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AFH3CiE “Controlling Denitrification by Extracellular Electron Transfer” (RlEsVE B8N L B BLEEHIE) &\ D ¥ A MV THEUT TR
WL, Chapter1~6 ® 6 FENHRERK L TV 5.

Chapter 1 "Background and Objective of This Study” Tid, # /37 BaHEK L, EMIIRITIEDTEXRVWEETHLEREDHRK
FUCB T BIEERIC OV CRL L, TAUCBD D BERORE 2 Lz, A% OMR A OBIINE S 2 5 L EEERE2E AR 2 Mk
SHIRAT 20D 5. — 5T, BREERE WO BN O IINERIE A EET 5 2 L CREERZIY @< VR Y, BTG CT2
BRSO ERE L 72 %, % L ZIERO—ETH W EFOMIUTLY IZ\/WF R M EEIZ RN THS TS, 22T,
RS TIIMINANE T B E) & W O S A B EICEA L, Mg OB kY Hﬁﬁii@ﬁuﬂ%ﬁ' HS Lz LERERE L.

Chapter 2 “Anodic and Cathodic Extracellular Electron Transfer by the Filamentous Denitrifier, Ardenticatena Maritima 110S”Ci, &3
BEIAHET DEUKE I FLEREE 0 b B S 72 7 ¢ 7 A MRILE B Ardenticatena Maritima 1108 (Z331F A /il & B Ehic o\ T
uﬁﬁ%ﬂ o7z, 110S ZEMIROKEEERZEITLTE HDT, ZOWEISMIIANEFBEIRE) 2> L WO A L T, Milastnso
B EWRET D 7’_ ﬂa-é/ﬁﬂ:%%zzlxlf\]“ciié L7z L CEAUSEMEZMGE LTSRS, R 1 A 2B/ R e L TE AR N T
BALEAICEE L7e G ITIBE R, — TR E L COBMM A G A TR N CTREALZ IEIZEE U725 a3 bR«
nENBH STz, if_ 77 LECHIIEH, GC-MS/MS 72 b NIHUAYAIZ X 0 I DY L R HOFENGIMES F 7 a
(ARMA _0580)0)%*?#?8% L, 110S [ LM BT & B R ERIC K o TEafk 72 & ONTEIT & W 5 BT e BN EE T BB 21T 5 2
LDl S BITITKEBIERZ EOBIME N2 5 2 & THRAVEROMMGHEL L, HER TH S 1108 NS DM biE Tk
27 Td ﬂt.;%f% 2 D AReME R R Lz,

Chapter 3 “Metabolic Monitoring of Pseudomonas stutzeri Using Extracellular Electron Transfer Driven By Iron Minerals” G, BLZEE D
ETNDOEDTHL Pseudomonas stutzeri iz MG L CTEEE L, AT LOBIROE=F Y 7 %iRkHTI=. P stutzeri \ZFL T
BLAST (Basic Local Alignment Search Tool) (Z& > THMES N7 m A2 HF L TWRWZ &R L2 BT, EBSCYH A7 U v 7R
VAN a7 oim AN —ORIE TRMERSFHI SN2 T & AR U, RITHIEER A I 2 CERIGER AT > 725
BTG AN L CEME B RZNARBISR Y, A 4 2T RICBOTLETTERPIND Z & AR L. DFED,
SMEES b B A EEFTZ TR0 Postutzeni IZ W T HEMEEM AT LEM L DB RZ VN AIRECTH D Z L amR LTz,

Chapter 4 “Rate Enhancement of Microbial Denitrification of Pseudomonas Stutzeri Coupled with Iron Mineral Oxidation” Ci%, EkDEE{k
IRICIRAE A BRRENLC LV FHHET 5 2 & CRERKICOREZRATZ. A7V v 7RV H A2 MY —HEFEP D mid-point potential
M3-02V THDZ 0D BOMERIZ-0.3 V T2MDIKAE, +0.3 V T3 MDIRREIZ/2 D Z Motz Lo T, BMOSKMIZ-03V
7-13+0.3 V (vs Ag/AgCl sat.)3s J OVENL 2 FIAN L 72\ Open circuit @ 3 £tk & L, BTG4 L LCHEET MU A2 THIEL,
A B EFIRLA PN 2 VT GC-MS (2 & 0 223807 A A s | B L7 %@%% osvmm 3403 VO b0 L T 20%
&Fi‘ébu L7z, S OISt EE & S IR B ROBMRERE LI L 25, HEEA 400 No & FARSE L7120
(B E BT 10 B Th DA, MIaSNEFBEN Tt 2 BB E RIS RE A0 1000 730 1 LD THn T &3

ST,

Chapter 5 “Detecting Nitrosyl Iron Complexes Formed during Denitrification by Spectroscopy” Ci, BZEINCRIT 5 M7 o ADF
EROLNITH720IC, AXToEFEOME T~V RICE VB Lz, T~ Rk v M o AR e ke L ERLIETLIRRE
EPFARDILENTED. TV RHART MVOHTIZ L VIRA EARIED & b7 v AIHREEA 4 U AFE FCBfbans 2 &, 2 L
T, b7 il NO DEET DIRRENFET D2 Enmm-odz. £z, UV-Vis 12XV Fe(l)ick v v b7 v MIETEZITI- TR
TERBEIC /25 2 L 2 ZNZHUR LT, & b7 r ik NO OfEE %% 2 1255612 Fe(ll)ix Fe()iZ H< 1000 5 OWFEA S B Cis
D, MIANETBENC L D2EFEANTY b7 a0 L Ry 7 ZREEZZE (LS EERIZE Y NO OfGE5RD, fEFE LTNOIZK5H
JaErEE TP TS EREENRE 2 b b.

Chapter 6 “Conclusions and Perspective” Ci%, AL THE LR LHEmARIET 5 & & bITPEROBE L U THllusE B &
HERRARN AN EIC B LTt L7, ERRMIRIN R R I B OIEER & 50 5 E CTHIER(L PRI EERE Th 578, Milaofiz{kigc
RIEZ2 LIT X W B UGS, Ao HRBEAMERIC L © LA L5 2 & KO, MBEAME FRBENC X » filaoikiE%z 20T
EF=H YT TEHAREEEZR L TCND. £ 2T, Al b L m R a2 s E - RBENG ) U, BERNREN AR E2 R T 5
EOOFEEER L. ZOFETIERAME N & "N 22 ENnNE AT 2 SOR% HE LG b EBREO R EIRD & 5 HlE Tk
12725, P stutzeri \IZBWTCZOFEEEM LTz & ZABRMOEEET=F 1 7T 2 Z LIl Uiz, AfwsCidiiiashE Bz
FAN =B ZE T ORI 7200 T L, Ml L Ry 2 R, Z LT, MBS R Bl i RN A R O BHR 2 T 5 —Bh & 72 %
LEZDND.
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Over the past century, human activity has increased the amount of fixed nitrogen (NOs5’, NO,’, NH3,
etc.), which has led to the extensive eutrophication of fresh water and coastal zone, acid rain, and
global warming. Considering the way to improve the situation, it is a promising approach to promote
the microbial denitrification process in the sea for returning fixed nitrogen to nitrogen gas. The
denitrification process can be carried out by microorganisms which utilize NO;™ and/or NO, as
terminal electron acceptors for cellular bioenergetics. During the process, metalloproteins catalyze
four successive steps of multielectron transfer reactions. In an attempt to control and monitor the
microbial denitrification, this thesis focused on the ability of bacteria to gain and release electrons
from/to electrodes during the course of cellular metabolisms, termed “bacterial extracellular electron
transfer”. Through this study, in situ monitoring of microbial activity and controlling denitrification by
extracellular electron transfer was demonstrated by tuning electrode potential. In addition to that,
resonance Raman, ATR-IR, and ESR spectroscopy were applied to living cells to monitor the state of
electron transfer chain during metabolisms. Spectroscopic data suggested that a low spin state of
cytochromes was oxidized, and nitrosyl complexes such as nitrosyl heme and dinitrosyl iron

complexes were formed during denitrification.

This thesis shows the effectiveness of extracellular electron transfer for controlling denitrification
and in situ monitoring of microbial activity. Finally, the author proposed a method to monitor the
biological kinetic isotope effect by extracellular electron transfer and demonstrated the validity of this
method. Stable isotope fractionation is a tool to estimate the elemental cycles such as nitrogen, carbon,
and sulfur, but the relation between redox and kinetic isotope effect remains an open question.
Therefore, it is expected that extracellular electron transfer is not only a possible tool to monitor
isotope effect in situ but also shows relation between kinetic isotope effect and extracellular redox

state in future.
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