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BAKTEPUANBbHbIE 3NIEKTPOCTAHLWUU — ANIbTEPHATUBHbIA UICTOYHUK YNCTON
OQHEPI'UMN

Boelikoea T.A., EmenbsiHoea J1.K., Hoeukoea JI.M., Je6a6oe B.I".

OIYT MHCTUTYT reHeTUKN 1 cenekumm NpoMbILLIeHHbIX MUKpoopraHmamMoB, Mockea, Poccus
e-mail: voeikova@genetika.ru

B nocnegHue 10 neT OTKPbIT 1 MHTEHCUBHO MUCCreayeTcsa NPOLEecC reHepauumn aneKkTpuyeckoro
Toka OakTepusaMu-anekTporeHamum. OTU  MUKPOOPraHu3Mbl CMOCOOHbI aHa3pobHO  OKMCNATb
pa3nuyHble opraHu4eckme coeamHeHus, apdEeKTUBHO NPOU3BOAMTL ANEKTPOHbI, NepeaaBaTb MX Ha
uMTonna3maTuyeckyto MembpaHy, a C Hee Ha pasnuyHble akLenTopbl, B TOM YMCNE U Ha 3NeKTpoabl
MUKpPOBHOro TonnmeHoro anemeHta (MT3). MTO — ycTponcTBa AN MofyyvyeHus 3NeKTpUuy4eckoro
TOKa NpY MOMOLLM MUKPOOPraHW3MOB - LLUMPOKO WUCMONb3YHTCS B UCCNEAOBaHWUAX, MOCBALLEHHbIX
MOUCKY anbTepHATUBHbIX WMCTOYHWKOB 3HEPruM u3 BO3OOHOBNAEMOrO OPraHMYecKoro Cblpbs, a
Takke B cepe oxpaHbl okpyxatollei cpeabl. K npeumyiectBam nogobHbIX TEXHOMOMMIA MOXHO
OTHECTW WX JKOMOrnyeckyto 6e30nmacHOCTb, BO3MOXHOCTb coveTaTb BMoTexHuYeckme npouecchbl ¢
nonyyYyeHneM 3MeKTPOIHeprun, AnutenbHoe BpemMs (PYHKLMOHNPOBAHNS KaXKOOW OTAENbHO B3SATOW
YCTaHOBKU.

B MT3 opraHuyeckoe BeLLecTBO U GakTepun HaXOOATCH B aHOLHOW kamMepe B aHaspOOGHbIX
ycnoBusix. Katoa, HanpoTuB, HaxoouTcsl B aspoOHbIX ycrnoBusix. AHOOHas M KaTofgHas Kamepsl
pasfeneHbl UWOHOCENEKTUBHOW MeMOpaHol, KkoTopasi crnocobHa mnponyckatb MNPOTOHbI, U
NpensaTcTBYeT MOMafaHWi0 KUcrnopoda B aHOAHYK kamepy. EOQMHCTBEHHLIM MyTb 3MEKTPOHOB K
KOHEYHOMY aKLenTopy NPOXOAUT YEPE3 aHO U ANEKTPUYECKYHO LieMb.

MN3yyeHne mexaHn3ma TpaHCcrnopTa 3MeKTPOHOB Y SNEKTPOreHHbIX MUKPOOPraHW3MOB NMPUBENO
K OTKPbITUIO 3MEKTPOMNPOBOAHbLIX HWTEW, Ha3BaHHbIX HAHOMPOBOMNOKaMW, KOTOpble MOryT
06beauHATL MnonynauMu OGakTepuin pasHbiXx BWAOB, yBenuuuBasi 3(EKTUBHOCTb nepenayu
SMEKTPOHOB KaK K 3MeKTpoay, Tak u Mexay pasnuyHbiMu 6aktepusamu. MNokasaHo, 4To B TpaHcnopTe
SMEKTPOHOB MOryT MPUMHMMATb Y4acTMe TakkKe 3K30reHHble W 3HAOreHHble Meguatopbl. B
HacTosiLee BpEMSI CPeau 3NEeKTPOreHHbIX KynbTyp, Haubonee MW3yyYeHHbIM SIBMSIETCS LUTaMM

Shewanella  oneidensis MR1 -  rpamoTpuuatenbHasi  akynbTaTMBHO  aHaspobHas  y-
npoTeobakTepusi, obuTaroLas Ha AHe MOps, B OCaA04YHbIX OTIIOXKEHMSX U MOYBE.
MpeumyuwiectBa MT3 — 37O BO3MOXHOCTb MepepaboTkM OGakTepusiMu LLUMPOKOTO  Kpyra

cybcTpaTtoB, BMAOTh 4O CTOYHBIX BOA NPEANPUSTUA U OTXOZ0B GOMbLIMX rOpOAOoB, a TakK e OYeHb
BbICOKasi KyJIOHOBCKasi 3(pdeKTUBHOCTb, Npu KoTopon cBbiwe 80% anekTpoHOB, 06pasyoLmxcs B
npouecce okucreHuss cybcrtpaTta, vMayT Ha nNpou3BOACTBO Toka. OOwum Hegoctatkom MTO
ABMNSAETCA BbICOKOE BHYTPEHHEE COMPOTMBIIEHME U HEAOCTAaTOYHO 3PEKTMBHOE OKMCMEHUE
NpOTOHOB Ha katoge. CneacTtBMEM 3TOro SBNSIETCA HM3Kasi NNOTHOCTb Toka. 3a 10 ner
nccrnegoBaHW MITOTHOCTL Toka Obina nosbileHa B MTO Ha Heckonbko nopsigkos - oT 0,1 mBT/kB.M
0o 4,3 B1/kB.M. lNoBblweHne acpdektnBHocT MTO ObiNno JOCTUIHYTO MYTEM COBEPLUEHCTBOBaHMS
camnx MTQ3: nogbop MaTepuana W yBenvMYEeHUE MNIOWaAWM 3SNeKTpodoB, nogbop membpaH,
KOHCTPYKUMS SIYEEeK, CHWDKAILWLMX BHYTPEHHee conpoTtuBneHne. OgHako OCHOBHbIMU ¢hakTopamu,
onpegenaoWnMm  3cpdeKTMBHOCTL  reHepauum Toka MTO, €BNAOTCA  XapakKTepUCTUKM
MUKPOOPraHn3MoB, BO-MepPBbIX, CKOPOCTb, C KOTOPOW MUKPOBHbLIE KNETKU MOTYT OKUCASATL cyDcTpar,
T.€. yaenbHasi CKOPOCTb NPOV3BOACTBA 3MEKTPOHOB M BO-BTOPbLIX, CMOCODHOCTL KIETOK K nepegade
3TMX AMEKTPOHOB Ha anekTpod. Ha cerogHAWHUA AeHb B MMPOBON nUTepaType HET MCCneaoBaHuim,
HanpaBMEeHHbIX Ha CO34aHWE MUKPOOHLIX KIETOK C MOBbLILEHHON CMOCOOHOCTLIO FeHepupoBaTh
3NEKTPOHbI.

B HacTosilen paboTe npeAcTaBneHbl AaHHbIe MO nonydeHunio y S. oneidensis MR-1 myTaHTOB,
XapaKTepu3yloLMXCs MOBbILEHHbIM YPOBHEM MPOM3BOACTBA 3NIEKTPOHOB M 6onee BbICOKON
CKOpPOCTbIO MoTpebneHns opraHudeckoro cybctpata. O6cyxgaloTcs MeToAbl, MO3BONAKLME
OLEHWTb YPOBEHb reHepaLumm 3NIEKTPOHOB Y pasfnyHbiX MUKPOOpPraHnamoB. [Noka3aHa koppensaums
MeXOy WMHTEHCMBHOCTbIO MeTabonmamMa OKMCNSeMbIX CyOCTpaToOB U CKOPOCTbIO BOCCTAHOBMEHUS
Kpacutens MeTUITIEHOBOIO CUHEro, SIBMSIOLWErocss MeauaTtopoM MNepeHoca  SfEKTPOHOB.
MonyyeHHble MyTaHTbl S. oneidensis MR-1 c yBenu4eHHON MOTEHLMANbHON 3MNEKTPOreHHOCTbIO
MOryT 6bITb MCMONb30BaHbl B MUKPOOHbIX TOMMMBHBIX 3NIEMEHTaxX ANsi MHTEHCMdUKaUMM NpoLeccoB
Mony4YeHns 3NeKTPO3HEPTUM U3 OPraHNYECKMX COEOUHEHWN.
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npeﬂ,CTaBﬂﬂeTCﬂ aKTyaanon BO3MOXXHOCTb MoJ1y4eHund 6M03ﬂeKTp03HepFI/II/I B NCKYCCTBEHHbIX
AHTPOMO3KOCUCTEMAX, TaKMX KakK op6|/|Taanb|e KOCMU4yeckme craHumm wun, B 6yp,yu.|,e|v|,
MeXnJaHeTHbIe Kopa6n|/|. M3BeCTHO, 4TO yTunnsauma oTxonoB npu ANUTENIbHbIX MeXMaHeTHbIX
aKCneanunax npeacrtasrideT 6OJ'IbLIJyl0 r|p06nemy. Vicnonb3oBaHne B Ka4yecTBe Cy6CTpaTOB ana
Xn3HegeAaTeribHOCTU MUKpPOOPraHM3mMoB HEKOTOPLIX BMOOB OTXOA40B, MOIJO Obl pewnTb rlpo6nemy
Mx ytmnmnsaumm ¢ ogHOBPEMEHHbIM nony4vyeHnemMm OOMNOJIHUTENMbHOro aribTeépHaTUBHOIO MCTOYHKMKa
SQHEprun. 060y>i<p,aeTc;| NnoTeHUManbHbIN PbIHOK  NMPUMEHEHUA TEXHOIOrmn nony4yeHud
ANeKTpn4ecrtea Ha OCHOBeE MMKpOGHbIX TOMJMMBHbLIX 3N1EMEHTOB, BpraGaTblBaIOLLI,I/IX QHEPIrmno mn3
NPOMbILLUITEHHBIX OTXOO0B.

WcenenosaHusa nogaepxaHbl rpaHtoM PO Ne10-04-00410-a

BACTERIAL ELECTRICAL POWER STATIONS — ALTERNATIVE SOURCE OF PURE ENERGY
Voeikova T. A., Emelyanova L.K., Novikova L.M., Debabov V.G.

State Research Institute of Genetics and Selection of Industrial Microorganisms. Moscow, Russia.
e-mail: voeikova@genetika.ru

10 years ago the process of generation of electrical current by electrogenic bacteria was
discovered and currently it is intensively studied. Under anaerobic conditions these microbes are
able to oxidize different organic compounds, effectively generate electrons and transfer them to
cytoplasmic membrane and from it on different acceptors in particular on the electrodes of microbial
fuel cells (MFC). MFC are the devices for electrical current generation using electrogenic microbes,
and they are widely used in studies devoted to the search of alternative sources of energy from the
recoverable organic stuff. The advantages of such technological processes include their ecological
safety, opportunity to combine biotechnical processes with energy gain, long-lasting time of
functioning of each particular MFC.

In MFC organic substances and bacteria are present in an anodic chamber in anaerobic
conditions while cathode is in aerobic conditions. Anodic and cathode compartments are separated
with an ion-selective membrane that is permeable for protons but does not allow oxygen to get into
the anodic compartment. The only way for electrons to reach the final acceptor is through the anode
and the electrical chain.

In course of the studies of electron ftransport in electrogenic microorganisms
electronconductive threads known also as “nano-wires” were discovered. They may connect
populations of microbes belonging to different species increasing efficiency of electron transport
between bacteria as well as from bacteria to electrodes. It has been shown that both endogenous
and exogenous mediators may participate in electron transport. Currently the most intensively
studied electrogenic bacteria are Shewanella oneidensis MR-1 — gram-negative facultative
anaerobic y-proteobacteria, living in Nature at sea bottom, in sediments and in soil.

MFC allow using wide range of substrates for bacteria including manufacturing water and
sewage of big cities. MFC exhibit high Coulomb efficiency — more than 80% of electrons gaining in
the course of substrate oxidation go for electrical current generation. Common disadvantages of
MFC are high internal resistance and not efficient enough oxidation of protons at the cathode
resulting in low current density. However during 10-year research in this field current density could
be elevated for several orders of magnitude — from 0,1 mW/m? to 4,3 W/m?. Increase in efficiency of
MFC was reached mainly due to technical improvements though the major factors governing
current generation efficiency of MFC are the properties of electrogenic bacteria including the rate
with which microbial cells can oxidize substrate, in other words, specific rate of electrons
generation, and ability of bacterial cells to transfer electrons to the electrode. Currently there are no
published researches aimed to produce microbes with the enhanced ability to generate electrons.

Here we present report about selection of S. oneidensis MR-1 mutants with elevated level of
electron generation and higher rate of organic substrates consumption. Methods allowing estimating
levels of electron generation by different microorganisms are discussed. Correlation between the
intensity of metabolism of oxidizing substrates and the rate of reduction of methylene blue dye
serving the mediator of electron transfer is demonstrated. Mutants of S. oneidensis MR-1 with
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increased potential electrogenicity may be used in MFC for intensification of the processes of
electricity gain from organic substances.

We consider as an actual task opportunity to generate bioelectricity in artificial anthropo-
ecological systems such as orbital spacecrafts and interplanetary spacecrafts. It is well known that
sewage utilization in the course of prolonged space flight is a serious problem. Usage of organic
debris as substrate for electrogenic microorganisms can help to solve this problem together with
gaining additional source of energy. The potential market for application of technology of energy
generation using MFC with simultaneous utilization of industrial sewage is considered.
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