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Multimetalloproteins such as multicopper oxidase and nitric oxide reductase contain multiple
metal centers to exert their enzyme activities. In these enzymes, electrons supplied from substrate
or electron carier are supplied via the electron-mediator center to the catalytic centers comprised of
more than two metal centers such as the trinuclear Cu center in multicopper oxidase and the heme
bs-non heme Fe center in nitric oxide reductase. The present study aimed at elucidating the
mechanisms how dioxygen is reduced to two water molecules by the trinuclear Cu centers in
multicopper oxidases and how nitric oxide is reduced to nitrous oxide by the heme b3-non heme in
nitric oxide reductase. By mutating at Asp112 adjacent to the trinuclear Cu center in CueO, cuprous
oxidase from Escherichia coli, we revealed that this amino acid functions as the proton donor to
dioxygen during the four-electron reduction process of dioxygen. By giving a perturbation on
nitric oxide reductase from Halomonas halodenitrificans we revealed that the binuclear Fe center is
bridged and antiferromagnetically interacted at the resting state.  As the next stage of the study, we
prepared the four mutants of CueO, from which the region covering the substrate-binding site was
partly or fully removed, exhjbitihg that the truncated region functioned to produce the unique
substrate specificity as cuprous oxidase. Finally, we performed the application studies to establish a

large heterologous expression system of a novel laccase from Flammulina velutipes and to construct
a biofuel cell using CueO as cathodic enzyme.
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P NFRAINTOTFA VERTFRC2OULDEBA F LV 2HTHINIBTHY, =X NVF—H
AL ORBEBIEb TV, 4B A2 L LTIIEA AV 2R T 2w NFHEHAF U F—E08%
LAV EETI—BRICERBTHERERDY, SEEHRATAINT T AL UREELTNS.
T AFRINTOTFAL Y DRBHLEEL OBE, BIEBLH S WAL KSET 58 BEPL1D
BRanTEY, WTFhOSBTLLBREADRACLERL b E2MEFTH D (Fig.1).
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Emﬂ,n ; Sex 3 HEDE(Type 18, Type LERE
E(ectron Transf Active
@ M_____C% abid |[:> @ - XU Type M) ZHLTW5.
Multimetalioprotein re Type IITETFEEDLTHY,
HBLEHPEBA AV NOET
Bl xHix, Type IEiLType I
AP OHEREINDIEERATH D
SEGRH IS TREERBE 217D . ST LCRERNRETFT 775 —THIMRITD 4
ETBEMTDNS. TAFEAF VA —BLLTR, Fuh—¥, TRAVEVBREFVI—F, ¥
YAV AF LI —F, CueOR ERD Y, MAEHI LWIBTE TR FEL TS, AV FREFY
F—PRERGREREE S, Be 2B COTEOFRMERE. < VTt S —2idE DR
BRI L TERBRERIMIEH LRI L bk, v ATET R — Y OBENRBREVERT
B3, LiL, BOpHIcRT2REN, THEPHER, CICHBERH Y, TOFIMIED TRENZV
AL BEoTNG. £ o CHE, HIRICET 5 EMNIEOS R L TIEAZ bREIDVNTARRR
BiFot. Sbiz, wAFERAF L F—F LEERO R THBHEO R RIRBLEER O SeHBER LEZDL
h3—BLERETERICBNT, BERLTHEER LY~ bbb FE~LEFeh b 72 B BALIC
BEE 523D LickoT, MER I CRIGHIC BT 2MAERT.
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[ Flammulina velutipes ik 5 v 1 —¥ D RBHEBREE L MBI EDX ¥ 7 7 ZVP—ar]

N%iUV“ZkbfﬁﬁK?yﬁ—f%@ﬁb,%%%Ez5—&ﬁﬁ#/nwok0fb6
Flammulina verutipes (=) %% %) HXND7 v 7 —+¥ Flact 27 Y —=y i koTRMLEE. &
w?yﬁ—fﬁ¢ﬁﬁﬁﬁﬁﬁpH%F?éﬁﬁ®5yﬁ—€?b6:&ﬁ§ﬁ®$4y%&&ot.
LA LA 6, F verutipes DIERICIZ2 » AZEL, TONEL E BN OTHo T (%7 108 unit/L) .
E7, T OEREROBEIASTRL, BAM Flact ORBITHARBICL YEofe. #ZC, Flacl @
THHFIE A EFICANL, BEEARRRROBELRSD ZLic L. BIEOMAFLE LTIXET, Flac
| BETOEEEFZREL, KW CHEEEELTHRERIR BHEEL, RELCBRIEBERO
REEFEMm L.

Flacl ® N k7 3 ) BEFIE L CHEESE 7 v 1 —ETHK< FREIN TV A HES AR O
FlE b Ll LTHEBLE ST <—, ¥kiZdy o dT 774 v—&HAW, F velutipes ORI L7
mRNA %88 L LB ERNCZ XD, ﬁﬁ% Flac1 % 21— K3 % cDNA (1,491 bp) #%7=. Z® cDNA
PEERRIEATST A I FITHEARRASL, BEfF D o -factor 2y 7 F A& VT Flact OEESREE RS
e, MR EIEENIC LIREE Lok, 22T, BREEEL L TRURBADOERE R
Pleurotus sajor-caju IR0 5 y H—EB DV I IV EERTHILICLD, BEROBEEN IR LTz,
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DUEReEOEBELEPOEE I o~ N V57 4 —it ko THl# 2 Flact (rFFlac) D %175 7=,
WIS & FIRREE Tdho 7o 8%, 13RI BRI 110 ICEME < ie. B oz rFlact @
B, CD, BLKESR 27 bARBEE LIL 25, wAFEAS L ¥ —Piobmish Type 1A,
Type 66, BLT Type ML RER T 52 LA TE . & AR X TRESE I3 BF A BURERR & AR I i
BURIZE pH 2R L7, LA LARRS, I DOMBEZEOEEMRITHE Y BIF Tl ok b b,
RERDELRDBERICIIBFFET, HExE% CueO IzB L.

[CueO DEEBHRML S uF s =7 L 2)

CueOIIRBE DY 75 X hITHFETIHTFR 534 kDaD=VFEAF T X —PThHY, Sk R
ixﬁvxéﬁﬁ?éﬁﬁiﬁoTW%uﬂ@VW?ﬁi#Vy—fkﬁﬁkﬁﬁ?WKWmIﬁ1@.
Type 167 1 {8, Typelll$f 2 H %
ALTWBR, “hbd 4 E0H
FEIALLSMT, BAEHDOBRN
5 ZHOHREETNE, 147
1L 25 A F A =iy
DEALIZFES = L BHE LR
* oTW5(Fig.2). CueOiXCu(I)
™ IR B BALIE R A L < L
| wém B, MOvANFEAF L —
LB L THBE R Tk 58
| SRIEHITED TIEV D, ik
ALTWARW Ll KERIOCu()DFELET T, p-phenylenediamine°CABTSER{L 354 i1
mﬁo%mtkﬁk#é.:nm,EﬁﬁéﬁﬁkﬁﬁfémmmﬁﬁwgﬁawWIﬁmoﬁ%ﬁﬁ
AT 42— H—L LTOBBEY T b THD Lz bR TS, B, bhbhOME s L — 7T,
EERAENIETE 5 CueOD 5~TBRH D 3 >Da~Y v 7 R 6FHLTHEADANY v 7 RAOMICHEE
T2 25 BEOT I ) BEBRE LR RHAKCUeOAaS-T)ZER LTz, ZDOXEX TuaF (Lo =7
V7 LIBERIZIIC 2 HMLA< & b, CueOd i LT FEEEICT 58V RS AR
ENDTLEHLMICLE. 22T, EMAETIE, ZOBRELENSEL EIRREB AT —PL L
TOEARRUE2EAHTHIHMETHE - & EMHT DL 2EME L, B4R Cue &
CueO(Aa5-7)DH IR BE 2 B Rik® 3 BRER L7~
ﬁ&btﬁiﬁ@%ﬂ;coxxUEmix&ybwome,3@2T@£§¢K£hf%ﬁ&%&ﬁ
ﬁmk%&ﬁﬁﬁku@:ofw&w:aﬁﬁemu&ot.it,ﬁ&ﬂﬁ@%%,&?%ﬁ@«u
Y7 AL 2T Type | IHE~DHBEBRDT 7 22 8IRT 5 - & iz & D, Cu( I )iz B4 RHA
E#&éhrwa:e%ﬂ%?ézkvét.:nkﬁﬁbf.ﬁ%#4f@k%&5%ﬁ@«9y9
RAZEDABHENBLRENZ L HHL Mo,

[CueO iz X 2R BRERITICIIT 5 IeEfirid: Asp DHA]

Fig.2 CueO DIEMIMLEF D#EREMEL: (Robert et al. 2004)

TATERAF LS~ R ORBOV L D IMRO 4 BFETTHS. = 0BE 4 BB RIS
WT, 78 b OBRIIARR S A — it L o TRATH S, CueO DRISGERICEY 570
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VRF—LRV5BT I/ BOERE LT Asp112 i H L. Asp112 it Type IEINHERITHFEL,
Type ISRDEMARPEAF L LTD His 4 IFY/—NELARKES L TVS(Fig.2). TOBMET I/
BRI D= A FEAF VP THLEIREERTHS. £2C, 20 Aspl12 £ L RSITH VR
X VEPETS Glu, Asp DEISENT I FEL Asn, X5IZ Ala RERS®, BREESEEA~S
MZ 2D L 5 REEREN DA L. Asp112GIu TRREERTEMIIM¥ESETL, —F, AR
% LB &T 1pv Ala, Asn ~DZE R CIXBHAT CueO D 10 %IZ E TIEMRED Liz. Zh L DRRNI D,
12 (2D Asp DIAHF L EDTENBRE- ORI LA TH S Z L isbhot. —F, Aspl12~
DERICL > TEHREAIBEE L A7 PABERERLEZ &L, TOT I/ BIZZHETE
ORI L EEICHERT A EBHALMITRS .

[CueO D3 HABEMD A V) — K& LTOFIA]

%ﬂ%mw¢?$¢%ﬁ,Oibﬁi%ﬁiwéﬁéﬁﬁkLfﬁwé%mﬂﬂ4iﬁmaﬁﬁnf
wé.ﬂ4r%Mﬁm$,%%I&/—th,&EM&TH—&KE%&énéﬁkkk%%%%ﬂ
LLTHITE 5L VokBEA LTS, A4 TRV TE, ABROER (Sra—27E
" Ko s —BRE) iKko THRT L a—ARENDER
VHENTBEFIE, TREOBERIZL->T, BREZK~
LB HOIHEM S5 (Fig3). EBMOBRLLT
BRryasrrdxv—Eh eV FHEF ¥ —ER
ERShBOR—BHTHSD. TAIVEVBAFY
—¥, FUAEVARVT—, Fob—BREELD
BRT, BRLEBH COEEETBHIRR I T
5, FHHFE T CueO A3 Bioelectrocatalysis L LTH
BT BNE SRR L.
Fig.3 /34 Ak E R DBERE X YA 7Y w7 RNFYARY—IZX 5T CueO DEX
‘ (L2 PHE LR, o FHREXF—EL
FikiCEERTBEZITOI L BRERE SN, KERIO CU(IBEETTOIA 7Y v 7 BAVTET T A
kxRN LR o, TOkd, ETIZEE,D Type [ H~EEBBL T3 LE X5, Cu(ll)
ﬁ&??@ﬁﬁﬁﬁmﬁ?éﬁmkﬁitorwé:kﬁ%%ént.it,@ﬁ%ﬁ%ﬁWTMEL
ERAERI S, P2< D 1,500pm £ T, BEOHBBEIIRoTWBI ERbholk. EUN
[V a3 /5’~'E~?°7 /ﬂ—'ﬁﬁfﬂib\tﬁ‘*kﬂz@?‘é L, BREIIENENBBL 9fFL 7’.:0 <8y,
CueO DL ERII Mt DEEE T BB 1T D v VFHA X VF—E LS TRBES, CueO 3%
4%%%@?/—Pﬁ%kbfﬁ%ﬁhh?»%ﬁi#/ﬁ—ff%é LY LEZEND, 48
DRBOERITLRBTF—F BB LR TEE.
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NOR)IZ—B({LZER L HB{LERICR T T 28R
TH5. NORIZER Y ~A c 2EENorCH 7 =
=y he, BREUALD, BAYYALDbBE
VHFENLEEENOBY T2 =y bR X
5. NOENOITETET A BIC L EREFIT A
DO r oAb cDX ) RBFEEEILELD
NPHER BV ~h ¢, BAE Y~ bEEERH LT, NorC ~ NorB
BA Y~ bbg b I~ LGkFeB b 72 BB H.L
~NEBRALND. ZOBEFLIINORD T L
EEZONDH, WIEEDLETHAOEIN, MCD, ESRARZ FMdhbAE LN BEHICILIRY BHot.
%:?,EXEVAA%k#AAﬂﬁmﬁﬁﬁWﬁﬁﬁﬁﬁKiofvwfﬁ%#vﬁ—€®W®IH
SAD X 5 ICESRERIHICR o TWB L DRED S &iC, pHEET &85 & = OWA OMERBE 22
BEFLICET2HEHABOND b DL/ LA, S5IZ, NORDIEMIL OMEIC B 5 2070 55
ERDIDIL, TP AFT L RTHEDA Z 2 DL 5 I 4 ADINERT=F v Fu—7E L,
PH7.0 £pH 5.0 TR{LRIER L BITRIBONORIZER S €. ZHHLDERIEND, BA L ~Ab, &
A ABFEBITITRILRIBIZEB N TA S Y B A%HE LKA E R LT\ 32, EpH CHEE L~
D7 b ALK VERE i, RETHINOREMBMICES TE3 - LR S, Tabb,
NORIZpHIZ X W R B A H = X A CRIGHEITT 2 Z LISRENL.
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AT 4 HDEE v F—IC Lo TERTLBEREN TV B L FHE* v —F
ThHBT v h—F L CueO. 2B 4 D>DERHFLIZ JZO’C‘E‘@*'L\ﬁ%)ﬁé%’L'Cb\
RSB OMEIT B AT T, BRSO RRICY Ve BIBEVRA TRV A
Nt Tob—PItonTIRERNRREND, T DEEME TEEERTHR
GH—PERERL. FOF YT I ZUE—Ta v EFIL LI, T I BEFIERE
L. BELFEEPEILTIEERRERICLI - THBX T v —EDX Y 777 V¥
— g vETIFol, CueO KOWTIRAZRICL > THREDO4EFETICEETLT
LUBmEREL, E, RERAWMAICH L THEY OREET, BEFRIEOERY
W L7, Sbic, EREESAERTV. JOBRNEMRHNEROY Y — FERE L
CTEETHB I LRV L, —B{CERRETERICOV UTEERMLZ R T 5~
IS~ BRI OREYS L HERE R B & 20T L7, BLED & 5 W BREEMIAE 1T TH
ML ET BV NTF A X VBB TR OBRRICET 2 BN LIEACN D
BB 21T o T, 12 A 2 B0 OERE L EESEIC L5 PREEICHE Y £FE

ic kAEBEE. 28 7 BOSMRTEES STV, Bt %) CETILERL
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