIE TaKKe
00yCIIOBIIMBAIOT CIIOCOOHOCTH OAKTEpHii K aHTaro-
HU3MY. B MexaHu3Max OMmocpesoBaHHON Mepeaadn
JJIEKTPOHOB C TOMOIIBIO MPOMEXKYTOYHBIX TIPO-
JYKTOB MeTaboyin3Ma, KOTOPHIMH SIBIISIFOTCST HH3-
KOMOJIEKYJISIpHBbIE KapOOHOBBIE KWCIIOTHI, CITUPTEI,
BOJIOPOJ U 1., 3aA€HCTBOBaHBI MUKPOOPTaHU3MBI C
TUAPOJIUTUYECKON, KUCIIOTOTEHHOM U 3K303JIEKTPO-
FeHHOW akTUBHOCTHIO. [IpsiMas mepenaua snekTpo-
HOB Ha HEPACTBOPHMBIA aHOA BO3MOXKHA 3a CYET
MeMOpPaHHBIX CTPYKTYP (IUTOXPOMBI, AU U 1IP.).
Acconuanusi MUKpOOPTaHU3MOB, a CIIeIOBATEIBHO
1 OMOXMMHUYECKHE MEXaHU3MBbI TIepeladn JIEeKTPO-
HOB, 3aBHUCAT OT IPOUCXOXKICHUS MHOKYJIATA, CYyO-
CTpaTa, WHTEHCUBHOCTH MaccoOOMeHa, YCIIOBHUU
a’paluy, MOTEHIUAJIOB, PACIIOJIIOKEHUS DIIEKTPO-
JIOB U OpyruXx (pakTOpoOB, KOTOPBIE ONMPENENISIFOTCS
TEXHOJIOTHYECKUMHU U KOHCTPYKTUBHBIMH OHOTEX-
HOJIOTMYECKUMH TapaMeTpaMy TMPOAYLHPOBAHUS
JIEKTPUUYECKOMN SHEPTUU.

KnrogueBbie cIi0Ba:XeMoOOpraHOTpOpHBIE
OaxTepuy, BHEKJETOYHBIM NEPEHOC OJIIEKTPOHOB,
AJIEKTPOAKTHBHAS OMOTIIIEHKA, OMOaHO/I.

MECHANISMS OF ELECTRON
TRANSFER TO INSOLUBLE
TERMINAL ACCEPTORS IN
CHEMOORGANOTROPHIC BACTERIA

I. A. Samarukha

National Technical University of Ukraine
«Kyiv Polytechnic Institute», Kyiv;
e-mail: iryna.samarukha@gmail.com

The mechanisms of electron transfer of associa-
tion of chemoorganotrophic bacteria to the anode in
microbial fuel cells are summarized in the survey.
These mechanisms are not mutually exclusive and
are divided into the mechanisms of mediator electron
transfer, mechanisms of electron transfer with inter-
mediate products of bacterial metabolism and mech-
anism of direct transfer of electrons from the cell
surface. Thus, electron transfer mediators are artifi-
cial or synthesized by bacteria riboflavins and phen-
azine derivatives, which also determine the ability
of bacteria to antagonism. The microorganisms with
hydrolytic and exoelectrogenic activity are involved
in electron transfer mechanisms that are mediated by
intermediate metabolic products, which are low mo-
lecular carboxylic acids, alcohols, hydrogen etc. The
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direct transfer of electrons to insoluble anode is pos-
sible due to membrane structures (cytochromes, pili,
etc.). Association of microorganisms, and thus the
biochemical mechanisms of electron transfer depend
on the origin of the inoculum, substrate composition,
mass transfer, conditions of aeration, potentials and
location of electrodes and others, that are defined by
technological and design parameters.

Key words: chemoorganotrophic bacteria,
extracellular electron transfer, electroactive biofilm,
bioanode.
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