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Denitirification is a kind of anaerobic respiration of microorganism, in
which nitrate and nitrite are converted into N2 through intermediate formation of cytotoxic nitric
oxide NO NO3--N02- -NO-N20-N2 . In this study, we have studied nitric oxide reductases NOR, a
key enzyme of the denitrification, which detoxifies NO as follows; 2NO + 2H+ + 2e- — N20 + H20. We
newly found that NOR, NO decomposing enzyme, makes a complex with the NO-generating enzyme, nitrite
reductase for the rapid NO detoxification without diffusing NO into the cell. We characterized the
catalytic reaction with the time-resolved techniques, and proposed the molecular mechanism of the NO

detoxification by NOR. These proposals allowed us to discuss the molecular evolution of respiratory
enzymes from anaerobic to aerobic system. We also characterized the structural and functional
changes of NORs of pathogens upon inhibitor binding.



1. WFFERRA L PO &

%€ denitrification %, g NOs I X OHLAEEE NO2 & 5% N2 F THIREILT DIRED DB
KEER DO —>THYH (NOs—NO2s—NO—N20—Nz), HEK FOEHEMEROEE 27k XT
HBH, ZTOWBET, EAIND —BLEE NO THaFERE Wz, OB (L ESR
N O ICEH I N TS, ZD NOWEKE (2NO + 2H + 2 — N20 + H20) % filifit 3 5 %
FL LT hERIETHFE (nitric oxide reductase: NOR) 23[EE STz, ARBFFEOHF
ZERFH L, 1997 FEITHLZE 7 B NOR, 2010 4F & 2012 4F
IZIZE R O 2 50 NOR O fifEE 2 #EL (K1) 13, %
? NO {HES D5y F 1t (TEFEMGT) 2% L T\, NOR
AR (BeR A i o 72 MEll) R CThH LT Mo b o g
{k#%3% (cytochrome c oxidase: CcO) & #E(LAYIZITVEIFRIC
HAHEMMEIE L TIREIN TNV, TSN SN
IpolzZ 2R FORFHOIE L SN S L, EHIT, AR\
PLEo &5 2 Bt A 7RI 2R BRI N 2 TL 2009 1. BZE NOR DL RS (X)
fF1Z Science 76 L (Vol. 326) T, NO {HERIG DAY T H EEHRLOWE (A)

% NoO DREBZHET A7 b ONCA Y U J@MEET A L LT 21

HAUTII R E 2R E 72 D & OGNS S STz 4, N2O HAED TEHRMAEMOMEIZL D b
DTHDHZ NG, RERFOMENSH NOR IZHEE EIND LI >TW, Mz T, W
KODOIRIEED, G LG EREAT HE T A (NO) ZHEELH L ZIRET L7720
WNOREZBHLTWAZ EbHMBNTEY, ERZOMEmE»S HIFER STV,

2. WO HBY
AW T, LD 4 SEFRAE L=,
(1) NOR B i D5y T O REST - NOR 7y F#iE &4 JLic L <, NO, 7r b (HY), BT
(e) OBHE), EHEFm S FEEOENIESE & B IREEZH 5202 L, NOR I2X 5 NO i
EDOS TR RRBRT D, FNIE. U TFTDO3T—~<42 0T LV THLMNIT LML D
(2) RN NO BIRED MR BB TRV T NO [T HAEES R TTEE S (nitrite reductase: NiR)
WhoTEAEIND (NO2 +2H+e — NO+H20) 2, EEA I NO 2 H LRI
Jrr LT LE X, NO oMiiEsEMEIc L v e IXEF T2, NiR (NO pEAREE) »
5 NOR (NO {HZE[ESE) ~EHSCMZINO 2BEISEA VAT AZHLNIT 5, MidEMT:
DEWNEE 22 7 F V51 NO & ERDIICER Y > TWD DD bR 75,
(8) AKPN NO BhfeD il : HEAISZ2HWT, NO ot iMEo 7ot 2 &2 HEl+5 2 &
FRHET D, ORI, HlZIZPEEORBEORMEL 725,
(4) WRWR %3S D oy AL OfEI « i SRR EESE CcO 1E. 8 &~ D8k "G A 2 iEME I
L. BEFE T (O2+4H +4e — 2H0) IZHER L CTEEZE L7 v b OREBEXEZITH
(e hoR7), EUEFENNO T a b AREARL ATP SIS S5, ARt
G:Cdh D NOR IFFEN LR E ~ LD SR A TR LICH L, £ 2T NO OIS E
BIR9, Fu bRy THEREOE IS LT\ o 7-, NOR 225 CeO ~, BRI %S
DOy FHE ST LV THMTAZ 2B E LT,

3. WrgEo ik
e (Ps. aeruginosa) D F k7 11 A ¢ {17 NOR (PacNOR) . #6545 % (N. meningitidis)
HIEDF /7 — L kfF NOR (NmgNOR). HFnRIERE O (A ot

R~ \y—NO

xylosoxidans) D% J — {7 NOR (AxqNOR) & hf%exi% & L=, /“w
ST AR R T, 2 BB O 2 7 K g szﬁi?”m
BIRARESE L. HBEE R & ONCEERIEME OB E 21772 o 7=, HEXE i N
RHFICIE X SRS SAAT L 7 5 A ABBA O Uiz, £, B 27 7 oo
SRR TR FS J OHRAMA MR (IR S 8 2 B AE L. 28405 2

BT k> T A 7 0 ORI CIRIZ E R NO 25415 M2. CagedNO
caged NO (2) %EISBME b Y #— 2 NO B4 & UCHAT 5

R T o Ta—T e AVE, SBIC, APIERFERFICIIHETE 2ok, X REHET6
LU —#—SACLA Z35H L7z, BRI X B S 1778 - 72,

4. BFFEECE

(0) NOR #8512 D
ARIFFICBNWTEEICRKEORE 2 MG L, ZRAFINAIREL 2D L5, KIBEZHRA b
T ARBIREE LA AT, NmgNOR & AxgNOR (2B LTIk L7223, PacNOR Tix
FENLBEALICHEA N E R L = RIEERREB LGS e o 72, £Z2 T, NOR &Iz T+ %
TR U7 fkIEE (Anor) %78 A k& L7= PacNOR JHL ARSI K L=, £% NOR &5
72 PacNOR R HUREIEE O 4T LA F NOR OFEREHOMICE W Z R L, BRI



M in vivo screening 2 & L CHRE L7z (UG®), & @l .
DRD D AT FARO HAEE YL X 512 LCP (Lipidic '
Cubic Phase)itE % W7o il bik & fn Lz,
(1) NOR F#55 Bt D 47 1B HE D fife N1
W R A R AT AR 4 15 & F O T LR SR F T D PacNOR
ENO EDORIEE p B~V oMK CIBI L, =
DEED AT S AZALDORECKL LTz (M3a), 2D
Ay’ VA %E Global Fitting 7% THEHT L 7255 5. ’
NOR B£F ST — BB CHEITL (IXI3b), H—FH L P L)
SHOOSEEDN NO RERFMEZ R L (M3c). £ W HNGST ™
o BUSIRA SN T v b o BE R BICEES 57 C
I WAk (Glub7, Aspl98) IZERAEAL, Yu b b
RS AT L RIEEZE R (E64A, D198V) ([TBH fee 0wl e
L CHRBEDOREZITR -T2, ZORE, B Mmagms 27 [l [ "ok
z“m“ ZOAT v 7 TT bR S NO 25 N0 R
(RSB EAT % & i L7 E3. (a)NOR & NO DREDRAY

S BT, W AHE &5 AR IS EIN D AR BSOS T R AR h)bd)ﬂ#ﬁﬁzﬂs (b) AR5 FILEED

AAbsorbance

0) NO fEIRE) 2 R IR A X7 MV THRIET 5 >\ (c) Sﬁ‘i#{%%n%ﬁiﬁw NO &
B L7z (K4), F—ORISHREE (10 u )

i NO #E#RENT 1683cm L (Ml &4, fEk N0 - N difference spectra
MHIMESINTWVWABLEMEZ B EIT, FE~LERIZ 40.2moD #0.1m0D 230 N0 | M
NO 2f5& L TW5D &Rk L7, EB RO AR m 1550 1"NOJ S oms

(0.3~1m ) Tix. 1550cm™{Z NO 133%1%#}&@373) A R i Nams

BRSH, B MOKET, #005 NOI 1 EFd || ] R
HDWIL2F %%%ﬁbﬁ_kf?ﬂ: L7, \—ﬂ%g)‘fﬂ:%f@ A N M ~ I SN R 5
AT, 5 ORUSHMEREL TV S, 20T S A I
BT, EoMTE KIS REED NO (8 ETE J\/\'-'\/AIVS“;Z(1 AS)/ S— 10 s
%’C‘\Yﬁﬁﬂjéhh NO) ¢ 7u ho bR -HF 1655 (“NO)

4 4 T T T
1620 1560 1520 2260 2220 2180

E@NO&@&%TMO&H@%FE#%&LK 0 160 Wovenumber { crt
GaX#&mm), ek, e 7nFhk - BEmMITIc K

4 NORRIGETHENS 2 DD RIEHREADN-O

i saona, olas TR
iéiﬁﬁﬁiiézék I 00 1 U 1 ) HESE, oEANS LTRLE.
ﬁ‘(@d{%kﬁ**ﬁ% B oNT (Z4) Initial Intermediate 1 Intermediate 2 Final
BB AR O IR LB L e . P Fee |NO (e
725, Bi%EE NOR % x4 & % (o) [my11j°
BATG G, 2OBBTRE = Tl =Rt S —Fet— or —Fetm TS — e
DHETERNT & RA TV E T2, His His His His His
T 2T, X DOROREMRNT O e e _ e e

j:iﬂﬁ—‘sﬁ%é %??fi’)ff_o %ﬁ*’l‘k K5. IRELNORIZK B NOHEEREDS FikiE

L T KEMHDO2ZE % © NOR (P450nor) H,0

%)Eﬁ(/\f:—o ;@%% cté NO ?éf}i @

I5 O B K O 4 b (LR B © ) 5, '
caged NO 72 & (I 5 78 5-/K (NADH) /TN vo.w/" TN e

% 317 &7z P450nor 5 db 2. SACLA ne nNo . b S
D7z M X ML —P— %7‘5{)"?2:1, @“.L@ . o S
ey 7T a— 7RI K DGR X s ; ‘
ﬁ#w%L%ﬁ%ﬁﬁoko%@ﬁﬁ -
BB IZad L9512, $~0 NO B me. mimn e NOR ORISHIE (5) &MET 5 REHMED

Ve A FLAR S L7 B IS MK A TR L7 NO BRfirfiiE (SACLA BSR 5 X $25 RAH AR
(i?ﬁk@)o B ] o0 FR X s AT X
X D EERE UG DU P B O R OHE TH 5,
(2) éﬁilﬂ NO B HE D i ]
AR T NO ZEAT DR IL. MEMAEM D NO FEARESE (NiR) ELE®w o NO &
IpaES (nitric oxide synthase: NOS) T& 2, b\fh@i}%é\%\ PEAE NO IZRD & v 287
B (NiR 054X NO HEREE (NOR). NOS OEAIE NO ZH/K) Iz IR ITHh
72 5720, \_O)JZ 2 AN NO #hfig %, B=EIZHT 5 NiR 7»5 NOR ~D NO =7 &
LBt 2 9ot g & LT3R L7e, NIiR ISKEEMESY 7 B TH Y . NOR IIIEREAGES v
NRIBEThHD, MIRNO XD 2tkx A KWENEICHFIET D (crowding) RAEET, NiR
75 NOR (AT R 222 NO %%&T?E@W)’C“é?)% IM? FOMAE LT, MfEENIE




AEREEHR LTI EEHLMNILE (W7), Z0k S

% SRR L FEA SIS L W | NiR TR SR AN
NO (2% DBKMED 72012, LI 22 S BB . ol ,'%f, :
BIERHLME Rt CCHE), ABFIEREIL. Ak LA N
N_NO BhE% 4 7 L~V CHECE REAOH Th 5., N v
NOR 1 I ZAH IS B 43 A S IE LA L~ & B8N 2 BUKPE D A oS
F ¥ FAPFAELTHE Y, MfalEs o NO 1 108 Mgl T ‘<b‘.g#.WR
TEERLA~SEBENT 5, IEEFLOAD Oz, X< RF NO T R
S4U7= Val BESAE L, NO OFEHET L~ D BB 5 B RS
CHBL TV 2 E BB E ot GROCER)., RN 3

(8) A=A NO BEhhe o il 1) CHES "
BREOHT 5 NOR O NO M EIEEZES 5 2 L1, _ ‘
LSRN DR T —~ C B7. NiR &£ NOR D& HOMIE
. X WAk & 7 T A W S S
FBHAMEIC L D . AxqNOR & p 90 oo L e O
quNOR @%%@t\:’g‘ﬁgﬁ\;/b‘ﬂ/ : . UaH, y ) ;Hz_ y ) PMSJ‘ y
% /El\ %B ’ﬁ[i}%] m 0) 1:% iﬂa:lrjﬁ; %& 2&:’ ?%.: 77,: P issd4+ (K 15MM, k5:37s) (K 7mM, K,:45s7) (K 17mM, k365 )

(LRD®) . FUSHE 7 N IE f‘ d 2 x
PERIE A & . T Bt 5K 0 5 % Cgonn
Michaelis-Menten &% K72 5O mano Bensainon
FRIBE RO B kear 73R DT, &6 (k2 2mtd {hgamdt)
WCBERIE L TR Y F ) — H8. qNOR DEFHEHKF/ — L DBABUOEE (£) LEBE
HQNO # T, #nFNDpE FHEERLG S CICHEROBE & RIGEH
B EEHR K% RkD7- (X 8)
(G SCHERCH) . BIFE, PHEAIRE G NOR 1 e

DR 2T T 5. PR Fa

(4) PRULEESR D4y F-HEAL O AR FUXG > CrASP
RS cNOR (Z7' 0 bR THERREH e, L ;’\fai:_«';\\m’\‘;. e PN
LineEZbNTE, EE. PacNOR ;xgﬁ 8 RIS
DFERHEEITIT, XY 7T Xl B iE T Sy T IR
DDF 0 b ER IR RE SRR, Y SleBed  cGist
A NFTXAMNTNEZ D L D 7RI — G50 D £S04
Sh¥, ko TRITHR S, —, CEFEET opoplesm 2 (N0 9.7

gNOR DHiETIiX, XV 77 XA HIE
PERLA~OT 1 b CEEERRBEIE A ST B9, gNOR (%) & cNOR (B) OKE#EASY k
W2 A R T R S IEME D~ KT ¥ T—PELURIZKFYRIL (DT UELUVIEUH)
FIVOLFIENHER Sz (K9), gNOR IE, NO EILKISIZEIT 5 ¥ 7 — L Of{biz 3%
LT, DT TEHLIN T r N AREAREZERLTEBY, v bR 7oA E R b
7o (CUHRO®) . ABFRIC LY | GFRPEREER O 7 1 b o 7HREIE, cNOR & gNOR @ 2
SO NOR Zgfl & U Tk L7- LR TE T,
—J. NOR ZHAUC L CEREANIZ LY, &R LOREEZ NOR B (FE~A8k L~ Ak
D ZHEEEIR) 225 CeO B (i & ~ LD ZREEHIR) ~E BT 5 2 L AR AT, L
emolz, Lo 7T, NO ELIEEND O BITiEhE~DHELIZI T A HEEE DO EF %2155
ZEIETERDo T, KHFFEMIEOBHIDO—2>THoT2D, KREMBRTERWVIRETH D,
(5) =Dl
AWFFEDOxFE NOR 28, #k%
TEERDICE T AR S R
BThol-Z &b, KWL
T HAf & R A RS, 8k
DEBNERRIZEE T 51
OPDREL 737 E DOHEER
REfRATICEBAd 5 Z & 23 Al gE
Lol (K1 0), A/
2B BRI B b 5 gk
s (CCE®) . RIE R o8k K10. £ANOHEBREICESTLRE2 N\ EOHEREE
BREIZB D D~ LD fEEER CCHRO@) . ~AERRE 2T 5 o — 2 2 X7 B OHE%
K CCHR@) OREERATIC LRI L TV D, S BIT, 7 T4 A EB, B OS5 TN
X G SIS AR IS OB T, RO 2 b X 2 X7 B OB IERENT O b T T,

SETER ALTYRR—G— AL UR—5— BEREVY—EVRVE ANLEUH—SURUE




<G| H 3Tk >
1. S.-Y. Park, H. Shimizu, S. Adachi, A. Nakagawa, 1. Tanaka, K. Nakahara, H. Shoun, E. Obayashi, H.

5.

Nakamura, T. lizuka, Y. Shiro: “Crystal Structure of Nitric Oxide Reductase from Denitrifying
Fungus Fusarium oxysporum” Nature Strl. Biol. 4, 827-832 (1997)

T. Hino, Y. Matsumoto, S. Nagano, H. Sugimoto, Y. Fukumori, T. Murata, S. Iwata, Y. Shiro:
“Structural Basis of Biological N,O Generation by Bacterial Nitric Oxide Reductase” Science 330,
1666-1670 (2010) doi:10.1126/science.1195591

Y. Matsumoto, T. Tosha, A. V. Pisliakov, T. Hino, H. Sugimoto, S. Nagano, Y. Sugita, Y. Shiro:
“Crystal ~ Structure of Quinol-Dependent Nitric Oxide Reductase from Geobacillus
Stearothermophilus™ Nat. Strl. Mol. Biol. 19, 238-245 (2012) doi: 10.1038/nsmb.2213

A. R. Ravishankara, et al. : “Nitrous Oxide (N,O): The Dominant Ozone-Depleting Substance
Emitted in the 21st Century” Science, 326, 123-125 (2009) DOI: 10.1126/science.1176985

g I S

Cdessw0) R 37 #) 5 b 26 fRIRERE LI

@

@

C. Gopalasingam, G. Chiduza, T. Tosha, M. Yamamoto, Y. Shiro, S. V. Antonyuk, S. Muench, S.
S. Hasnain: “Structure of Quinol-dependent Nitric Oxide Reductase from Alcaligenes xylosoxidans
by Cryo-electron microscopy” Science Adv. (2019) in press

M. Kato, S. Nakagawa, T. Tosha, Y. Shiro, Y. Masuda, K. Nakata, 1. Yagi: “Surface-Enhanced
Infrared Absorption Spectroscopy of Bacterial Nitric Oxide Reductase under Electrochemical
Control Using Vibrational Probe of Carbon Monoxide” J. Phys. Chem. Lett. 9, 5196-5200 (2018)
DOI: 10.1021/acs.jpclett.8b02581

M. Ganasen, H. Togashi, H. Takeda, H. Asakura, T. Tosha, K. Yamashita, K. Hirata, Y.
Nariai, T. Urano, X. Yuan, I. Hamza, A. G. Mauk, Y. Shiro, H. Sugimoto, H. Sawai:
"Structural Basis for Promotion of Duodenal Iron Absorption by Enteric Ferric Reductase with
Ascorbate" Commun. Biol. 1: 120 (2018) DOI: 10.1038/s42003-018-0121-8

G. S. A. Wright, A. Saeki, T. Hikima, Y. Nishizono, T. Hisano, M. Yamamoto, S. V. Antonyuk, S.
S. Hasnain, Y. Shiro, H. Sawai: “Architecture of a Complete Two-Component Signal Transduction
System: Oxygen-Sensing Proteins FixL, FixJ, and The FixL-FixJ Complex” Sci. Signal. 11,
aaq0825 (2018) DOI: 10.1126/scisignal.aaq0825

R. Yamagiwa, T. Kurahashi, M. Takeda, M. Adachi, H. Nakamura, H. Arai, Y. Shiro, H. Sawai, T.
Tosha: “Pseudomonas aeruginosa Overexpression System of Nitric Oxide Reductase for in vivo
and in vitro Mutational Analyses” Biochim. Biophys. Acta Bioenergetics 1859, 333-341 (2018)
DOI: 10.1016/j.bbabio.2018.02.009

N. Gonska, D. R. Young, R. Yuki, T. Okamoto, T. Hisano, S. V. Antonyuk, S. S. Hasnain, K.
Muramoto, Y. Shiro, T. Tosha, P. Adelroth: “Characterization of the Quinol-dependent Nitric
Oxide Reductase from the Pathogen Neisseria meningitidis, an Electrogenic Enzyme.” Sci. Rep. 8,
3637 (2018) DOI: 10.1038/s41598-018-21804-0

T. Tosha, T. Nomura, T. Nishida, N. Saeki, K. Okubayashi, R. Yamagiwa, M. Sugahara, T.
Nakane, K. Yamashita, K. Hirata, G. Ueno, T. Kimura, T. Hisano, K. Muramoto, H. Sawai, H.
Takeda, E. Mizohata, A. Yamashita, Y. Kanematsu, Y. Takano, E. Nango, R. Tanaka, O. Nureki,
Y. Ikemoto, H. Murakami, S. Owada, K. Tono, M. Yabashi, M. Yamamoto, H. Ago, S. Iwata, H.
Sugimoto, Y. Shiro, M. Kubo: “Capturing an Initial Intermediate during Enzymatic Reaction of
P450nor using Time-Resolved XFEL Crystallography and Caged-Substrate” Nat. Commun. 8,
1585 (2017) doi: 10.1038/s41467-017-01702-1

E. Terasaka, K. Yamada, P.-H. Wang, K. Hosokawa, R. Yamagiwa, K. Matsumoto, S. Ishii, T.
Mori, K. Yagi, H. Sawai, H. Arai, H. Sugimoto, Y. Sugita, Y. Shiro, T. Tosha: “Dynamics of Nitric
Oxide Controlled by Protein Complex in Bacterial System” Proc. Natl. Acad. Sci. USA 114,
9888-9893 (2017) doi: 10.1073/pnas.1621301114

Y. Naoe, N. Nakamura, A. Doi, H. Nakamura, Y. Shiro, H. Sugimoto: “Crystal Structure of
Bacterial Heme Importer Complex in Inward-facing Conformation” Nature Commun. 7, 13411
(2016) doi: 10.1038/ncomms13411

E. Terasaka, N. Okada, N. Sato, Y. Sako, Y. Shiro, T. Tosha: “Characterization of
Quinol-Dependent Nitric Oxide Reductase from Geobacillus Stearothermophilus: Enzymatic
Activity and Active Site Structure” Special Issue on Respiratory Oxidases in Biochim. Biophys.
Acta - Bioenergetics 1837, 1019-1026 (2014)

N. Sato, S. Ishii, H. Sugimoto, T. Hino, Y. Fukumori, Y. Sako, Y. Shiro, T. Tosha: "Structures of
Reduced and Ligand-Bound Nitric Oxide Reductase Provide Insights into Functional Differences
in Respiratory Enzymes" PROTEINS: Structure, Function, and Bioinformatics 82, 1258-1271
(2014) doi: 10.1002/prot.24492

(Fo¥ER) Gt 15 1) EIFR 2 OMFFREIC R - 72, 9fF A L7

@

Shiro, Y.: “Coordination and Electronic Structures of Short-Lived Intermediate in
Heme-Containing NO Reductases” “Chemistry and Biology of Tetrapyrroles” Gordon Research
Conference, Newport, USA, July 15-20 (2018)

Shiro, Y.: “Characterization of Coordination and Electronic Structures of Intermediates Appeared




©

in NO Reduction by NO Reductases” 5th Ringberg Workshop on Structural Biology with FELs,
Munchen, Germany, Feb. 4 - 7 (2018)

Shiro, Y.: “Dynamics of Nitric Oxide in Bacterial Cellular System” “Cell Biology of Metals”
Gordon Research Conference, West Dover, VT, USA, July. 26-31 (2015)

Shiro, Y.: “Molecular Mechanism of NO Decomposition by Nitric Oxide Reductases” ICBIC17
17th International Conference of Biological Inorganic Chemistry, Beijing, China, July 20-24
(2015)

Shiro, Y.: “Generation, Channeling and Decomposition of NO in Bacterial System” “Metals in
Biology” Gordon Research Conference, Ventura, USA, Jan. 25-30 (2015)

Shiro, Y.: “Generation, Propagation and Decomposition of Nitric Oxide in Bacterial
Denitrification” 18" European Bioenergetics Conference (EBEC 2014), Lisbon, Portugal, July
12-17 (2014) Plenary Lecture

(EF) GF 4 1)
(D T. Tosha, Y. Shiro: “Structure and Function of Bacterial Nitric Oxide Reductases” Chapter 15 of

RSC Metallobiology Series No. 13, Dioxygen-dependent Heme Enzymes, Eds by M. Ikeda-Saito
and E. L. Raven, The Royal Society of Chemistry, 2018, pp. 334-350, doi:
10.1039/9781788012911-00334

H. Sawai, Y. Shiro: “Heme-Based Sensors of Dioxygen” Chapter 3 of RSC Metallobiology Series
No. 12, Gas Sensing in Cells, Ed. by S. Aono, The Royal Society of Chemistry, 2017, pp. 47-83,
doi: 10.1039/9781788012836

T. Tosha, Y. Shiro: “Structure and Function of Nitric Oxide Reductases” Chapter 6 of RSC
Metallobiology Series No. 9, Metalloenzymes in Denitrification: Applications and Environmental
Impacts, Eds by I. Moura, J. G. Moura, S. R. Pauleta and L. B. Maia, The Royal Society of
Chemistry, 2016, pp.114-140 doi: 10.1039/9781782623762-00114.

FEIF WL B E  <BRS L NZH - BEROREE S HERE” TEROF ) IR EE (2014)

(PE 36 M PEAE )
Omiikee Gt 0 )
OpfikEL G 0 )

W, Friz7Ze L

6. WAL

(D) WFgesr s
WMo K4 - B (%

o —~5K4 : SAWAI Hitomi
FrEFERSEa 4 « IREIRST K KPR
B P G R T B ey DI

W4 - Bh#

WIEEE S (8H1) : 50584851

M HERL - KB BiA

o —~5K4 : SUGITA, Yuji
FrEFZERSEa4 « [E ST Af 78 BE R 1 A B L A ZE A
R4 A MR TR E
W4 . FEMTRA

WIEEFE S (8H7) : 80311190

Q) st 18

W IERL - R 72

o —<FK4 : SUGIMOTO, Hiroshi
e hE K4 - Es 2
o —<FK4 : TOSHA, Takehiko
W hE K4 - PR B
o —< K4 : NAKAMURA, Hiro
W hE K4 o A K
o —<FK4 : HISANO, Tamao
e hE R4 - AR R

o —<FK4 : KUBO, Minoru
e ERL - K IE

o —<FK4 : YAGI, Kiyoshi

XEITHIC S SHTE1E, BIFEF DA & FTICH O TERT S 6 DT, D8, BIIEDEMCMIEIAR D NKFIZ
DT, [HOEFFICEDS b O TR, T OPIEHRIZ T 5 BAFCEEIL, TTIHEG NI IE S ET,



