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KA VINDEDH 40%IFEEY V/INIDBTHDIEWNODNTRD, MBIRAICHL
CTEEREHEZIEB O TS, INSY VYN DERKBEN D FRASFDFENDL DS
SIESANERE. QRSB FIDEREDATLHER CIIRIBA YRR T TOSKEEREZR
D, TOINTOKAEISERENBENRUEET Z VY ERDELRRICHKEFLTNDE
BAGNTND, —fRIC, BEPICHFEI DDV —SEE T VICIHEINSHKAETS
WAL BBEEENEN I D ETHHNEBEZR/HH. TNZNOHREDRIRSND,
=HIC, ZOBEPLDIYNDEY ) v D RTRBSNDE T, PILEBOR DR
EBSERZRIEV USHKELL (871 « SFERIE) PRSND, COER.
WEBSERRERRBY VN DEDRDOMEC LRI DEBSN TH D, COSKRENMEIC

BEESADMADEIKF SN TN D, ARIBERINBIC LTRIZRIILE RS —EZF
RAULEPOUIPIEONAZTORIADETOSND, COMICEIFBICERZHERE
B5. BDRAIEDEBBSNTNREDRBZFELTCNDD, HRRBES (BE -
FHEICAIDIV/INDEDSES, BREMELN, BEILICKDKERE) DD, EA
ESNTNSNEDDIFEICZDDRBETH D,
—FITC. CNOHEEZR DPINEBBSEHNICBRY VYINDELE (RRYVINDE,
de novo #FFHYVNDE) NBIRTDIFUHNHDZISSINTUNND, COXDISFEHHSE
(R ULCKEZIE DY YN\ DBEZBEICRIDE I I VDY YNDBITEMIREEZD
FREBERNREIT DICHDBBEHRTH D, FFREVICIIRAEEY (HEE. BRD KL ete)
IREEHI VY INDBNRIE SN DI ZID TU\ DB NS ZRIBIEHD 1 DTHD, &
EUICERD scaffold & VINDBICEE UICH#EEZMEMAD BN TREICRDE. L5
ERILOBE R DITBEZMRET DB CUREICRDEZASND, IIZ T, EMERIL
ERBCRNTREZEAERBSNTNRNY VN D BBS-HEEDEBRZIRIL I D
FE2ERVY-ILERD DD, LDURHS, HEEPIMNDERFTHIEDSADE, TEERD
HIUNDERETISBEICTFARGITDICENTERNDDEIECHD, ZC T, 1#
BEPIMDERETICIZ. RTF RFHEZEFA T DIBE CBFESY VN DBAEEDVWBIRDFE
CUTRIEESN T S[1,2],
Peptide based system Protein based system




RIBDNRNTF RRN—2RIF, BRIDBDICNRTF REEEE UIZEMEPINDOEBE (B5
HE~HAERE) THhd, COFEFRARERY V/I\VEDEREBSHEIZDOE U
TFRZEMATDIRTHDN. FBEDEDEADKRBICENDO>TIND, BF. YV
INDBEDHEEEDING S VINDEBBICKDBEESIN TV DO, HEEPIMNDEE &8
HEINTNDEBZSNDN. RTF RES VY LAEBEDZE. PINVERICKT L THEES
DEHE DD ZNEBIOND, UEN>T, EEA A VYNDGFOEEZENHL. 15238
BEBHTDEN TS CVRNEETET D, BEDY V/INDBEXR=XREIRRAIVIND
B2V UFHRERETY VN D&% scaffold(X8) & U T, #EEPINVEMAH AT FIETH D,
SENZEDIEHE LTE BBEOXRREBY V/INDEDEEEEIL—TZRDRRS
VINDOBNBATIFLEORAESEBY V/\VEBESBREES T 1 FOBRINETS
Nd., CNSEDMEHCKD. HEEPINDESZEBINICE Z T BHIENHZ IHRESN
T2, —C. EBEBET A FEBERVNWIYIN\DBETBE UZEBENY 1 ~E
AIC X DHBEPIMNBIRBIEEDRUN,

EREYVINDEDERETS scaffold ERDEAEESDREFTREMEY 1 FDERETD 2
DDERIEICDEIT DBNHRKD, EERBEDFFIRETE. FICa-NIAILINY FIL,
a-NJRILIDCIL RIDTIVESICRNTZDRSTFENEIISNDDHD[3-15], &%
1Z. TNODEIE%Z scaffold & ULERY V/INDBEREHHIIFEZHRESNTND,
NZT. RRDEBYVIN\NDEDOEERSHITa-N) v I RCEBZNERENSL,
BC 4 NURDVEXA VEEBE UEITRERY VN DERBZLFELTND, U
DURHS, KEICTEICRARICESNDEUT 1 MEEZEBIRLIZEDEDERL, X
REDSDMAEERIB LIZIREDIZRV, —FT. ZOMAV/INOBESICDNTIEE
A ERETFEDEIL SN TUVRNDAERBETH D, CHOCEFYVINDEEBSDTAIFR
SITMERICREBIBICHRT D, LIEN DT, ABYTORBHICIEET 4 AED
CIVRIDAIVIVYINDBERMALUIZ, ZOEBHIIF. 1) 9 V/N\OBESEDOTARNES
2. 2) REREEBICMZ DDV \RLZTEM. 3) #eehMNCIZR T, BERBEY T ~
DERFTETERRDZET 5N D,

RREBY VINDEDBMUT A SE ZOEEEICK > TERICHKSEEEFT DOED
DB EFET D, PTERY V/N\DEBUHPINIZRIINES « DIEFIMEE R UHEE

EFLE - B CEER - BBRRNER - ElEx - MBHEER L) ZHFH5. CNHSEE
[CHEIRDFHIENTIND, COREREBEZFOERBY V/I\DBDHRRE L. SVIND

BRFAFEDURICENDICBI ST, EMEMEZ DT ICHIT DHEERBY —ILE L
TORRMHEFTEIND, . (Y VYN\DBDODP TEMROUEFETY 1 FERDV
IWFRAF IS —P, Y DO0Lc AFIT—-PRE N1 ZMBERDNY — REBI
BELUTEFESNTND, ZCT. AMRTEICNSEBERDEMY 1 FCEET
BDEIBURICTH UL, $85 V/INDBEDFDRERWEEZ de novoscaffold [CBIRT
DB THEBERRBEY — )L R KUK M B DIRIRICEAH 12, RIBAIICIIBONTCEEE



FHASHE DT ET, BRERRN/NA ZAUE, )N+ ZRREMDY — FEFIRADE
FEOTREEEZ5ND,
1) EAIZ Type2 GG T 1 DS

Hz()

o be 995738
J-‘. 4 ] - . = ‘I ¢ ) ¢
L’—f‘ .f"‘ ﬁ“?:& *z;.g:ms
¢ His é '{, <
\5134}'3 Ghu r

2) T —8 VO ED

3) TIV—IR8 Y IND B FIC K DESHIE

Nitrite reductase(1NIE)

Plastocyanin{1BXU)

4) Cys BB ZERDTRZ/IN—TJIUIRY VN DB DR

Cu, of COX(2CUA)

THEEURZ 4 REDAILEDAIVIVINDEICDNWTIURTERAT D, ED&ETLE
BELUT GCN4-pLlI RTIFRZEFEAL. Sa-NJvDIAEERRR) Y N—CTE
WEBSREUILI15], 4 REIAILEIDAIVETHEICHUELDICa, b,c,d e f g
D7 DDRENSBD a-NJ v DN 4 DRIZ O ICHBIRNRESEZR D, COSGIRRR
[ ad IBDERKEE, eg IBDHRKERICKDIEBICTHIE=NTIND, SOD:E
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18 PI/EKESZRRULEET A ~EHOHIH

m:Es

R A VIBEARRNTHREEE. SFE. Y V/N\DEBSEKICHBSNTRO,
CNOHBEEDATIHERIZTZBNE LIZEEYVYNNDBADERET 2 VEABIZZH)
[1-3]. BICD LRI VINDEERIRBULEZHINZL Cu'. Cu?, Zn?, Cd*'\
Co®'. Ni#'\ Fe*ENZLDERERET A VBABNDHD[4-14], TNSEDEMHE
TR T VRS ICKDIBEFBRORRY V/INDE(CHONDPINEBESDER. BIC
EBRT1AYMES LIZENDEDEESFIND, MEEHEOEF EMEEZRT ORARERE
HIUNDEDPICIFE. PINVEBOWFDBRIBEDOAETIDNTRENTTEE WUBEA
185 ZF/DEDNBL\. COXDICEACIESEEL” entatic state” EIFIENTHD.
BB A VDRI « BITICHESTBTHEIRILF—RIMEZEIR L. ZOSHEELICERT
HdDEBZ5NTND15], L/D\L/ IS, CNETHERBY V/INDERST TIECD
EHICEREDTEREHIEE

AECEICILEDTILIY) \OQEODE%?K:IPIC CuP#sat v ~ra8BAL. OB
BDEHESZHE LIZBIC DN TEND,

BEBRBRDIUER
- ZBRIEET A ~DERE

RKRDEBY VINDEICIIZMHERER T 2V 2HREE T DEDNZ L, ZDEMFE
LT His, Asp, Glu, Tyr, Cys, Met B"FIASN TN D, KREBETICRWNTIE
Carboxypeptidase A BKU naphtalene-2,3-dioxygenase DPINEBE S ZERA
EUR, BIBDIVINDERINRTF RiEE%E C RKinh onEd dBRTHD. Zn*' 1D
2 DD His &1 DO Glu ICERI U IENAEAESEZR D, — CTREDYV/INDEIF
FTOOUVBIEBERTHD.CU? D2 DD His & 1 DD Asp [CHEI LIEEEZERD,
ZC T2 DD His KU1 DOBMP I JBERF DEMEBEDRTEEZC. BATD

S’ JERTHD Asp, Glu ICIFRIBBDESICSENAH DT, COTENPINER

BB EDNEHESICRIRSNDCEZHF U,

TEIVNDEICEOUEEID VIV RIAIVEEERET D GCNA-plLI XTF REHE
BEURKETIVINDBEZFEALUIC[16], Z20DE5%Z Figurel [CT T,



cdefgabe defgabe defgabe defgab

Q IEDKLEE ILSKHYA AENELAR IKKLLG EgG
G

Figure 1. Amino acid sequences of AM2D and

b agFedch Gpfedct wgfedel GEFedc T AM2E. Aminoacids in the metal binding sites are

c Q EDKELEE 1LSKXYA AENELAR [KKLLG G . . . .
e ' indicated by bold letters. Ala residues in the
“{ X=EorD
cdefgabe defgabe defgabe defgab hydrophobic core are underlined.
K Q IEDKLEE ILSKHYA AENELAR IKKLLG E G
G

L
bagfedch agfedech agfedeh agfede G
Q 1EDKLEE ILSKAYA AFNELAR TKKLLG G

SENRTF RiEZE 6 DDPI/BHLRDIFHNRI I N—THEEITDCETEERE
U2, 2. 7tD GCN4-pLI [3H V/I\NDOBNERICIET D c fIEIC His ZB I N, &
B2V EDOBBEERERDIEYD Ala NEERBUR, SBRESY 1 FEBDRYD. &
KIPEHRT D adilED Ley, lle 57 8 DDA 2 DZ& His. 1 D% Asp/Glu. 5%D
5 DIFEBHEMITDIRANR—AEIRDIZH AlaNEBEUIZ, BffiFE LT Asp ZHD
ZEAZ AM2D. Glu Z2FEDZEEERZ AM2E & UTS,

« AV INDEREETHT

AM2D BKU AM2E DA VI\DBEZRESZBRE M (CD) ANXRD ~ILICT
i Uiz, Figure2 IC AM2D @ CD AR BIVETRY, I VINDEIF 222nm KU
208nm [CIBIMBZ DS AR RIVE2 UIZ, — 878D )L R D1 )UEET
[F\ 0000/ 008> 1 EIXD aNIAIVINY RIVBETIE 0 505/ 0 505 < 1 E78D. AM2D,
AMZE Tl 0 505/ B 505 < 1 THDND. £ BESIDK 18% NS U AD1IUIE
B 72D NC RimD P = JEEESNO 3 DD YV A—ICTEERSNTNDCEEZEERT
BDE. DI RIDAIEBEER DEFTBEIND[17], FL. CuPdZN* 1 Z V&Y
INDBEBRICTHN UIZIRREICT CD ZAXRD RILDBRIEZET o 2 BERANRD MILE
{EI3ERSNED oIS,

50001 Figure 2. Circular dichroism spectra of AM2D
(solid line) and AM2D in the presence of Cu®*
10000 (dashed line). AM2E showed the spectra as same as

AM2D.

25000

- [B)(iegem?imol)
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1

HYNDBDOEEREZHER I DT, BRVDNZERE UL, REEROTEET
DAIERBRE Figure3 [CMT, REZFNSEONIEMRFRBDMRD, IV/INDEIL
BERTHFELTRD., KEFRHMS=15THD. B5NEDFE 15600 Da (3.
S/ BENXVEE UZERE 15057 Da [C—HIDEDTH O, DUZ“C



GCN4-pLI {58 BEZE(ICEL LSRR S=1.62 LR —HIDENTH o2,
LDUSHS, 9VNDEREZ 150 uM ICTEFDAEZTDOE, £ 30%D_E
AEZATNDTEDTSNE, MFTEEC TRERFNESENREER LIZEC
3. BREHM KI=150uM THo2. UEKD, EREICHNTIIEERE U TEFRE
L TN\ SRERETEYYNDEDFEDERFRICED _ERZHEMLTIND
EDEHESND,

a)

Absortonce st 230 m

i5 2 3 0+ T T T
S-wnlue (3) 6% 700 76 TA0 745
Radius [em)

Figure 3. Analytical ultracentrifugation of AM2E. (a) Sedimentation velocity (SV) experiments. (Top
and middle panels) SV run of 50 uM solution at 60,000 rpm, result of c(s) distribution analysis, and
the residual of the fit are shown. (Bottom) Sedimentation coefficient distribution of AM2E that were
obtained from the analysis of SV experiments. Red line indicates distribution pattern of AM2E at 50
uM and blue line indicates distribution pattern of AM2E at 150 uM. (b) Sedimentation equilibrium
(SE) experiments. Equilibrium concentration gradient for AM2E (50, 100, and 150 uM) in were
indicated. Best fit curves of nonlinear fitting employing single species model and the residuals of the

fit are shown. AM2D showed the spectra as same as AM2E.

- EEICSRESHD

BB ZVRIICKD CD AND RVICEEEBRRIESERSNBD 2EE LD &F
1 ZIMBE LU TCNDDEDDARPECTHDIC, ZC T, FRAEICKDYV/INDIER
ZHEREAECKIKOEEY 7 VitGReZzsHD LIz, AM2D RO AM2E 3. &7
VARDIAICREMERE Tm=66C (AM2D). 75C (AM2BE) ZmUIc (Figured). &
HYNDBIRIZDBRKIPEARESHE LU TNDICEBNS T, GVZEREZRITLT
NBDTEDNRSNIZ, BRI P DREBSWERSY VNI BEDEELEM CHmSTE
522 SOOI EIVINDEIRIIYAN—ICTSaN )y D AHER/E L TNDIE
DIC ASBBELZEMZB TCNDEDNEBZH5ND., FIT. CUPRU Zn*FER T,
SYUNDEORZEMPEEZEIC LR U, 95 CICHRNTEEMNRIFT DERBICIIE D
TUVEW, COREBLSEBEZEMEDE EE. aN v D RBEITEA UZERUFAPINE
RBICHREIDCETaN) v I RBENEBABSNLCBICIDESASND, FC. &



KERNEIC AM2D & AM2E TSEET 7 VICXI I IBELZEILDFEINEZR > TH
D, &1 A VHEIMDEZRMLUTNDIEDEHESIND,

g . Figure 4. a) Thermal melting curves of AM2D (solid

15000

15000 line) and AM2D in the presence of Zn** (dash-dotted

line) or Cu®" (broken line). (b) Thermal melting curves

4 10000 % 100
:g‘ E of AM2E (solid line) and AM2E in the presence of
o o
s 5000 z"s”.a?” Zn*" (dash-dotted line) or Cu®" (broken line). Mean
-3
g g . o .
. Uu~ residue ellipticities at 222 nm are plotted as a function
o
30 40 50 60 70 80 90 304050602080 90  of temperature. The measurements were performed in
BT ik at upe temperature

5 mM Tris-HCI containing 0.1 M NaCl (pH 7.5) at

298 C. The total protein concentrations were 10 uM.

MEKXRD, &5t UIEERBENIS HHX(X=D or EINERE 1 7 VDB L TN DEHR

BENZ, 2CT. SHOICHFRBENO)—X U= (TOC) [CKDSERA 7 VDS
GHREESHE Uiz (Figured) . LNFNDYI VINDBIZBNTE. ZnOIREICKDERD
N3WELETR. CUTEBICKDEBNDNDREBRENERSINC, BSONTHRITIER
KD, DYNDEBEBERBIAVIE 111 THREEZERTEE., ZInZ(CDNTEIYV/N
DB THIMECIEERERIVD, Cu? DY VINDEICKTT DI AM2E DIFS
10 Ba<. BB EICENETNDCEEFHRIEDRBRTH o2, Fe. B85
NIZRETEHORINIIEIRERE CD AND RILDOFERE—HITDEDTH OIS,

&

ay b
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Figure 5. ITC analyzes of the binding of (a) Zn*" to AM2D, (b) Cu®" to AM2E, and (c) Cu*" to
AM2D. The raw data are shown in the upper panels, and the integrated area of each peak and the
nonlinear, least-squares fit curve representing the heat released is shown in the lower panels. Each
experiment was conducted with 1 mM metal injected into 28 1 M protein. The DH and the DS values
were 5,650 cal mol™” and 42.4 cal mol"K’l, for Zn?>-AM2D. The values were —14,700 cal mol™ and
—23.3 cal mol'K™ for Cu2+—AM2E, and —7,690 cal mol™” and —3.76 cal mol'K™' for Cu2+-AM2D,

respectively.



* ESR ICKXDERET 7 VE NI EFTHT

AM2D BKUV AM2E DERIRFIE NNO E@RRTHDD. O BhIF DRI X F
UYVBEDDRSENDD. AM2E OIRHKDRNWRIBEZER D, BRIEZCORIBEOY
AENEIEEECRRESNDCEZBRHLUL, 2T T AM2D-CUEEHRRU
AM2E-Cu?MEFREVHIB(ESR) AR MIVERIE UZ, (Figured) AM2D-Cu?*
(& g, FBIRIC 5 DD hyperfine splitting DESRSNIEE LD, 2 DD His BREBD
NdNRFOBEMZEERLUIZ, —F3C. AM2E-Cu?[CDU\ T3 g, MBIgICRIT D68H
73 hyperfine splitting [FFEFRSNEND D12, BEANRD RILDSBENE/INDA—F —
[FRDBEDTHOIZ,
AM2D-Cu® A, =175mT,g,=225¢g, =206
AM2E-Cu® A, =155 mT, g,=207,g,=203,g8,=230

9 b) Figure 6. ESR spectra of (a) the AM2D-Cu*"
complex and (b) the AM2E-Cu®" complex in 30

mM phosphate buffer containing 300 mM NaCl

exp.

(pH 7.5). The wupper lines represent the

simulated spectra.

BB, CUDIEUEMEBETIEA, = ~18mT I2ETHND. ESREDZSNT/N
IA-H-IBEZaRIBEELGD. A [EZLLETDE. AM2D [FB1EE DT B
BAESEERDEEZS5ND. —F3C. AM2E-Cu®ld AM2D-Cu* KD EINSREZ
mUTRD, AM2E-Cu?'ld CU* DIFBEEN'S. NEAZRICAN > CTEALESEZ
BDOEBEZBEND.

o BH-TRUV-Vis) IRD RVICKDERE A 7~ Befiiig: &5
AM2D-Cu?BERTV AM2E-Cu® D UV-vis ZXRD L% Figure7? ICm UTZ,
AM2D-Cu? DR FIUIZ 625 nm ICINEBIRING (e=80M'em™) &ZZ2ULIED
[CXTLT. AM2E-CuZDANRD FIVIBKDEFRBID 674 nm [CKDKRETZIRING
(=130 M'em™) Z2UfE. O AM2E-CU?DIRIREL v R D ~idE., EPR X
RO BIVICTHRUEZE AM2E-CU? DK D EAZEEZRF DENDRBRE—HT D

TDThOIZ,

10



160 Figure 7. UV-vis spectra of AM2D-Cu’" (blue) and
AM2E-Cu*" (pink). Each complex showed a band at 613 nm
and 674 nm, respectively. The extinction coefficiency were
estimated to be, 80 M cm™ for AM2D-Cu*’, 130 M cm™" for
AM2E-Cu*', respectively. Experimental conditions; 30 mM
phosphate buffer (pH 7.5) containing 500 mM NacCl, 298 K,

400 500 600 700 500 200
Wavelength (nm)

[protein-metal complex] =200 uM

« DFT StRIC KX DT EENES DL

SYVINDEDBENMESNTURNDT, FlTEEBEMESIRBETHD, Z
CTC. OV VI v/I\—EREEEEIC, 7@::2:;‘“/7_ 4 REICILEDTIVEEE
HGOBOAIC KD IRIVF—R/IMEICKDEE (Figure8) [18]. AM2D DEE NS
(£ 2 DD His. 1 DD Asp. 1 DOKDFHMEE 4 BefiiEgEaHOEUZ. AM2D D
IXRIVF—RIMEUIZEBEEEBOEAE S SN ITDNCEACESZRD. —HAIL
82° Tholc. —73C. AM2E DEIESII Asp Z GIUNBBLIZEDTHD., T
RIVF—RIMEULCESE BB UM SOASTEH. ZHAIE38.1° THoE, C
DEHME Glu BIEDOIHAKESICKDEDTHOC, SaNJvDAHEHIIVINDEES
BICTEESNTRD XFUVHDODTEITPMNEBEEICRIRSNIZEDEEZ SN
o

by )

s 3 e .o % @ > *J.
b ¢9
® s -, He 9 .‘ i
a4 > H]\ J’ 2 ?
—\QpJJH Glu ‘_‘

Figure 8. (a) Superpostion of the minimized structures of the models of AM2D (Red) and AM2E
(Blue) on the starting structure (Yellow). Active sites of the miinimized structure of models of (b)

AM2D and (c) AM2E. Bonds were formed between Cu”" and the closest atoms of each residue.

_ENat))

HRREHC KDYV INDEEFDHE. BE-HMEEBREDIRFTDHIS 5 FHIC IS
ROAEEREHCRT DARARDICHEBZ TH D, RADERY V/I\DEIFEET 1 +
[CNATEEBRBEST 1 FEEHEF OO D1V EIMIIVEEDEKIPIEWEEED
BRDOCECEUCEEDED. AIBRFFICREEEZD, BEREGT M ~ELT
MBYREREKIPDYA XEDAIL R DA IVBEDEERREBIC THIEHIE THD

11



[19], BIZIE. =FREIAILFIAIVTREINY LY, IAEIILEICILTIEXRD
AREBIRTIVEEIOPIVYI Y 6 REDLILEI1IILE LTSNS COMP
FESZXY D3 ROUFF—ILDXDIBIAREEDFDIRBEEYRETHD[20-23],

RAICIIRES EAICBEZRORRBRY VN DEDHZ I FHET D, HRISEMF T
S/ BOREVAESERA UCBESEESOREIBIC DUV TRET LIED ZOEHE
BIEIEENSNEDTHDIZ. SHICEARESGHRFTICIE. RRTIV—815 Y /INDED
KDIC, #ECRIERFHOBMI FORBEBICDONTERFTDNMNELEEZ D,
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28 JIL—RYVINDEDHE

W:ESE

WY VINDEBRIREBMBINLCEBIV/INIED 1 DTHD . BFIEE. BILEER.
FRRARNEER. SR, BBRENEC U\ DITHRRBEEZEE I DD, CNOEEEDEL)
[FT RN THNERBBIBSDENCKDENDTHD[1-8], $75V/\NDEDBRIIESL
typel D5 type3 [CABISN. FICHHEREDD typel U+ FTHD[O,10],
Typel U+ FI—FICTSINE entatic state MEZERBITHO., EFIEYT /D
BOVIVFIRBRICSENTIND, Cu?ld His, His, Cys D 3 DDEIF N S5DEE
=RRIEEIC. 1 DOBRIBRIERZFD trigonal pyramidal EX/2ld. 2 DODEHIHE
BYEAZFD trigonal bipyramidal IB&Z89 ©. Typel i+ FZ&FDHYV/INDE
[EZDHFHHSEEICHRIDRNEBEZEITDCEND, TIL—RYV/N\DBE LML
NTNDdD, CODMNEBMEIRFIF AL — H-Cu*BD LMCT ICH%RY D 600nm fiha
[CEREITDIEBICAERIRINE (e = 2000~8000 M cm™) & 450nm a0
INSBRINFBICKDEDTHD[11]. CNOWINFDEEER A5/ Asoo I IFZERIED D
D, ZOBEZERIELTU\D, Pseudomonas aeruginosa azurin [£ 628 nm (C e =
5500 M em ™ DIRINT & 450nm HEICINSBRIRINE ERFDOANRD ~ILER L, B
WEBBEZEZID[12], XIZ. Alcaligenes xylosoxidlans BHD nitrite reductase C
DWTERRICEBTHDN. Achromobacter cycloclaster U Alcaligenes
faecalis B nitrite reductase [ 6B00NmM {1HEDEINT & 450nm HEDIRING
BENBEZETHD. BORBEZ2IDBRINT ) —VIgHV/INDEEEEEINTND
(13l TORRD BIVESEIERIFRDRSODENZR L TUND, Figurel [CRUL
ZXDICT V=Y ~TIE Cu?hHiHis, His, Cys DB =EMIEA—TEBELICETEL
THRY. BMIBREEREIFRICSVNENDHFEND D, —F5T. JU—Vigt+ ~TIE
BAABBERNERIED., Cu® D His, His, Cys OIEB=EUNSFEET LN
tetrahedral BOBSEZER DENFH TH D BICATIVNDEICHNTI U -Vl
A R ERDIBE. Typel EXBILT Typel b EWENDCENDD[14], K.
type2 THDEBOUERESICHRNTITRBVNEREZET D, COKDIC Cu*-Cys 58
[FZDEEICKDIFHNBZEBZTR I N ZDARABZ Figurel ICEEDT,

a) L O b) L O c)

() His His
H H‘ @)
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Figure 1. Structures of Cu®" coordinated to His, His, Cys, and L (arbitrary). (a) Type 1: Cu*" has a
trigonal planar geometry and exhibits the blue color. (b) Type 1.5: Cu®" has a somewhat tetrahedral
geometry due to stronger axial bonding and exhibits a green color. (c) Type 2: Cu*" has a square
planar geometry. Type 3 consists of two copper ions linked by two oxygens and is therefore omitted in
the figure. In the type 1 coordination, the Cu-S distance is short (about 2.1-2.3 A), while the distance
in type 2 is normal (2.3-2.5 A). The Cu-N distances are normal (1.9-2.2 A) for the both type 1 and
type 2. The Cu®* exists on the plane created from the His, His, Cys ligands in type 1. In type 1.5, the

Cu®™ moves out of the plane.

CORDICHEBBRDIEHNFERUBEZHDOCEND, typel T~ de
novo FETDBHIRIZNTHD. BECEBRSNICETIVIERBIC LT, Z)LI—)U
PIKDEREREUET 1 FOEBEK., FAL FFIIUA( fl-Fis SOD Z B UIEE
BEAIY A FOBERBINETOND(14-17], 1YY UINERN I3 DO His &
BAULZBITIE. FAU—MEEMORBREICK>T, TIV—81 - T —VilDomEZH
RUTNB18l, COXRICBLIDEHNDDN, ZDEEALES type1.5 DEENZE
RUTRD., TEIC typel EDBIRZ ULHIFIERBICVEL, FREFCIOBIRL
EHIEIE, 2T T 28 TRIIL—EY 1 FDEFHERIC DNV TN D,

BERBERA/IUBR

- BEGESY A FDERE

TIL—iF5 V/IND&IIHE LT His, His, Cys 5323 E=EIIEEMREFESNT
DD B D DBECRIFDIRFEICK > TAESEENEN D EDRSNTUND, BRI
KDFHA 7 VICERI URIBE. BEDREHHITIEFNEL type2 BEDBEEE D
TWNB[11,14], KDFDIEEIE type2 BHEZEILTDENDNTRD., typel BD
TIV—RY VN\DERFA TREBRINERTHD, LEHA>T, PIhEBEIRDSEL
IRENDSNWDICBRZERIT DIONEETHD[19], F/E. CUPDXROBZEEFIE L
THBELDDEBA AV EFERATIDHS. FAL — FDBRIEICKDI IV « HigER
REBBERD, NS, BIEHFRROYZIVD v RESRLECE. EEEEY 1 ~D
BAZYVYNDEBBRIKIDIPARANTOBHREEBICHZ D EFECHDEZEZ5ND,

—JF3C. BRIZ 4 KBEI1ILEDAILEVINDEDIERK I PN His, His, Asp/Glu
BeIZRFDINY V/I\NDBDHREZ1To/2[20], KEREKIPOREICERENS T,
TEIVNDERZECEEERFTLCNECELD, PINEBDIREL, I V/INDE&E
KA KR U THRKNZIRE, IRNEBRESFEHRUCREZFE DEFEIND,
Fiz. BRI PARICEAUEZ Cys BRIV V/INDOBNXRE EILRETEINDIZH. Cu®
FNCRKDIRIVD 1 RIEEEBROBZERNESZ 2. Figure2 [CTIL—IRI /D
BZIBQL. Cys Z8ALIZ AM2C Dicd = Figure2 ICR T,
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N-term. Q IEDKLEE ILSKHYA AENELAR IKKLLG EGG Figure 2. Amino acid sequence of AM2C.

GG Q IEDKLEE ILSKCYA AENELAR IKKLLG GGT Amino acid residues in the metal binding site

GGk Q IEDKLEE ILSKHYA AENELAR IKKLLG EGg are indicated by underlined bold letters. Ala
L . . . .

Ctorm. Q IEDKLEE ILSKAYA AENELAR IKKLLG GG~ residues in the hydrophobic core are underlined.

« VN DEREIETHD

AM2C D CD AR =)L (Figure3) (& 208nm KRU 222nm [CARREDEE T
BINMEZT LIS, HEREIAIL RITIVEEIR 6 200/ 0208 > 1 E18DDN AM2C D
BEBE 1 BEEARICITILEIMNIUVBEZRELTNDEDESZ5ND21],
CuZERN U TERNRYD BVICEEBRZEILERL. Cu* RNICKDEBEZEILITERT
STRREEEEZSND. IBRTT SDS-PAGE AIEDHR. REE/\NY FOHDTER
NEBELD, CUTRNICKDIRIVD « FEEIFERTETDUNILERBTR DT,

30000
_ 20000- Figure 3. CD spectra of AM2C in the absence (solid line) and
E’ 10000 presence (dashed line) of Cu®*".
E oo
54
Z -10000

-20000-

200 'wzz;ul 'h(24'0) " 260
avelsagth (arn

RIC., EEREEBRNDTIC T LI (Figured) . REEICKDBSNIZILIFR
DMK D., AM2C DILFFRE S=1.70 THD. EoNLHFEE 14,800Da [£—
RIESKIDEL UIZDFE 15089Da CEEETH DI, NAT. GCN4-plLl #5852
BEZRICEH URIMEERE S=1.62 EELLL—HIDEDTHo2[22], LHULE
N6, VDEaTRHINZEKRDEAENLERSINL, BAIEZE 10mM Tris
[2-carboxyethyl] phosphine hydrochloride F# F T3 2 CERBRIC S ANTESD
aneN. IEBETT SDS-PAGE [CTH A V—DREESN TN ERKD, I)ILD
1 FEETIER<DFEBERENE L TNDEFEIND,

Figure 4. Analytical ultracentrifugation sedimentation

data for AM-2C. (a) Sedimentation velocity (SV)

experiments. The SV run of a 50 uM  solution at 60
000 rpm, the results of the C(s) distribution analysis,

and the residual of the fit are shown. (b)

Sedimentation coefficient distribution of 100 #M

) F—————r
60 62 64 66 68 10 72 P 3 4
Radius (cm) Sz [§]

AM2C from the analysis of the SV experiments.
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o IRINZANRD B )UIC K D8E51

Cu'HRNICK D AM2C KBRIZELICRBNERBZEZZEURELXD. TIL—RY /D
BICBHENEBEZRELTCNDCENFEREINGE, PBS PICTAELUZRREZ
Figureb IC 9, AM2C-Cu?'[& S(71)-Cu?'BREBIOND 616nm IC KSR RUNT
& S(o)-Cu?BREBININD 474nm [CINSTEIRINE (Asra/Asis=0.30) Z2UIZ
(23], FEIZ d-d EBRBEEREBINOND 969nm [CESICINSBIRINEZTESD LIS,
a) b)

Figure 5. (a) Blue color of the solution of
AM2C and Cu*™* in PBS. [AM2C]) 100 #M,
[Cu*] ) 100 #M. (b) UV-vis spectrum of
AM2C-Cu™ in PBS, pH 7.5. [AM2C] = 30
UM, [Cu®™]=25 u#M.

300 500 700 900 1100
Wavelength (nm)

BB ZVRNEDY VINDBKBRIFITFIERE NICHNTRRICEBDH SN,
FRAAE 1.2h RETH o2 (Figure6), —/13C. MIMEHTICRNWTERIERESN
BDDI2, CORBULYVINDER>ITILY VEECMS USHD D128 K0, Cys BE
NEIESNTNDCEDHIBBLIZ, 2T T, ESFTOF-MS ICTY Y NNDBHFEZ A
EI DT ETRILIRRBDMERZETT o 12 (Figure7) . Cu®RIBINY VINDBRDFE
15088.7Da THO. EFHME 15089.29Da EL—HIDEDTHOC, —FI T,
BEULYYTIVODFEL 15120.86Da THY. 32 ODRFEIENNHERSNIT,
LIED T BBORACE SIZEEIRIYRILD 1« RBETIIE< Cys D S RFD
SO2 NBMESNECEICRKDEEZ D,

616 nm
035

Figure 6. Time course of the UV-vis spectral change of the

AM2C-Cu?" complex. Initial concentrations of AM2C and Cu**

were 100 4 M in 50 mM PIPES-NaOH buffer at pH 7.5. inlet:

Absorbance at 616 nm was plotted as a function of time.

o
300 400 500 600 700 800 900 1000 1100
Wavelength (nm)
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. sl e Figure 7. ESI-TOF MS spectra of colored (a) and

14
w078 807

o o » color-faded AM2C (b). The assignment of series of

7 3+ Ly 77,538
58858963 11818790 1509 5750 16775396

J‘ nfisos |t \ charge states enabled the calculation of the masses.

L

¢ f T — -
800 900 o 10 12000 130 1400150 1600 170 ma

i 5t highest peak with indicated ion charge state. (c)

10020721

6+
946 0710 144+
10810675

Each molecular mass corresponds to the value of

o s Enlarged signals of the 11+ charge state of colored

o e i (solid line) and color-faded (dotted line) AM2C.

12610782 +
1375

. uu . l L (d) Deconvoluted molecular masses for series of
| 7 o charge states for colored (15088.6985) (solid line)

frees - and color-faded AM2C (15120.8564) (dotted line).

15088 6985 £ 151208564

T T T T — T T
13501360 130 130 1390 mA IS000 15040 1S080 15120 1SI60 mA

« INBPECHI FHE S 5T

SEmEREt Cld. His, His, Cys DY E=BeiiiE:& @%EiAQJ/\D’%ﬁU(ZI
BALTROD, ED 1 DOEMFHRETHD, PEB PICIFKD iEﬂijZ]'rZTJ\
UVBRA AYDEELTRD. TNOSDEBRIFE LT Cuz*/\ﬁﬂhl LCL\DOaEeH
oD, ZCC. BIEWr 7>, U VB 7 V28R UIZ PIPES-NaOH #E&RDP TR
RO BIVAIEZTT oI (Figure8),

a) b)
0.10 6000
0.084 50001
8
E 0.06
g
2004+
0.024
0 T T T T T 0 T T T
300 400 500 600 700 800 900 300 500 700 %00 1100
‘Wavelength (nm) Wavelength (nm)

Figure 8. (a) UV-vis spectra of AM2C-Cu”*" in 50 mM PIPES-NaOH (solid line) and 500 mM
PIPES-NaOH (dashed line). (b) UV-vis spectra of AM2C-Cu®" in 20 mM PIPES-NaOH containing
500 mM NaCl (solid line) and in 500 mM KH2PO4 (dashed line), pH 7.5. [AM2C] = 150 uM,
[Cu®*] =100 uM.

BERPICIEDRVIRRETEY VN BDBBRUENIERITENCHICR =S 1Y
DEFLUTNBDD, 396nm KU 602nm [CHEFHEBSIRINGEDERSNC. SROK
NBIEIZNZN type2 BXU type1 BRDKINFEEZS5ND. —/IC.&RE PIPES
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BRPTARD RIVZRIET DE. 396nm HEDIRINFEIFHEEK L. 602nm DIRIR
BODHEIRDIC, HHC U1 MM UL UKD FBAIICK D type2 BICED D ENA
BNTHRVD. PIPES Z8REL I D ETKDFICRNDO>TPIPES HEchiLIcEDE
FREIND14],

RIC, 1ERE PIPES BRPICIRIEM A Z VO VB AV ESRE CHRESEIZR
RRICTRAND RIVAIRER CIE o1, IRIEM ZVEFET T 616nm KSR
Ble =4100 M cm™) EEEIC 476nm ICINSTSEINTE (Asre/Asie = 0.34) =&
R LIC. —73C. U YVEA ZVFE R TIL 602nm ICKERWINT (e =4900 M™
cm ) EEEIC 468nm [CINSTRIRINE (Ases/Asoz = 0.14) ZTEFR UIZ. LNFNDT —
AICRNTE, SHITINSRIREDZNZN 992nm KU 873nm ICRS5NTC.
NS DBRISI|IC Z VRO VEEA A YD T IL—85 VINDBEOE#ERIFE U
THREFALUTROD, 2D, ZOBEIEEEMNDBRICI > TEN> TN EER LU
TU\D, FIZ. PEB PTRIRE UZANRD RIVIIRIED A Z VHEEIREXBUEEDT
HBDBN5. PBS PTEEICIHIE ZUDBHILTNDCENFRIND, TDX
DIC, BUIDSDIRICIT TV DX DB A VRDELI UIZBIE. AzurinH117G
BEFICTTHRSSN TN D[24],

< BERER
AM2C KU CU?' DIEESRERTET DT, BEERREH X2 (Figure9),

1816+ 74 VFE R TIE Cu®RNICHEL 616nm DIRIGEE XBRMITIBN L. BK
Z 1 BSCEEULLCHR TR\ UIZ, —13C. UVEA A VEE N CIIIERE
FCRINBESELRET T, L VERIIDIERDERSNIS, LIZH > T MEBOFHETIE
)V BRECRTIADIHE IR UIZ, F/E ITC ICTHEEZIHE LIE., £F1 4 VB0
28, BBRICIEMED Tris-HCl SEBERZRIOLULZ, BEDROEIMER. AM2C
ECUWE 11 THELTNDZTENMHBB L. Kd=21 uMBETHE. IZAH=
-1985 cal mol ' U\ TAS=-5662 calmol' THD. IV ~OE—REIDEELS
S@RETHhoIZ, EEMEEBENIY FOE—EETHDIDIE, FICFLU—FIRICK
BDEDEHEESND(25],

a) <)

g025 555 0.05T———
50207 ° 0.001
o g 0051
2015 ° % 0,101
2
Eo.m- ° § -0.154
-0.204
305 e -0.25
E 0T -0.30 —T— T — 17
0 025 05 075 1 125 15 10 20 30 40 50
Molar Ratio Time (min)
b) d)
E025 = 2 05
g
2920 00 ®° 7 001 _gooosfo
3 ° £.051 He
50.15- o g 1'0_ QP
B-1
£0.10- o <is o
£0.054 E " |-000
gu.us o £.20]
< 0—rT———T— T 2.2 — T T T
025 05 075 1 125 15 05 1 15 2 25
Molar Ratio

Molar Ratio
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Figure 9. (Left) Titration experiment of AM2C in 50 mM PIPES containing (a) 500 mM NacCl buffer,
pH 7.5 or (b) 500 mM K2HPOA4, pH 7.5. The protein concentration was 65 uM. (Right) ITC analyses
of Cu** binding to AM2C. AM2C (50 zM), in 50 mM PIPES containing 500 mM NaCl and 4 mM
Tris, was added stepwise with 1.5 uL of Cu®" (1 mM) in the same buffer. The raw data are shown in
panel c, and the integrated area of each peak and the nonlinear, least-squares fit curve representing the
heat released are shown in panel d. Each parameter was obtained as follows: » = 1.05 + 0.03, AH =

-1985 + 80 cal mol™, and AS =19 cal mol' K'.

« ESR IC X 218:& 51T

AM2C-Cu?-Cl $8{AD ESR ZAXRD RIVEBIRE UIE#ER%Z Figure10 [Cd, RS
LIEAVINDEXRBRITBIEBZZ2L RO, RIBEULRREBTEBSZRELTND
CENTENGE, B85NIZ ESR YT IV g/, 818 TD hyperfine splitting HY#EER C
ERH o, LDULEBHS, B8oNEZ/INSX—=F—, g,=2255¢g, =2064F. ¥
VINDBREICIKEFELTVERNCERD, B FERERAZV LRIBBEER DR E(E
HBRTEDIUNILTHDEEZOND, U VBBENBICDWTEBRIELIZECA, B85
NEINSA=F— g,=2250,g, =2065 ThD. &It 7 VEEFIEDEFDE
RTholc,

’ Figure 10. EPR spectrum observed for the frozen solution of
x 1000
v the AM2C-Cu?®* complex at 77 K. The solution of the copper
x 250 1
complex was prepared by the addition of Tris-HCI buffer (50

mM, pH 7.5) containing CuCl, (1.0 mM, 0.05 mL) to the
AM2C solution (0.1 mM, 0.5 mL) in PIPES-NaOH buffer (50

mM, pH 7.5) containing NaCl (500 mM). The dotted line

represents the simulated spectrum.

RIC. 40% T EZO0—-ILFERCTE EPR BIEZToIZHN g/ MBiBnT0—RE
—JICEILEESNEN >, LEN DT, Figure8 ICTH UTZAXRD ~ILA
AM2C-CU? DARDANRD RV THDEBRDOITL, YL —IY3 VDHBR. A =
15 X 10* ecm' THOZH. COXRDICEERXTICINSE A MBIEZDM type
MICDNTEESRBSNTUND, ZDRIE LT Pseudomonas aeruginosa azurin
His117Gly Z2KICHITDIRILMIBEE (g, = 2042, g, = 2340, A, = 17 X
104 cm™) EPIMemEER (g, =2041,g,=2317,A,=21 X 10%cm™)
NETEND[24,26], UERKD ESR ANRD ~ILDFERIS typel 80T 1 ~ITH-BIS
ARD IV THDEEZ D,
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« EXAFS [C K 21:&5THih

EXAFS BIFEfERZ Figure11 [C T, 1161 Z U EEE AM2C-Cu? D EXAFS
AN BIVIRIE Pseudomonas azurin DEDERIZEDTH o2, Bl FBIARE
EZDEDOD. TOHBIF UV-vis IRD RILRDEPR ZRD RILKDBONIZERZ
ERIDE. EXAFS FBRICDNTE typel T+ RITHEBREDENZD, KT,
FRTOIBRE LT Taviel ICKEDT/NS A= -—DEENZ, Typel Y1 ~D
Cu-S BBl 2.1~2.3ARE. Cu-N BEfE 1 9~22ARETHD, X, it
BFAER. 25AMETHD[27,28], CTNHBEEHHICKT LU TINT—HIDE
DTHD. TIL—RY VN\DEICHHNREEZREFLTNDEDEEZS5ND,

a) b)

Figure 11. (a) Comparison of the normalized Cu

E K-edge XANES spectra of azurin (solid line) and the
§ E AM2C-Cu®" complex with CI" as the axial ligand
% (dashed line). (b) FT of EXAFS of the AM2C-Cu*"
= complex. The experimental and best-fitting curves are
sckgw;y (09\9310 indicated by the solid and dashed lines, respectively.

Table 1. EXAFS Analysis of the AM2C-Cu*" Complex*

e r(A) @ () AE (eV)
Cu—N(His) 1 1.93 0.002 6.9
Cu—N(His) I 1.98 0.002 6.9
Cu—S(Cys) 1 2.30 0.01 72
Cu—Cl | 2.66 0.002 7.1

“ The coordination numbers (N), distances (»), Debye-Waller factors (6%), and energy shifts (AEy) are
shown. These parameters were obtained from the EXAFS data by the fitting procedure over the r
range of 1.1-2.7 A. The residual of the fit, which was defined as Z{@exp = Ptneo}/Z{Pexp} * 100, was

2.5%.  Fixed parameters for the curve-fitting procedure.

BEYIal—Yy3Yv

EXAFS [CTSHBEIERDIBMNAEONC, 2T, COBREEC 1 EEERKRICH
YINDERTORREMNY A MBEDYIab—Y 3V ZiToi2(Figurel12), TRV
F-RIMEZET2EBWEL His, His, Cys D@ 3 BB SEEFHELTRD. YV
INDBETIAICXT LT 38" ENTUVVE, T Cu®IEHB=EMN 5D UiZE I
[CHEELTVE, COBRIIWIRZANRD RILD A sso/Aceco DUV ANDEBESNIE
ERIC—ELTNDEDNTH o2, T2, EEENIT -+ FDEDICEHKI PP I BED
Lue, lle & Ala NEZERUICHR, KREEIY -+ FERIBSEICIIAT R[N TET
RO, 1B 7 VERIIC+DISZEEDFELE LTS,
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Figure 12. (a) Ribbon diagram showing the superposition of the minimized structure of the model of the
AM2C-Cu*" complex (red) and the starting structure (yellow). (b) Side view of the active site of the
minimized structure of the model of the AM2C-Cu”" complex. Pink and green spheres indicate the Cu**
and CI ions, respectively. The trigonal plane, formed by the Sy atom from the Cys residue and the Ne&
atoms from the His residues, is illustrated by magenta sticks. (c) Schematic view of the active site of the
minimized structure of the model of the AM2C-Cu®" complex. The fourth layer, composed of the Ca
atoms of the His, Cys, His, and Ala residues, and the fifth layer, formed by the Ca atoms of the four Ala
residues, are shown by the dotted lines, which are vertical against the o-helical axis. S and N indicate
the Sy atom from the Cys residue and the Ne atoms from the His residues, respectively. The trigonal
plane is tilted from the fourth equatorial layer by 38°. (d) Side view of the minimized model of the
AM2C-Cu*" complex, showing the inner packing. Internal amino acid residues are represented by

spheres. The CI ion exists in the cavity around the four Ala residues.

cFED

RATIW—RAIYNDEIZF2TURFI YT 75 —)U R EFEEINDHLBDOBEER
DINBRIIZNEIFE OIEKEBRDIBETHD 4 AREHI )LV EI1IUEBEND type
0 FOBAICKRINUE, BB ~IYV/NDEBRKITPIC His, His, Cys Z
Bl & UTRA, BfulCI3MSEchiiF & UTRIEMI T VBN U VB F V&S
FRITETITIW—AY A FEER U, T2, ZDODYEFEME IS EECiI FDIBFAIC K
DCERRD, ZOBEN BB FDBBICI > TEIELTNRCEZRIEIDIENTH
D2, AM2C DBHIIL. HRRDNBBLAIFICKDZDBE. OV TI3HEEZEBEICH
HIDTENTETHDCCZFHSEDITDTHD. #BhI FDEEICKDEISHIE
[E. TIW—E5 VY INDBICRIT DBE-HEEDBREZRIBERY —ILICRDBEDEH
ESND,
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EI3E WEUFICKDTIL—ITESHIE

WEsE

TI—RYVINDEFRNEBEZIDERY V/IN\IBTHD., HEMK. EXREE.
IR, B ERMICFASNTND,2]l, INBYV/I\DEIFE 3 DOBEERA
& UTHis, His, Cys DYEE=EEEZFHS. 1 DI2U\L 2 DDOSVEBRIERZR
D[34], CORBERIBEDLH. ZODIENUEIIFENTH D, Pseudomonas
aeruginosa azuri [ 628nm ICIEBICKERIRINTF & 450nm [CINSBRRINF =R
5. BV\BBEET DI[5], —F3T. Achromobacter cycloclasters nitrite reductase
[ 600nm XU 450nm HaICEREDREDRINGEZFHSBVIRBEZET D(6],
CNOSBICKELUC I VYN\DEIRTIV—IF T —Vigd VN DB EIFEEIN T D,
C YRS SEIBEERDRIDENCKRDENDTHDIT7], TIL—H - ~&
BE. SBUVEIBREEFRZRS. Cu?ld His, His, Cys DIEB=EI#ESD=AFILR
RICEELTND, —F53TC. TJU—=ViY 1 ~ERVEIBRERZES. LE=Ff
BSD=AFTEENS Cu*DEiiIFIC@N > TEE LN 52 tetrahedral RDEES
ZRD. COXROBBEEHIEHEZLSHEATERI D EIE. EMEICERUYV/INDE
TEOERRKD. HeE - B EBREDAREDY /D ERFTHIBHNRICEE THD.,

2 BI[CTGRNREZLRDIC, BRIE 4 XEICILEDICIVIVINDEICKTLT typel T
=Y FDOBAICKIIUIE, RETUIZTIL—RS VINDETHD AM2C (&, His,
His, Cys ZEfi1F & U TR DA BERICHEBLIF CHDIRIEM A Z >, U VB 7
VERBIDCETIIV—YA FEEKLUTVEBL, FE. ZDOWINZANRD ~)UIE
BRI FDFELEICK DL L TR AABBLIF 2 BUICEE I DCETZDEEZS
FEICHE TEDXDICENONIC, ZT T AETIIRRBEENFZEATDCETZ
DS ZRBIA < HE LIZSHIIC DN THNR DB,

BERBERA/IUBR
o IRINZANRD )b

AM2C (IR 2 VX0 VEEA AV ZMIN SEETDCETIIL—RY 1 + &
Rk Uiz, BRI+ 7 ViEEIRIE 616nm [CRERIINE. 476nm [CINSTZIRIRE
(As76/Asis = 0.34) &1 D Stellacyanin [CIIEZZAXRD RIVEZUEEIQ], —A T, U
VESREE L 602nm ICKE RN, 468nm [CINSTRIUNT (Asss/Asoe = 0.14)
=1 plastocyanin [CIIIZANRD R)LEZE UIZ[10], COL Y F 2N S EIBRE
AOEIERLTND, LIYANENDBICDONT. Cu-LEENF) DiESEERNE<
B0, Cu-SHIEBIER<LRZED, ZDBRE LT, Cu?ld His, His Cys OEB=HefiH
5FEH T, tetrahedral BRDBEICY D ~T D, R, IRIEA TV BESEDOEEY
22U —Y3 VDR, Cu®ld His, His, Cys DEBE=EAIEEN SN TMNIFEE LD

25



DT\ DBEDBSNIE.
AM2C O&BEMIBEMIICIIZAND D, NSRBI F THNIEZEFAITEA TR
THd, €T, BRRBEUIFZEEA LU TRSTHDZRME LIS,

1 10 20
cdef8abec defgabc defgabc defgab

Nem. () JEDKLEE ILSKHYA XENELAR IKKLLGE g™
G

b aﬁg“_;'l-’ deb agfe f{uc b agfedch 14["55 fede T
GG Q TEDKLEE ILSKCYA AENELAR IKKLLG GG
S

G ¢ ZPe_f'gahc def%oaﬁ ¢ dej'gnh%u de fgab
GK Q IEDKLEE ILSKHYA AENELAR IKKLLGEG

5 G
1n’gnc:gf@d{;b ag!fucd ch ugfeu"fl.‘ub ag fede L 100
C-term. @ IEDKLEE ILSKAYA AENELAR IKKLLG GQ

Figure 1. The amino acid sequences of AM2C (X is A) and AM2C-E1 (X is E). The His, His, and
Cys residues responsible for the type 1 copper binding in AM2C are indicated by bold letters. The
proteins contain the extra G-S—-A-M-A-K and R-S sequences in the N- and the C-termini,
respectively, owing to the preparation of the proteins by genetic engineering in Escherichia coli. In the
proteins the four a-helical portions form a a-helical coiled-coil structure and each heptad position
(a—g) is indicated above the amino acids. The numbering of the amino acid sequence was used only in
the core sequence. Two mutant protein used in this study, AM2C-F1 and AM2C-ES5, have Phe (X is
F) and Glu at position 115

MBS 7 VY ROBEEE 1 74 >V &EBA LUIZ AM2C-Cu?® UV-vis XD MILZERIE L
2. TNBIE 602nm ICKERINT. 468nm ICINSRBIRINFZRFDOANRD )L E
2. JVBBERDOEDEFEREFEDENTH 2, COTEKRD, HREErFUiEE
K, BEBE Z UiEEIA. U VB A VRBESRIBEMUZESEZF D EFESIND, —H
T. WFNDT —RICHNTE 400nm HaIC type2 BIREBNDNDINSRIRINED
ESRSNIED . COFESENFOBENRFE FTIC, KDFRESEDEFLTNDC
EaTULTNBDEDEHEESND[811,12],

Figure 2. UV-vis spectra of AM2C-Cu*’ in 50 mM
piperazine-N,N’- bis(2-cthanesulfonic acid) (PIPES)-NaOH
(pH 7.5), containing 500 mM NacCl (black line), 500 mM
KH,PO; (red line), 500 mM Na,SO, (green line), or 500 mM
CH3COONa (blue line)

e(M'em?)

T T T
300 500 700 900 1100
Wavelength (nm)

P REEESEEEH@DIZeD. L VBB SIAICKT U TCRPY REEEToIE, U VERSIA
BED 602nm OIRINEIX. 7Y RARNICHE>TB18nm [CY D FURHSEEFE
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T UIZ.468nm [CRENTZE8VIRING G 456nm [CY D k UIBD 5 REF 1800 UIZ,
COZEEIITP Y FREN 60mMM [CEHE UL RCRIINESNIZ, & V/INDEBRIE
PYRRNICTHRBEFODEBICEL L. ZORBIEKEL V7 Asse/Asis =049 T
BHolc. TOHR. PYRDKRDBNEHERLUFELUTERBLTNDCEZREBLTND
EEZBND.

Figure 3. Azide titration to AM2C—Cu®’. Sodium azide
concentrations of 10, 20, 30, 40, and 50 mM were added to
100 uM AM2C—-Cu** in 50 mM PIPES buffer (pH 7.5)

absorbance

containing 500 mM KH,PO,. The absorbance at 456 nm was

plotted as a function of the NaN; concentration (inset)

T
400 500 600 700 800
Wavelength (nm)

RICA IHY—)UiEEEDTHE 1T o 12, IRILMBSIEIC T IV —)LBEEENE
LIZECA. ZORINZANRD SIVICEIEDRSNZHN BREIED IFY —)URNILE
BICE o2 (data not shown), CTOEBUZBRD EPR ANXD HIVZERIELIZEEC
3. Cu-(midazole)4 [CHEIHZ g, 58IFIC O DD hyperfine splitting ZFDXNRD
FILABSNIZ. MEXD., BEIFHN L/T"I’\S?‘J—)L/L_d:@ Cu?ht AM2C D'5H
gL EEZONE, AM2C-Cu\DT XV —)LDIEEE. BIEY A 2V DiEE
MEIDENEEZSND, LENDT, ’r\S’U—)b%S ﬁﬁ I DN EBE NI F A HE
PRUCRZBIRINIE. 1 IFV-ILRNEZRIMETDCENTE, B A VDS
VINDBNDLRBEITDCEZOBIEEEZHND, LHULERDS, BENSNDEL)

DIBZHFRIT D EE. AVNDOEBHMEZE UIERST DD, LEEMIBICHED
BeIFERD DDP A VDA EZHIRT DRETHIMNE E Il UIZ, 2 T\ His, His,
Cys #EchiiZOEICaBREE I DGIuZEEA LI AM2C-E1 Z5&5t UIZ (Figure),
SHENIZELICEERFZE CE T, BERPICSTINDIIRICYD A XD VEEA F >
EOPZAVEOEMBMBESZHFT UL, CD ANXRD R~ (Figured) [CTHEEZESTHE L
TECH. BEREZRSDPI/BZEZFANICBAULICERNLGT. £ 1 EICTBIT
LIz AM2E FEBRRICOTIL R IVESEZERIFLUTUVE[13], &FiE. Cu® ,/J\JJDL_
KBARD IVEIEDBO SIZCEKXKD . B 4 VYV HEFICKDASIEEZELIITS
CfEEmDITE.

AM2C-E1 KBRIZ CUeHmNICKDBNERZ2 U (Figured), IRINZNRD )L
(& 426nm [C type2 U1 ~CHITFD thiolate-Cu?' CT BBHREBIDN DA
IRBZER2 U, F2. BERBRDEBR. Cu®E AM2C-E1 [F 1:1 TRELTNDCE
RSN EPR AR RIVEBRIELIZECA g, =224,8, =205 A,=120mT
ToHD. N2SO Befiidd type2 Y+ FORFHBISEAND RV TH o 12[14], RUNZANRD
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RIVIRIBIE A ZVIERE O M5 AM X TR L, Bt Z VORI Y
BRA 2> 20 UISIRRE CEAND BIVIERRICEIEERSNED o 12, U EDFERK D,
Glu BAICKDIBIEMA ZVEDTP Z A VREOMEN ZEEITDCENTELESR
5Nd. 4 DOHOEMFELUTEIKRDF. BAUEL Glu BETSN. WINDHERIL
TNBDIC DN TCRESHERIE TERND RFHDSHNDIEHFHIIRINE U,

(a) 10000 (b)o.4 (c)

5000 1 0.5 4

0

0.4 1

-5000 A
0.3 A

absorbance

-10000 A
-15000 4

[0](deg.cm?.dmol )

220000 - 0.1

-25000

T T T T T 0 T T T T 1 0 T T T T
200 220 240 260 400 500 600 700 800 400 500 600 700 800

Wavelength (nm) Wavelength (nm) Wavelength (nm)

Figure 4. a) Circular dichroism spectrum of AM2C-E1 in the absence of Cu?". b) Titration of Cu*" to
AM2C-E1. Cu®" at concentrations of 25, 50, 75, 100, 125, 150, and 175 mM was added to AM2C—-E1
(100 uM) in 50 mM PIPES-NaOH (pH 7.5) and 500 mM NaCl. The absorbance at 426 nm was
plotted as a function of the molecular ratio of Cu*" to AM2C-E! (inset). ¢ UV—vis spectra of the
AM2C-El- Cu*" complex. AM2C-E1 and Cu*" were dissolved in 50 mM PIPES-NaOH (pH 7.5)
with NaCl at 0 M (black line), 300 mM (blue line), and 1 M (red line). AM2C-E1 concentration 15
mM and Cu®" concentration 10 mM for 0 M NaCl, owing to the low solubility of the protein.
AM2C-E1 concentration 140 mM and Cu®" Concentration 100 mM for 300 mM and 1 M NaCl. The
scale of the absorbance was enlarged ten times in the case of 0 M NaCl. The UV-vis spectra of

AM2C-E1 containing KH,PO, were same as those of AM2C—-E1 containing NaCl

RIZ, Glu DUERBMDREEDICYH. Glu BANUBZRE AT AM2C-ES. &&T
DEEMZIRFEDITE Phe Z8 A U AM2C-F1 ZH12IC5%5T L. UV-vis ARD
JVAIEZ1T o I2 (Figurel, B). AM2C-F1 [& Cu*RIIICKDRBVNEHREZZ L.
600nm KU 450nm ICAZBRWIREZET 2T )L —ICHHBIREDTH O C, K
2. AM2C-E5 [CDWTE CU*RmNICKDBNEBZZ L. 600nm HhalIC KRS8
e & 400nm R ICIN SR IRINE Z TR LIS, Type2 B3R EBNHND 400nm T
DRINEDNERSNITBRD., HIREDP ZZ ViERIDIEEEIT > TNDEDD,
FTEICEETES VRN EDNTFRIND, UEXD. BIEMA FVEFEOP_AVED
Bohzld. MAREETEHBR<BENRAEICIDIENTHDEMEHDIITIC.

28



a) b)

0 0.25
0.254 0.24
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Figure 5. a) The UV-Vis spectrum of AM2C-F1-Cu*" complex containing NaCl. AM2C-F1 (160
uM) and Cu®* (100 uM) were dissolved in 50 mM PIPES-NaOH containing 500 mM NaCl. b) The
UV-Vis spectrum of AM2C-E5-Cu*" complex containing KH,PO,. AM2C-E5 (150 uM) and Cu*"
(100 uM) were dissolved in 50 mM PIPES-NaOH containing 100 mM KH,PO,.

AM2C-E1-Cu? KBRICKT L CHA IFYV—ILERNUEZEC S, BRIEIERD SR
BAZBUIZ, UV-vis ZRD FUIE 426nm OIRINGEFEEZ R ITEAYS 438nm
ANV . B50nm HENIRIREIFE 600nm HEANY D FURBHASEREN LR U

(Figure6), COANRD FIVELIEA HY —I)UIRE 25mM I2EICTEFINR 5N,
Auzs/Psoo = 158 &, PYFREEIDESBICAESREZBLZ. LHULENL, &5
BROBEIEDA YV —ILRNIEEBDHONTLEBRD . B A VDRIBELUIC CHERE
T, MERBRKID, 1 IFY-IUEPY RKDELS CuPERBELTRD. ZDEE
[ tetrahedral %k CHDEFEIND, CCEX T CRONICSEENI FEESEDKBER
B% Figure7 I[CXEHIZ,

Figure 6. Imidazole titration to 100 uM AM2C-E1-Cu*" in
PIPES—NaOH (pH 7.5) containing 500 mM NaCl. The

imidazole concentrations were 0, 5, 10, 15, 20, and 25 mM.

absorbance

The absorbance at 600 nm was plotted as a function of the
0.1 H

imidazole concentration (inset)

400 500 600 700 800
Wavelength (nm)

I 2 3 4 5 Figure 7. Color of the protein solutions. 1
m “ phosphate-bound type, 2 chloride-bound type, 3
= : - azide-bound type, 4 imidazole-bound type, and

5 AM2C-El

TIV—8, T —VIREBICZOMIERFRICIE Met AMRASNDCENBLN., X
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IRIBRBSRITIBRICKDE. ZOBEDELF Cu-SMet) ;U Cu-S(Cys) #E & BB &t
[CRIRESNTND.BE. JIL—ETIF Cu-S(Met) 155 EEREIF 2.8~2.9 A, Cu-S(Cys)
fEEEERES 2.1 ARRE THD. —73C. JU—VED Cu-SMet) 55 EERES 2.45A
ERV, 2O, Cu?lEEFHEBICSIESEE5E. Cu-S(Cys)fESEeRtIL 221 AET
IW—EADEDIDBUTEREE2D[15,16]. Met [CRIENSKNCEEZSRIDE. TD
TEEEEREHIEIC Met lEEE Cull) EBBEDHC KD HHHSNTNDLDICRRITESND.
—73C AM2C DRICHNTIE, Cu-EiiiBRFRADISEIERICRE U CERERIRRIF V)
120, BlIF-EE1 7 VEEFRDBSDHCLDHHINTNDEEZSND, U
2N T, AM2C [CRNWTHEBMUBDRFt. IENELEFANDIRKIRIEZOITIABIIR
B @ICERET I D E TREBSHIEN UREICR D EHET D.

cHIBSVY

TIV—RF VY INDBDSV Y AND FIUIECU-S(Cys) #EEICRE L CEERIBRES
ZT<NBM17-19], IREIE— FIFZ300~500cm ' DEEIC Ttype1: 430 ~ 405
cm™, type 1.5 380 ~ 430 cm™, type2 < 365 cm ICKBISNSB[20], U VE,
BB, PY FRBERIEE47 AnNmIC T, SV —)b. KiEEEE441 6nmIZTH
e L, AIE UICiERZFigure8ICmd, JTIL—IYVINDEDSVYYAND HLTI3E
HDINY ROERSINDEHD. BREFGREE v >= Z,(v A/ Z(v)IDHEERELLE
CRSHMABSNTND21], U VEEA ZF VBB EIRIEM 1 A VIS v ITZNZ
Nn398cm™, 382cm ' TH . Asso/AccoPFINE—HTDEDTH DT, —TICTK
M Dlaccaseld<v>=414 cm™, plastocyaninld<v>=413cm ' TH D, KELERD
EDTHoE. FE. RILMBEE ELUZAND IV ZE 2T Dstellacyanindnitrite
reductaseldZN2&N386cm ™, 383 cm ' TH V. IRIEMDZNEXL—EI DED
THoiz[22], —J3TC. PIYRBERICRNTIIEKy>=387cm ' THD. BILWMIES
BXOER/ENSNENDEDTH OIS,
Figure 8. Resonance Raman spectra of phosphate-bound (a),
chloridebound b), and azide-bound (c) types of AM2C and
imidazole-bound d) and water-bound (e) types of AM2C-E1. The
phosphate-, chloride-, and azide-bound types of AM2C were
measured with xcitation at 647.1 nm, and the imidazole- and

water-bound types of AM2C—E1 were measured with excitation at

441.6 nm. The protein concentration was 350 mM in 50 mM

PIPES-NaOH (pH 7.5). The additional compositions were 500
mM KH,PO, (a), 500 mM NaCl (b, e), 500 mM KH,PO, and 60

R mM NaNj (c), and 500 mM NaCl and 20 mM imidazole (d)
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COEBICDVNTEIENTIERAN EEHEERIMNCEDHEZNUEICHAENDHES
S5Z23RFNHNEFELTCNDEHETET D, 1 IFV—IUEETLTIF v >=354cm ™ THD.
D —=ViRE LU TRHBND azurinM121E (v >=348cm™) EFFRRREDIHBRTH
BENZD, —ITKIBEETIIKY>=353 cm'&T U —VilEDREDEEEEE
DIEERETHO. type2 THoIZ azurinH117GKy >=298cm ™) EMNTBENTZBZ TR LU
2. ZNZNOESRAIERRERDE. azurin BEIKIZ A, =18mT EFIFFEBET
HBDDICKTU T, KBEEE A, =12mT EXESLE@ADSEALESZR D ENH
ESNDd, UENDT, HIBSVYDRRIICOBENERZRIRLUTNDEDEHTE
EESE

cFED

BB EFAL tyoel T+ RCHITD Cu* DBERUEREEZERIEH L TNDEDES
AB6Nd. COMIBRFAZEZ IFIIBENRUMERRERTI I SEABFECTH
BDEBOND, BRNOERET UIZTIL—815 VINDBISRRRIEN BB F 281 I S C
ENTRETH V., COBMFEESCETOhEH COZBRUBEOREN TS, S
QORISERIFZZEE UILZITICT ST, ZFHADIRBDZESE, B Z (FERKEI. BRI,
4%%@%.5%f‘lc_%hﬁll’g*%’x_t?é’blc_*i ISHIEHN YRS FRT D, CNSHR

[FSE typel U1 FDOBISHRFHOMEERTHCIHBICERRNRZSADENEEZ D,
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Y EO0LcAFIT-BONO ENERIIBVNEBEZIDICUAY T FERD,
CUA 1 FIY FDOACc KDEFESITROZE. SBRY A FNBFERETD
REDDD, ZOPNERBEEL 2 DD Cys [CTEBINIEZ Cu,S, IPICXT LT, E
AAENS 2 DD His MMEE LIEEEZERD[1-3], 2. PLNEBOEFIISEICIE
BEESNTHND. Cul(1.5)-Cu(1.5 D mixed valence BERIARBZRFT D ENED
MENBRITIERIDBSNICE > TINB[4-9], CuA T+ k& Cys-Cu CT BRICH
K92 480nm KU 520nm BEICAETRRINGZE ULUENEBZZ T D[10-12],
COBDEH. CuA Yo FEFDIVINDEI/IN=TIVIRY V/INDEEEIENTH)
D, TIN5 Cys BRD CT BRBICHZ T, 350nm hHa&O NIREFEICBINSTRIRUN
FORSND[10,13], COFBHHIRES » DIEFHUEDICH. CuA T+ HIFHHR
BETDBHAIIENTHDENZ D, ZDRETFEELT CUA U1 FDREFESNE
CXXXC IL—TBeAICERZEH T loop-directed ZEBINTHRESNTNDD, TE
BFIRERETOBIFIRESINTUVEUN[14-16], ZCT. ABTIRIYV/INDBBEHRETIC
KD CUA T +EDTIVRIAIVI VINDERICERET UIEBIC DN TEN S,

BERBERA/IUBR
- EBIEET A ~DERE

CUA T RIZE 2 DD Cys ICKDZEBNIE Cu,S, IPICx LT, EEBEHNS 2
DD His HERI UIEBEE/FD(1-3], COEABIRIZ CuA U1 FCHBUTRES
NTNBD—T3 T, MIEEFERIC DN TIEEMIF AU EBICSHMEN DD, DB
[F. BERKICIE Cys KU His DRIBNH'EZ THD—TIC. BMBRERICDNNTIE
HIREDRAMEHFBTITDEEZ5ND. CysCys BEtICEBTDE. TDHEEEIT
1 3B6ATHD. COBBENEBEMBEERICERESZS5Z5oND[2], CDibEE
[FaNJyDRTHITDii+3 DHERBRICHEZT DICH. 2 DD Cys fElFF@— aN
JwOEDii+3 E U, 2. ZD Cys B0% His Uy FRIREETDCET. 18
EH/EZL_EE His Befii Z2H8F LI, © D P/ BRECSIZ Figurel IC” T,

Nt dt}’é,ab( defg,ahc dc/gahc de fgab
e Q IEDKLEE ILSKHYA XENELAR IKKLLGEG

b a5j’£u’ch a‘;}’cdoch agfedch (Iéftd(
GG Q IEDKLEE ILSKCYA YENELAR TKKLLG GG

G c c}chgﬂbc ﬂ'cfg,ubc n'cj;,abc de fgab
GK Q IEDKLEE ILSKHYA XENELAR IKKLLGEGG
Ignagf@dc' b agl;%(?e decbh agfedlcl'ob agfedc L 100
C-term. Q@ TEDKLEE TLSKAYA AENELAR IKKLLG GG
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Figure 1. Amino acid sequences of AM2C (X, Y= A) for the blue copper protein and bi-AM2C (X=H,
Y= C) for the purple copper protein. The proteins were prepared by genetic engineering in E. coli, and
hence contain the extra G-S-A-M-A-K and R-S sequence at the N- and C-termini, respectively. The
amino acid numbering is only for the core sequence. The protein has four a-helical portions forming

the a-helical coiled-coil structure, and each heptad position (a to g) is indicated above the amino acids.

« VN DEREIETHD

bi-AM2C D CD ZAND ~)VAIERGRZ Figure2 [T . ZDRANRD HIUIE 208nm
RO 222nm [CHEBIBBIINMEZIT DENDTH oE. 1.2 BEEBBRIC 0 205/ 0 208 < 1
TIEHDD UVAN—BAFEEERIDEDTIL R ITIVESICHR-BIEANRD HLE
EA6NDT7],

RIC, BRIVDC K DEEIREERITCRZ Figure3 ICm T, MEHRERERDIGR
K. bi-AM2C [FEICEEARE U THFELUCNDDN DED_EMERNTER NS, C
D_ERLETAFETCRNTEBESNED O2IEEXRD DFEZEICLDBDE
HESND, BONIEIMERFREMS = 1.30 3. GCN4-plLl fERBERDEL Uik
fRE S=1.62 ([SENEDTH o, Fle. RBBRIVEEULEIVYNDEDFE
13,000Da (&, 7= /ERBLHIN S ROZIEHE 15,250Da CRFDENTH OIS,
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5000+

z 0 Figure 2. Circular dichroism spectrum of bi-AM2C. The
E |:12:: measurement was performed in PBS, pH 7.5, with a 10 uM
= -15000 protein concentration.
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Figure 3. Analytical ultracentrifugation of bi-AM2C. The
sedimentation coefficient distribution of 50 pM bi-AM2C

(s)

from the SV experimental analysis is indicated.
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12, ZFC T bi-AM2C DRI ZANRD ~)LZRIRE UTZ (Figured), Cys-Cu CT BRBHXK
EBONDRERIRINEN 488nm K= 530nm hECHEFRSN. 112 T 350nm
[C His-Cu CT ZH% %, 850nm IC Cu¢ -CuyxEBBREBHOHNDISWUNEIC DU
TEESR CEI2[13]l. INSBONIESRIRFDEIVIRIERE € 405 = 1350, €550 =
1085, €g4g = 695, €350 = 420 M cm™ IZ Azurin @ loop-directed Z& CuA
A FDEDERLITDENTHOIZ[15], LIEA DT, bi-FAM2C [ 2 DD Cu
FVEHRZE L. CUA I o RTEVNBEEFDEEZ5ND.
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Figure 4. a) Purple color of the solution of bi-AM2C and Cu*" in 50 mM PIPES-NaOH, pH 7.5,

containing 500 mM NaCl. [bi-AM2C] = 200 pM, [Cu*'] = 400 pM. b) UV-vis spectrum of

bi-AM2C and Cu”" in the same buffer. [bi-AM2C] = 160 uM, [Cu*'] = 320 uM.
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Figure 5. ESI TOF MS spectra of bi-AM2C (a) and the color-faded protein (c). Each sample was
prepared by adding a small amount of formic acid and analyzed by using micrOTOF-Q (Bruker
Daltonics, Bremen, Germany).1Each molecular mass corresponds to the value of highest peak with
indicated ion charge state. (b) and (d) correspond to the 10+ and 9+ charge states of (a) and
(c),respectively. Deconvoluted molecular masses for series of charge states for bi-AM2C(15,250) and

the color-faded bi-AM2C(15,313 and 15,329).

Figure5 ICRUIZELDIC. BBEODAVNIETIEZEEDREDLEERTHFE
15313 & 15329 DE—INW R TER, CNSIEbi-AM2C DD FE 15250 H
563, 79 DNFEBNNESND, COCEFFIBICRNTIIZSRFN SO, ET
B b, BBICRNTIEE S BRFN SO, KU SO; TTHIESNE CEICKDEHTESN
B,

RICHVINDBN\DEBIBEHERET DT HNRIZEIVELIC T UV-vis ANRD
JVAIEZ T o2 (Figured), bi-FAM2C : Cu? = 1 | 1 OEBHRICHINTIE 488nm
KO B30nm OAEZRINFEICHZ T, 600nm AEICINSEY 3)LY —HTERSN
2o —F3T. biFAM2C : Cu? =1 : 2 DR TIES UIZIBSICIE 600nm DY 3)L5
—IFBEX L. 488nm KU 530nm DIRIGEREAUENI UIZ. bi-FAM2C ICIE AM2C &
RUBEZOT VY1 FZHEA UDDEREMBZENDERF OSBRI, 600NN DI
INFIE type1 TIL—8Y 1 FEEREBIOND18], Job' s plot DIER. RINGEE
DERAERSZHRIE bIAM2C : Cu? =1 1 2 HETH>EBXRND. bi-FAM2C [l 2
DDEBEBAZVYMEE L TNDTENTINZ, bIAM2C :Cu? =1 1 BEIFICHER
=nJz 600Nnm @U&W%EE%@@EE@F&D AM2C KU bi-AM2C DRANRD ~)VERK
ZIo2, ZDFER. bIAM2C . Cu?' =1 1 BERRBICRNT, BT ~ | Bt
- ~OFELE 1120 ’C&B%’)Cc‘:b“%ﬁﬁ L/Eo LD T 1 F Y 1 BERNDES
RT 9O BIMENMERELUTEELTCRD, BExEEER U TEKEISXI DRI S
WeEFREND (FigureT),
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Figure 6. a) The UV-vis spectra of mixtures of bi-AM2C and Cu®" at 1:1 (solid line) and 1:2 (dotted
line) molar ratios. b) Job’s plot analysis. The total concentration ([bi-AM2C] + [Cu®"]) was fixed at
200 uM.
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Figure 7. a) UV-vis spectraof the chloride-bound AM2C-Cu”*'complex (solid line), and the
bi-AM2C-(Cu)2complex (dotted line). b) The measured UV-vis spectrum of bi-AM2C and Cu®'at
the 1:1 ratio (solid line). The calculated UV-vis spectrumfromthe AM2C-Cu”*’complex and the
bi-AM2C-(Cu)2complex at the ratio of 1:20 (dotted line).

CuA I+ I Cu,S, 3P DEERIICIE 2 DD His BEI L TULDHN bi-FAM2C [CH
LT 4 DO His DP T, ED His MEBERINDSDENIZ U TNDDDARBEETH D,
ZC T BEEERICEIDED His DBEERICEZ THINERELE U (Figure8).
H16A RO HB4A ZEIRE bi-AM2C DIIRZAND L ERSIFZELDTBRNT ELXD,
CN5 His & CuA U+ FMBERICIIMATIIRNEEZS5ND, —F3 T HI1BA K
OHB1ACDWTIREEA ZVARMNICKD, SVNDBEERUL, REHET - ~
253510 AM2(GCN4-plLl Z2X—X (2525t U2 4 KDL RV VINDE)
[F BUKRDICEBA ZVRNICKDIVINDEDBRNDIFEET D, —13C. “E LA
VEfEEIDEER (1~3 BB (L B ZVZRNLUTEY VINDEDLERISE
REURN, YYNDETRRIS. BRICKDEREA ZVRIMEDB UIER L. BRP
CFEIDERRMAVICKD DFEEENREE UCEDEHESND, MEXKD H13
RO H81 A Cu2S2 IPEAEANBKIDELLTNDEDEFBIND,

RIC, H16, H84 ZERBICEE LIZ H16H84A ZEEIFIC DN TETHh Z1T o2&
C3.600nm HEICTIL—HBKEBONDY 3 /LY —DHERSNL, COBIIH16
RO H84 TV —ity o FERICIMEIS#B 2 AN ER THRZ1T0)\ &Y
1 FOREILICEBREREIEH OEDNEHEND.

o Figure 8. UV-vis spectra of the His mutant proteins. The
P 015 measurements were performed in 50 mM PIPES-NaOH, pH
_§ 0.10 7.5, containing 500 mM NaCl at protein and Cu*
—E 0.05 concentrations of 130 and 260 uM, respectively. For H13A

and H81A mutants, the addition of Cu®" caused precipitation.

; T T ; : The UV-vis spectra were measured using the supernatants.
300 500 700 900
Wavelength (nm)
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bi-AM2C-Cu2 D ESR BIFERBR % Figure9 [C T, &g UICBRIFRVEBER
BUTWECEXD., BERREBICRNTEZDEEZRFBLNDEEZOSND, B85
NIZINSA=F =L g,=2.19, g,=204, g5=198 TH. g, BEHICHITDBEFES
hyperfine splitting [FTERINED D12, /IN—=TILERS >V /INIED ESR ANRD ~)UIE
g, MBIFICHUNT 7 DD hyperfine splitting ZmdBlE. COX D CuA U+ EDKD
([ZBRtETS: hyperfine splitting MYTERSNZRNBDONEFEET D(10,12,19], CTh g, &
IRICRITD hyperfine splitting MEIE. UV-vis ARD RVICHITD Asgo/AszolBEE
DIERENBRSN TLDBI15], TD Asso/Aszo> 1 DIFE. BETES hyperfine splitting
[FFESRSIN T, Auso/Aszo < 1 DBEICIE 7 DD hyperfine splitting DESRSILTH)
B bi~AM2C-Cu, I[CHUNTIL Aygo/Aszo = 1.23 TH D, AIERBRE—HITDIEET
Holz, BFD CuA U+ LD ESR /NDOX—~H—[d g,~-218. g, = 200~2.03
(COX), g/, =2.18, g,2.06 (Azurin CUA) ThH . SETSNIZ bi-FAM2C-Cu, D
INDAX—H - FEREFEDRBRTHDEEZD[1520], T2, ZXKY 1 ~ISISBEE+
ZUVEATOREYRBBEERICKDIERICRRVVENRBEZR I N, ZOHEIRIC
TTKZ O3 EEETHD. 95K ICRNTIETBREBIONDEEFTEZICIE TR U,
D U—DRBREBONDE—DDHERSNIT, —3 T BEERTDICTONTITED
SBEDHNTEZ(CIBI L. 7 —DIMBRDANRD RIVFIFEAEERTSRNUANIL
EIXDOTNND, COREKFUEIIZRYA FEFDODCEZEMTDEDTH D,

a)

Li-TCNQ

!

Figure 9. EPR spectra recorded for the frozen solutions of the
bi-AM2C-(Cu)2 complex at a) 4.4 K, b) 25.5 K, and ¢) 95 K. The
final concentrations of bi-AM2C and Cu*" were 1 mM and 2 mM,
respectively, in 50 mM PIPES-NaOH, pH 7.5, containing 500 mM
NaCl and 200 uM DTT. The lithium salt of
10mT tetracyanoquinodimethane, Li-TCQN, was used as an external

standard (g = 2.0025).

* EXAFS

CuA T ~E Cu,S, IPEFER L. ZORIMNEREIE Cu(1.5-Cul1.5 D mixed-
valence RIRRETH . Cu(2)-Cu(2) DERARBITIHRSEHNZUN[21], 2T,
brAM2C & Cul@-Cul2 ERTRARBZHFOBZIRR FEBEOD
Cu(CHCOOLCu-Cu B B 264 AR UOMEaRFEBEOD
[Cu,(S,) BnsTACH) ] (SbFg) [Cu-Cu EbEE 3.92]F8 1A E M XANES AT )LDLL
wa7o2[22],
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bi~AM2C-Cu, DANRD MUIETN S IRERBIEA SR UTEIR/ILF—BIFICHE
MSNIEBLD. biFAM2C FXDETTSNLEERFREBERF DODCEATING,
Cu(1)-Cu) U+ FDOBEICIE LMCT ERIER<ERTHD, LIEN>T. CUP'ER
DNUEICEENS T bi-AM2C (& Cu(1.5)-Cu(1 DT+ FEaBITDEDEEZ5ND.
Azurin DJL—TBHIBIRIC KD ERETSNIZ Azurin-CuA [& Cu? ERNITdETIL—
i+ FEERT DO\ BEREO YFaR—Y 3 VICKD/N—=TI)UiIY 1 RAZRL
ZENWDSREFNHD[23], BEROBEICIECDRENREFCRELZEDEFBE
nNan. ZORBIEEN T,

CuA U+ &I D Cu,S, 370D Cu-S #E8keEtd 22~2.3A, Cu-Cu &
RIS 24~26ATHDI3], CNOIESEEREL/ N\ —TILIT 1 ~DOEISICRHEHS
EDTHD, bi-AM2C-Cu, D EXAFS BIEICKDBONITEGEHR Cu-N 1.90A.
Cu-S221A. CuCu251AILCUA Y1 FDZNERLS—HITDEDTHOIZ,

a) b)
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Figure 9. a) The normalized Cu K-edge XANES spectra of the bi-AM2C-(Cu)2 complex. Inset: The
first derivatives of Cu K-edge absorption spectra of the bi-AM2C-(Cu)2 complex (solid line),
Cuy(OAc)s (dotted line), and [Cuy(S,)BnTACH]J+ (broken line). b) FT of EXAFS of the
bi-AM2C-(Cu)2 complex. The experimental and best-fitting curves are indicated by the black and

dotted lines, respectively.

Table 1. EXAFS analysis of the bi-AM2C~(Cu); complex

N r(A) & (AY) AE, (eV)
Cu-N(His) 1 1.90 0.0021 7.8
Cu- S(Cys) 2 221 0.0035 9.2
Cu-Cu 1 2.51 0.0039 0.2

* Fixed parameters for the curve-fitting procedure. The coordination numbers (M),
distances (1), Debye-Waller factors (¢9), and energy shifts (AEy) are shown. The residuals
of the fit for the first peak, which was defined as Z{@exp - Qtheo/Zi@exps x 100, were 4.3.
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4 REDAIV DI YNDBERBESZRFIALCPNEBESDY 2L —Y
3VaRBURL, 885N Cu,S, IPEEICRITDZEAIL 163.2° THD. COA
Bl Paracoccus denitrificans N,O reductase [CRITD_EA 164.0-165.9°
ERFFREFEDEDTHDIE, FIE. 2 DD His (His13,His81) 1 Cu,S, I PDEB
FHICEELTCRD. BERRBRE—HIDIEDTH OIS, BEBMIET 2.7ADEE
BEICHOUNT Gludb. Cysd7 ADJILIRNIZILD, EDD His16, His84 [CDNTESR 4.1
A, 27TADEEERERICHD. CNOSHLEMIBREROERERFE L TEToND, LKL
BHS. CTNEDOREICITIEREERTDIIB TIHD,

CNFTTHRESNTUNND CUA YA RCRNTIE 2 DD His, 2 DD Cys, 1 DD Met
MRESN TV DO\ BNEREREZDEEICXT U CIEERFEZSZ U\ Ehn
TWB[24], BERDBITIE Met [FEA LTRSS, @BRIFAIIZDESEICIEER
TEBESZIRVNCH. HIREDRREZHET I DENDBHREZIFTIDENTHDE
EZ2H5ND.

Figure 10. (a) Bottom view of the minimized model structure of the bi-AM2C-(Cu)2 complex. The
pink sphere indicates the copper ion. (b) Side view of the active site of the minimized model structure
of the bi-AM2C-(Cu)2 complex. (c) Schematic view of the active site of the minimized model
structure of the bi-AM2C-(Cu)2 complex. The putative axial interactions are indicated by the dotted

lines. Bond lengths are shown in angstroms.

cFED

COETIZ CuA U1 FICHRITD Cys-Cys BBRHCEB LT, 4 AEIILEIIL
SYVINDEAND CuA U1 FEAZFHC. CNETICEXRERGES Y 1 LB
HZIIRESNTNDD BREEY 1 FOFEFBILEEACRN, SEDFEHIIE,
aNJYDRICHRIT D ii+3 DUBRERNERRE 7 Y DRBESHERICEERIEER
[ChHDEZIR UL,

bi-AM2C [FENIEFDRRBIEERRICK D, BEHERICEERRFOREE. =5I1C
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[FHBE-BIEBREIC DN CTEERERBRZE DY —ILERDTENHIKTSIND, COX T
[ CuA U+ FEBF 2T, BEROUEFERITZTONA Fe-CuB EE &Y
1 ENEFHBESNTND, —FICHUAREI IV R ICILY Y INDBEOBRKIPICXY
FINLBKDEABINERESINTUND[25,26], LIED DT, FRAICEZDOXDREE
FOFFETY A FZZSE COX DRNETIVDFRFANDRERBEDTECEZ 5ND.,
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ARIAFRDID A TIIEZBY /N D BEEDINCHITIBESRHEEICERZH T T
DS 2= V/INDBRNDBIR. HIHICERDIBAIE, TEYVINDEEUTH
BUZ 4 XBEICILEDAILIVINDEL 1)REEUN S, BKIPDRETHNE
[CMZ DD 2 FHRSINER. IRXAYIVNDEDEDERKIRIE « IRIK/FKRE -
FKIREBEZODEFDEN D RFHEN DD RAREREY V/\DEICR 5N DHEEEDIND
BAICERASEBSEEEZLONIC.

1 BECRPMNEBESZ I/ BAIBDIIAKESZNAITDICET, BEDEHZE
DHEICEICHKRINUIE, RISEDT 1 AHOMEEDEHE U TRMSNIESEG. KRSV
INDBICHIT DIHERBEERICIEZDEEZRF TIRFE LT Y V/INDEDEE
[CKDENMFEHAFIENIEB CTHDIBER LUIZIFHIEESZ 5ND, CDIRERIE. RXTF
FA—ATRERBEZBIR CEUWVRNEEEE—HT D, F2. ®AICTZ>TCys
ZEREFICHEARICETEAL typeO CapBNLCTEBENM Y 1 FDEREHHIET
TTCULND. BROBITIERAP I JBEOHZFRBLTNDD, SHICEAEEDBTIC
[FESICRBELELLETOED VEOXDRAIBEEEDIERA P I JBEAICKD
FIROECEEZH5ND,

2. 3B TIIRE entaic state NEBEEREEDPINEEDTIL—IEY V/INDEDRE
Z1IDIT, 85T UICY VINDEIIBRRIZNEIENI F ZE#BI T DT, TIL—8T
FZEBIRTDCENTERZ, — 13T BLDHARBICKIDITIL—T I\@%ﬁ%ﬂ’rﬁj
ZEHNRESNTNDD, ZDZL(E Cys BHEND Cu+CKDERIEXD. [BIED
BRI FIC KD KBUCHEID > TN D, AR TIL—TDIBEEDH DK DIC. c_hbé@ﬁ‘
FRLEHICIED VNN DEBRKIPADFNBEETHDIENDRBREZRFIDENDT
HoIC, —F3C. TERS typel IV FZBEULHIEZHRE RS, COBREEHD
VBRZOBI T DD, NZ T, 8ERIFICERRISNEBEIFEFRAITDCLET, ZOBEE
INEEICDIZ > THIEI T DBICKRINUIC, =ALNICIIINEPENIFDBERICNZ T, B
BB ZRE T D& CTORDIBEBREEHE. TRNEIEEFIEHNTREICTDET
Bxniz.

A BTEAVINDEEED aN) v DR, 1+3 IBIC Cys ZEAT D ET/N=T
VY A FDBIRBIZIRS UIZ, COYA RCDOWTEIT IV -1 FEBRRICZ<D
AREICKDBIRNEAH SN TUNDD, RINBIFEDRL, R V/INIBNBIR
LIZHTORIEBZD, FE. COBRIEaNI v DI RICHITD |, i+3 TIENZ4EEH
MZFRIDCEICBULMNERRTHDCEEZR UIRIFFHITHD . COBEZDHE
BICRNWTCEBMOUBECEZ D, SB. CONUBBEREMNAIDCETESLRDIIXE
BY A ~OERFINTECHERESIND,

M E. REBDTIEERY V/INDEZPINE USBHITSESDBERETICK D, KDEMISHE
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BERBICHEHIDICEZTREE UL, 2. 1L FI1IUEENDHEEPIMWEIRL
NODKDISFEEDBAPID, LOEMIEERED SR —EBHITTHRSSNTHD.
SEEXDEHMEPLEBBEDEROPTIND. CNSIROMEHE. YV/INDET
POBEAST<ERIDRIHERD., FHRNICEITE - EFDHEFCTERLTHEZR
DALY VNDEDRIEBINEIFTE B,
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ES I

B PR

EILFERIFERES PCRIAICKDELFDERICIDIFR L, BEICH U TREEIC
KODBELCFOERET O, MPICRERRE
bi-AM2C) DIFRTIEZESE LI, ZDIEEARE bi-AM2C 1ERE EXIE@RDR

BECHFROEZD. BIBUIE,

BAM2D, AM2E OELF

ZNZNDELFE 14 RKDT S —ZAUZ 3 ERIED PCRICKDIFR LI, Z

tctggccatatgecaccatecatecateatecattettetggtetggtgecacgeggttetgee

S G H M H H H H H H 8 8 G L VvV P R G S A

His-tag Thrombin cleavage site

atggectaaacaaattgaagacaaattggaggagattttgagtaagecattatgotgocgaa
Noo T
M A K Q I E D K L E E I L S K H Y A A E

aacgagttagctagaattaaaaaattgetecggggagggaggtaccggaggaggattgttg
Kpn T
N E L A R I K K L L ¢ E G G T G G G L L

aaaaaaattagagcactcgaaaatgaggcagcecttatgaxaaaagtttgattgaggagttg

K K I R A L E N E A A Y X K S L I E E L
x=t,X=D
x=a, X=E
aaagacgagatacaaggtggatccggaggaaagcagatcgaggataagectggaagaaata
BamHd T
K D E I Q G G S G G K Q I E D K L E E I

ctttcaaagcactacgcectgectgagaatgaacttgecacgaatcaaaaagctacttggegaa

L 8 K H Y A A E N E L A R I K K L L G E

ggcggoctgecagggeggecttettaagaagatecgagecattagagaacgaagecgettac
Pst T
G G L Q G G L L K K I R A L E N E A A Y

gctaagtecacttatcgaagaacttaaagatgaaatccagagatettagtaaaagettgeg
Hind IIT

A K 8 L I E E L K D E I Q@ R 8§ == =

DERZURICTY,

AM2D U AM2E DEILFRRICAAUZET S ¥ — DB ZEIUTIC

©@ 060006

©@ Q

4 1-1 forward
AM2-4A-H 1-2 forward
AM2-4A 1-3 forward

4 1-4 forward

4 1-1 reverse
AM2-4A-D 1-2 reverse
AM2-4A-E 1-2 reverse
4AA2 1-3 reverse
4 2-1 forward

45

ginF (AM2D, AM2E, AM2C,

509,

ggcgaattcgeccatggetaaacaaattgaagacaaattggaggagatttt
gacaaattggaggagattttgagtaagcattatgectgecgaaaacgagt
tatgctgccgaaaacgagttagectagaattaaaaaattgeteggggagg
aaaaaattgctcggggagggaggtaccggaggaggattgttgaaaaaaat
tcctecggatccaccttgtatectegtetttcaactectcaatcaaacttt
caactcctcaatcaaacttttatcataagctgectcattttcgagtget
caactcctcaatcaaacttttttcataagectgectcattttcecgagtget
tgectcattttegagtgetectaatttttttcaacaatectecteeggta
aggtggatccggaggaaagcagatcgaggataagetggaagaaatactttcaaa



AM2-4A-H 2-2 forward
4AA2 2-3 forward

4 2-4 forward

4 2-1 reverse

AM2-4A 2-2 reverse
AM2-4A 2-3 reverse

® 66606 6

- 1 ERIEB

ctggaagaaatactttcaaagcactacgctgectgagaatgaacttgeac
gctgagaatgaacttgcacgaatcaaaaagectacttggegaaggeggece
ctacttggcgaaggcggectgecagggeggecttettaagaagateccgage
gccaagcttttactaagatctctggatttcatctttaagttcttcecgata
atctttaagttcttcgataagtgacttagecgtaageggettegttetet
gtaagcggecttecgttectctaatgetecggatettettaagaaggeegecee

® L @ @
( H H H J
@ ® ®

B, @, @. BNTSAV—2ZZE PCR BREM, @, M. BOTSAV—2Z8
PRCBRZRMIEZ, ZN2NDRMTR/SNIZH 120bp D/N\NY FZ2ZN2N 1%
PAO-RTIERIXECKOERE L. TSTAY R RUITSTXY E2 EUE,

- 2 RIEE

@ @, 755 AM @ TS5 AR2
( H H H I
5T AN ) TIY A2 @

@D, @, ODTSAV—RUISTAY 1 ZELPCRIBREG. ©. DRUDIST
XYk 2223 PCRBRZERIHTEC. ZNENDORIL THESNIZHK 230bp D/
FE 1%7P7A0-RTIVEKXBCKDEREL. IS5TXYE 3 RUOISTAVE 4
c U,

- 3 ERIEE

@ TS5 Fh3

TS5 A4
A (H [H H |
T5TAUN3 ) TS5 A4 @

D, QOTSANV—RUOISTAY 3 TSTAY 4 ZSEL PCRIBERZRMSE
2. RMTR/SNIZHKI430bp D/INY FZEA%IPTIO—RTIVETIXENC KD EEE LI,
BONIZIT ST XY FZEHIRESR Neol RO Hind Il TR, PIVAUDI 3T 75—
BPUIBEZRE T, T4 DNA UA—LBICKD pET32-SHARTHI—ABA LI,
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BAM2C DEILF

BIEFIL 14 ARDT T A v =%\ 3 BefEd PCRICE VIER L7, AM2C OEsT

tctggeccatatgecaccatcatecatecatcattettetggtetggtgecacgeggttetgec

S G H M H H H H H H S S G L Vv P R G S A
His-tag Thrombin cleavage site

atggctaaacaaattgaagacaaattggaggagattttgagtaagcattatgeotgoccgaa
Neo T
M A K @ I E D K L E E I L 8 K H ¥ A A E

aacgagttagctagaattaaaaaattgetoggggagggaggtaccggaggaggattgttg
Kpn I
N E L A R I K K L L G E G G T G G G L L

aaaaaaattagagcactcgaaaatgaggcagettattgecaaaagtttgattgaggagttg

K K I R A L E N E A A Y C K S8 L I E E L

aaagacgagatacaaggtggatcoggaggaaagecagatcgaggataagetggaagaaata
Bamid I
K D E I @ G G 8 G G K @ I E D K L E E I

ctttcaaagcactacgectgetgagaatgaacttgcacgaatcaaaaagctacttggecgaa

L §S K H Y A A E N E L A R I K K L L G E

ggeggectgocagggeggectteottaagaagatcocgagecattagagaacgaagecgettac
Pst T
G ¢6 L @ & & L L K K I R A L E N E A A Y

gotaagtecacttategaagaacttaaagatgaaatocagagatottagtaaaagettgeg
Hind ITT
A K S L I E E L K D E I Q R S * *

TERUCRIR LTe 27 7 A =~ —DidH 2 LLFIZRE T,

SNENSNONSNONCESNONGNCRENCONGC)

4

4 1-1 reverse
AM2-4A-C 1-2 reverse
4AA2 1-3 reverse

4 2-1 forward
AM2-4A-H 2-2 forward
4AA2 2-3 forward

4 2-4 forward

4 2-1 reverse

AM2-4A 2-2 reverse
AM2-4A 2-3 reverse

1-1 forward
AM2-4A-H 1-2 forward
AM2-4A 1-3 forward

4 1-4 forward

N5 TSV —ZABTAM2D XU AM2E DIREBRDEIZTIFR UIZ.
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ggcgaattcgecatggetaaacaaattgaagacaaattggaggagatttt
gacaaattggaggagattttgagtaagcattatgetgecgaaaacgagt
tatgctgccgaaaacgagttagectagaattaaaaaattgetecggggagg
aaaaaattgctcggggagggaggtaccggaggaggattgttgaaaaaaat
tccteecggatccaccttgtatectegtetttcaactectcaatcaaacttt
caactcctcaatcaaacttttgcaataagetgectcattttegagtget
tgectcattttegagtgetectaatttttttcaacaatectectecggta
aggtggatccggaggaaagcagatcgaggataagetggaagaaatactttcaaa
ctggaagaaatactttcaaagcactacgctgectgagaatgaacttgeac
gctgagaatgaacttgcacgaatcaaaaagctacttggegaaggeggee
ctacttggcgaaggceggectgecagggeggecttecttaagaagatecgage
gccaagcttttactaagatctctggatttcatctttaagttecttegata
atctttaagttcttcgataagtgacttagecgtaageggettegttetet
gtaagcggecttecgttctectaatgetecggatecttecttaagaaggeegecee



B bi-AM2C

bi-AM2C (M T EH(bi-AM2H) DIERFDREEICK o TR UIZIZ8. bi-AM2H

DYERTTEC DN TERND,
tetggecatatgeaccateatcateateattettetggtetggtgecacgeggttetgee

5 G H M H H H H H H S S8 ¢ L V P R G S A

His-tag Thrombin cleavage site

atggctaaacaaattgaagacaaattggaggagattttgagtaageattatgetcacgaa
Neo I
M A K @ I E D K L E E I L 5 K H Y A H E

aacgagttageotagaattaaaaaattgetoggggagggaggtaccggaggaggattgttg
Kpn I
N E L A R I K KL L & E G G T G G G L L

aaaaaaattagagcactcgaaaatgagecatgcttatcataaaagtttgattgaggagttg

K K I R A L E N E H A Y H K 8 L I E E L

aaagacgagatacaaggtggatcoggaggaaageagatcgaggataagetggaagaaata
BamH I
K D E I Q@ ¢& 6 8 G G K @ I E D K L E E I

ctttcaaagcactacgctcatgagaatgaacttgeacgaatcaaaaagetacttggogaa

L 8§ K H Y A H E N E L A R I K K L L G E

ggcggectgeagggeggecttottaagaagatecgageattagagaacgaageegettac
Pst I

G G L @ G G L L K KIUZRATILEWNEAAYX

gotaagteoacttategaagaacttaaagatgaaatccagagatettagtaaaagettgeg
Hind IIT

A K S LIEETLTEKTDTETS® QTR R § » +
ENENOBIETFIZZENEN, LTFDT T A ~—% W3 PCRE 7138 7 7 X
I FE AW RAERPCRIZ L - T,

+ bi-AM2H

@D 4 1-1 forward ggcgaattcgecatggetaaacaaattgaagacaaattggaggagatttt
@ AM2H2 @forward gacaaattggaggagattttgagtaagcattatgetcacgaaaacgagt
3 AM2H2 3 forward tatgctcacgaaaacgagttagectagaattaaaaaattgecteggggagg
@ 4 1-4 forward aaaaaattgctcggggagggaggtaccggaggaggattgttgaaaaaaat
® 4 1-1 reverse tccteeggatecaccttgtatetegtetttcaactectcaatcaaacttt
® AM2H2 (Breverse caactcctcaatcaaacttttatgataagcatgetcattttegagtget
@ AM2H2 (Dreverse atgctcattttcgagtgetctaatttttttcaacaatectecteeggta
4 2-1 forward aggtggatccggaggaaagcagatcgaggataagetggaagaaatactttcaaa
© AM2H2 ©forward ctggaagaaatactttcaaagcactacgctcatgagaatgaacttgceac
AM2H2 @0forward catgagaatgaacttgcacgaatcaaaaagctacttggegaaggeggee
@ 4 2-4 forward ctacttggecgaaggeggectgecagggeggeecttettaagaagateegage
@ 4 2-1 reverse gccaagettttactaagatctetggatttcatetttaagttettegata
@3 AM2-4A 2-2 reverse atctttaagttcttcgataagtgacttagegtaageggettegttetet
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AM2-4A 2-3 reverse gtaagcggettegttetetaatgeteggatettettaagaaggeegecee

. b | —
* bi-rAM2C &= FBcd!
tctggccatatgcaccatcatcatcatcattcttctggtctggtgccacgcggttctggg
S 6 H M H H H H H H S 8 G L V P R G 8 A
His-tag Thrombin cleavage site

atggctaaacaaattgaagacaaattggaggagattttgagtaagecattatgetcacgaa
Neo T

M A K Q@ I E D K L E E I L 8 K H Y A H E

aacgagttagctagaattaaaaaattgetecggggagggaggtaccggaggaggattgttg
Kpn I
N E L A R I K K L L G E G G T G G G L L

aaaaaaattagagcactcgaaaatgagtgcecgettattgcaaaagtttgattgaggagttg

K K I R A L E N E C A Y C K 8 L I E E L

aaagacgagatacaaggtggatcceggaggaaageagatcgaggataagetggaagaaata
BamHi I
K D E I @ ¢&6 G 8 G & K @ I E D K L E E I

ctttecaaagecactacgceteatgagaatgaacttgeacgaatcaaaaagetacttggegaa

L 58 K H Y A H E N E L A R I K K L L G E

ggeggectgeagggeggecttottaagaagatecgageattagagaacgaagecgettac
Pat T

G ¢ L @ & ¢ L L K K I R A L E N E A A Y

gctaagteacttatcgaagaacttaaagatgaaatccagagatettagtaaaagettgeg

Hind IIT
A K § L I EE L K DETIGQR § » =
« R TSI R bi-AM2H
cBWEZTS1VY—
4 1-1 forward ggcgaattcgecatggetaaacaaattgaagacaaattggaggagatttt

AM2C dinuclear reverse aacttttgcaataagcgcactcattttcgagtge

ZOMEERICDONTEMUER, @ROKRBECTHEFRUIZIZHEIET D,

SVINDEHIR

B VINDEBHIED— R UIZ TS5 RXX R%& Escherichia coli BL21 (DE3) A&
g L. LB 1IBPICT I7TCTHBELZ, ZD®E. 1mM isopropyl-1-thio- 8
-D-galactopyranoside IPTG) ICTHITAS L. 3 BEEBELIZ, RIMVDBICKDOK
BECIEBEDRELIZE. AKBEANL Y & 50 mM Tris-HCI (oH 7.5%), 500 mM
NaCl ZERE8 THEB LEE. OCICRN\TBERWRSSICLOMiaEknrLiz, +
DI UIZE. BIMVDBEICRKDRNBRDZEDIRUINS, * bi-FAM2C (DU TIEHF
ERLBROTEEEZZ. pH 85 OEERZALC.
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Ni affinity 25 AEE

RMEY V/INDEDIC His-tag BeIINAZINTUNDIZEH. Ni affinity DS ALICKDIE
BINTEETH D, BRTOLRIBEDTO L I—ILEHRR LU TNDEZD, BRTOE
2Fv—FEMTICTRT, 10EBEHD 3 ml ORIIEERLE,

g/ 20% TN ) —IVEBRENSNZP TS U,

l

SISICXT U C 3 BEDA A VRMIKET TS L. NSLAREA VKK TEERL
Zo

l

SIIEICXT LT 3BED 1 Xcharge buffer &7 75+ L. Ni ¥ AV ZERIBICKREIE
2o

l

SIEICXT LT 5 B20 1 Xbinding buffer &7 754 L. A5 ARICHED 1 Xcharge
buffer Z5%&U\VR LIS,

l

BERRRMEOLEEZE 30777570 L. BRI YNNDBERIEICHDICKREIEE,

l

HASICXT LT 10 20 1 Xbinding buffer 277754 L. JHERIREMD ZE kKL \VR
LIz,

l

SIREICXT LT 3 &0 thrombin buffer &7 754 L. DS ARNEEREZZB UL,
l

FOYEYVB®ROSmg/ m*NZASAICXKTLUT 1 mAmNURAEE—IC UEE. 4T
T—BWIBLE, *xJOFTP—EZEEVNEBECH U CRER AT,

l

SIEICXT LT 2Z80 1 Xbinding buffer 277 754 L. BRI V/I\DBEBH UIZ,

l

20 ml @ 1 Xelute buffer CTERDEBH UIZ,

BR. MBOBIBBEREICDONTETO R I—/ILERBROFIETITDTLND,
EERE
1 Xcharge buffer 50 mM NiSO, * 6H,0

1 Xbinding buffer 5 mM imidazole, 500 mM NaCl in 20 mM Tris-HCI, pH
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79

1 Xelute buffer 1 M imidazole, 500 mM NaCl in 20 mM Tris-HCI, pH

79

thrombin buffer 20 mM Tris HCI, pH 8.4, containing 500 mM NaCl and
2.5 mM CaCl,,

RE-HPLC IC K DIEH

Ni affinity A5 AICKDIBERZIT O CNDIZH. RRICEZDRE ZVDEFIN
2. RF-HPLC [FEZMHIRIZE RO DEMIRREIC TRER I D2, Y V/N\DBICHEG LT
BDERBAZVICONTEREITDIBNERD, ULEN>T. BRORRERIC
RF-HPLC ZAUu\/Z,

BHRERNVDERE . RF-HPLC ICP TS5+ UL, FV/INDEIZOARTFAFET
CRITDPEFZFJILORIENREEDEICKDBE UL, SVYNDBEZSLISIY
3 VEEO CEECRERME UICE, RIGTIE LIS,

*Cys BREZSTLY VD&, TOFT P —BRBRDOBHRICKT U TRIEE 10 mM
TDTT Z&nuLic.

BV INDEDBER

« AM2D. AM2E. AM2C D&

BEDRITFNIRRICZNZNOEERERI L. BERICK> TR UL, RODBEIC

KDORBHDZEDBE U,

* IEEEMEVVEER (. e. 100 mM NaCD [CH VD EIFSRETIEBITR

—HTﬁﬁFﬁ%M%@ﬁﬁeEDOmMMiDEHE%ET%%?%&HLG@M-

BEBDRETYVINDEICBNTR AVNDESRERNCRNWTEBA AV ERNTD

ECEBAIAVENUEZDFETOPIIT =3 VICKDERT DENSBL\, CDIR

S0 I DT, FOEBENSVEERICBHEIDER,

* biFAM2C DHE

pH?5®%®wAwmﬁgaﬁmﬁ pH 85 REDEERICIIBEEHEI D, LH
BOS. IV« REEZRIRICIIZ DIZHIC pH 7.5 OIEERICER T DBH

DS‘?-.F LW TNBIVINDEIL200 « MO DTT 2B EERIC 0.7 mg/ml T/afE

&, RNDBECIODARBEDZEDEELC, EEZPIDIVDIILES 4, 3000 MWCO

(8000 rom, 4C)ELLIZFZPTDIVIILES 15, 3000 MWCO (7500 rom, 4C)

[CTRABBICKD 1mM X TRIBUIZ, AIEBRIC DTT 28T/ \EERICTERY

EEFXTHRUCAIRECAUNE,
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—EDYVINDEE 4 DD Tyr BEZT D, Tyr BE 1 DBV DTV CHRE S e =
1300 M ecm ZIRA UL, 9 VINDBEDENRRZANRD MIUIE6 MTPZI ViR
BRICRDEURETICTITUN. SIUNILE - R=)LORICH > TR Y IBRDEEE
AELUR, BIEICE 1 mm BERIL (YT ILHKE: 200 u) RO U-2800
spectrometer (HITACHI) ZAU\/Z,

CD ZXZD B)b
AIRICIE 2 mm BEEIL(T Y TIVEE: 400 p) RUBZ8MDEET (J-820, BAD
YO ZRNE, FEABMRBRIINTHEEBREZ 2TC/min THt— U,

BN
LR E D M IC & Proteomelab XL-I  Analytical Ultracentrifuge
(Beckman-Couilter, Fullerton, CA) Z{#FR L2, RIEE 60,000rom. 20CICTiT
LY. 12mm Aluminum double-sector centerpiece &K U four-hole AnBOTi
analytical roter Z{ER UZ, BMNCRKDEE ULCREREDRIS. KHEENO08~12 &
I2DKDIC235nm FZE280nm THEITE LTS, FEFFRIMDIENE0.003cm TH 0.
WIS EE 200 BDRAF v 2 7Z& 6.0~7.25cm DXETRIEDIE, ECORET —
BIESEDFIT11.71 OTOT S AICHDES Cle) DMETIVICTDMUIZ, XZZA
ARBRO /O T4 vT 1 VITINDSA—H—ZHEUTEEREL. BERE )1 AR
KUODIPIRE ) A XFBFRELUL, T, BIFICUER/INS X -5 —THIDIAHE
07485 cm3/g, BE 1.02009g/cm3. ¥ E 1.0638cPs (& SEDNTEZRP
ver1 09 ICTEtE U, 3D BsZEICUE Sw,20 §t&ICIE ULTRASCAN I,
ver9.86 M SOMO ZfERA UIZ,

UV-vis ZXD )b

BIEICIZNE 3 mm DBEEIL (T T)LERE: 600 u) KU U-2800 spectrometer
HTACH) ZRU\Z, ZNZNOERBRT IV REIFTNECREIZREICHERL(
MM~10 mM i2E). RNERFETVTILED 5%F2E (B0 u) ZLERELEZ, £F
1 ZVIEZN2N 100 mM Tris-HCI* & ERIC B8R U2,

*pH [EY VINDEICK>TBENDITZ, T2, ZNZNOEIVIREREIHEERRS
RERINEEICKOEFER L. 3OT>ZEBEBEEHRALURL,

NAANRT =)
BIEIZ micrOTOF-Q(Bruker Dalton, Bremen, Germany)[C CiTo/2. €3—F«
VIOFvES—XKODBR2uUL ZA AV RTU— U, BEUREIVINDEFDED
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FEERNNUTHARELUELZ, INTORIEIZX ES Tunign MIX(Agilent Technologies,
Santa Clara) =B U CBRIFE L. Compass (Bruker Daltonics) [C TE U1z,

ESR XD HIL

* AM2D, AM2E

ESR XD RIUIE X-band (9.5 GHz) JEOL JES-RE1X [CX > T REAEREE
TIKICTARELIZ, ESR/INDX—=5H—[F JEOL ES-IPRIT ERNMY=Xalb—Yy3YV
JO05 A ver 120 ICTEHUE,

* AM2C. bi-AM2C
ESR ZRD ~IVAIREICIE X-band ESR spectrometer ( TE-300, JEOL) [CCTZ5EMR
100kHz & UCARIE L. IPRIT 287V 2D & (UEOL) ZRIABUIC, WimRE(E MegO IC
F—TENEZ Mn2+OBHIIESEER (869 mT) ZTICBIE LZ, F/Z. LI-TCNQ

(itium salt of tetracyanoguinodimethane, g=2.0025) % g lEDIBIZE U, &
glEld 3EAIEBRDIEIIEEIRA UIZ. AM2C [IRIEEFREE 77K IC T .bi-FAM2C
OS54 Z25 vk (JANIS, ST-170) ICTEIBT YV TILDREZE 4.2~100K DO
THIE LTZ,

ITC

ITC AIE [ Microcal MCS calorimeter & ' Microcal iTC200 calorimeter
(MicroCal) [ICT 20CTRIRE UTZ, BIERHEZNZNDOEEEICK > TERDDTIUT
[CRUIZ, ITCRIRBICHNWTIEVU Y IAIDBR (B ZVBR) [CERIVAICERK
DIEERZRANDMEN DD, —FITHEERICKT LT CU*BRBTHIDEH. BEMK
BEZRDIEEMEDLERNT DNENHD . ZC T, ZNZNORERIC Cu* Z B
IILCHICHER/INETHD 4 mM Tris Z5R00 UIC,

* AM2D ICRNWTKREICHEEREEN DD Tris 28HFR (50 mM Tris-HCI, pH 7.5)
[CTRARTDE Tris EDIBHEGRPICKD . BHESERTDERID O,

Microcal MCS calorimeter « « « AM2D, AM2E {58
FEBRIEIZNZN 1 MM BETERIVBREBROEERICBEL. SuUDYIUY
BRZE 4 PERT 1.36 m DEILBKRICHI U,

Microcal iTC200 calorimeter (MicroCal) « « + AM2C {£H

EBBRIIZNZN 1 MM BETEIVEREGROBEERITBHEL. 15 DIy
Vs 3 DERT 200 pl OEIVERICHD U,
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EXAES

Cu K-edge XAS T —#I3 Spring8 E—AS -~ ~(BLO1B1, 8GeV, ca. 100mA)
ZRA UTZ (Proposal No. 201 1B1238 for bi-FAM2C, 2009A 1988 for AM2C).
DNUNDERBEIRREZNVY FICERE L. XUy FZ&E S0K(bi-AM20) 2 (&
1OK(AM2O) ICR > TRIEZETT D12, 2. kY Y TV TH D ZIRTEEARIIFOAND
SAFRENU. BEDRSHICO > TERB UL, AIERE 19 TU XY ~ERARESS
BRULCENE-FRU 2 BR0SZ B ULEERE—FICTAELE, FZ. T
RIVF—BRICIFEBBZERMA UIC, FVINDBDANRD B)UIE 20 BIAIEDFIHEZR
AU, XAS =213 WInXAS VD (cer 3.1) ICTIRENBSFAICKONIEL, 2<
k<12 A-1 ((bIFAM2O)EZIE 2 <k <10 A-1 OEB LTI —-JIZHRUIZ,
EXAFS M72sh. COX M CuA - ~(PDB 2ZXW) Dt Bt ZRICET U VI ZH
CI8D12. CUA YA RICHITDEMIBRIEBND EXAFS T —SA\RIFITHEISHND
ZH. SOOETIVASEBMUBEERIEHR U, TIL—HDETIVICE nitrite
reductase (PDBID 1CO4) M L. Met ZIB1EM 1 ZVICEE UIZ, EXAFS DIEH
ST&ICIE FEFF 84 D—FZFBURL, D=7« vT« JIICHRAURIND X =4
—[FUTRDED THD,
R : Cunbomibst
o2. Debye-Waller factor
AEO: MEEFIXILF—IDT K

TEFUVD
EFTIVERIE Swiss-Pdb Viewer [C T3 o2, I V/\DBEESET Y VJCE T
AREI1)UFI7)L GCN4-pLI(PDBID:1 GCL) @B a&ICER LIZ, LHUE
DOERICEFNITA RS Y REFDRD. FilifTTHD GCN4 O+« YV Iw/\—
(PDBID: 1C94) mfg&@Egartic,24 RABORX S Y FEElTICER LS, AIfE
(& SCWRL ZfBRB LU TCEILEDICEE U, KREFIE myPresto Z{ERALTHZ.
P = _JEEERIE AMBEROG T —ANX—XKLNDBT., 7V ZEBE LIS, EIEEIE
HR SHAKKATBERINSBLIREE L, BACBEUIZKDFIC 100keal
mol-1 A-2 OFFFINT VY vI)LEBM UL, . BefiF7I /BICIE AMBEROG
force field parameter ZEA U2, #MEABEIC BT DHEBIDR/IMEIE myPresto d
cosgene ZfEALTEB UL, 12AMEDOREOIHEGSHEREIERIEHHRUEL, JE
HEGSHBRERIZ 10 A7y ITBICP Yy IT7— U, IRIF—R/IMEDRTE
FETEIHEFRIE 0.01 kcalmol-1 A-32 &£ UIZ, EXAFS BIEERENDHDET IV
[CDNTIE. EXAFS =5 XD 01 AMRDZEEICHIR UZ,
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HEe
AARIIURICHR UL K DICIERBICZDFLERICZZENLEHBR. K UKITDED
HREEDTHDRIBEHBM LT,

REPHUAPAZREMRBEZAAR  BEHSEFERE

ANIRARF AL IRE BB PNBANSTE. EFBIE

RERAF AL IR TF IR BHAH—ITE. AULERE.
FFHPRIK

RERAF AL IR TF IR N e

REPISMIHARPAZ R I ENZNAR BISHERE

Spring-8 HMEBTE

AERTRFAFRENEFHFAR INEBiEGsE. ROEFK

BHERIFEAFAFRIZMAR IBBFHRITE. PRKEE

BIC. RIBIRBESHTIEERSVICCIEZH D F UIC BPEREIZEIS IR R
BLLETFET,

55



