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FAEAEND, CROANES O VOBEERTHE, b TP ICEBEREE
DAL T BIZT TAETOE Y L RBEOBESRE SN, b LEBEEOR
NIARDHEE B,

SONEZUY OBEERIEHRBICE TIEETH L, MOFIRIMLO B
FOE T 100mmHg T, FAARBROEIR MM OME ST T L HFF TH 40mmHg
EEDRTW5E, NEZOE Y DHiH L FEEZIGEITNARICIE, NES T
@M TRHE LBEON 28% LT A LR -1 2o h 5, 347
TV Y TIRId idndkv, 3470 OBESMEITIEALZEZIETD
FIIEFIIE L, BEEBRTOBESET TLEFEERODLT D2 DREN
B ENBZE T ThHh, NE/OE L EIF U YDOBEROENZENEI
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HRZEHT D &V EIHREHEERL T HI-OOBEELETHH .,
F 70V YOS BRI H > TREEFEMA L LT L T
WhHEINTW5E,

ANEFZOVY 4 o0 Ty b6 TETWT, 120 7a=y bl
I OREF D S TEDL LI oT Wby MENFIMIES L TWRWVAE



SOV EFAFUAESOE v (Deoxy hemoglobin) &I, BEFEA 4 1A
EAELIAEZSOE VA XU AES O (Oxy hemoglobin) & L5,
EFOVE AL DBEEZEESL TOBEEEIV I 2003 E2 605 (K
1-2) o NEFOV VI 20D oL 20D BHENPOLTETNREDT, WAV
REEEHEDORMBEDSTEN D S, BEFHBEIWESINLILEE, D F
WAE/OV Y BROBFREY (5FE) "L 2o nz) TFsih
FBHEE, INLVAWAERELABREONES O Y OFRELPEAT S (&
HWEOBEGF L, WAVEREEEEIISGLNETOEE, TLZDONT
sav vETIEFEIKEICHS) o

ANE Uy ORBEFEMGEOBEFER Imai IT& > THIZ I N/2(1981a,
1982), NESUY VIEHOBERE (BESE) 22 LT2E2TwE, @
TRV A s VDAL E FIE LT AT%D N LD EEZR THEA L T A 0 lE
% ([1-3) o BELIS, M1-210HTL 5 &) 2 FHEESFREOBE LD
HoRNT AEFUE Y OMEFHMALHETTHLEE, NES/TLE VDT
KO o 5L B SEDENE R LTRHEIC LAZETVEIGRL L (bbb, K
1-1 ANEF OV D4 EEBESFSBETERATAET VISR TH 5o

K1 K2 K3 K4
Hb + 402 = Hb(02) + 302 = Hb(O2)2+ 202 = Hb(O2)3+ O2 = Hb(O2)4

---eq.1-1

SO TERIND A EOFESEKY Adair EREV D, BBESEN P T, i
HOBEEZEI AT A L EDOFHERL

K i=[i/4-G-1)] [Hb(O2)i]/[Hb(O2i1]P  (=1,2,3, or 4)
---eq.1-2

FLTEREND, K 1-2 FO/BOIA-G-D)E, | BREOBEEFEHOMLITICI
Y Do T, MEESOMFIC 4G-1)BNHLI LK TAIMETHS, T

* AT/ UY Y ORETFHMENET AL E, o Ty bERHF T
v NOENEANRYZ MVOHTRECENHLT, af7azy bEpH T
Zy FDOELLHIZED L SWBESEE L T A PR BN L7-ERRE SN
T A (Nasuda-Kouyama et al., 1983), ZHIZ LD E B HF Ty hia 7
2=y A LA UBERMMTE L E VI BRIUTV DA, A'saEY
DFEFFE O BRO P RS- F T R_RTEHTE TS DI TRV,
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Eoa - near ultraviolet region
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(LD 8 3N/ yOWSEANY ML
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5N Adair EMEHWA E, MEENEESTELNLDBDAN, BELZISEES LT
ANLDEERRIANESOE COBERBHIEY IS, BESE P OB E LTXK
DEHIET S,

[Hb(O2)] + 2[Hb(O2)2] + 3[Hb(O2)3] + 4[Hb(O2)4]

Y =
{{(Hb] + [Hb(O2] + [Hb(O2)2] + [Hb(Og)3] + [Hb(O2)4]}

KiP + 3K1KoP2 + 3KiKoKaP3 +  KiKeKsK4P+4

1 + 4KiP + 6Ki1KoP2 + 4KiKeKsP3 + KiKeKsKqeP4
---eq.1-3

Y (P) = 0.5 DEEDBEESFFE L Poo EFEN AT T E Y OBEZEFIME LR TR
FLLTRELSFbs,

ERIIEBREPEHG L EN TS L &, Hill plot ZHWTRIFENE Z A%
Vi, %5, Hillplot # VA I EIZL D, PooDfEIXDBAHA, NEFOE
CIMEBICEATAMEL 4 BBICEATAREICN T AHME, £ LT
EF/O0 VOB EERPEDL SVWREVDPEREOLIENFNTEZHRH7,
AR T . 72778 [BREE (OF) | vs. [NEZT Y Y OB
BElors7 ({?JmigE@@ 1-1) L?‘éot D, Hill plot IZL7- A0 o1
aﬂ#ﬁf)s‘g\,\

Hill plot &, BEFHHMOMERZ ., [BEFTEOTE] vs. [BEOF
BGLTVANLDRBELBEDZFE LTV LRVANLDREDREZ L 7-Z D
Bloryrs7ic7ay b LeBL-bDTHS (H1-4) o RTHEL L, logP v.s.
log YAV O 7% 70y b5 ERD, HEIZIE logP A%, #HIC
iZlog Y-V #FEBhnb, R1-3 %9 & YAV &

Y KiP + 3K1KoP2 + 3KuKeKsP3 +  KiKeKsK4P+4

1-Y 1 + 3KiP+ 3KiK2P2 + KiKeK3sp3

---eq.1-4
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b P OREES i#tf%ﬁwﬁ 2FED p — 0 DO, Y- i
KiP IZHIET 5, B EEDLE, log (YA & logKi+logP ICH#Ed 5,
SR Hillplot iZid 2 Hobhshb v &, it logP & o TW5EH5
BERGENE THENE ZIZ1E Hillplot 3EE A1 T, ##h (logP=0) LD
R HEH 1ogKi TH BFEZITHEL TV, AL LI, BESENE TLEW
L&, DFN p — o0 DK, Y1V T KaP IZEET 5, WEE LB E,
log {YA(1-Y)! Z logKs + logP (CEFHT B, BESEFTETOIHVE XTI
Hillplot iZfH &1 T, ##h (logP =0) & DA LA logKa T A WA
LT, 3B2AKIR Ke DI, REFIITREWIEZEANETUE VOB
EHHENBEIFE T & #RT, Hill plot OEEEDEHR AT S5 7R TEITHITE
W E, BEBMEITFVEW) T LIl b, B, #E “logKs+logP” o5
AR “logKs + logP” LD ABWHNEIZH D, K40)f§7§> KiDELD b EDL
LWRKEWHPADbDP L, bARARI, 3470 OBEEFEMEF Hill plot 2
T5E,IF7UCOBRESHEEIERENL L 2o T (ERICETII K =
Ke=Ks = Ka £25) , TRTOPEAIEE 1 OEZ FICER

Hillplot 8O} 5/37 A — 72, BIHD Poo &, NEZ TV ORREE
HOBSORELZ A Hll ZH nma 7735, Pso i3 Hillplot Oi%#E (log

Y19 =0) EDOXEPLRTD, nmaxid Hillplot OB AKAEPSKE 5,

EERICEHESI N T IR IBLCEIBERETNVD/INT X —F - Adair
EH (Ki~Ke) 2D L5 0, w7¢%ﬂ w2 EERFE - TfTbNLS,
ZOREZ Imal WHELL T EDTWVAH(1982), I FEAELDEMT, NEFTY
VIBEIREESTAETAIEE, AESO Y OBESAMITEL A E®
RTEEFEONT, Thbb, KKK <Ki<Ks & oo /oDTHbD, bHAHA
CNEANESUE Y OBEZERISEHEICLZET VR (R 1-1) ONF A—
FTHAENPL, NEFOEYOWEETRTERLTWYS D TIRRWDIZN,
ANEZTY L OGEERZ EANIIRTRVEREVZ X 9,

D2 ~Foboby sk

Bohr ((K—7) #h%
«%7mz/®&?ﬂﬁﬁ# BT COBEIl > TEEesRITAT L
AHHEHITEIC Bohr 512 X o THE XN, ZOHROBIGER S = OBRIEE
iz pH BACEDRINEZ OV OBEEBMEOERT THBE Z EHFHL I
ENTE, AR, #EORHTE U CO2 HSFRIER THBEHRAER
FICLoTKRBEE Y, IO 7O EEREAT D4 C (K 1-5)




TURNPEAT O VIEH L TAES OV D OBESAE* TIF, 88 &0
WAL TWA, EEATWA,

CO2+H20 < H2003 = H* + HCOs™  --—-eq.l-5

ANEZTOEERD pH #°6.5 L) EWEHETIRBERD 70 b VgEF ST
TUEEWIEE (pH D65 IEWIEE) | "NEJ U Y DEZFATIIELL 25,
SHRXI TR DEN, ANESOE DT A Y Bohr ¥R EFEINAT
V5 (Wyman, 1948, 1964), D pH #76.5 & ) ERV#HFETIE, 7o b ro
EENEWIEE pH AMEWIEE) ANEJ/ OV OBEFAMIEEIICE L 5,
T AT EEYE Bohr 18 EFFHEN TV A (Wyman, 1948, 1964), L2 L., BHED
pH 75 6.0 £ § EVEHETIE, NEFOEYIREEILR>TL > T Bohr
HRICDOWVTOREWT— #1315 v (Sun et al., 1997), = DEI T2V 5 Bohr
B EIZ, EDOTIVH ) Bohr RO ETH 5B,

Bohr FEICiIZVio 20O 50w 70 b UBBEFRL TV E 2, 21X
Wyman (2 & > THEXTEEHICERE NI,

) e, o
Y } i dlogP) ~\opH ),

---eq.1-6
K 1.6 BT, HHdY71oy Fh D OBEETSTT P L OEK, Y 3EES
HETHL, LIDHoT, ANEFOV O 4BRERFESIES 7o b Uik
BEOFH 2 AB+ET B E.

dlogP
opH

Y & H

AH" =

along]
apH Y ---eq.1-7

EEFTIENTEL, BETFHEHHGEOTE (Y vs.logP) PpHIEKEFELZWE
X, Pm O N IZPeo ki) T EATE D, DF YW BEFHEHSHED pH KF
ML S BEIZTO P OESREPKRDADIENTELZOTHS, EEIZIE,



0.IMCl 4T, pH7.4. 25TC DFEMATIE, AHOEREOHE, 2F HANES
OEVIIBENHEETAETO N U PANETUE VORI ENAZ EwRL,
FOBFIBREIBH7-0H06FBOTO b THAI EDFHONT WS 7ZH
LTFAFIUNESUEVIIBEP4EEE L TEFIANETOE IR D L,

4x0.6. T7%bH 24D 70 b VAL XA mai, 1982),

TU0 R EAEICEST L ANESOY COEFE LTTREDD 510,
aBIPBHEONEKTH a 7I/#E, CAFVVREDA I TS — VENFE R
bbb, 8% s, v (EEH) pHT, IhonFEF7ubrz&EeLl, £
HRETAEIETELIRLTH A, NEFOVY ik, BEESIESTHFD
BEVEILL., BEBHEFE s (REBR) . 12r5, TOBEEIC
o THABEORENEDLSTLEITI/ERPLAFIUVREREN, NEJU Y
YOBBFHEITHEEY 52570 b VAN TH AU HEETEV,

WL DPDERNT 70 —F Bohr FIEICHETAINEFOVE U H5FED
HEOBMNZRETLOICHVSLN TS, Perutz & (Perutz, 1970; Perutz
et al., 1980, 1985a, b; Shih & Perutz, 1987; Shih et al., 1993374 F > ~\E
FOE Y EFFIANETOC Y DIRTTIUMMBEELLEL, AIZITTHFIA
ESOUCHEORTEELEL., AFVANEF OV U HEEOT TRIATY S
39 KEREREREZHETILILL>T Bohr 7O b VOB SHEFZHEE
LESEL SOXIRBIFEZLND,

RNHs*---"OOCR' = RNH: + RCOO™ + H*t ---eq.1-8
St

CDE)BEREESZ, BEVYNRTVWEEERI Y, BRERTWAEEZDIEY
7O U EEEETH, 70 bV EEIEL 25 (0F DEHEO pH 25T
B5) b, LORTRERFEELENTNLE, COEBEHETAZF I ~ESTOErD
BEXECHEHAELZLIT, TAF AT OV VEEN T I VAT O UEXY
DEEIILLY, BPTOANT IOV Yy OBESHEITANLI LT b,

Perutz 513, XHESHERN Ca BLUBH 7oy PHT, o BIU B
BONKMD o TI/HECEKEOHINLKRF VU NVEROBEEEIELLI L%
AL T2, EBHD A FTHDTANSGS U BD HANVRF I VHEFE—
BHDCKRT I /BTHALRAF I DA IF/—NEIEDET, T FTA
E/UV Y TREGEIEREATWT, 7F IAE70V Y TREFAIFT R
TWBEIZEFRLZBESIITDOLRAF I DA 2 57— VD Bohr $17ICH
5325000 THA ) EHEL /-y N5 Bohr 70 b EAEAERM O
pKa DEPVAWALRHHRICE > THEZN . COBMANETOE L EFFHF A
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70 E YT pKa DEDPERIETAH, 2F ) 70 b VBHEIEL TSI LS
RENT WS Kilmartin, et al.,, 1973), MICILZEEAT & NMR 2 L 5138, »
BVWIERCAFIVDAIFT V- VOEKEXBIEOHFEED &, Perutz S5HFRL
T2BEDA XI5 — WEN, Bohr FRICEB/L TWL I ENHELOHLNLTNS
(Greenfield et al., 1972; Ohe & Kajita, 1980),

L2L. Kilmartin SA¥EHE L TWAHA9T)I I, ThED a BIUB 8
DaT3I/HE, BHOCKEDL RF T VRIED pKa DENZELED S 1T,
Bohr 1% % EE2MIZH TE 2V, Perutz SR L7-BIED 7 3 7 B LA
DFEFED ., Bohr FRIERLTWAEEEZ LN A,

NESTOE VY FFHROEDT I/ BREN Bohr ZIRICEB L T 55 Ho
LDTI—TE, Craescu 5D NV—7it, 7a b NMR A2 b vEFIH
LT, NEJOEYGFHDEDLAF TV VRENREDL ST b 2R D
AATZDHH L7200 LTWABDR<TWA(Craescy, et al, 1986; Sun, et al.,
1997), L RAF TV UERIED C2 70 b YHED NMR ¥ 7125, RO pH I
BHELTYT7 M H02FHLT, TOLRAF T VERIED pKa DEXRFT W
S, LPL, 7HFY NMR AXRZ PVIZERRBEDY T UH, NEF/OY
YHODEDCAF TV YHERPEZHERILL TV, Ho 5D 7 IV — T bEER
WARARLFEREZHE L TV 5Sun, et al, 1997), T3, Y7 FIVORIZEDER
ik, @) AFTANEFUEOTTO b Y NMR V7 FVE, COBERINES
OV YDENENRFoLKBALEE L THAEOEEIZL TWEEYFH S
(Craescu, et al., 1986)7%, FEIZZDWMAE IR I2:E ) (Russu & Ho, 1986) ;
() NESUEYFO—@EHDT I ) BEREFEODDICEZ Do TWARE
ANEFOUEYA, NMR V7P VRIZEDH#RE L TEX{fFbNTwSE, L L,
TI/BBEFBERD oI EVIERD, LIZLEZDO T RWEFZT T
B2 BABICE TIEDo TWBEBEFHADT, W OPDOREANEFTTOY ¥
B 7 FIVRIEDIHE U TIEARE Y TH HMHo & Russy, 1985) ; ZD57ZD
DREGEHIZCI > T ERZI STV IZERRTWES,

Sun 599Nk AL, Bohr SR ICEBRL TV AT I/ BEBHEIL. Perutz
SAFERELTZ7 IV RBRELM IO 72 EADH B LV, HHEFDT I/ B
BEL IBRICABEL TN D, () NEFOVEUFFHOTT b VS - BEED
WHER E A F T R (i) Perutz S5HFEH L 72 N K C RKign 73 /B
I () Foo7 I OERET, TObUES - BMENTRT, £EY
pH &M TAE 7 U ¥ L ORETELELICHE > T pRa DEAZE DS &9 4 b DoSun
S5EFGEGNET ST 3 /B IED pKa OEZ - TENFR Bobhr FRICE
DL HWVEBIL TW A HFHE L7, AL E T Bohr $13 & BRDH B & o
TWAETI/BREOES - META70 b oBE&THE, FAFIA



FEFUE YT FPEE L ZICREENETO b OED 15%i127% -
72, ELT0wE, $/2. CULAF 2R EDEAF VIS, BEODL ATV U BED
Bohr $IR~NOEBMEICHEE L5252 L HEHLTNVS,

Sun S5OFFEGENICET A7 I /BRED pKa DEIZOWTIE, EEMRT
ETEFENTD, X bPoTulyy, BERIRdH 5, 722y bD 43 F
BOTWVEY I B pKa DEN, BKEKD 48 POLRELTHLTWT, LirdA
FIANETOV i (pKa=7.0)& T4 F VANE OV 1 (pKa=6.25)¢ T pKa
EIZEVWERONS, LHE SN TV A Rao & Acharya, 1992),

HEg) VR

NESUV Y OBEBRNEL A TIEELTURT Y v I 27275 —12,
DPG (2.3.-diphosphoglycerate) % IHP (inositol hexaphosphate) 7 & D F#
) VBB DS, DPG L, RMMIRFDEHERDNANATRKEIMES NAFHEY
VBT, THAIFIUAETUUE LV IIREGHEL, NEFUE VDO RMTOBEZES
MEEEEEE L) 0BE LT 5, HP I, FOROFIZIZEVH, DPG &
NBWT Tz - LTHONRTHWT, HBY UBSEZ RLERRP, N+
T DTAF I EBETEEAZIEHLENTIAHbNS, DPG HINES
U Y VICHETA%ATIE. DPG A L7NTE 70 ¥ D X i RiEEBT
HH ORI o 72(Arnone, 1972)o FRIEANEZTE DXLV P SVF X ET A
(Roezef) EPRINAETOA D HE (K1-5) T, 2203 7a=v b
EEMPHHEHTH I, COEHONBICIEBR TR /-7 I JBEREN
ZEFMICTD o> T b, DPG RBEMEZFHF-TWLIDT, TEZEFICIEE DA
Iy TAXFVANESOE DR EEZRENT S, 2B, XV NEFUELH
DHETE 72y MNEOHBEIEE > T LT, DPG HABZANR— AN
%o TLE>TDPGRBAFIANETTOEVIHEETE RV,

T/, Cl R EDRBRAF iF, —fRICAET OV L DOF+ X L BN & 2wt
BHBEANHLZEFMONT VD, Cl A Y FREEETHAHITE—D2H SN
TWT, o, T 722y D CERKERZ EICX o THERIN TV A BIRDK
FHREBOTTH D (NETOE LD 4 REELITOVTOETHR) o
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\ A-Helix

C\% ~a-NH}
S ~
uak Lys &
His 82
1437 E-Helix
17435,
F-Helix

, 45¢.

104

K15 FAxo~Azruro DPG #i&# 0y
FUER 2450 DPG 40 T12, ~AEr o YDPIF Ty FOEBR DT I B
A BL/SU Y B2, BUBEATY Y B82Y YY) EHREEE ML Cun,

HORSE DEOXYHEMOGLOBIN
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(2) "NEZUOVY  ORE

XS BREERTICE ANES UV > D 3 RS OBR

NETOEVIE2EKD a $iE 2KD 3 P LERENTWS 4 BEKT, 40F
2T 64500 DRIREHETH A, BEFHEE L TR WKEOANETO Y »
(FAFIANETULEY) OLEOHEETR 1-6 IT7To a $Hid 141 HD, B
BHIL 146 HOT I VEFPSTETWT, FNEFROHEEIAL (B 17, &A)T
OrRVT 4 IK) 2EXAATI OO T2y MehoTWwWh, K 1-8
BTy FORERT, pHICIZEIT8IMAD o N v 7 AHEEND
D, FOMOERFIEIAN) v 7 AEETE > T, TONY) v 7 AEEEZ
DEOFFIZE DL DR T VI I IZATPFITONTVE,BEN Km» S A,
B, C., -+, H, £&fHIoh, N v 7 ATHRVERSIE, NA, AB, BC, -,
HC (ZRZFN N Fiitk AN Y 7RO, ANy 2 AE BANY YT AD
fl, < &V EKR) EZMTORTVE, a HOEED, DAY vy 7 ADIFE
AEFENIEZRITII HOBE L IFF BTV,

a i, BHDONAN A TWAZERIIANLERY v b EFITINR, NAIZHEDP > T
WAHT I BBREDIZLEAEPHAREEETH 5, ~N2d 20070 VR
ENLART Y P POAMIOKBEBRIICEZETETALRT Y PCA-TWT,
20D NVERZECIFEERIZANLRT Y PORIMEBELTWD, NAKRT
v PATONLDREIZIEINLRY v NAOBUKE7 I JBRELEALD T
7 T = WAL > TWADS, TOMIIEELZDONEZHOF N v
JADIHFEBILHACAF I DA IFT - VEZRETFEANLOHEIDA A > &
DHEEREETH D, TOLRFY i F8His. b X F ¥ (proximal
histidine) & FE, NEZ OV DGEEZHETLDIEFICEETH S, £
7oy FORERNCAF T ERTUADOANLERT v MR EANT Yy 272 AD7THEBHIC
BHLECRAF I UHENLDFHICEHNT VS, THIEENME AF T (distal
histidine) L TN TV 5, TOLAF I VIEALICITEES L Tl nhE, AL
WBERSTIREB LI &, TOBELRERESTRL CEBEEES 2 LEL
XD EV)EERRE2FSTWAS, |

M 19 IINEFU /Y 72y PONEEHBRERL, &Y 7212y
MEENZFNENTAEOTHSICHBT A L) ICEF L TWwh, NEFTE Y4
FHICEF I 20 a 722w b 23 ) 120D a7y NI, FLT1IOD
BY7T1zybhed) 120 pH 7y MIBT X % 2 Mg FREATELE
T 5, AEOY T2y b E2ET LD, 40722y MIER 149 (2
RLUTERENDTONDLIEDN SV, a T2y bE g T2y b OFES
WX 2B oW, alpl (LG a2p2) WE alp2 (b LLIEa2pl) EXDH




0. - P
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/ e,
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. CH C ~Cry N CH,y
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Vo N TN e
~ 11 N <
4_ CH Fe 7 .CHZ l H CH,
/s
\b———N N==C , it
/ 2 l | 2 e—cn, COCH cooH
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d/ N e ‘
! \ 3 CH

17 ~& @7arRBr740) vIX) O
35 (EH) .

BA A T4 o0 O — VBOEZETF IR
ANEFOEVHTIE, SEREAF T DAI 5/~ VEDN e H8 5 BT FREY,

R EOSEMRMIFIE6REFESL (GH) S5,

i — B L

K18 ~Eryulropir7a=y bOFAE
NTF Rfih, 73 B0 a-pEEPRATRENLCNWE
TSRO LD, AN v 7 R o 7N T FHTTE TV 2D D5,
ARIEAY 7 AETAY v 7 AOMOEMIINE > T b, £72, a7

vy bh, BTy PEIEIERUEETH S .
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X 1-9  COBEITMES ~Ax TaY¥ >0 4 KigELTAL
FERITAFOANEr OV YD T OB E (1Bl) 2 Eth%
T LT, (a2p2) 2 805, COR4Iz HoTL I BB D 2 4
WL, PhEFoaxy UL/LCOﬁ4@%GTé <. (a2B2) 2®AKIZ2 M
MO PR 303 2l P % sin(a2 8 15 ) BEEL, SO ZDPHEICE - TEED
WAoo TO8ARIIL, (alpl) 28t 2.

ocC

ON
Oo His £1
@ - -

—
p—
1'4 1-10 h& Tﬂ H H, :) 94 "}'-7.:’"—- l I}Im’\ ! /‘)Hr}“ 1/[.‘
SALSIEAN LT A B & WL AGUE A OREEDSHI A L T e wIREETHL

ANLTINE B = 2R WAS o Tl B A 2 IERV T 1) T S

U A Yy DHFENIA LR LTy A . (DR ON G LIREL R L.
3D AT- IV EARBEREGT I L Tud, By ) YFRUEFES 2D |
B A EENT 4 PERIAMSIEAD L Tw Ay, 73 VREGEIC T, afr
LRSI ERT 40 MO R OSSR
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bo NEZUY VOEERBHMEOBVHEED L BESMEOBR VEENEL D
HE, MIBOEMIEIHEVEEOEMMITEND, BREOEMOMAFIIKE
ZALHHRZ D, 2BEalpl & 2 84 o282 DHMHMERBRILEHLLEENT
W5 (F1-9) o EBRIZEDLND X ) 2E&HTIE, BRI D4 BHENESTE Y
D—EIE 2200 2 BEHIZFHN S, al—p1 O (L IE a2—p2 D) OF 7
=y MEFEESITE, Y72y bA0gEBEBE S Tw v, 25,
CABEANESUC VR 28R oIpl & 2B a2p2 EDFHEICH D EVEZ S (Hb
2 alfl + a2B2) o AXFIANESTUEYRTAFIANESOE L TEDF
BWEBDPHESI N TWT, THFFIUANESOE V42RO HRFFIAES T
V4 84KE00 280w (L < Id Appendix— 1 &)

B ER D OHEINAIANESI O VO Y H Y FREAICEI ST
EfEYr 7=y P REDEL

DT ORI XMREREEFNT D 5RO O N72A4 F 2 ~ES 0¥ (Shaanan,
1983). —ELKEREASHAES/ T ¥ 2 Boldwin, 1979)D 3 Xtk L - 74
FIUNETOV Y OFN(Fermiet al., 1984) & 2 B L T, 2 I oHEINLL
L RONETOV U OBELIDEF TH 5,

FAFUANFTOE Y FHOANLIL, BTV VBT HEAL L7 5 BEALHE
THb, OB, NLADOFHEIDA A ISAY VIKETHS (s =2) , F@O)
AF VI3 ET* 6 BF-oTWBED, 20 L 2MHOBTFHd y #E (dz2 &
dx2-y2) IZA>TW5hH, dx2-y2 BRIV T 4 Y Y OEREFOHEMIZEN T
HDT, TTWEBFVPABRERNV 74 VOBERTFOETRH LS, &
B OHBOAAVIEEVT ) VEPSALRCEBLARICE> TS (H 1-
10) o RNVT A4 YRV LFEPFZ YA o7/- F—2B L5,

I (B, b LAE—BbRE) B, BN AF VU HPEMELTY S
FOAIFE (5B EMFIEND Z &%) & Il BLAIAE (45 6 BUiopE &
HEN D) ICRET D, BRADA A4 id 6 BAEIC 2 ), BAUTHOXMIMED
EW B, FOEE, BIDA A D 6ED 3d BFIZLTA e Wl (dxy, dyz.
dzx D 32) AT FHREI D, ZDHE, S= 0 TEA K VIR LT
Do BIA A DA e i, Fe@A A Y ICHMLTWABERL T 41) Y DER
BEFOFMIEGETFSAEH T Y 20O T, g A 4 > EEBRFETOMOHRE
BEL T Do R BN A A IR T 4 ) YIPNICIE B E ), KL T
4 ) EF A (B1-10) o UF Y FEANLIZHEET LI LI >T. N
LAADFM A 4 > DB ZEDLEDITTHE, TDEALIIF 255 T Fe()
IS LTWAIIME AF I oimdb L. SO ANEs/ue 5+
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ERIMRZ 6B, EENTWh,

JH 2 FREGITE ) NAEEDOE, FIZ8kA) A 4 Y ONEDE/ICDOWT
B L FE T (Fermiet al,, 1984), £9 ., TAFINETTE DA,
BADA A VIRV T 4 ) D OFHFEP S, a T2y PTO58A, B 7
=y FT050A, BN AF TV ANIEEHTWS, TDE &, i AF
VAEANLDOES BT REOE I LT LIEW TSI A 4 VIZBM L T
Wh, FIDA AV EEMNMCAF T EDHBEL, o YT 22y POFNDHN
B TI=y FPDBDINOA LR ENEAF T DAL I T = VEDANL
ST AEEZD o 722y bOFFDLTRICKRE VR, /2, THFIE
FubEYO o T2y bONLKRYT v PORMANZIEKSFHH Y, =ik
AF T EKRERESRTER LT WS, COXKSFRAIFIAEFTOE L FICE
M, FAFIUANEZSOEYO B 722y PRICEKGTFRA-TETVL
Vo NAWEEEDHETAL, AN A A VIRV T 4 YERICINE 5, #&O)
AFERVT 4 Y U OFHFmEDEHIZ, o 722y FT016A. B
T2y FTO000A E LB RFTI DA I Y- VHEDEFIT #0.62
ANBITED EHT, A A v & OFEEEEN 02AMBT 0. SZICEANT
HEXODEEPLLEBHNEND,

H Y FESIZEINLOBEERLIE, A A A VIS LT AL A
FOVENLTEANY) v A&kt | AREBB S¢S, ZOBE T a2 FH
DIKERSIZES T2 FG DT I VB DD, aufe FHEITIEET A F
ETUY D4 REEZRODICLERKEGETIEE SN TWEDIEN, FG
FEPEN CEICE o TKREFEPALEL R Do TLTTHFIANETTE
VHID 4 RIEEPAEE Y | A KBEERPRI L, T4 F v ~ESTOYE
V. FAFIUANETOV Y, FNFRD ap AETIER I N TV L KEZEES XK
1-11 R U2 aufe REICITEE BTS2 2H5B, ESNTVE, 12
BANETFOV Y P4 REEEZL LT DT DM ERRIIE L 72 EE
B (01D FG I E 2D C NV v 7 ADED 7 7 ¥ 77 — v R EHRGEE,
a1FG4Arg—p2C6Arg & . a1GlAsp,a1G2Pro—B2C3Trp £ D) . &9 124
NETOY YD 4 RKEELENAE > TRKELZATFTA FTBHIK (cuD CAT v
g A& B2D FG RBDOMOKERSHMPIL) THD,a1DCAY v 7 AE B2
D FG fHIREANE/ O U2 4 REEELCTH T LI L > THMIC 6 ABE
Tho THFUNESUE VA RKERE (BIE a1CTTyr—B2G1Asp)
70 b UBRIEIIEENMR) TORE S L TWT, AEZ T 04 KD
Bl LTHELRTWAEDTHEETH 5,

ANET O YD 4 KBEERAATWICEE RSO g 722y b OEMRD
T3 BBREOMNEOTLTHD, TFAFIATTOE YD B HT 12y PO
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(A)

ol g2
37 cz 145 HCD
34 [ 165 HC2'
40 . C3 108 ¢7
4 (43 101 Gl
42 c7 39 cf
44 cO2 35 Fos
31 £G3 97 FG4
32 FG4 43 co2
3¢ ¢l 40  Cs
$s G2 3¢l
56 <3 38 c2
$7T G4 35l
140 HC2 34 815
(41 H:_S
(8)

(czI g2

38 C3 36 C2

41 C8 ;37 C3

42 C7 38 Cs

92 FG4 40 Cs8

94 G1 43 CO2

95 G2 397 FG4

96 G3 93 Gt

97 G4 101 G3

140 HC2 102 G4

M 1-11 FAEVAEFOCSA) &, A MNEFTEYB)D al—p2 FHTOE:

@A E@IE, ZRERL FEY
e

Eas

-3
-9

o 4

Ty N T — v AR, BRI

Haded: O
J lr_’t

T OANTE IO XS

/I‘?:

HESERAT DR HICHET (o
T/, WTHEAKLS

TOREEEIL. KEES A T — 7 LG ENAARGTOMETH 5.



FCTIEMNEAF I DAL IFT—VEDOHEEANT vy 7 2D 11 HH O
INY YDy AFVEFTENLOE 6 BT EICIFEISECHEFTICH), S
SHRYF Y FESIIHTEUAEELRoTWAEEZEZLNT WS, FF A
EJOEVEBEETIEN) Yy 7 ADONEFP LBELTBY, eXFI L
WY R T Y FREERZ LT 3AMNEICR VMM, o722y MIES
D& EBTALZBI I TR v, COFELXSLF LT Perutz i [BHT
Iy PORERMBEO ET e XAFT 0 E E1L XY ik, 42 FIAE7uE VA
BEdD g 72y bOYTY FEMGELY TWTAEHZR-LTWE, 7%
FIUNETOCVIIHEENTEETHEE, T a7y MTEAL, ~NE
FuY O 4LREEFADHI D, TP ENLOENMPUDOEERDH % %o
728 H 7=y MIBEFIEETAH] EWIHRH LT T/A(1970), L2L. 7T
FEFIANETUECDORH T2y MIREBENES L2V bITTIER Vv,

FEAXIUANESOE P TD a, T2y bOCKEIZ, 74 & L RIEE
* WEAESELWERDOKEZESORBICHEG LT3 (H1-12) , FEITBEN
72 Bohr RIS TAHEEZON TV AKERARIIICH D, TNOHDKE
BEITAF VAT UV OBEOFEITTERENLTVT, X IAES
OV Y OR TR STV, |



* N lerminal

~0... .-" = C lerminal
val B2 R @' e
\/‘\ a, val

Udlarg o
H,_....Oﬁ
< t\/( U“la \/Q/O—‘

Paasp

K 1-12 NEZFOE DoV 712y POCHEEKQAE, B 722y O CAHBBDMFET S
i, BLOKERHESSI Yy PT—7
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(3) "EZaV > olBE*HBRITH-HOOTARTY v 7EFIV

ANESOVY Y OBEZEEOBEERE. "L BEFEELTWwS, LTw
v, EWITEBHPANESOE VST ORBEEREN L THBDOANLIIEDLD 2
ETHEARENLLEEINTWS, BEER LBERLEZFT2THETVE L
T Mond-Wyman-ChangeuxMWC)D 2 3KEE 7 )V(Mond et al., 1965)5%%& b
B Thb,

MWC EFVIE—FEBETFTNVETLEIREIDT, NEFuV U 5Fik

FAFIUANETOE VB4 REE L FOBEBMEORVIREE (BE L-KE,
Tense state. B T T-HKEB) &, FF IANESF/0 VB4 RBEYFHFOBRES
HIMDOZVIREE BHIIKAE, Relaxed state, L TR-IKFE) o200 L 560
Lirk v, MORBIZIRE 72 hhiv, EEXBET N THD, ~E
Fa¥rd T-RELZS, 1BEPS4BETTY T Y FICHTABMEIIHEL
IS NEZU VA RARELRS, 1HELL4EEEITY Y Fiond 5
BHIHIIZE L BWEEZ L, "NEFUECORBEMEE., S0 2 00RED H
DFEEDOBEITHPEI NS,

To k2 UF Y PP n@BEE L7 T-RKEANESTQE Y, Ra 2 H 2 PO n 8%
AL RIKEANETUE L ETEHE, MWC 2IKRBETFIVORERTII T
F (BEFE—8ILKRE) EE4EELANES O Y OBED SEOTFEIRNEE
FZDXHICET A,

+X +X +X +X
To & Ti1 @ Te = Ts &2 Ts
-X

-X -X -X
N N N N N ears
+X +X +X +X
Ro & Ri1 < Re & Rz < R4

BT Foks, —XRIVF Y FOBELTRT, T4F AT/ 0E ¥
121X To & Ro D 2 DOIREENH H0ITEH, D2 ORI OFHELHIIL
t;<wwnéoLm:5§H&o



[To]
L = ---eq.1-10

(Ro]

[Tolid TRETH L FAF I ~EFOE Y, [Rojid RIRETHHFHF I ~%E
FaOCvDREEETRT, (R Mgk, AEJ/OUCY R EDOREEXRT E &I,
[] TR EICTR) 2HKETFLTIE, FHFIUANETOV T T-IREE
THHIPEEE LTWAD T, LOEIE 1057 EOBFEIMELNE Z LIl 5,
TAREENE 7OV v, RIREANESI OV Y ZNETIRDY T FFEEEH % KI,

Krbk$ 5, LBEIZTIT Y FEESELIAET/0E S T RiD2KEDOH
DFEIRFEICH B, T1 & RiIDREBHOFHERIT, TOLHIZFET B,

[T1] [X] [ToKrT
= = Lc ..eql-11
[Ri1] [X][Ro]Kr

[X}EY F Y FOEE. cid Kr. KOl (Kr/Kr) T b, HEkZ, [T/ R
=Lc2, [T3]/[Rs]=Lc3 [Td/[Rg=Lct, &£FF%, DY, Kr, Kr, €L T
LD 320fEFHNTE, KX 1-9 OFHAODLETOFEER*FRATE S, 2K
BEFITIR, T-HRE, RRIKEOAETOE D OREIZ—FE, 2F 0 Kr. Kr
DEEIANETTVENIEELTWAY) Y FOBIESTEEL 2V, T
FOPOEY ZFRICESTHIEANL VTV F (7 b R DPG 2 &) OER
k. LEOZ L (R-AKEAEFOV & THREOFHENT 7 M) 2BUTER
FTHELDESINT VS, 2IREETFTILDONRG A —F %G, NEFTTELD
YA FREEEHRIEIZORXTEIT S,

[Ty+Ry + 2([TA+ReD) + 3([Ta+[Re)) + 4([T4+[R4))

Y (X)) =
4(  [To]+[Ro]+[Ti]+[RJ+[T2)+[Re]+[Ts]+ [Ra]+[Ta]+{R4] )
---eq.1-12

YIIANT/ulyOBEMETHE, 2REBEFVORELS .. KridZ D X H I
T H,

Kr '
Ro + X] = [R] 4 72006 [R]/ 4 =Kr[Ro] [X] ---eq.1-13

Q]
o



Kr
Ry] 4 + [X] = [R2 /6 7Z256.[R216=Kr[R1][X]/ 4 ---eq.1-14

Kr
Re] /6 + [X] = [R3 74 7Z»56. [R3]74=Kr[R:[X]./6 ---eq.1-15

s

Ry /4 + (X [Rq] 7555, [R=Kr[R3][X] 4 ---eq.1-16
1/4 R 1/6 £ W) BREIIHET OB ETH B, TAKEANETT VY VIZDONWT L E
CZENTER, ST LdbE,

L KoX)(1 + KrX)3? + KrXJ(1 + Kgr[X)3
Y (X)) = ...eq.1-17
L(1 + KrX])¢ + (1 + XrX)¢

FEEE, Kr, Kie ZLTCLD3D2DNRT A =5 % ) FLERITVA NS RBEHS
HTREINEANES/ O Y OBEZEFHHRAZ N 117X > THE X CERT
AHZENTETHAGF 1-1, K 1-13B; Imai, 1982), O 7O AT v 7 E
FIW (BRETFIVE TN S KNF £7 )V, Koshland, et al., 1966) TIZEED
EERTHONTBEFEHEL ) FCHETER0HENS v (K 1-134) o
INODREREPRLE, 2KEETFVIIEBMICELLRZ S, LML, F 1-
1 DING A — 5 D4E-E R B & Kr DEEAERIC—EIZDS, Kr DB EREM
(pH., BHEREEM) [EKIFEL TELT A2D05 05, ZOHEFKIEIMWC 24K
BEFIVOERRE, TobHIEANLY T2 FOERAIE KnfE, KrEEZER
T, LOEDAREZ AT EILLoTETHEVIHIREIIKT S, AAIZKrfE
ERMEFERICEELTCLOBEMET 2 I EIlL > TE 1-1 IR L EHE
BT CHlE L BEOBEFHEME LR 1-17 TRBT 5 L IZE L RTEEE -
7-(0 1-13C. Imai,1982)0 T D L H IZHMZ MWC 2 KEEFVIZECTFEY
BATETFVNTHo T, EEWIIAT/ OV Y OBELSBRLEHTLZ L
WTE R,



F 11 NEFOEOBEZRFHEMAO Hillplot 12, 2 KWEEMWC TF V0B Hds 4 N A b
—%
PO HENDERD/8T A~ 4725, B113BHDFUHOL KMz 74 v b
SELHFNDNT A =5 . BPORpldd T DB L v, Ko hsiili 4o K

T4y bERTEERIBONTNT R

LTERIELTW208b5,

Condition L Let
set number Conditions K1 Kp ¢ (To/Ro) (T4/R4) i D
| pH9.1,2.6 mM CI™ 0.148  3.82  0.0387 2.8x 10 6.2x 107" 1.73 3.6x 107*
2 @ pH91,00MCI” 00604 334 00181  27x10° 2.9x 107 1.97 24x 107
3 pH 7.4, 7mM CI 0.0929 3.82  0.0243 3.7x10° 13x107* 221 89x 107*
4 A pH7T4,01MCl” 0.0241 3.3} 0.00728 8.7x 10* 25x 107 231 2.1x 107°
5 4 pH74,00MCl, 00181 392 000462 7.3x 10° 33x 107 251 4.2x 107
5% CO,
6 pH7.4,0.1 M 0.0147 3.26  0.00451 5.7x 10° 24x10™* 245 48x 107°
phosphate buffer
7 A pH7.4,00MCIT, 0.00800 3.00 0.00267 3.0x 10® 1.5x 107 2.52 1.3x 107}
2 mM DPG .
8§ I pH7.4,0.1 M ClI", 0.0060] 0.909 0.0066] 2.8x 10% 54x 107> 296 1.2x 107°
2 mM IHP
9 pH6.5,0.1 M CI” 0.0117 1.60 0.00731 " 6.2x 10° 1.8x10™? 271 6.9x 107*
10 pH 6.5,0.1 M CI”,  0.00402 0.0635 0.0633 40x 10° 65%x 107 3.01 7.5x 107%
2 mM IHP

KT and KR are given in mmHg™'. D is the root mean square of residuals
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X 1-13 A%ﬁmzywﬁiﬁﬁmﬁmﬂmmmKTUX%Uvﬁ%?wmﬁ%@ﬁ%
T4y FEEZHD
Hep, v YERME, AESOC Y OBREEENMOMES (A, B, CHTHA)
figid, 7T U vy 7 ETIWOBBRMBEL/NT A —F AL EETRIESIC
TAY RESELD, ,
(A) Square KNFEFNWICEEZRA 719+
B) 2HKEMWC EFVIZEANAL 749 b
€) ZIREMWCETWIZEBNAR 74y b, 2272 L RIKE, TIKE~NES T

o e g ATE e b . In (¢), lines were calculated with KT = 0.0241 mmHg™! and
oy s SI7 g o ’E_’ o - LA y I ¢ T .
DRFTHEBEEZELIHE. Kgp =3.31 mmHg ' and by adjusting Lvalues so that the calculated

Psq values would be equal to the experimental values.

”

23



(4) SBBEREHA~E TV Y

I TRRDEBBEBRERAET/TOE VI, ANEUE D400 T2 =
v hDaHTa=y b, bLEBHTIZy FONLEZMDEBRV T 41
VICEBEBR DD THB, b T2y FONLZFOTETH 5D, o
T2y VONLEMDOER A F BV 7 141 ' Metalloporphyrin, L T
M)TEEXBZ AT OTE Vi ae(M)B2Fe) . p 722y bDOALEFEBEEHZ
ToNETOE T axFe)Bo(M) & EhLS,

CREBBRER T/ L, NETOE Y OBREEOBIZICE > TETH
BEThHD, NEF/OV OB FEIER AN LT EOWIS 2 M2/ X - TH|
ERIINTVIDIRITIHENITH S, TREBERATI U ORI EIL,
NETOUEYDNLADERBAF Y ERYBFZD T LTI DR EERBERORE
Ex 3SRTTICHIPIEAAZ GBI ENTE, ZRPNEZTE > DMDY 7
Iy FHRDANLZEDE ) R HEBEEZADPHARBLIENTELMTH A,
T/, VTV OEBRNT 4 ) VICEBERS—BILEELREDOYF Y FidE
ELEV, BEDOANTTOVE UV IZZ4205D) H Y FPEET L5OTRRI L
Vo KREBEREIZ, ANESUY VOEBRMNOBERS L THEMALTA LWV
Fladdb, 72, NEFUE VHOERERIV 7 47) VOB, BT 72
Zy bDNLDVF Y FEE - BEOZBIH I VZITRVEENE W, P
5., HLAFEDREDOANESUOV V2RBRETHEIENTE S,

EREBRNVT A )R, BER—BILRZELREDY T Y FIZES LRV,
BEDBEZTNEBRFTAF AL LZRZELHEEYFHD, NEF/ O VT2
W5 ZDEBERAFIALEIZIZFAETHAIEERNV 7)) 5db, ZDE
BARNT AR [FFIALEFN] [FFIAp07Far] L0155,
HZ, VY PSS, FAFUALELRE UHELHEL, NE/ObE (i
B2 BEBNTAZFVALEIIRFRILTHLEBRN T4V bdHb, TOE
BRVT4) G [FAFIANLETFTN] [FAFExI~o07Fus] i D
§ho AXIANLEFTN, TAFIALETN, FNEFRLVETNPES P
BEBEBREBANE/UE L OHADY 722y N OBEEFAMEA T 724 4 4
ELTHbDLIND, AFVANLETFWVIZOETAF VANLAETFTIVIZD R D FH 0%
WEBRNVT L) 3HEH, ATy FENEZ2EFEONE/0V¥ %%
FEAATEAZELRBETHDEETH S, o2& BEINVT 41 v O & RE~
EFOE DY H Y FEAMEL 2MESII I EXRTELDT, NEFTE Y
DIy FEAMBORBIED L H)IATHORT VL0 ERHREFERELDE
5o



SFTICHESIN-EEEBRERNE7 O COBE TN T 5,

FD 1 FBWIERBEANEZUY U (Valency Hybrid Hemoglobin)

EBONETOEDOANLDOFLERIIFANA F > THED., TDRE~E
Fu¥ i3gAD A & EFEOANLEHGA)A F CEFOANLD 2EEOERN N
LEELNETUE Y TH D |aFed)paFe) &, axFe2)pa(Fedr)l o &)
AF TV RFEDOANL (X IAL) EBESC—BILREEES LRV, Kb,
KFFROH 44>, Y 7eA4+> (CN7) |, 7H¥A FA4+> (N37) %
EnEATH, TNLE A MLIHEEZIET, KA A VY E2EHEOANLDOHFD
BEF T AT E STV A (Nagai, 1980) A PANLDA Y VIRESLHEEIL
BATFIEFEL TWHOT, BENEZOUY Y OBEBANMED 2 P NLDEL
FIZEAFL T b,

BHMIZLI ARG TWADNEY T J A MERENESOE Y ayFe3*CN
T)BFez) & | aaFe2")paFe*CN ) Thbo V7 WA+ »A%EE L7z A b
ANOIE, TOEERFTF AL EILPTNE, QYT UPEELI-X AL
E,AF VAL ERCEIIERAE UV THADA A Vid RV 7 1 ) VEHOFRIC
HY., K74 VHIZEFSTH S (Hoard, 1971; Scheidt & Reed, 1981,
Shaanan, 1983), (i) X K REEBMIC I > TH- 7V 7/ A PANETTE Y

(4 DETHONLDRX MALTHEIANETTY V) OfER, AFVAET T
Yo ofEEIZE TH L LT 7z(Deatherage et al., 1976), F 72, a2(Fe*CN
B2Fe?) &, az(Fe?)Be(Fe*CN DAY 7= v M OBREFFMHIIIEFIC
7o 7z(Maeda et al., 1972; Nagai, 1977; Iwata & Morimoto, 1993), Z D&
ANETOYE I 2HEBOBENEET S L EOTFEER (K Off) 75BED
NEFOV A BEOBEIEESTL & EOFEHEK K D) 15T &
BPHLHTYT A MNLDEAT Sy POBEEBMMICS 2 LS, BE

DAZXFIALDLDE L PTVBEHETAIENTE S,

VT AMNLEGFEFFIANLDETNVEDS, YT/ X MNRENESTOE Y
., 400y 7oy b, 200 Ty VOBEESREFEELA
EFOECDETNEVR D, TAF VIREIZ L7z axFe?*CN)B2(Fe2t) & |
a2Fez)Ba(Fed*CN )L, MEN 2MEEES L FHERANES O DETIVE
Wz X9 .Ogawa & Shulman (1972)X ZDREEANE7a¥ > 7T b NMR
ZRELT, TORBMNESOEVIZHP P ETHILICE o0 TANLDRAT
WHHRD Y 7 FUHFF VP 7TF F VAL BT B LR LTz, i
B\ FAFVIRED aa(Fe3* CNT)B2AFezt) & | az(Fe?)Bo(Fe3*CN™)D CO &4 &E
B, AEEEBASAR IS WA TIE A F U ST OR VG EE TH B,
HP #Mz5E7FF AT HOBOVHEICLE > TL T (Cassoly




et al., 1971Cassoly & Gibson, 1972), 72, CNOHLEMANEST O Y » OEHET
iR d . DL D EIEFCEVEBRERNELFoTWwHD7ES, IHP iz
AT EIZ X DIEFITEL 72 H(Nagai, 1980)o TILLDKRE 2EA LI, 21KEE<
FIWVTE) ETAHD RTeDBELLDREE TS () F Y P2 @2ZTEE
LTWAHMBEMAE/ OV ik, b EERKEZ 572025, THP 54T 5H
SEIWXY) TRBIIZRo7) EHRINT, BED2HEES L T 5 FHEME
NETT Y OBSIIMI RIKEIZH D, BHED pH 22 27-0) DPG X THP
EEEERIDTHIEIZLSTAESIC R-T OEELAPRI -7 EEZ DS
NIZDTHb, TNETE2RETTLVDPOHFENIBRPERIEI o 7
bl (WA

LoL., 2IKEETVHIIRZ R VWEREROHELH L, THP (2L->TY
T/ A NRBEANET OV Y OBEBNEIIET T 5, az(Fe?CN7)pe(Fe?)D B
EHAMEORE, [HP 2554 TAZ LIt TIHMBICHA T ABEOHENM
i3 100 IR 25D TAF VRIBENP O T F RIEEICEIL LIRS E
WTEDD, azFe?)pa(Fe3*CNDHEIL, 10 LIRS 262V, TDOZAL
BiIAFVREDPS TFTAFIRICHEENTEAALIZEE X A ITIE/N & 3 (Nagai,
1977)o NMR OHFIZIE, NEF/ OV U 5FREESTLT LI —FEE L W
TNEVIFHEITNNLOPH b, NEFOEUVPETAFIVREEORIZTEE
T HKEREED 0P REIZH 5 D7EH (042Tyr+-p99Asp) . THLIZHEKT S
l4ppm NMR ¥ 7 F)UAST 7 / A MEBRANEZS T E VIZTHP 212 TH B X
Nz (Miura & Ho, 1982), B CIERANET O DT T J X AL OHIEEA
FNWVEOHDONMR 7 F VG THP I ONb EAF VDL 74 F L HIC
74t $ % (Ogawa & Shulman, 1972)Z LT, THbH,

T ARNNAREAFUANLDETNVTHAL I E#FBLT, BESETH
BEOANETO VOB FREST RTOEFVEED, TOETIVOD4EBERNE
FTUUC P2 BBIRHETLHELXZMET S EICL o THHERANE/OE
YATHEO “BEEHOBHIANEY " TS HED Ackers 5D NV—T
IZX o THEE N2 (Smith & Ackers, 1985) B/ OV VIIHEENEES LT
CEE, EOHTIZy MIEDEFETHEE L7256 EDL S5 WO RERDE
CADPERRIDOTHE, HHDO—HDHIEIZ L5 & (Ackers et al, 1992;
Daugher’ﬁy et al., 1991; Doyle & Ackers, 1992; Daugherty et al., 1994), 7/
A MREAES QU 2 BHEGSPHEMANT /o8 0ETVE LTS
RTIE, 1, 2WEOYF Y FESBRTAT OV Y 4 BAETO (b L <
i aoBe) 2 KIS T AHEIIENICRERBRERA S o7z, 2WMY T K
PREELTWAANET O o O PG FRE4EELONLN, €D
LREAD2EHIZ2O0D) 2 FAEEEL TWwbsHFHE ([o(Fe-02)B(Fe-



O2]la(Fe)p(Fe)]) ITHE T 2 ET N D FRENMLO S FREICHRTIEFICLE T,
NETOEERFPICEEHERETEZREIIFEL TNVWDS, EWS5DTH S,

LWL IDTT I AMBEANE/ O D 2> ERIBCIEBERD D Z &
BON> TS, NEF/OECD 4842 BERTEHOHEZRH DR, FEFIC
BEPADPDRDFEND D, BIAETAFIAETOELEST JARMMES O
Y E2HEKEG TES L TlaFe*-CN)pEe* -CN)laFe?")pFe?" )] S &
AT OE S EZHBTIHES, TAFIATSTOEN 2 ERICHMNDE
ENEFEIGEN O TEEREBICET 2 ETRETREMN S, ZNETENE
MTFAFIATTOEEVT JAMEVOED EZBKRPTERE TR EA
LADBTFRBINEI > TLED OTH B (Shibayamaet al., 1997), NEF/DOE
UHRFHROGEIDALEGADALDDH NS 2 F LB TLEN, HED
7 AMNBRAES/OEDATEIERER TRV, [aFe-0lpFe-
O2)llaFe)pFe)l & W D 5 T8 O E F I T H % [aFe*-CN)BFe* -
CN)Jla(Fe)pFe) Mo Z ST RBEES TERET T IVICHRTEEZ LRE
ENE0H, ZOBEBTEPRRZEEZOND, ZOHTFERTAFINT
FOEEIT IARMMEFOEL EZERT, TNESDO2EATTHEREL T
BRPICHEESES, LML, EREOMICE FORMICE > THRL B2 TE
MTETLES TWBDOREMNNT ., TOKRABANETOEOHE %
laFe* - CNIBFe* CN)laFe)pFe) 0B LEENW L XD, ANEF O
EBOEFORBIEEL TCTAFIATTOE ET ) A MAESOE
S EEREREBEET TR aFe*-CN)B(Fe* -CN)a(Fe* )p(Fe? )i Fi ik #&
TEDLSWHFETANEFARNER, ANT/O0E3FE2ED 8.6%LLTED
- 7= (Shibayama et al., 1997), Z O FIL Ackers 53FEHRL TWBEFE.
1FE 50BITEERTIE B DT/ E W,

ROHADRNT U, HADRIN T4 ) VIdEREC—BILRFEZE
EELRBW, Y2H 2 UD-430D) MnUID-FedD) ERATZOE > O&IDY
Ty MIBW—BILRFEEIEER L2, —BGKBHEE D Ke DEILEE
RN 5SRO ENT NS, FEEHEIL CO BANESTE > DNEIREET,
fREEHEEIL CO-NO BEMRXETHEINTNDS (INSDHEITDWVWTIEE
SETHND) , COBBDIHERIIEHEER LMEEREERO LM 5K
DENTVT,. BEOANETOE O COBED Ka b X< —HLIZEHEEIN
TW3Blough & Hoffman, 1982, 1984a), Z OHE %K. 5 & MnUIDRIL 7 4
D ATEBWAFIALETINEVWZED N, BEHUEICODWTIEALED,



MnD)-FeDiRHENEZSTE YD) 5| ceMn(D))pAFe)iR T 7O > DEE
FELSD Ke DI, BEOANEFOC VOBEEEO KeDEL DA L/AE W
DTAEFIANLDETNVEFV IRV, M7, aeFe)f2MnII)RENETTY
YD KeDEiE, NESOEVOBELED K DEL ZZR L0 T, g 472
=y bOFIIZHBHEE MnDAEANT 4 FEFFIALTHLELLY
(Masuda & Morimoto, 1993), D4 & LT, Mn(II)-Fe(M)iBRANE/ T K
YRV T I AMBERANESUE DX RERBRABERTIE Do TS
(Warterman & Yonetani, 1970; Masuda & Morimoto, 1993),

Mo(IDFNVT 4V 3ERFICBENIFET ARG TE Mo@)A VT 41 »
NEBALEINTL T OT, Mn@D-Fe)iBHATE 70 ¥ > 852 -4 i A7 8]
ETERV, ZNT, BEIEVEH T—BILREOREEEE & PEHD ]
EE3NTWw5S (Hoffman et al, 1975; Blough & Hoffman, 1982, 1984a,
1984b)s Mn(D-Fe(IDIRHANEFTE XD COKED Kiid, BEDT A X~
T7UEYOFENERIZPIAELZRTOT MadDAENVT 1 VIZRWTF X
ANLDEFVEENTVSE, COBEHEEIBEDTEIXFINEITOE D CO
HAEFELFR L bW, FRFRIVDBEVEEFBH S TnT, I
BES)Y T 1=y MOEAEERIERPICHP PHFETH LB 15, LHRES
LT\ 4 (Blough & Hoffman, 1982),

% 72 az(Fe-CO)B2Mn(D) & ) 75 F & X S S ST O R0 HmE SN T
V> (Arnone et al., 1986), MEBBFT CI DG TFRBEDTEF IAE/SOE
v ERUEGRR E 2o 72 02(Fe)peMnD) & 74 F VIR THRIETBVT,
FDHCOPFEHEAIETVD, FHIRIE30ATH 5, T FEBDOFHER
FoaWTazy bRICEETSTBY, Y72y FRAEXR V71 =v b2
FPOEEZIEV, a 722y POANLIC CO PREE LT LITL-oTE
ADA A A 035ARN T 4 ) VHICED & AL v X FT 2 b [E U721 83D
AF N FoBONTEHZ a7y POFANY v 7 A% 5| 08ko TWAHD,
FOBEZ a2 FREE TELo TWRV, TOFANY) v 7 ADEEEA F I
EFOE Y EFFFIAETOE Y OREDECITHART/RE W, 175, Mn(D)
KT 4 ) v hEDRY Ty FOMEIZIRAD A £ A Ma(D) 1 F ~ KD
ST PNETAF VAT D B T Loy POFELIZEAEEDL ]
Pot, L L. BAIIIHRENEVWE ZATLMERENTEL T, COMB
FOEBEELEY BERPTEBLALALY CO TRAMLTVWZWVWEZEZSN
%) OTANEZOV L OMET L CHRT 2 ORHEEL Y,



Z03 2N MADFHOEHFRANETTE
/50 +AD-#A) (Co(D-FedD) BEANEZITVE Y ZT T/ A MRERANES

T VIR THEDBEF RV, NETTOE YD 4D0ALFZ I3 1)

(Co@D) BT 41 ZEE#ZT Co)NEF T YD CoH 7 2= b
BEERZTHNICESL, LrdEEGCBEOBRERETRIIENYS
P o T Db, TOBEBNMEIL, BEONETOE Y XY PooDEZ BRI
THEHI0EEL, BEBLATIOE YD n ma?’ 3.0 5L 2DIZHRTEY
2.0 E/NEfE L 7R & 2 > (Hoffman & Petering, 1970; Imai et al., 1977), 7=
2ZL. Co¥y 7=y MI—BMLIKEDTFRIT L ALHEE LV,

Col)-FeDERNETE T Cod)r 7=y b & FeY 7 2=y PO
FICBBLEEETLHDITEN, CoY 7=y b OBREBMMED Fe)V 71
=y FOLDIZHRTEND T, Co)-Fe(D)BRNT 7 TV ¥ DEEE iR
ZHEST S BERBEMRVE JEMEL FeDY 722y MZETHE L,
Co@DV 7=y MIEZBEREIF G Lo Throb#EET 5, I DBRETFH IR
@ Hillplot 2°5 K1 Df, 2F Y FeH 721 =v M1 EEOBEEZEETS
FHERET RBOIALTENTEDL, ZOFEE. aFe)p2ACo)D Ki DIEIZFEFE D
NEZFOE D KIDEICEDR27-DT, 74 F T aeFe)pCo)iTiTIZTF F T
NETOEVERUBEE L TWEEEZLNL, 7206 g 722y FAD
CoENT A1) YIEBWTFFIALETNVEWVZ L, #15., axCo)p2Fe)D
KiDERINEZSOUEYDOZFN I O 10 FREV, DF O ERRBAMED) 10 55
Voo 7=y FAD Co@DRENT 4 ) YIZRWTAFIUANLETIVERER
Zzvy(Tsubaki & Nagai, 1979), FT7-. TAF VA REEDEELBETH 5
l4ppm O NMR ¥ 7 VA, 74 F ¥ axFe)BACo) TIIBHFEDTAF TS
OV & EEICEBIE SN 5E D, axCo)pe(Fe) TIHATESI I L CEBRl s s
D ENLPoT0) T 5, MEDE 14ppm ¥ 7 F IV A BT 5 121E pH & T,
HP #2237 5 2 v (Inubushi, unpublished results)e ZD X 9, a
72y DO CoMMARNT 4) VETAFIANLETVE LTI EV,

A4 ¥ Y Co)-Fe)iBRANT 7OV O —BLREESFEDPESINAT

V2% (Tkeda-Saito & Yonetani, 1980) —BE{LRFES T3 Fe)¥ 71 =y MZ
DHEFEET Ho CORBEIIHETFHHEEL NMR OB RE EE&E- T,
a2(Co)Ba(Fe). az2Fe)fACo)DMIREANETTE L ESITBED T X I NES
OV D CORBEFEBLERmULSWVEBWVWLDE o572, NEZ/ OV VBRI THP
FHIX 2 ESLITE hoTe SO LD IZFH F VIRRED Co(ll)-FeIRBAT
FOC I COBERENDETRTFAF AT/ ERIFICRZ 5,




204 v VID-HGOERNEFOE Y
TAFVANLDETNVELTERD IR NTEDH=y 7 v )
(NidD)) BV 74 ) Thb, NIADENT 4V VIITEEED —BILREDL

G L%V, NIA)ENVT 1Y > &fo7 NidD)-Fe)BHEANEI OV > OBES

FIPEIEYVY, ae(Ni)B2(Fe), axFe)p(NDFRMANEZOE >0 Ki DfEIE, HEE

DNEZFOE D K DEEFEICISPTNVED T, AETU U 3FHO

NiBENL T 4 ) YiZFFF AL EBZRCEER2SEOT 71y M5 2

TV EEZ SN, COBRIINSL VA RGBS (pH, THP) R, {L2564
EHL7-ANES O THITHR TV A (Shibayama et al.,, 1986a, b)D T,

NMAEANVT AN YERWTFAFIUALOETNVELTEHLDR T S

(Shibayama et al., 1993, 19953, b)o Ni(ID)-Fe(I)EHRNEF TV > OBEFEES

BREZ, BEOATFoV D 1EE,. 2BEBOBREEEBEOETNVE R D,

F72, aeND)B2aFe)F D Ni()RIV 7 4 U Y DEFHEANRT PVIEANETTE D

BETIE->TERTEIE L Do TWwb, BBEART FADZbiE a 3

Ta2=y PO NIIDRNVT 1) D 4 BAL, 5EMOEAL LTI ST

o BENETOEYPTAFVEBELZL TCHE ZRENLRAFT T

NiIDARNVT7 4 ) IR LTBL T, A FVRBETREM e 25T VB
L7-SEAIREEE . BAL Thiv 4 BEAAREEDS, 1331 K Wil o T b,

a2(Fe)B2ND))F D NiIRN 7 4 1) Y OWHANRS MV bANET T Y OFEELE

1> TS 5, Z0EARNEL, LT LIBEMREOER/LEXILD

o5 TWW, NI@FENVT 4 ) yORFFBART MVEALIE NiDRVT 4 )
MTEOHEERMAFRE R 5,

Ni(D)-Fe(DiBENE 7 U ¥ > OB F ke L HEE L OO BRI X
SNT5, HEELTILOFIEIZ NMR ¥ 7 F V(Shibayama et al., 1987). &
AT M, KBS UFEILLE o T2y PONLEENCAF T ED
BEOMBEIRE OEIL, E WA WnEH L, BE FEBEEBELLOEEDH
RS 2IKBET NV (—FEBTTNV) THRESISE L) RO TR RWEAF W
OWdH Db, ao(ND)B2(Fe)it, BHD pH NEHWE &, pFe)r V1= v MIMRE
PREETAEST o 722y b NIDRIVT 4 ) v~ XFT Ui
b, afe FEDHELT 501, BEFHMAIBREL2RL TV R
Vo fbEAEE L TA LEEESMNME 21 < L7 axFe)B2(Ni) T b RO F S A1
ENTRDE, BEDKEE LT RVALEHFOREZIIES v > TH~L LB
A F VBB R LTWAOIC, MRETEGES % )R E2IBREMER L7
ELL08L, NESOE S TEBEF-FICHETLL TR EEFEZITL
WIZEERLTWS,

Ni@D)-Fe(iRHEANE o gL —#— 7+ M) P R (R 33 TR
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R3) EHVWTIUT Y FOBEGEXEETADICHEL TV 5, B, —BELIR
#. —BLEZOEZL)E E N TV % (Shibayama et al., 1995b), Ni@DH
VW7 4) OMIIANEZT > O)F Y FEAMEZES S ERRLVT 1Y)
ZiZiE Mn(I). Mg, ZnDRIV T 4 ) U ENRHHD, Ma(I)RV 7 14 >~
BEEFHHEMTIIM R 2L, Mg@. Zn(MFLV T4 ET7Tv 2 aT
RBVT4YUHFFRLTLE ) (Zemel & Hoffman, 1981; $3%) , Y F
FHNHPEANEZTOE DO L—H— 7+ M) ¥ AEEIZIE NidD)-Fe(DiR B
ANESOVEUFRBATH 5,

FD5 =IFZVyLAI-FHAERNETTOE Y
EBRBRERANE/OVY VR FETLIEOHBO—D, [~ETTV ¥
SFOBEZAT L TVDLEEZLNIANLDEL 2B ERET, T0
FHEBPANETUEVGFERIIED L) B FRANIPEETAH] THDHZ
EEICBRIz, NEZ U Y OBREOREICIE T BEELCHITEETH AL &
EZONTWLDT, A4 V¥R EDFHANA 4 VIO WEIEBER THEEIT
Nize FILRAPRET, ERICEBRERERNESOEVPFRBEN TN S
ERAF ERPREDOEFEIETEE FH¥TLAV). NFTTLAV), 7
OAI), ¥ F @) & AN, SkAD. 279 FA) & @), = v 7 @), #EAD.
WERAD, M ELETCREDETIZH LI VTF =y 2D b EBERER TS
oY I fE b TV A (Ishimori & Morishima, 1988)oF ¥ =7 A DERKD X 7
YIUTLEAINTTLE, BELLAA VFEHDPKET E % (Shannon &
Prewitt, 1969) £ W) BH T, TNOLDTERDA F RNV T 1) VIZEAER
VI ER LV, FPERPTINSORTEDEL IZH> T, TDERER
W74 rBILHFONTVEBLDIIS T AT TN A A U DHb, T2
TLBF A TWBERIVT 41 OFRIZIE 7007 14 )0H5% 1) (Clayton, 1980;
Parson, 1988), ¥ 7, 7/ AT T LRV T4 Y VEEICHTHARLGNLTWS
(Fuhrhop & Granick, 1971; Smith, 1976) D THERFEE TH S, X/ AT T A
RIVT A e~NEFOE v OFIIANTZOANTTu by OfELE) 25
2 EDEEAIET 7245, NETOY L OMEIRITIZZO FOEME A F
VUDNMBIZE o THFHE SN TWAESLH EZEZLNTW, b, K7
4 ) VERMEAF I UOBOESOMIREFHEHLAAETLITHA ) &
BENT ) HDERA A 2D 3A BT O, FICEEA A V06 RTiEL L
AFT v DOFTAEL TS dy BF O, NEF UV L OMEICKE 2%
WhEZBIEHHIEEZLNTWIDTHD, EE. dy BFOEIFZITIIS
WIFEREANEZ OV > OBZERMEIITEAEIIH 77, dy BFOEDE
WEBRVT 4 )Y (Zy v, A, MR E) 2o REANE S
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OV OBEERMEREL, dy ETFOEI DL WEERIVT 41~ (£ a s,
BONEAE 22 E) 2o BRANES O Y OBERAMEEIE» o770 |
BT T AT LADA A 2 3d BF PRV, COEBRNVT A1) Y &2fE
STEBENEZ OV OWEIT—REALZDD P, RITYBAREETCEOH
BRWHELLFARLNT WS, 72V A0D)-2ID) Meg(D-FedD) BEANES
UV oMY 7=y DY T Y FEAMBEIFE IRy, BEBAMOLT
DD ELETLH L, MgdD)-Fe(DERNEZTE O K1 OfEIL[FE UEBD
BEOANETOE VR NiID)-FeDEBENETTOEZDLD LY H/hE W, B
i THP #h12 5 &, MgdD-FedD). NidD)-FedD)., BEDNEFTOE >0 KiDfE
BFETHEL Y, 1FIZAE L 5 Wil 5 (Fujii & Morimoto, 1995), & D &7
DPENETOVY U HFELELIBERNEOTREZ Z 5N b, MgID)-Fe(D)IEH
ANEZOVE VI THP BEL TH, Ni@D)-Fe()EHRNE IO E U R@EEDT A ¥
YANETUE VATHART, & BEEFAEIMRVIREBICEVWIRBICSH 5 L& 2
bNb, ZHONEZFTOEDYT Y FEMEZ L THEVWIREBEZZE/LL 12
W X, EEICEAZBERAETIOY > ThHDE, LPLIT AT ARV
74N T 3d BFFELENDIZ, ZERENET O OBEX )TV F
B IEE IR VIRBICEER ST LE ) ORIF L Cbho Tz,
BERAE7O VY OH T, Mg@)-Fe()REANE 70 ¥ O X4 S AT
BEDL X {FEENRTWAS Parket al., 1996), T DEEANTE T TV >V O Rk
EEATIE, aeFe)pMe) VSHFH DB AUE ZFr> TWzDTiIThi 7z, BEDE
WHT, TOBRANEZO VB0 Y712y NADT T R T LKRIVT A
) Y ORIEANRT VA, aFe)yr T2y DY T FiEE - BEEP, BED
pH. THP £ KFE L TEALTADTH D, CORBNET U ETAF
ANESTVE X ) ABEBMEIECICOEDL LT, Thb, BEBAEIK
WIREEZ DIC, NEF UV VA FHRTRAS P OBEEAIR I > TnHET
LUV SNF2IRBET w@ﬁﬁmfm%auz/Tﬁﬁwﬁﬁiio
B L] EREIINNTIHETH H, XBRERFEEHT X,
a2Fe)px MDY VT AT 2=y PDANRY M IVEAAR—EED X 5 CC
BEDBIZ L DD BOPFREL O TbIIz, $7-. MgID-Fe()iRFE
ET/UOVVMIBEEOTAF IAEOE Y L) HBEVEZRIENEERTO
PRELT-DTOH b, BEDFAIFIAESOTE VEDOENITAEED E
WRLELTWAIETTHS,

a2(Mg)Ba(Fe). azFe)po(Mg)DT# F L E CO F AT Ok FHEE O FAH
TWh, ﬁwﬂrJ~MmmFam&m«%7DL/tm«ét B fEEEE T
DF—F T ffio TSN TWT, L COBBERTIE CO HT0HEARY
HWOT, FAFXFIANEFOVIC CO PG Lz 20fEEICOWTEE



L < & 7)’“(% B RTINS T A F 2 Mg@D)-Fe(IDIRBNEZ7 O ¥ O

BEDOTAXZIANEITOE LV EZFoLK )T, BETFEBRETRE O/ EWIZH
NTiEWwhdol, F4F Y Mgd)-Fe)iEHNE/7uv¥ >t CO HEE&H
Mg(ID)-Fe(DERNET O ¥ L DfEEL 2L Z, CO FF2 Fe()Y 7 1=
v MIEE LS EIC Lo THEIZIL L, ERZADIE FeYr 7= v b
DANLFTFEFENC AF TV e  FRIZORPFBEFEANY v 7 X721372 572 .8(Fe)
FT7L1Zy M2 CO PREELILEEZFAY vy 7 ADMIZEANY v 7 2641
BHnimXHICR 27 Mg)yR)V7 4 ) OREEIX Mg A 4 VB L Tw
BENMEAF TV ONELEDOT)  BENEZSOE VP TEHFVETH, CO
AT, BEOTFFFIUANLOEEEIFFEICL BTV,

ZD6 BN T741) V-HHA) (PP-Fe(d) BBNETTE Y

RBAV74) >y (PP) &id, TOEZFHOBYRLEBAA VE2F-LVWERLV T
L) EREIZTERY, TORBANEZOE Y TR, AV 740 VALK T
v OFORBOTIVEBEREDO T TNV T —VATTOARIZ L>TEHEE N
TWBEEZOLND, EHhOEAIN, BTy RO RVT 41 Vit
HICHRITHTLED) XD THhb, TOBBANETOV VREREBRIBHAES
OV EEEZ RV, NEF UV VOBEZRSBETCHRERAZREETSH -
DICEELFLEZ ONTVAANLFMNERATF I U HOESET->T LIV, #
DEBERARDLIENTELEERRBIANESTOY Th b (Fujii et al., 1993),
ANL-FLC AF T VSIS & a2PP)B(Fe) & axFe)p2(PP) & TiE- 72
MEIFBENE Z LD b o7 axPP)B2(Fe)id, Mg(D-FedDiRHANEZ T~
ERMUEEOEFICRVBEZBANGE, FHRWEBRELE S LR L7,
aFe)pe(PP) i3 BEDTF FINEF/ OV v LR CEBEOBEZERMNMTEZ R L,
a2Fe)p2PP)E NE 7O D Ki DER I U TWDTH B, BTk,
az(Fe)p2(PP) iz K Z O OBFEAWHRAEA R L (amax=1.3 { HW)
MOEEBHRERNEISOE VEORE, RV 747 CORERBRIZE -
THEREINLTO M T FNVORELRENS, (1) BFe) 7=y bOBEHE
AT o 72y PHOEMERAF I U OMNBEICL > THEB S TS
ELG) aFe)yr 7y POBEEBAMEHE L TWEDIE. BTy D
R AF T VOMBERZITTELZL Y T2y POEAN) v 7 A0 11 FH
DT I BRI -/ ORIV T 1) YIRS AL E AR DAY FDB
FFIZy FONLMEETDE, UF Y FEANLADEEICH S E1L 81 VIS
BL, N v ONETEINT, COFHEX D aFe)tr 7Ty b OBRBIMED
FAFICEE L TWADOTEZ WD, W) 200FHRIPEIHRENRTVWS,
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FDT ZOMOEERBEBRER~NEIOE ~

LF TN LZEB A F LA Cr(I) (Unzai et al., 1996; & LHE
2 #) Cuw({) (Shibayama et al., 1985), Co(I)CN(Yoshida et al., 1993),
V{IDO Matsubara et al., 1993), Ti(I)O (Matsubara et al,, 1993), Ru(IDCO
(Ishimori & Morishima, 1988). % EDOEREA 4 W@ RNV T 1 ] V9
BENEFOE ORBEFDI TS5,

CNOLDERRNEZUE VT, BEBMBELZ EZEIITLIERNERIC4DDT
W—=TUERTAIENTES, (1) Fe@V 7=y MPEBEDOLFF I AES O
VoL BV OBWEEZESRNME 2 Fo> THARBEANEIOE V| (i) Fed)
FTLZy MFEFFVAETOEVEFAF VAT UE Y OHO T 2 B
FEHRMM LA Fo TV AHERNEZOY Y, (i) FeY 722y MASEEDTF
FUNESOVE VEFEL L VDEVEBREBRAEZF > TWwERENE/OE
. (v) Fe(H 7a.2y bEBEOTAFIVAETOE Y X1 IRCEERBA
MHEFOTWLEBRNETUE Y, DA TNV—TThHbH, 5% TITENLIZE
WMANETTE 2D NV—TI3Th L,

(1) Fe3*CN~, Fe¥*Ns, Cr(Il). CoIDCN~,

(1) Mn{Il), Fe3*F~, Fe3*H20. VIO, Tid)O. Co().

@1 NidD, Cud)., Zndl)

(iv) Mg(Il), Protoporphyrin.

b, MULEBRNT 4) Yo fEo7- B8 Th, o BRERANEIUE VLB
BRIBERAETS OV ETHEFPSTILE) , LOSHEIE o BRERANES T

Ve aBLb0ThE, HEALDEBEREBAE/ UYL TiE p BH
BENE7OEOBEBENMOH D o BREBRANE/OEOLD X)W
(BIHL : Co@RNVT 1) ¥, CrAEINVT 4 Y ¥ EF- 72581, o BIRERK
NEZUYCOFN p BREBEATZIOV Y L) BEFIMMEIDLEY)
720e., o BRERAEZOVU VP HNEBEESAMERLTWAA g BHIR
HAEZOVY B CBERMEEZRLTVREEBERVT 1Y) O (Mo,
VIDO) % EFNL OhdH b,

SREBRIVT 4 VERBBANEFOV Y OBEFAEOMGE, o BRE pE
WMETHLEEES>TRID, ETNVYHED XSS 2O ZE&ER R IV
TA4) UHEMFEREELT WAL EEDBENHLEEDLP> TS (K 1-2) 6
a BEERBEAEZ/ OV Clda Y722y VOB EAF D ERNVT 1)
CHOMOESEAR T UTEWITE, pEFe)Y 7=y b OBEFEHEAMEIMK L %2
BIEMDDH DL (M 1-14A, £1-2) o —FH. B BRERANES/ T LY Tid o BH
DD ENTES DD B, HP PENEHTIRPHOBRERMELZRT B
ERERANT 703 E AR, BEBAMOB VD LENWHDITK
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F1-2 AT LVELT L) O E FiE o 2 ST s o
D BB

Tonic(A) Model (A) 0, R
Mo Mgl Radivs | Ce-N | X-M-Ct |Affmty|

a0l 43 (v)] 2.05 [2.14+033(V)] Low

Cit |3-9].65(V)]2.00 () Low
N2 20 8] LT0W) 2,04 | 2.6 (W) Low
NiT(2)]2 - 8 196 (W) Low
|26 [.07m) 2.09 | 216+08(V)) Low
ME[2-5 .82 2.13 | 2.19+0.52(v) L(C0)
(M) 2-5 |65 2.00 |219+045(5) Tat.
ol Lesaml 197 [206-0136) o)
31 oa | esm) 2,01 [244-002(T0) Tnt.
(0 06 .é{(m .00 |206 (@) Int.

)
6| .53(4) 1.9 |2.06 (D] High
|R@)od |, ") 199 12.09+003(V) High
Cm o3 | 6@ High
v o 59@) 2.06 | 62 +O\4g(g.) It (0)

* 0, AH{n(t)/ g—or the fz subunits o{ @{(2[\’\ SF%ZKI:Q ) & MF{)&(M)

5§
T
o~

Model
P)/ ZV}“(T P)«P) meso- letva (4‘p/r;d/f) Forlah/r{rt
CuH(TPrP) meso Tetra (n-propy€ ) porphyiin
Im, N7 (TMe p,P) meso Tetve Gbhbmelly d pyr d/f ) peph,
N (OEP) OLTC«O,U():QP ’\'l’L‘/V‘ ‘n.
MeIn FE* (TPP) mese- Tebw “F"“‘/‘QP "P"/ " (‘ Sy
co FQlML]m(TP LDP) pi ichet .{Lr\cg perp 1/k ( $)
WR( TPP (h.3)
’\)3 IQ P \TFP Py'. P/}«[d:nq 045
IMeLm M "(TPP) Im tTm da()f@c
@ MR, (TPP) 1ML o 1=MelhyRimidajols
IMQ_IW‘CO (TPP) 2 M*:IM 2~ MQU\/Q mt dC« kQ

3

The square-pyramidal (C..) geom-

(P;P)XC(S(TPP)T P P PPQN:J ne ctry that characterives the coordination
V0 (Deoxa ) deoxophy o alioponphy vin groups in the zinc, magnesium, and high-

spin iron porphyrins. ~

34’



R I-14 GRERIERAE SOy oRFEsRmY
A o BRIEEANES QDD P ik OTRL:
B BEMBBEATI OO PO TRLE
WS | 50mM Tris or bis-Tris, 100mM Cl-, pH7.4, 25C.
JHP L THP 7% L TS S RTZHE D Pl E 777,
+IHP {, 2mM IHP & CHE ENLHED PO fliZ R T,
s, OMAEW D BT EBFEEMELTE S &2 R/T,

Ps values of &wdwlmcvmﬁﬁmm hybrid Hbs Ps values of beta—substituted wm&ﬁm mvvm
.mﬁwmq.»

(at pH7.4)

T AR T LI B B B T T T T T T T T T
7= &
s X «
N Ao — & - £
= — v ey e talen —
= o avant ‘uv.. Janan st Pt Pt o en e jmand
= s A losuley [ —— e — —t—t
o 5 =2 o, oo 2 ST 2
& @8 s ] 3=5 A = TR o3 - bo=
w " H GLY e E O 0. = =3
- L /
|- O S — ; —~S e~ ~ A~
T of = o 200 = 2 me  o=o =
et bt - R e i) = o= et bt ~
~ - o — O~ b0+ o, = S o w o
e —— (3 — O g EE . = S O =S
S-S0 & = a lo NN ave] e O i
‘ot =] S o Qo =z
£ &2 = 3 [Ss 2ot
I L« ISRy F— sl Lot NEEWeS| : ._.J.@O

YT

Psg value (mmHg ) Psg value (mmHg )
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S &ahhTw5S (K 1-14B) o, p BREBRNEZUE ViF o BRERANTE
FurDE)ICHPCERBNEORT T TELVWISICRZ S, HP HH#E
WEHT, BRBMESRY g BRERNEZOEVICETAF A/ OE
YERUL SWOBRHEAMEDO SO (NidD)., Cul). Codl). Protoporphyrin)
&L FNRED BWEICEZBEMESTE YO MegdD, Znd@) O 2BEIDH 5,
 ZOBEBVHIE LSO EH o TWARWA,BH T Loy FADELBEIL 7 A
JUEEMERAF VYD, LR B YTy VADEBRBRV T4 ET
FUYTNVT = VABMLTWAET I /BREOHEERDY, aFe)r 721y b
DEZBAEOREICERLTVREEEZI LN TWS, [HP MERICINA LN
5L, BEREBRNEOY Y OBEEFAGIERND DI, 2 TP BEES
MEEFOL IS (H1-14B) , p BRERNTZOUE >0 b, BEEBA
HEHRHFHVLDIE THP OBFSICL->THTE VEBEZBIMEMEL L5205 D

( Fe3*CN™, Fe3*N3, ColIDCN o7z~ EF 0¥ ) & hMpBEEZANY
22550 (Ce(). Mn D). VADO. TidDO 2fF-7/-~EFuy) @24
Brdb, CO27NV—TDEREVNIEERNVT 1) VOE 6 BN FEDE
MFOREELDT, BT B 722y bOANLRy v bOERMAIT I/
BB RIS 2 AWM, ae) 7 L=y P OBMERMEOREICHMGEL
TwWard Lk, '



woi »oAIIDSADERATES/OE YD
| e Z I DN T O

(L)BREE

v RRAANES O VHEDAD o ¥ 722y b, b LLE R HF T2y b,
WERRDANLEZ UL 7O MRV T 41 2 IX (Cr)PPIX) TEEH X
77 Cr(ID)-Fe(MBHBANEZTE Y (a 2(Cr)B 2(Fe). « 2(Fe)p 2(Cr)) THREL
T. ZOBEFERELTA o CcADPPX P Ao/ 7=y MITEER
—BLREIT S L%V, CrD)-FeMBERNETTE rdD Fe()H 72 =
v POBEFHBHE AT L T, 2BEBEELSGEEORNZHE o THITLZ,
HEZ pH OB pH6.5 *5 8.4, 25T, inositol hexaphosphate f1E. 3F
HETOBEHT 1727, CrAD)-Fe)EBEANETI O VI 2FBICEET S
BEICHTAFEERIS, HbA 14 FEICHESTABRIIH T 5 FHEH L &
(B L7ze ORI Cr@DPPIX 75/%— + F—Fe¥ 71= v MIFX 5
L FXIALNFe@Y T2y MIGZAFBENETHIHUTNS
TERRT, 2F Y CrDPPIX i, A F VAL EFBEEA LA F IV ALET NV
ELTHEZAZEERT,

FFIALEFTIVE LTI, Fe(MDCN™ % FUMIFONLN —EBITED I
T &7-7%, CrDPPIX 2 F 1B LWL OhEFPH S, CrIDPPIX &
dithionite R BITEEREEFLTVT L, CxADIIBTTE Nl v, RITEER
FAETTIRA PALEDRZLTELDOT, Cr(D-Fe@)RBMANET O Y v O/BEHE
PR EEICKEICMET 5 ENTE D, T2, R FLyT)a—
Jv & dithionite FEIEF C. T4 F L L7 Cr(l)-Fe(RENEITE Y DH
R ERAZ LITEI L.

(2)F 5

E1ETRIIIC, ARV COBEERBOA =X 22 R/HITHE
MeEEATMBEOANES OV Y OUEYRLLENH LD, NEFOE Y
OBRERFDLDDENTANEF OV VERTTIZENO O EFEITE THIE
(L FREID RV, FEMSFHEOETIVEESL D LV RAETENSIT
b T b,

Fe(IDCN # F.MIFOANLRN AT F OALETNVE LT, VYT /X PNA-
Fe(EHMANES O Y EHEFEOPMEBAET /oL > DOEFIVE LTX
(b TS (Banerjee & Cassoly, 1969; Brunori et al., 1970; Cassoly et
al., 1971; Hoard, 1971; Ogawa & Shulman, 1971; Maeda, et él., 1972,
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Banergee et al., 1973; Deatherage et al, 1976; Nagai, 1977; Scheidt & Reed,
1981; Szabo & Karplus, 1975; Miura & Ho, 1982; Smith & Ackers, 1985;

Ackers et al,, 1992; Doyle & Ackers, 1992; Daugherty et al., 1992; Perrella et
al., 1994), uJ L. TOY7 /A MFe()RBNEZSTYE /% “FEIALLT

FEERTLHDIZETHHE LV, 2826, —HKICBEKM X RDOI121E dithionite A%
b N 525, dithionite (FA FPANALAZRBITLTLI)DTY T/ 2 b-Fe(DiRHk
ANE T Y Yk dithionite ISHF S L T EDTE R WD S TH 5, Dithionite
THEHBEOTICBERTOBERZ 28 ESR (glucose oxidase, glucose, catalase % 3
F3E5) THRE, THFT 77X FFeDBBNEZ T Y U 2 HARETE
R R D HIT SRS S TV 4 (Smith & Ackers, 1985)%%, Shibayama 5 {2 &
STTFAFII7 /X MFe)RENEZOY V2 EERKRETSE. A0
TEFORYE PRI -TLE) TEPFHREENSA997), 2F D, HED
YT/ A FeMRBEAESSOL V2 BERMEZEICREODIEIITE RV,
Dithionite 22 2\ D & FHIZ, FeH 7=y bD X Mt (BEfL) 2z
Bl TOAERRA NNETO Y U BTEZERDL. Y7/ A b-Fe(DBEN
T/OVVERFEELILIITER VYT /A M FeDRBEAEZOE VD
B P HARAT Nagal S X > THIZE SN TV A5 Fe()V 7 2=y POAA
DEBRACTREFICE ) LTI I o T LIV, OB LI R FEMAEDRZE
ZHIERILTWS, EHEL TWwa, BIIANEZU 1 BEICEST S
BFITH T 2 FEERDRM S ) ~ DR E V(19770 |

fiF. Nid)-FeDiBENE/a ¥ /7}> RBAD 1., 2HEEOBERESEED
FRIEREANEZOE V2R RALDICLAHFENT 5 (Shibayama et al,
19864, b, 1987, 1993, 1995; Luisi et al., 1989, 1990), L2 L. Ni(I)-Fe(I){E
&«%7u€y@3 AAB OBEZEEBEOPHEBANTEI OV 2 FARD
DI R 2y 7 7 A MFeDRBAE T VDA, PRIBEEANES
oy /@%7‘“)1/ ELTHEZ 5 BEBAMEIE Fe(H)“ﬂ“f:L—— v NeFEOER
BHERAT 7OV TN TV,

Kajitani 5 2 & 5 T, Cr(ID-Fe IR~ E 7 O ¥ > OFEE 24 fE58 & tu
72(1989) 6 Cr(I)-Fe(R N E 20 ¥ 2 ZEHD pH % HP &4 12 hH b 53,
ETHLEWVEEBSMME2FEDH, Cr(PPIX 24X U ANLEFINET HIIE
Cr(ID)-Fe(IYEMN T/ 0 €Y OREBMEEI T §E L LEZ 2 5T W,
Cr(IID)- Fe(I)BHAT SOV Vi BEEM 28D L L, Rkt Fe¥ 7
=y MIEELECO % iTﬁ_i_&b - CI(IH)-FG(H)(EEC’\{ 7= R <7 b~§§1jj
BHEHRTBHEVIBIELIT > T, TOEEEZITHTITHE L 72 Cr(ID)-
Fe)iEHANT 7 a v s OEEFEaimE, pH, BXUOHP KFHE2RT I &



AL 57D TH b,

C DE T Cr(ID)-Fe(DiRRNE 7T ¥ ORBFH, et BEFERGE
IZOWTHAND, T, CrPPIX A4 F Y ALETFTLE L THED LWV E
IZDOWTHRX 5,

(3)FEBR ATk

CrdIDPPIX DB

Cr(IDPPIX O FELF EIZ A IZ Hori 5Q99)DHFEERLETH 5,
Cr(IDPPIX OFE, RIFIBEEM LT 5,

100ml @ {5.0% (wi) T/ A5/ — )V} 1ZA JHATILTHYDORL
7= protoporphyrinIX (SIGMA #., B\F PPIX &) #% 500mgAd 3. 4 T4
4T 20 BRIRHET 5, PPIX @ 2 DD propion BEFEZEIZ T A T VL& 5T 5,
(PPIXdimetylester. LT PPIXDME & B%, DERL) KF T, ZOBEEICHE
YPHTARETDI0%T Y EZTIKE ANS, EWIC7 ORIV A LFEEKE
% [AIFEIC 400ml o002, L&A, TAT LS/ PP k7 0u
FVALITETAL, BER, LRBOKEKEZR, BUEERKEMZ, &R
L7z, EROEZKEZBREWIHIEELEEBEYRT, ZRRMIIZFTES D
EERERLTARBEELIZRL , PPIXDME 7 U OV AERICHEKEE S b
DU LAEMZTHAT S, BRI SWFIESL THEKEEF M)A ERE,
BREZNRL—F—%fFHLTS ml BEICE CRIEEHT S, ZOBBRICE
FEDAY ) —VEINATPPIXDME # F&H R3¢, #0508 (3500r.p.m. X
5min.) 2 > T PPIXDME %785, #5517 PPIXDME {3 & &5 ICBE T b7
STAY )= VTHEZTV, TV — % TREZERT 5, 1% 617 PPIXDME
wIERT A, BEWRE LT UORIVA - X%/ — ViIREH (uudvbry /~v=5:1)
WYY A VA T . (Silica gel 60 7734.5000 Merck FHF 1.0mg &
720 1.0g) WL, AL Ry FERHED, T/NRL—-F LTV — 5 TRIE
# 4% (PPIXDME 400mg £ 5) o 3 5#7: PPIXDME < 7 0 A () % &
AT %, PPIXDME 200mg % * / VHEKT LT DOHRL, 75ml & DMF £
BT, BEFZHELKTTCY Y M= —IlX ) COBBEDRELZBES TR
A5 145CE TEIT A, ZICr(CO)6 (Strem Chemicals) 750mg %X %o
SBENLT 4 ) vOEREBERORRINARZ PUEBHITA S LICX DHER
L. BUSBBIGHAK 5 9 TR KB TEE T 5, 100CLLT $ TR % TIF7/-12,
AE ) —)VE 80ml MR DB, FDWH, TINRL—F —THBRETBRELZRT 2,
572 Cr(IHPPIXDME D& ED X ¥ / — )V (01%HCI v & &) 1
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WL, YUATNVAT L (BREERZ0I%HCI 2&L 25/ — V) 2#ET S
EZEoTITbND, Af NV P2 £DTREEZERT 5 (Cr(I)PPIXDME
180mg £5) o Cr(DPPIX %135 7:%, Cr()PPIXDME %k 4 5,
CrI)PPIXDME 100mg % 20ml ® X ¥ / — ViEH (1.0% KOH,1.0% H20) IZ
BhhL. 7THH 0CICED, CrDPPIX 2 U A VOHERE s a< b5 7 4

(Thin Layer Chrmatography;TLC Art.5789 Merck) # BV Ci5l4 5, (B
BBEE 0.1%HCL X ¥ ) — V) XA XY FR Y A7 056 UEE il
L. BEEZRIZE > T CrDPPIX 255 5115 (30mg) o AR DM TLC I
PITTIHARY MIbZ &, BLXUXKIART MVOBENIC X Y iERT
%,

NEZOV DR

DT OBEZERE LT4TCTEBTTIT) o 72, HbA X CORMNEIDEHE .
W) BREWIE CO BARERIC L TH L,

BRifn L7 % 0508 (3000rp.m. X10min.) L, MEZT7AEL—4F —
TR <o W 272 0.85%NaCl I CRIMERZ B o T 7008 L. NaCl BH
THD) EVOIBRELZIERY BT, ROBREE BFEOH X -EEKREMZTE
M9 5 (0CHEMHT 30min. KE) . BROBED 10%ED MV Zmiz, X
AP EXRED, BT ZLTEEICPITS (10000r.p.m. X60min.) , L&A (b
Wry) Lk (RMERE) 2BV 0%BMME 1 & 15, RBICHZ-ZE
Bkxhnz, X <R, EO08 (10000r.p.m. X60min.) (20, BO#%E
BRW-bD%BEMW2 & T4, BIW L, 2&DICHUELTEE (10000r.p.m.
O 60min.) (I2F, hEEIZEAETDHEL, B 1, 2L dICOFTA%E
A LTHbA % CO BRI %, EIMW 1, 2 DNEIZ 2mMTris &RiE W & F
ik b o TSIEWARFE D 5 f51AFE D SephadexG25f 71 5 A CHEY, BHT 5, A
AN FaDb, COBERPOHRY) VR B 2HOEFTF2HE S
720, BiEA 4 (IRA400,JRA120 mixbed) (28T, 29 LTHELNIZBD
% stripped HbA & 35, stripped HbA 225~ A4 F—2a R —% > b HbA2
%K< /2%, stripped HbA % 5mM Nalphos. pH7.2 buffer TE % & 572
CM23cellulose 77 7 4 (F&H 1.0g 12 LT 1.4ml) D4, #lioTLHLD%
DL, ZH) LTHELNLD% A2 free HDA & T 5, A2 free HbA 5 <A
T3 FR—-4% > b HbAL 2Bk <728, A2 free HbA % DE23cellulose 77 7 4

(5mM Tris 1mM acetate pH7.2 & 5% & 577, #E 1.0g (28 LT 10ml)
DEIICHE S S, [50mM Tris 28mM Acetate pH8.2} & v B T
BHT 5. "I 0O IKERITCEEDD, 2 LTHbANFEON S, HE
BEPAEICL T, 4~5%BFICTTRFELTEL, BHOMEREELAER
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DKED, HWRILA R PV THERES 5o 38T CO ZFHERT, 4 THRETHRAET
%o

aff, DR

PToOREIENE LTATEETTIT). £7-, HbA, a$f, B COR
MR OBE, ) BERIE COBAIKEBIZLTB{,

PMB (p-hydroxymercurybenzoicacid) %. A& L7z HbA ® SH # (HbA
15FH72062) O15EEHRET S, [2M Gly/NaOH pHS8.0} AHICE D
LT, 2.0%PMBBHIZT %, HhDABWIZ 5 U LOBEIZLTEBL, HbAH
W2 PMB AR EINZ 50 TDERIT, 0.2%NaCl FHE E %25 £ 912 NaCl 4
FEEMZ 5, H3PO4 #MATHRD pH % 5.9 T TTF 5, COZBART. 4T
GUET—BHBT 2, ERKETIZEACD HbA W a ie p LTS
DEFERL TH S, HbAPMB B 2807 8 (10000r.p.m.0 30min.) (2T
Tk {, HbAPMB %% Sephadexg25f 77 74 (eq.20mM Na/phos
pH8.2 EHWMAFED 5 B4R (EL., BEWOE ZHB L, &% PMB ORE%
179 o HbAPMB 7 % DE23cellulose 7 7 & (20mM Na/phos pH8.2 buffer
LR L oles 71T LEFEIE HbALOg 720 100ml) 2D, 75 LDF
M lol-BEHRELFELDOTHL HT, B-PMB 837 7 A LEICEEL .
a-PMB 8i3%# b LTH,Y T %5, a-PMB #5272 5, p-PMB 8705
PMB 233 37-DICANH T by 7 — WHEA-7-3# U UFAEE R (20mM
Na/phos pH8.2 Buffer 100ml {2 2% 0.3ml D 2- AW A T Ly /) —)v& Af
72b®D) % B-PMBEI 1 T LDEFTTHRY TS AETDEAN T LI T ML
U E® (0.8 M Tris/Cl pH7.2) # DEA# T ALICHT I EITL > TB-SH
SHEMLE T, ff, #07 o-PMB #HEAWE, B 100ml 12D & 0.4ml @
ANVAT NLY 2 —VEHIZ COFHAT., 4 CEMAT 1.0 FMBUER . H3PO4
*hZ T pH % 7.26 ¥ TTFH.,CM23cellulose 7 7 4 (20mM Na/phos pH7.26
A1 5 LR L HbA1.0g $7-9 15ml) (CDX¥ 5, o-PMB $Hid 7 T 4 EFICHRAE
T 50 a-PMB #55 PMB %33 3720IC A WAh T MLy /— VH A o 7=
W (20mM Na/phos pH7.26 Buffer 80ml (22X 0.26ml D 2- A )V 7 h L%
J =k AN D) & a-PMB A T LADEICHEY TL 5% THtd, CM23
BT LT T b E AR EOBME (20mM Naphos pH7.2) %L, 7T
AREBES TH L, MUH LAKER (100mM Tris/Cl pH8.2) 2T Z & iC
LoTa-SHPAZH LT, a-SH, p-SH SUAEMR L 128 Y 248 F Cilgh L.
Z D 5 154684 SephadexG25f 71 5 & (eq.20mM Tris/Cl pH8.2) 1258 L T,
ANVHTILY /= VOBE, BIUBREROBERZZLTB, ZIHLT
a-SH, B-SH ${AENFEON L, BHITEEERBEEICL T4 ~5%mEICE
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T L TH <o HBOMBEIZHE SEKE, HBWA RS bIVTHERT 5,
HA#HT 4 C, COFHAT THRIEFT %,

CrdID)-Fe(D{E 5k Hb D F4 %!

HOEP LD a, p#D SH ¥ % dithiothreitol TEILE1TH o CO BDEIRRE

(5 NI EEEFETL~5%) Da dLLidp EEEFIC, DTT * 3~6mg
/mliC B XTIz b, TOBERE COFRAT., KOoF (FE) T 1M
BET D, ~o%k CrDPPIX ICBEEZ A T2y b (affid LX)
? CO 39 L(Kilmartin & Rossi-Bernardi, 1971) #f7 ) BT £ } ¥ %
(Rossi-Farelli et al., 1958) CZOH 72 =v b (500mg) D NLZILEX, 7K
72y VEREZREBST L, 7TRY T2y bOMIChb Ty bR,
TRY T2y VeEEVE TRy 72y FABICHE TT 5 (in 20mM
Borate/NaOH about pH10) o CO #2f1 X ¥ 7-fiA 4 VKT IANETOE Y
BWE ABICED L, OB %Y 5mMTris/Cl pH8.8 buffer THf & L o7
DE52cellulose 77 5 LIZDE D (I 5 26 ITH 150ml/ LI ANEZTTY Y 1g) ©
FUOEYOREAEEZIANTLDERIIRET S, EINETOE V2
50mMTris/Cl pH7.2 buffer #7 5 LWL TELRT S5, A4 X2 FoTk
INETUE S ThHDH, £3 Hb BEIBOLNS (450mg) o LINEFOY
VAW R 10~20ml £ T (CO 3 LEBIEFHRL 45 BT 5, LI Hb D
COETUL%E4TH, DMFIZENP L7 CrPPIX &2 Hb EDMTH A FL—¥
3 VEITVv, LEED Cr(IDPPIX # T& 57513480 DMF IZ#2 L (DMF
DFEFEIIHRAT E HbA BHlD 10 00 1 BEWHZ %) . &3 Hb BHRICHET
T 5, 2P CIEART S, TOEBEW %, 10mM phos/K pH6.8 buffer TFHT
% & 577 SephadexG25 71 5 AIET T L I1CX o T, Buffer D&cH L, &8
Cr(IIDPPIX D3 %479 o CrD-FeD)iBHNEF UE % 10mM phos/K
pH6.8 TEEZ L o7 CM52 /174 ($=3cm. 1=20cm) O_LIWICHH SE
bo LT, HEiRE - pHAE (10mM phos/K pH7.00 800ml~15mM phos/K
pH7.60 800ml) # M3 AHZ LTk - TEHAZEY., BT L, A4V F%
o3 TIRMET B o I F Tris/Cl pHS.2 IO X 7215 IS H R CRET 5o
REOMEITEEAELRKT, BFRANRS PIVTHET 5, (Cr(D-Fe(
RE Hb i 130mg B 515, ) ‘

Cr(IDHbL O F L
COBHLAD CORBTLEZMNLIENTAEIEILI>TIT)Y, 7L
T HbA (500mg) 5N LZWE. 78K HbA B GRHH . 20mM

41



Borate/NaOH pH10 250ml) % #H& 3 %, DMF (2D L7z CrD)PPIX & CT#
4 L= araitv, LESEO CrDPPIX % T& 57517489 DMF ([ZEH
L (DMF OARFE ISR KT R HbA BHD 10 00 1 BEICHIZ 5) . 7H HbA
BHICTET T4, 2B 3ART A, BYELREET CIBEE, TOEHED
5 B AFE D SephadexG25f (10mM phos/K pH6.8buffer TH % & -72) %
# L. CMb52cellulose #7 7 4 (10mM phos/K pH6.8buffer TF#EZ & 72, 4
=3cm . 1=20cm) D FEICEO»RE S5, EEE - pHAE 2 17 T (10mM
phos/K pH7.35 800ml~25mM Tris/Cl pH8.10 800ml) &HZHFH L., A4~
NV FhREDTIERTHBEHR T Tris/Cl pH8.2 ICH X -1 ICHBEZRF TR
Ht 5, ABOHMERIFESETKE), KRPARS MV THEZET 5, CrHDb 1
130mg 55N 5%,

HRIIA R 7 pVOBIEE I ) ENVERRBEDOTE

Cr()-FeMBEHANAEISOE v & Cr NEF/OEYORXPFINA RS b Vi
Shimadzu UV-2200A spectrometer THIE T 50 I V) IV IEAREIL, Lowry
B (Lowry et al., 1951) CHRET %, | ‘

e b AN NS

HbA. B XU CrI)-Fe(DEHNE VTV v OBETFEHEMZIL, Inai 5DF
71970, 1981) CHlE L7z, BEHIL 50mMTris 5 ik 50mMbis-Tris

(2,2-bis-hydroxymethyl-2,2,2 -nitriotriethanol) (2, 100mM ® Cl (7 1<
A FAANEELLDEHE->T, pH L pH6.5, 7.4, 8.4, WL 25TCITHET
Lo MBI HHEIL, NEFUE VOREN60 uM, 12 4 M (K
VT4 U EFEEIILT) OFFE 15mm 12, NEZ U Y VBEED 240 p MO
i3 8mm 12 L7, Crd)-FeiEWNE7 0¥ 0 Crd)Y 7 1=y M DK
PARZ bviE, Fe@)Y 7=y bOBHEN - BBRFECITEKFEL 2P 272D T,
Cr(D)-Fe(I)iRHENE7 T ¥ > OEEZ AT HbA OBIE & EHIZ, Fe(D
¥7 2=y bD560nm (NEF O DBENRIVT 41) 0% FLMEIT 240 4 M
L1160 u MOEE) &L <1 430nm (NEZTOE Y 12 4 M) OREHIND
ZAZFALTUMEL N2 DOFBILEHR B0, #5F7—FLk
superoxidedismutase % 1 2 7-Lynch et al., 1976; Winterbourn, 1976), %72
ML LT LT oo~ ERHRMICRIET A7, A MNES OV BITHEFE
% (Hayashi et al., 1973) % Bl 7= 5E b 175 720 BRETFHHMOWED D & T,
BEDST ALH ) T LB EANTE SO CERICINZ D 630nm DB
IWDZEALD HERIL S 7oA L OWEE % FTH L 72(Fujii et al., 1993),

B oI T— it 2 BRPEREEAS S Adair T2 -T2 D




DFEEBE RO, 2 BIEMERS Adair BT, 817 TR 4 RIS
FAEE Adair BT E EARRB E - KA L TH B,

K1 K2
Hb + 202 & Hb(O2) + O2 <& Hb(O2):2 ---q.2-1

MESEN D T, | HEOBRIEIESTH L EOFHEERIL

K i=[/2-G-1)] [Hb(O2i./[Hb(O2i1]P (i=lor2) ---eq.2-2
ELTEEND, R 22 FOREDIL-G-DIIE., | REDEBEZEEHEOMLTIC |
BN HoT, MELGEDOMLAIC 2-(G-DBEYHHZ LITHTIHETHDL, I
60 Adair ERERV B L, BEIVHETEIHNLDEDOHN, BRENIFEELL

NLDEERRTANETOE Y OBEBNEY X, BEISEp PEEKELTX
DEHIET B,

[Hb(O2)] + 2[Hb(O2)2]

Y(®) =
(Hb] + [Hb(Oz] + [Hb(O2)z]

KiP + KiKeP?
---eq.2-3

1 + 2KiP + KiKaoP2

R 23V CHMME ERITWES N TS EFRLILEIL IR KL Ko
. BATEREEE - TKRD S,

CrIID-FeRBAE O ¥ > D HEIEELOEEE DHIE

BREANE/OC >OEBBALICTT2EEM L R D 579, Brantley
(1993) LD FFEEHVWTEEANEI OV L O HEELOE X 2l - 72, HEIE,
ZEREHAT T RIS E RSz e T AL EERMUED DMV 37T
5T 410nm DBFINATE 2 T £ 5D % Shimadzu UV-2100 spectrometer
THE L, THICEHBHFEBERBI DWW TWT, —ERMTEIZ620% T
DY} TNVONRNDOZEADEEEET A ENTE DI, NET/TE D%
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FBIRERERIVT 4 1) V2l LT 200 p MT 1lmm BEEDY >~ 7V Euhs
iz,

Cr(ID-Fe(DiRHNEF OV v DG DT

TAF AL E NI Cr@)-Fe@DiR M EZ T ¥ 2 A5, Ward (1975) 5 D F IS
eo TH&EbEI Nz, BRILIZEZEZHEKT T, 25~30% D polyethylene glycol
1000 £ 50mMsodiumphosphate, 50mMdithionite FFHE T, pH7.0 &4 T1T
iz,

(4 EBER

CrdIdNEZ7 U ¥, CrD)-FeDB~NE O ¥ ODESIKENIZDOWT

B 2-112, COED CrD)-Fe()EMNETTLE V& Cr NEF UV U DEE
HBRARBOBERZR LI, BET250E LT, CORMD HbA, o . B .
ZLT a2Mn3)B 2Fe)DBEXAKEDERDL TTWD, CrDA F > 7F Fe()
ICHRTEEMZFH> TWAEWT, Cr()-FeM)EHNEITY & Cr NE
FavryiZEgAm, 2 0E pH AN Y FPH S DN TWEDDG0 5,
a 2(Mn3)p 2(Fe)D/NY FOBATE Cr(Ih)-Fe(DEBRAETTE VDNV FOD
BRI —E LT3,

Cr(Il)-Fe(I)IRBEANE /T ¥ /25612 06% 4T 5 & Cr(DPPIX dEN 2
B, TR PHEEIND L Ly, FEAERRDOZEF TN L NE Y
YITWIZHKE TR E, YT ELAL LAY FIZoFIcR ) EIED
2 TLE ), MUBMEEZEBONLEZFHED HbA PHBE Lz o, EICIZETL
THELZ LRI ST, EHAL LY FiZk b,

Cr@h~EFZ T ¥y, Cr(D)-FeDRMANET T Y Y DHRPANRS bV EFE
BEMTOANEZ O Y OREMIZONT

K2-2A, B, ClZCrNEFOE Y, a2(Cr)p 2(Fe), €L Ta 2(Fe)p 2(Cr)
REANTIOE CONPIRANRT PVERLIZ, TNEDANRT MVRNES
OV ERO pH ICRELTEL Lz, WO pH % 6.5 25 8.4 FTLITS
EL.CrNEZOE Y OIRINANRY b VIFERINE 2 FHH5 008t L7z, Cr NE
J ¥ »®D SoretBand DY — 7 it 445nm 7°5 439nm ¥ T 7 b L, 764nm
D E— 74k 752nm L F Ty 7 b LA (| 2-24, A’ ) o Cr(ID)-Fe()
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L { B 1
BL IR
4 w3 H2-1 Cr@D-FedDIREAN€T 7/ U £ > DR EE KRB
i ': b=l 8 laWvVazy b, L—=22, 6 NEFOEY
{ 'g 6 L—=23 laCoB(Fe): L —>4 1 ayFe)ps(Cr) .
l ............. (pli 4)(222.. P ) .
‘ T \L 548 Abs.
1 1 c
100\
l
| s
? 278 3791/394
(pH&S)\l/ » }.0
764
| 674\1’
ol
250 300 400 500 600
Wavelength (nm)
fj,6m l

- .
3 350 7 400

% 2-2 &mDFMD&&«{7DZ/®%mXA kv

Q) CrAEZFOEr; (A CrATSUY »d Sorethand iDLkl

R, HENTHERO pH LAV, AR PUAEIERDENERT, Cr(IID
RIV7 1) HKD Soretband &, BHHLO pH LRI > THERNATHREDD,
FLERAMZ Y 7 F LT, B, BRIV 7 1) v 3ktka 3 €
WIS B E TR T,

B T 50mM Tris, or bis-Txis, 100mM Cl-, 25C
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438(pH8.4)

e 416
B " e ~— |

75! 444(pH6S5) 115 C 15 wHsa) !

l 544 Ne.4 750 : 1\439 184 \
H|74 HES) ]
P os B pH | 74
543 ‘ 6.5
5or {10 p
s 50 575
E 354 E
277 353 |
275
25F
45
/\ N
\V b\
(pH6.5) Al
764\,
3567500 50 ; =0 9 ; 5
2 %0 500 500 700 800 250 300 400 500 500 700
Wavelength (nm) Wavelength (nm)

E2-2 Cr@D-FedDiRNES TE Y DRHANT PV
® *F B alCoFe)itHNES/ T Y
© H% B axFe)flCiREAE S TE Y
B, LeANE7ARLO pH Lt TXRARY MVt ) Kb B pERT, CrliD
KT 4 1) HIkO Soretband (F. #HED pH LA (- TERRATRE D2,
SmBEMICY 7 R LT, Hb, #MizEmREV 7 1) YEEDIYE
WIRARR R TR T,

SNINZetE T 50mM Tris, or bis-Tris, 100mM Cl-, 25°C
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BEANEZOECOREBA~S PIVIZIZIZEMZ CrdDY 72=y DAY
MvE, FeH 7=y bOARS MIVOHICR 2 5, EBE, o 2(Cr)f 2(Fe)
DARY PV E a2Fe)p 2(Cr)D AT FIVDOFIE HbA DA~ b v & Cr
ETOVEYDANRY VVOHEFFEICICELS (K 2-3A, B) o 7.
Cr(D)-FeDEWRNEZ7TOEOF F LRI FF X IRIDEANRY VI, HEE
BHNDENE LI —HLTWwE (M2-4A, B, C, D) o, i Ce(@H 7
Iy MIBRLESET. I CrY 71y FOWERANRT ik, A
ESUEZRFAD FeV 71 =y POBELEERBIEKFE L2nER) C
LR LTWA,

Cr(IDNEZ Ty ORI ANRY b iz, EFFHEKT T 50mMdithionite
ERFEXRTH, ZHEFLAT A MIESOVY VETHEZER LEFSETY
B L o720 2F 0, CrIDA F ViE NS DRITCHIRPEEZESR T Cr(I) 1 A
YIRTLE N2 o7z, Cr@D)-Fe(DEWMAEITTE L, V7 /7 A M-Fe)iR
JRNETOE Y EEST, X MANETOY VBTTHMERCBERICEESETA
LB CTHRETHEMGE L MEST D Z 27T & %, Dithionite & FfF S
il CrID-Fe)BHNE OV 374 FVRER2LZEICEDOI LN TE
5o M 2-5 AICEHZFHAT C 50mMDithionite & HFEZR-FFFT a 2
Fe)p 2(COBEANESTE VORPANT PV ERLI, BINANS FVidd
B72oTHIZEAEEAL L o7z, BEfIAS7-D L dithionite 23 L TED
FHBID T > TWL DHGH 5 (400nM & Y BEERHORIRDML) . FD#H,
—WALIRFEZ T TNz A &, BINARZ MV CO B a 2(Fe)p 2
(CORBBEANETOE Y OPINANRY FVE Lol HETALOE L TFAFY
ET2EVIEEEIMZ TRV COBD a 2(Fe)f 2(CoEHRANESTE YD
WIMA 7 P v aEH 2-5 BIZAR L,

MERO Cr)-Fe(EHAEF/OV >0 Fe)Y 722y FOBBRRLD
TEEEDS 3T C LM THllsE E N7z, CrD)-FeDiRMANEZ T ¥ & HbA @ 410nm
DWIEEDEAL %K 2- 6 127Kk LTz, REAEZ T Y > O HEIEMLOHEE T HbA
DENIZE P TW B Z EWDD5.pEFe)T 7=y b EEFELHE IS HbA
DENL YD LABL, ae)V 722y bOBEEELEREIE HbA ODFn L O
LBV, 2% Y CrID-Fe(DiRpi~T 2 T ¥ ik HbA & [/ UARRL B ThEe b oxt
LCHETH D, |

DX HIZ, CrdD)-Fe(DiRIk~T 7 0 ¥ 3R P i o T aic s
BOBHUEMTOLEETH D I EWFTD 570



R

' ' : .
! ' . | N [ | . ' 4 ,I.“vHJ,

5000

BT

(LU

e

Lo

b

RN

ik

A1
iy an. i R
Abs.
0.6 { . ! | [ s

{20uM az(Cr)B(FeO) + 20uM o 2(Fe09)B(Cr) }

4. 4é0 2 x { 10uM oxy HbA + 10uM CrHb }

.30 R

20uM a2(Cr)B2(FeOq)
10uM oxy HbA + 10uM CrHb
- 20uM o2(FeO2)B2(Cr) s

0241

10uM oxy HbA
> 10uM CrHb L

‘/,M\___.‘—/T’/\ ) ,(;‘“‘“_I

' HUN 00,

CINL

1,060
- 4% Sl g

Wavelength (nm)

923 CrANEFyTrYOBNANY MLEFFIATIOEOWINANY P VDR LE

(A)YANRT b4k @ HFURTILA LD D

(CeNT/UE Y + AFIATTOEY) H, 4% W alfC)BFe) e b,

4 F U aaFe)f(Cr) & A Laik ) o

(Cr~NEZUE Y + AFo~Eruty) ik, (FF IR axCopFe) +

A F U u@Fe)pCr) & RLE—HET 5,

ZOEWE, (Co Ty b EBCHY Ty FOWRERNT Rt L)

S UireEZ ML,
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A

Acehaing) Ldeoxyﬁ;lﬁ&}ﬁixf\’ﬁ MU ——

oxyBmH AN p )y ——————
(7 hr]

S0mMTris SOmMBisTris 100mCl-  -IHP  pH7.45 52704 (0.085 1)
1.000 ! L | 1,808
o800 N\l f 85w
Y s ls.em
a
&
=
P
o
2 nm |_8.30
<
g8 ... 8.209
9.000 i [ 8.808
10,60 $06.0 55.60 600.98 5.9 1%.68
L1
Wavelength (nm) -
B FEgG odeoxy-oxyZBANRY b ¢ ——— o X
8.300 '
L N DN A
S :
g e ool
@
2 o0
(=]
8
<
N
N N
4200 : I : - ] I 1 [ : 5.3
150.90 $0.00 55,00 600.00 650.00 190,33
" ' Wavelength (1m)

K2-4 BE)T 7Ly b, anCORFDBEH AN b L OWH A A2 | b
@& AXVRPEYV T2y b (F) & FAFVHBE)F Ty b ()
B A0 (FA*) — (%) B~y b
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Xl 2-4

C u,a(Cr")[)‘p(Fr:")H)'—Hbd)%‘.mx'/’j‘}ﬂ‘,‘z}%il’\"J RV = o e
f oy MG S A XY IV T T T
|1eoxy~oxy§£1'\"/ 1S1%

¢
100mMCY- -1HP pH7.45

1 1.008

I @R :
SOmHBisTris Ngtott (c.0a510)

Y

|

50mMTris

1.000 ¢

0.500 . _8.500

= : ’ 8,000

6.000 i\

4 Absorbance

o850

-8.500 _1 dae

-1.880 —T T T T T I T | T -1.008
248,00 306.80 400.00 8.0 600,80 160,80 89.00

Wavelength (nm)

D

F] OEEBTAR N

8,169

]
8.060 _| __,__-:.-'_.‘___"__IQ_.;_ :
: !

SIS ]

000 N e N e e |

o2 )

0.000

4 Absorbance

8060 | N

-8.103
18,00 $00.00

1
398,00 60000 650.80 1.0

Wavelength (nm)

© FFF W axCopsFe) WRD) L. 4% T H auCopue) (HRT) &.
(FAFxY) — (FFY) BARS MV (FER)
®) OO THHFROLL AR
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0.4

03
— 0.2
- 0.1
0 7 T T T 0
400 500 600 700 800
Wavelength(nm)
i H N i | ; ; . : 0.2
B 1“5%wm
4lnm /\\ §4
2 4
P H (.160
. 5 .01
1.5 / 6.
|
84 T 44 1 nm / .
© PH2.¢ | 445 9 BN Ryl
e 6.5 | 44¢nm —
S 1o i j |
.§ 1 ‘/ \ : i .08
= \/ | e
I
f.5n0 _ |
L0 0dn
1 (e Ry TR 11 ¥
T T v v T " o
250,00 300 1t o0 in SR OR 700, iIREE
. Wavelength (nm)

H2-5 axFe)f(CoINEL Ty DIHANRT b v

(A) 50mM Dithionite fFESEMFD T A F VA q,Fe)pACONE VT Y (@) ;
48 Ml fa(b) o 96 MR (), Dithionite DWRULANHEM & dkiZdi» T DAt

A (350nm i) » FOHE. COT AT REL W IIMERATANET O 2

CO Zfitr 2d7:()e %1 . 50mM Tris, 100mM Cl, pH7.4, 20T, N5 HE,

NET T PREE,

B) axFe-COBACONE S T Y X DRIA R - v o) pH KAk

ARW7 ) IAET 170 2 M Imm DGR ROEA v 24,

EIRO pH D L5 (AN (24> TERILE TR S DDANRY b i3 g3 5.,

RS T 50mM Tris. or bis-Tris, 100mM Cl-, 25C
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0.015

AAbs. / 1uM heme

LeG [v/(1-Y)]

0.01

[ 2.6 Ce(ID-Feii 7 12 2 o) Fe() 72mn v kO FERIREIEOE

9) T asCo)pa(le); it au(Fe)u(Cr);, @: HbA
Cpcdpco AL MIZ0 B ERTITIRIES AL LIS R HENIR L TH 5

o MESZME © 50mM Tris, 100mM Cl7, 37TC. Detected at 410nm.
ﬁ ,o” ANE7TEPIE, 200 u M RV 7 41 »3EHEE)
.

LOG {Y/(1-Y)]

-1 g - 1 2 3 -1 0 1 2
LoG P LOG P

B2-7 CrdID-Fe(DiIEATE 7 1 & > O34 # o Hillplot
(A) oA Cr)p(Fe) B2 F: -6 % o Hillplot
B)  ax(Fe)p(Cr)D N 22K i iR o> Hillplot
&S - 50mM Tris, or bis-Tris, 100mM Cl-, 25C, Detected at 560nm.
O:pH8.4; :pH7.4; <:pH6.5; A:pH74,2mM IHP.
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¥ 2.1 Cr{lD)-Fe(IDIRMANE 7O ¥ v OEEEF /T A — %

KA :  50mM Tris or bis-Tris, 100mM C1-, 25C ; AEIOEEEE, 60uM. ) RONSIA—FiF AEY
DY HBE 240uM, [JRDNFA—FEAES/OEBE 12uM RETRZEENE BEIRLT ) 2HH) 0 A
E/OE BEH 60,240 uM DOFER, 560nm T, 12uM DBPEIE 430nm TRIE S NI,

pH IHP Red” K© Ky Pt P met¥
ay(Cr)By(Fe)

6.5 - - 0.88 1.6" 0.85 1.2 10.6
+ - 0.026 0.070" 24 1.3 8.2

+ - [0.030] [0.0821 [20] [1.3} {8.31

+ + [0.021] [0.082] [24] [1.3]) [2.51

7.4 - - 2.2 3.4" 0.37 1.1 5.7
- - (2.8) (3.3) (0.33) (1.0 (3.1)

- + (1.8} (2.3) (0.47) (1.1) (1.3}

+ - 0.069 0.39" 6.1 1.4 1.4

8.4 - - 2.7 3.7" 0.32 1.1 3.3
+ - 0.73 2.9" 0.69 1.3 4.4

o(Fe)B,(Cr)

6.5 ~ - 0.25 0.72* 2.4 1.3 4.0
+ - 0.012 0.039* - 47 1.4 3.2

+ - {0.010) [0.043) [48) [1.4] [3.0}

+ + {0.010] [0.043] [50] 1.4} [<0.7)

7.4 - - 1.2 2.7% 0.55 1.2 2.4
- + (1.1) (3.1) (0.55} (1.2) (0.7}

~ + 1.1 2.5 0.60 1.3 0.7

+ - 0.018 0.20" 17 1.6 0.9

+ - (0.015) (0.23) 17 (1.6) (1.2)

+ + 0.026 0.15 16 1.4 0.7

8.4 - - 3.2 4.5" 0.26 1.1 1.8
+ - 0.52 3.0" 0.81 14 1.8

a4 : omM IHP %fERt. ~ : [HP OBNEH

b X RANLBTERERGESRYE. — BUERRAOENRY
CEBANEI/OEOHKADT Ty MO Adair E (B OB FEEBE. torr!)
dERAESOE S OHIDHT Ty b Adair B (BB OBEEME SRR, torr)
fHill plot DEALA '
EMREHHRAERD A MLSHE (2BOANLDHDELR)

blogK, D% R 2-8 IR L7z,

#2-2 BEREESHEELMBALEEZWEST A LIlLoTHLN
NLZ O DK, O

Ky for s qubupit Koot RSO0 Condition

2.3(x0.9) 4.5(=1.7) pH 7.0, 20°C
0.1 M bis-Tris
0.1 M KCI

3.10(%0.13) 2.76(=0.09) pH7.4,21.5°C
0.1 s Tris
0.1 M NaCl

3.5(=1.0) 3.7(=1.1) pH 7.4, 25°C
50 mu bis-Tris
0.1 M NaCl

2.6 2.6 pH 7.0, 20° C
0.1 M bis-Tris
0.1 M KCl

1.67 2.1* pH 7.4, 25°C  This study

(2.7torr™") (3.4torr™Y) 50 mM bis-Tris
0.1 M Cl™

@ Ky of ay(Fe)B(Cr).
b K, of ay(Cr)Ba(Fe).
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- CrID-Fe(IDhybridHb DEEEFEHEFEIZOWT

2-7 A, BiZ CrD)-FeiRNET 7 U DR FEHE AR D Hillplot %
T 7ze & 2- 112 2 &g Adair BT 5RO H 17z Cr()-Fe(iRKNE I T
V2V DOMEFHINT A= 5227, XF A—=%1ZdK1, K2z, P5so. N ma
DEEIBT O NIz, T7-. F 2- L ICHEBEZEPEHELHEL-H L TKDS
NB b E N7z~ L (X IAL) DBEDN, EEDOANLDBEEIIHTHEFE
TRENTWVD, BLENTANLDOBEIZ, X "L BTEERXFETTHE
ENTEMOBE., FEFITRL o722 00 h 5, Lo L., BRETEE (&
FDINTGA—F) ERTHERDVMZONALZ LI o TKE FBIIZT 2
Poli, T, BEFEHHGIBERANTIOE VOBEOFEELITEAEZIT
ol %8B, CrdD-FeDEHNT 7 u ¥ v I %2 F 070, BT
M2 HET A7-0D 560nm DHTIEIANEZ OV L OEEICEENBENS &
W %ol BIEBERGFAESLS T, Cr(ID)-Fe(RBENEITIE XD
BEIFEHMELZFE LY 7NV THRITCER L THEL TS, BEOHBENTE
CAUPHEEAMET LI ENTELDLLTH S,

IHP VB HEENFTE, Cr@D)-FeD)EKNE/TE VT E THHVERESR
AMEERLTzo pH8A LTI a 2(Cr)p 2(Fe)& a 2(Fe)p 2(Cr)DFHIRATE
TOE T EAEBREERET (n max=1.0-1.1) | HEE o SR HBEB B L
FIZRE U BRI 2R Lz, B D pH AT A5 I29E> T, MER~NES
Y OBEEIZELS 2, pHES £HTIED nax DEDT 1.2~13 %225, I
EENTL2TO pHFHT, o 2(Cr)p 2(Fe)D n max DfEIX a 2(Fe)p 2(Cr)D b
DENBHLULAEL, T o 2(Cr)p 2Fe)n57x L72 Bohr $1E1E a 2(Fe)p 2(Cr)
DRLIZDDIY /NS0T,

a 2(Cr)f 2(Fe) & a 2(Fe)p 2(Cr)DTHRAAT 7 0 ¥ OREFHFH di#R i THP
AEHICINZ SND L TRERPEEZNV 72 BMEFNMEIZE A % o T, Bohr
SRGKE o (BFEMUN pH KK E CEFT 529 1%o7) o
Cr(I)-Fe(IDIRBNE Y T ¥ DK 2 DMED pH, THP KA1 % X 2- 8 IT7R L7z,
K 29 pH, THP K% M:i4 HbA O K + DfImai et al., 1970; Imai & Imaizumi,
unpublished observations)? pH. IHP &KfFMEE X —B L7z ZOFERE,D
Cr(ID-Fe(DIRENES D E OB T, CrADPPIX i35 & 5 EF ¥ VAL LN
UHBEEN A TWAEEL LI ENTE S,

FA4 F L CrD)-FedDiEB~E 7o ¥ > oG EiEEIiconT
FHAF Y a 2(Cr)f 2(Fe)itfAE 7OV OFREEDS. 2% 3y Hikrs (E
FREE) | 27~28% R LF L 2 &) O — LR (FREILEE) . 50mMdithionite.
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[@2-8 CrI)-FedDiBi~E s T » D KD (torr") o pH Hf744
Z: ao(COBFe) D KuDfiti (torrt)
It ca@e)Bao(CrYD KD A (torrF)
Vi ANESTE YO KD i (torr?; Imai, 1982; Imai & Imaizumi, unpublised results)
A ATV 2M THP fFESFTOKee & L E K DM (torr)
it 42T { 50mM bis-Tris or Tris, 100mM CL, 25, ~NE7 U ¥ Y D%, 60uM (F

W7 gy WsER . 560nm.

(12-9 74 % 2 auCr)BAFe)i gk
Fimid, 2% AT U VEE 50mM sodium phosphate. pH7.0, 27~28%0
Polyethlene glycol 1000, 50mM dithionite, ZEE IR LM TS L.
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[ 2-10

alCr)pu@e) Mt E /T DRND T L
A aciiivity v ‘,I- (FEA
B) hetlliv ity
W T AT 7O v ORI XET HTHYr, MididF v €9 — Lifidn oMl
W RO & OO BEAARTE A (o 7o £ W0 B AU, NI BT AL
IR WAIR A k8 7ro XSULIMO K 8 GREIZ 1.54A)

LiaZ
13 100mm. HERHIAE 770 E S ORGS0 AT B B WIBEEC 0T i)
T aciii. b L iEbe A MU LTSRS L3 icdiiLc, TonEsu il
SR RERORTLOR & L AR S Y L T B D Thh R,

7
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ERTFHATEETCESN (M 2-9) o #fD precession BEENEZFHK

oI EHmONT, BONAEE (K 2-10) DX —205, TONES
OV Y OFREERIE P212:12 ZHBIIIETAZ EXG o7, BT EHITa=96A,
b=98A,c=66A7>7 (B% . FAFIVAETOV U OERZEIIFE U P2:1212

CERBEICE L, TORTEMIT a =971A, b = 993A, ¢c = 658A TH 5

(Kavanaugh et al., 1992), ) o

(B)EE

CrdIDNEZ U ¥ v, Z LT Crdl)-FeDEMNEZ U Y v OHPILA <7 b
Wik, pH I L TERIRE2F L 008 b L7z, ThiZ G 72 =y b
P52 DORBOMOFHEIREICH )  ZF L TEFOFH I pHIKFLTWAEEW
AT EERLT VS, ZEAED CrdD A 4 > DKL 6 BiA 8 HdEE % &
5T EDH S N T A(EBarley & Cannon, 1965), %77, CrIDPPIX i3 4K T 1
BRSICEEF 2 FHF-oTWEHOT, HEWNE - EBELFORMTFELER
TTHho CNHLOEBEDPS, Cr(IDY 7 2=y FOBRTIIEM L A F I VI
SEMT & LT CrPPIX @ Cr(UDA A4 Y B L 52 ) D5 6 Bl TR
HO G FHLKIEOH A A VHFRMLLTWAEEZONDL, ZHiEX FALD
REE (AL TH DA METOEVORNBEANRY MV pH ITEE L TE
B 5 & F5H 002848 $ 5 (Antonini & Brunori, 1971)e * P ~EZ T ¥ » Ol
HZR7 v pH KEFEHE®H 2-11 IR T, CrdDANEZFov¥ s, 2L T
Cr(I)-Fe(D)iRANTE/ T ORFRIPA X7 b @D pH A LIE, X h~NEF T
oz h bk, Ce@DA 4 v OE 6 B FRED H0 43T & OH 4 4 > D
DEEHOREN L B EE 2 5N b, Fiechtner 513 CrI)NEZ OV OhTid
T RTF T EREME AT O 75 Ce(PPIX @ Cr(D) A % il
L 72 hemichrome &N SN TS L#HE L TWAHI980), koS 25
L7z Cx(IDNEF/ O DANRS M VITSRIFEE S CerdDANE7a o
bOENPEDED, & T GFIROENE & ENFHOBEEOKE XD
K% ) o Fiechtner 5 DL L7- A7 MIVOENEROBHE G ETHAE
Ve ZHUE CrdMPPIX ORI THBER S, 2 ral v H5oigk
ARG IZE N Z & 2R LT b, Fiechtner 5 D% L7z Cr@I) T/ T E Vi
Xt AL Cr)PPIX ASULFE » TV R WTRAT OV U ASIERIZSHE W EE X
bbb,

CO il a 2(Cr)B 2(Fe).a 2(Fe)p 2(Cr)? 4 fufk- 2 TARFMERIZF N FND



1,500 | ! 1 g : _ { ; 1,560
1,200 ] 1,200
.90 _ LB, 900

g

=
g.600 0,660
0300 _ 0,500
0,900 e p— {000
300,00 400.50 506.00 - 660,00 700,00 756.00

Wavelength (nm)

M2-11 X bPANEFOEZORELEANRS VOB pH KM
WO pH LA (P &E) 124t TARY P IVIZSRISER L0028 T 5,

A PANLADE 6 BAABEDY) 2 F (ANAC TZZTEA) X H0 7 F % L <O

Ad D ARDT, WO pHEALIE o TED S0 KT 2 008AL L. iR
AR M WCBIRD,

LAt - 50mM Tris, or bis-Tris, 100mM Cl-, 25C
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X10 "ML 1 X10 *MTLE W) R TWwA (Kajitani 5(1989)9 CO #
THRELZ CrD)-FeBHANE /O ¥ 2o - HIERR) o TORFIEA *
INETUE D48l 2 BERTPEEREZIZELT, COFEEREZOBE
T HAROPWESLG T, BEAE7OEYO -3 2 A TR SIZT
7205, EROBEZEFEMAD Hillplot 12FEAENET OV OBEIKEFL
Loz,

2 Bt B E A BIE O Hillplot DANEF O VY VB ERER 2EME LTA -
(Appendix-1), 2 BARICHINBEANET/ OV 2 3 HEH  F UBESNNH &
FHoTWBEMELT, BORTWARENEI Y VD4 81K 2 BT E
BE, IRD Adair ERE L TEEDPLRDOENZ-K 1, KeDEZfE- T, BEE
FEMEE I 2L~ ML THR T/, HP HFETTRAEI O VD4 &
-2 B TFEERIIN 2 051222 (2ERITEHNIC 2 A) TEFALR
TWAHDT, THP 7°H 5 FM COBEFHMMBMOFHEITIZ 2 0FIC L2 4 214
2EHTEERZH Ve "NEFUVY COBRENECLAIILEES>T2EKE
DIFED LY . BT OBREREMMEIE 2o 72, Hillplot I&/£ HICBE L T
W EDIZRZ, LA L, b & D E CrdD-FeDiBHAE7 0¥ > ORBEZEEM
HHAETHEL 2EHBNETUE VI TV AD T Hillplot DNEZTY Vi
R ERER ICERPITON - (NET U OBRERRLV7I4Y) v %
FEHEIT 12, 60, 240 1 M) TlE TH/AhEV, ZOFERERIIEBICERTH
57z Hillplot TR ONIERE—HT 5,

o 2(Cop 2(Fe), a 2(Fe)p 2(Co)D K2 D3, BREF AL S KOSz
HbA DK sDfEL | B4 BEHO pH &M - THP £ T TX 8L (K 2-
8) o i, JEE HbA T4 DRICEES T ABEOKEHAL & FEHEE I E &
NTWa, o 72=y b, Y722y MOBEROFEES - BELRESENEFN
WESINTWT, EN6 %> THbA IZ4 DEICEET 5BEOFMERDET
HINTWwb(Mathews et al,, 1989; Philo & Lary, 1990; Vandegriff et al.,
1991; Fronticelli et al., 1993), 3 2- 2 THEELD S SN/ FHEH (K
4) Ot E CrdID)-FeDBFEANTZ OV DK oDflie # M L7- KaDfiL K
2 DAEIZERERIBIN T—H L T\ b, 2h5DIi5d CrQl)-Fe(iRHN€ 7T
Yo TiE, Cr(PPIX 7F Fe()H 722 v b DEZETFMEEIEICS 2 A8
. AF ALY EZBEHE I PTVEIEZRL TV A,

Perutz ONE S OV DO IAEFERTRA990)IC LT, NEF/ OV Y DREH
PIAEORENEIANL D Fe(D A A O EOETE L, FeD & FHHEAE LTS
M RF TV DOMNEOBEI L > TITbhTwhEdhTwnb, TORAD»
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LEZAE, Cr(DPPIX IZIZAF I ANLEFNE L THEELEHI N Ohd
%o Cﬂm4ﬁ/ﬁkotfw74U/ﬁ ZEL T, CeDA A Y iEFD L &
) EFLIH B EEZ LN TV A (Summerville et al., 1977, T DfE&ITA F
INLDHEEE I TwBE, T, Cr@ A4 DA F ¥ FR 062 A
(Buchler, 1975) T, ¥ YL HD Fe() 1 A >~ (lowspinFe(D) 1 # ) O A F
VHE (0614) LIBEBRIUTHDL, 2L TIEAEYD Cr) 1 4 » DA
6 BLfL 8 A& % & 1) (Earley & Cannon, 1965), B F% & TL AT
% D T(Summerville et al 1977), CrIDY¥ 7 1= v b DOH T CrI)PPIX &
WM ATV i BE L, ZOBEHEIF X VANLERENvAF I &
DEBEREZEEZONL, 20X 512 CrADPPIX S A5 7oL RS y FAD
FEEIL, AXFTALPASTANLERT y MVADHEEELE LT wWAE EEZ LR
Ao

T/ A MFe(DBHRANESOE VA ANETOE D OBREBOA T =X L%
BT 572010, BMEHEEOFHEREZRLTVAETIVAEZOVELT
XL ELNTER, YT U 0%EE Lz FeDPPIX 25, FF I ANLDEFNVE L
THARICEFTARS NABHIIRZ Y ZOMEL 7/ A -Fe()BHA T
TUVE Y DOBREZFEEEICL S, O)XBEREERTIC L THERLY T/
AINEFOVE Y (BEANEZ7O0V Y TERL, 4DDANLETHEY T/ A b
ANL) D 3 KT E (Deatherage et al., 1976)H54 F TV ANE 7 T ¥ 2 DK
HirE(Shaanan, 1983)I2& TH X UTW; QT T U DS L7z A FAL D
HBIX, B L) EFFIALDIIITALEENFESL T, Fe(I) A F v iEA LD
G2 E - Tvr b (Hoard, 1971; Scheidt & Reed, 1981; Scheidt, 1977) ; (3)¥
7/ A MFe)iREEANEZ O robny 7/ A M7=y MEED NMR
ARG MWIE, VT /A MANETOE A4 DDALDL T/ A MAL)D NMR
ARG P EETH IS PTWz (7272 LEBBEREIYEWERSM, Ogawa &
Shulman, 1971, 1972) ;@Y 7/ A b-FeIDIBENET T Y D Fe()Y 7L
=y ME, ETHENY H Y FEEEE 278 L(Cassoly et al., 1971, 1972), &
THBVEREBMME % 7R L7-(Maeda et al,, 1972; Nagai, 1977)o =5 NDEE
WIRBE R 2T, VT /A MANLYFFIALDETFT VI, 7 /4 b-Fedl
BEATTTOVE UBANETOV L OBEESO BHEBE LIRS0 FET IV
NEFOE L ELTHDNT &I, 7 / X M-FeDiRBAT 7 0¥ > BTl

RARASHIE I & M7= A5, o 2(Fe3*CN)B 2(Fe). a 2(Fe)p 2(Fe*CNHDK 2
Dfiiid HbA O K 4+ Ofi & X { —3 L7-(Nagai, 1977; Iwata & Morimoto,
unpublished observation), 2F ). ¥ 7 / X A d Cr(PPIX & FEELICE
WA FIUANLNETIVTH L, TR, V7 /7 A M-Fe(IDBKANT Y 0 ORI
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A Cr(D)-Fe(DBHAEZ O OFREIZIZUTHEDTH S (F -
Appendix 2) ,

L2l Y7/ A P-FeDiREAE/OTE NI EI LEL) D BRWVREND S,
FeYV 7212y bONLPFEHRIIIT L TALEETH D, TAF LAY
7/ A NFeMBRANETOE v 2 EEMBMET S E, Fe)NA & Fe(ID 4
DETETORY & Y HHE T 5D C(Shibayama et al,, 1997), FEDNEI O
CUoRTFREZ2ARDIDICEEMpPLIDR 57 /7 A M-Fe)BENEI O
YETELTH D, T BELFELEBT, Y7/ X FFe(DRBENES T
VDX BB ERTIIEHE IR T v, ZHERTH*Fb T
Fe)W 7=y M HBBLSETICREODPHE L VRS EEZLNE, ¥
7/ A P Fe(DEBANEZ T Y OBETHHRIE AL Pood 8% d0i st
BTRINEL 5 voE2h, BEFHEHGEOBESRISET 5 00 BEHRRL
& o THAESENHLOTRTLE D) 2 E2HE SN T A (Nagai, 1977)o
HEBLLTLESoNLZRITLLIDEL T, A PNLDBRTHIRETTH
FZREPBEBICMANEY T /A PALTTREEINTLE ), LBONEST T
VO HOEENBREREY T /) A F-FeBEANETOEVIZZERATE 2 W
DTHb,

ST I)APANLEWBHIC, ANEFOTY VIZ Ao Ce(IDPPIX &
50mMdithionite FHEBBRELHETIA P LB RLEBEREZEF LT
Cr(D)PPIX ITETT SNV A MALBTTEEZERVSH H LM T FeY 712y
FOEBB LI IUL, BEAE U DO ESEBEFEHELAIETE
Ao B 512, dithionite #f# 2 1¥ CrAID)-FeD)IEBNTE 7T > D TF F LA
BHIGER TE DO THASH COEBREBERHITHIT LN TE S, EBEILT
¥ o 2(Cr)p 2(Fe)BEANEF OV Y OMEEFR)F L) a— e
50mMdithionite LM T TR LN TV 5,



#£3E SEBRERNTI/DOEZD
— @bk E - BREEOERERAPIH

(HBRE

ANEFSUEY D) Ty FESOBEERIE, AF v A"E70 8 gL TH
FUNETOY SHEELINEET, VY FESTHERBEANTI o Y0
ENTEELRD TR b EBBRBEANE DY VY, TOREELIRESL
FEHELTWAZ ERWHELT, ZRo0—BLIkE, BLUBEOESHEE L
FEBE R 2 MI5E L7z, WIEFE I Stopped flow . U > FEESH 2 3,
HETH Do 70 AMD-EAD (Ce@D-FedD)) . ~ ¥ H > AD-#A) (Mn(ID)-
Fe) . = v 7 vI)-@) (Ni@)-Fe() . ¥ 7 AT v o M-#I (MgdD-
Fe(l)) DEREANETOE I, CTNLDOEBEANEIOE VZENRT
. EEICEWEEREAY (CrID)-FedD) . S HMNEERFANE (Mo D-FedD) .
RVEEESAE (NidD)-Fe) . FEFITERWERBMMYE Mg(dD-Fe()) &.
WANAGBERHIM 2> TWT, NEJOEUVPFREL ) 5BERNHED T
RTCOEFEFIZIZHAN—LTVD, TDE I BRVIVERANTETTE DFIT,
BEDNESOE L ORFERBEREBEER L TWEIDOZEL,

B - BT S BRI, AU Y 2KEBETLVO LI, KER
220D F Vv— TR NT, DEDEBVEREREAEEROAE/ oD
REERICHS T V-7 (BOEEEE - BUW#EEEE) . 35020
ECEESIAE 2 ONT OV OEEERICHLET ANV -7 (BU#Ea
HE - BWEBEEE) Thb, IHCTEINTEEERIE DI -BEAE
FOYENHBIE Lo 7oAs, BFICGE SN REERTE RSN (pHIHP
GAth) \CHRIE LT2e o 72y VOEBEERE p 71y FOEEERLE
(FE SR HP KEM R ETELOE DD D, DBV T FEMAEZFD
ANEZFOVYE, HZLEWY T Y FEMBELEHFOANETO L2 Exb E,
BEMOKE S (FHEBDL) BEBEL—BLREZELTHI N ENE RV,
B EOWE ML) 7Y VREREEIICL 2L IARE L, —BILKRFE
FHOWENME ) T FEEHEEOENNTEETH LI LG ol DM
BifaW7azy hepH 7=y NOWATRLENS,
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@Ff# D1 LRESBRERERNESOU Y 2R ERWERICHE S -0

NETTE DY H N (BEHE, —BILKELE) OBKEREZFH LI
E2ETHRRA L) ZEBFEFE MM LW A AEOMIZ, VT Y FFEET A&
ERIEHET ZRE WA FED HAJMEFEDERTH 5 Stopped flow i% (5
HEET:) *° Flash-photolysis £ (EfEEEE) 2 #ES L 72D Gibson ThH 5
(1959a,b)o FULEEDHEIIE, FEHOME L Eo 1=FI AN H B, BIZIE, &
W) F > FiEE %F@%&ém%yuz/#&ﬁﬁﬁé%@\ﬁmﬁﬁ%
WMHEZENFNE S E Lo THNAD S, TNFNOEEREEREMS
ZEWTEL, FHRT iﬁ&éUﬁ/Fﬁm@%%om‘#w<o#%of
LB LEE L 0ah b v ED% v,

PISREREET A LI ENH L EVSTH, NEFTQ O F Y R
e (RE) EELHALES., —BNICEOEROEBITIZIHL v, BEONTE
JUECYERAVASGE, a7y be BTy NOEEDOENTEZ
ZIFUET S v, YH Y FOES - BEBHEED NEF O Y O 4 REEETAL
DEEEZZZBRTNEIROLVEELH S, FE 1 ETBIAETOE VOB
FFEHAD Adair BIHO L D2, VI Y FEEOEERWETICH YTV F
HEFHHMBEBANE SO Y G FREOBEOEADI L 2ZEXTHBITLH S
(Olson, 1981b)7A5, KO BRENFTA—=FINEL L ANETTE DY) T FiEE
DETODREER X RET HDITEH L\,

SE., VAV FOFKE  REAZEOUEDF L EBERER~NE/OE »
WCEH L Th7z, ERERERATIOEVIZ )T Y FPEETH4DO0NL
D, F55FEELEVEIICL TV SO THNPLEBWHEE TH D, ale)t
Ty b, BE)F Ty DY H Y FiEEEE, MEERE %4 RS
ZENTEDL, BMVEELZDIF, BEANETOEVEHNWSLE I LW, NET T
VoDmEEOARB R RALITFETHLZ L, ERBEBRRENANE /O ¥
9 BiE, KBRS [FUDIT] QETRRZ, AEF OV OO R
HliZ, AFIAETOE L THLRLE, TAFIUAETTOE S THRW, NES
OV OREDELYHIZH A, AXF AT OV U RELE FAFIAES
UV L ERSE R IAEHE T, LDOAT S OV > OIRIEDSEEE T & & A3
DERETHDo TDORGERINEDNRERELED, EDOLH) LMEEFHF>Tw
LD PRI, FORLERINE T :{zliui‘ﬁi{rt)jc’\{ O Y AEI
LT NBZ LB 5,

wawa&ﬁm+W74u/Yuof R ANT /Oy 2L &

ChoT, FEFICHVEESAMEE O SO0 SIEF IRV ERFBFM L /o
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LOFEFT, WAHAWALLZBERMUEOANEI O V2 [ETEL, SENL 4T
DEBANEFZOVC 2 HELL, DA FVANETOEVBIFFEICECEER
FE*F> CrlD)-Fe(EHANE/ra¥ sy, (QFFINETOV L EFTFY
~NEFOY Y EOMOPHEEZEZAME A FD Mn(I)-Fe(DRKANEITTE |
B)TFF FIANESOE U AIEVERFMMELZFD Ni)-FedD)ERENET O
o, @THFIANEFOE Y I ) S OIEWERERBMNMEZFD Mg(D-Fe(ll)
BEANEIOVE S ThbH, BEFHFETHLIED, O)P5@DNEFTE Y
XFNFES BEEHENE T F-oT0nb, TNHOMEIZAPITOREEFH
BEETH o T, FORBILED X ) BANTT O EVEGHEH L ONEh05 %
Vi, MERMBAEZTIUE., BVHDERVLDEERXTEXLDT, £D X
IR H PP EIEL)  BEONETOE V2 ffio TWwTik, #ll§
HONHLWHHWEMEEF o IREEER L TVWHL0% | 4FEDRK
AU ORIIIETOR, ETEOBRIE,. [2KEBET IV THBETE 2
WEIBANEFOY UG Thb, AFIUNETUCCOREEDEZ RV,
FAFVANEZOVE L OUEE DEZLRVWEBERSPH IS E L THEITZ
Bo APBEOMNLEVEEEREFF ORIV H o726, T [EREAE
FETBEITELWAETT O VS| OEFHTH S,
FIZETREBEANES O o E@E, ZheEFn, [FFI~ax7)V ]
ETFFFVALETN] 2o, BEESOTHEBANT /0 2EE
L7-b DTS T ARBAES OV THD, R, BELSEEDOTHMERE
ANEFOVE P EIAREET, BlPICIEE AEHEREL 2V, Crd)-Fe(d)<°
Ni@)-FeDRENEZ TV U id, TORLERIREONETOE Y OWE %R
LT NBDTEZwhrEHFEINL, $72, VT PGP HEEDOET IV
TRV, > HLFHAHEEZR L TWARBEANEIOE 3 H D, 2)D
Mn(ID-FeDEMANEZ T ¥ ORF, az(Mn)Ba(Fe)ld, a3 in 2z BRR BN M
¥ o Twh(Masuda & Morimoto, 1993)D T, HEEMEAEIS TV 2 FEH
L7z b DDBERTH Do aa(NDPaFe)ld, NEZ U Y VEHWD pH FENAEHT
i, AF VAR EFTAFFIAL IO Y OFML S\ OBERNMN
SREM, BEERAFIZIEALES RV, LI ELZHE2F->Tn5
(Shibayama et al,, 1986a)D T, I ) PR 2 FONTE /O Y DA
ThHb, TNSEFRAPITOBEFRMETH SO T, BERNIBITIZL-oTED
L) BRANETOEVEBHEDHDONE-EN T H1ZH9,, LT, RN
BEF 1A HFRBIZER L TNBEZED I

SIBEBRE AT O 2 2 BERYPRICA o720 ) —DDHIN, NT
yavyo) iy FiE (ERE) SBEOR L H WCEEE RO BEVEEZED <



SVHRERTARLIETHbD, EIANTZuC 0y Hy F (EEERC—BLEE)
EEREEN. BEEEERORENCE LRI L TWARSDT D B, FiC
)Ty FEME MR ETOEZEERORZEICRIEY D 5, BRI IR
BWANETOY Y 2o THENZ COBEEEEERIIAERD pH., THP £HICK
FLTEAEL Tz ) 3 5(Cassoly & Gibson, 1972; Ikeda-Saito & Yonetani,
1980; Blough & Hoffman, 1982), S 22— % Y hNAESFU VU 2FH L/-FERT
RKOLNLZTAIFIAETOE D COBEEREEH Mathews et al., 1991)id.
aFe)yr 7=y bE BFe) 72y b, ELLDOEGEEEZBEIENPEV
I ET, FEDEBANETOE U PoROLNTEREDMIZEVEVNDD 5,
A FEABOBWEEDANES TV VD Q4 - BEEICR§ 5EE 8T
HEMGH X 2 FFE T2 v (Sawicki & Gibson, 1977b; Shibayama et al.,
1995b),

Fo, — —ZNEANESUECOBREAN L EEICEDLLMELRO I —
— YF Y FEABEOEVAF IATFu  EgEL . U Y FEABOK
WA FIUANTTOUECEBEED 2 O, BERNESOE Y OEETHA
EIFEo XD L TwBEDEN, BEOAETO VL OWEIZX., BROSEMEITK
FTBEL L, FFFICLIZLIZY VY FEMMOBEWREDAEF OV >
BOVEWD pH RABBEBROFEIKETH I LEH I T A Blough &
Hoffman, 1982; Imai, 1982), ZOZEDOHEEEIH T Y KE v, TFHFIA
T BEBETD, AL DPONSREEELICERLTWAEEZZ LN
ADPED, BELDOEMEINIITE Do TRy, §Go/zZ 8, NES
OV OADOHIFTIZ, COBBEKFELTR T F Y FEMEOERNIKED
NETOE V%, ZALRCFEDT [TREANEIOE V] EIFATHWE L)
75, LA 2RBEF LTI, RIREANE/ OV Y| TREANEZOY Y OHE
3. FNENBBEEFIEKE LRV, EWHTHBE DS LD,

ERERBENE/ O 2F 2T, a 722y bE BTy MID
WTENEFREFILTHRAZ ENTEL, EEBEBREBANE 7O E VICE,
TF IR B BRI LR T L O, AITIER IR BRI & R
THDHEHLDE, mhatv (L LIEEY) JFY FES (b L I3
WEZRDDLDIZRIINDIED 9o RIS ZF D % DE, U F Y FEMME
DIERIKIEDONE 7OV ORAEEHMOFIE TH 5, Ni(l)-Fe) = Mg(D-
FeDRBEANTEZTE id, VI Y FHEMESE, V7Y FEAGOEIRE
DANET TV Y OUEDOERSEBREELARON L5, SizATs O
CUyIREBEr L ZEATT) A Y FEAMOEKWIREIZF 258> T (0F Wi
WO pH 2T WA EWICIHP 2z 7-055) VA FiGe - Mg ER
WECEFTEDLLIPERBEBDLI EIZT 5,



EEANEIOC I3 a BRERAEZTOE V& BRIEEAEZOE VA
BHAEPOERT SHFHOANT /U v OE, —BLREOKOIE, HEt
HEEZHEL, COEDHFTIE, Bon/-V 7y FEGAE L FEARE T
TR 2REBET VHICHEIT L Tnh, RUGAEPERELZS 1 DOREEK *
BOoRBEBEEBE FhiC 714y PEETIOOREEREB D, KL BENEA
HTRVIEEE., B2 EEEREROCH AN 20H5L/RELT2DOD
BHBEEOM% FUSBRIC 71 v b EE, 200FEERE1E L, ThEET
DERBBBRBHRANETOEVIIOWTIToTH T, BONTREERD 2 IKEE
ETWVHICIZo &N 2DICHETEBDE ) PRETT 5,

— AL IR B DR G HEEDOHIE X Stopped-flow ETTA F VEBNEFTE Y
BB E—BLREZECERE Z2BREBETHILILL o TIT o7, —BRILK
FOFEEFE OME 1L Stopped-flow HFET—BLIKFERRBEANES QY VB E
—BILEZ LS CBEREFERREL, NEZ/ O O—BILIREF—BRILE
FUIBEBRDELEIARARBIEILL o THT o7z, BEDOKSEREDHEIEIL,
EEZRIBHANE T /|2 Dyelaser DNxHTHI LI L > CEERHERES
., ANESOV VIIBEFEEETALEIARPARBLIEILE o TiTo 7o B
EOBEEREOREZ 2EED FiEk o7z, &2 —BALKEDFEELERE
RHES HGE L RBEIZ. Stopped-flow ETERERMEBERAT /0 VERE—
BIEZEEUBEREZEERES L. NTE UV OBEN—BLKEICE
BWODLEIHAERRLEZEILL > TITo720 b ) DEDIEIBREDNHBEEERD
T8 DT T RINE L THEORERE L AL 5 HETH L (ki)
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Fi# 02 NEZFUVY D4 RKEETAOEEIZONT

NESOE Y 2 EEROERIEOIR, RIC2AILD—DIINETTE ¥
D4 KEETALDRENH D, VH Y FIEERHEEHEY LTV ERPIINES
OV YDAFKEELTL TV BIETE, 2 H, WY K2 FES (FREE)
BEAXRINETOEUD, BV TV FEEEEEREZ R TAEIOEVIZ
ZTboTLEIDPOLNZ2WVL, 2OHOEELILLHAH7ZA 5, BRIIZIE
EDLHIXEZONTEOPRTAL ) BB, TITWBINEITTLE YD
4 KEEEELEE, [VF Y FEMEOBVAEIIOE Y (Wb b R-IRFEE)
. [T Y FEIMEOERNANETOE Y (Whwd T-KEE) | ITEEFEL
TAHEE, TR 2OHEOEERIDEELR T KITRI) 72 FHEMME
DIENANET U Y VP OBELEITE T 2\,

BEOAF AU Y (3 —BURFFHEE~NEIUEY) 2, 7
FFEIVANETOVEVEETVWTL, SNOEDANET OV UGTF D4 THEEDFE
BIRERIZIZE A LB v, EE, VA FEABOEWIRE, 3K
WIRAE IS E DO FE B ISR > Tnad 672, NEZFOE s OFENEIL L
WHOBHDE, TAHFVIKEOANEIIu NI T FPRESGLD, NEJS T
N ELTWY T RPN DT AR TH L, BT/ OE »
W, VTV FBRRAEOBWIRE L, VY FRAEORWIKED (hoiEs R
BLHIEDOHNL) EELICTHRNEMYRdDLEEEzZLNS, 2D
(Fd el E?) OMBERBOMETo7 ORI LT 2FEIKEICLDH
BEEZOND, D272 )R THAEELNOFEE T —EENL S,

RN F Y FRESTHEREOANETOY VO 4 RS EEICTOWTHR
RTCVWEDETAF VR T /) A MEBERANES OV U 2o 7 EBOFHELZ S
So UH Y FEEABHBMAT IO >0 [TFV] 2o ERTHH, 7
F XS T ) A R ReDBRAESTE UL BEEN 2 DS L7 B
Ty ERFEEHFT S, Cassoly & Gibson 2%, 7 F ML L7227 /A
MFe)iEMANET/ YD CO #EHEE % Stopped-Flow & THlZEL T b
(1972) e BEFEDHENLKMTTAF VI 7 /7 A F-FedDBEANTI OV U ERE
COBMEABEREG LT AT/ OE Y ORNGEOEIEHETHI LITLD
COMANEOUEVITHEATAREXWE LD TH B, COFEEDIFHE{LIE
2HE o lz, HWFUSE RV SO X /=D Thb, bLATI T
VU OREEEALER (S0 AN b L 3E) A CO BERISIZERTHSH
FAUE, AT . ROSHIFRO e Z - TRIGHMIE 2 ik 652w
39775, ERERIZIEAEANETS O VIS REMEZRE R oD T, #
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WEAEELTRTHESE 2BEHBATI O V0 CO ARSI IFEZONL
Vo F/. THAFIVEITT ) X M FeDiEANESZOE XD COMERAEERIE
COREBKAURIZLEAERE o7 (EAPITOFERETIERL T, EEE
BRERGEE 2 RELDo72) o TRNOSDHREENL, ZORBEAEIOE
ARHEICIEE Y CO B4 EEER /B OANTI U VS & BOWEAEEER
REEONETOE VESO 2EENRH Y, TNEFN 2 KREBETNVHIC R-AKEEA
Truv e T-HREANETSOECZEBREN, £ LC, KSHHIZIZEA
ECO BERFEHEARE LD o/-0OT, NEJSULEUHFED 2 DOHERED
MEITERTAEEIIT BN O, LTSNz, CO BRI IZHE VG
BllZDH CO HEREERD CO BEERFMZRLIZOT, TOEHEFTIEINE
FuVy OBEELCEENRPTO CO HERISIIHER25 2 Tnb EEZD
Nize ZOBMA— 5 —DPHEEL 70T, ~NET70VC L OBENEDLL &
FidHTnEL 2L, 1 s TIHIBEL) EERITONTHS, Ogawa
& Shulman T 74 FVEIT 7/ 2 P Fe(DIEBRANTZ7OE D7 TE /RN L
MO HICHETSE 79 > NMR OV 7 F Vv FARTWA(1972) 55 . NMR
EEBOEMOMENLOER D EANESOV Y OBEREFEE IPREENIZ
IDHBBET LRV, REFEEFENE, BRPICFETLINVANRA L
FEIEIREONES U Y VHEO 7O b NMR ¥ 7 F A EHLERTL V.
TRV TO—F (RBESH) (LB IETTHAE,

Sharma 5?7 )V — 7 Tlid. Double-Mixing Stopped-Flow ZE & *# - T, F
12 CO D2 DA L-FHERBAESOY YO CO #46 (FE) RELZHEL
TV A (Berjis et al., 1990; Sharma, 1988, 1989), 6D, 3T 1EKHD
Stopped-Flow & T/KH0)#EEE! Valency iBEiNE 7O E* DA AL E
BICH 2> TTIEREITT 5, THE CO F2MAETHEAS L pHEEREA
E/OEUNRTESL [a2Fe?)peFe2*CO). b L < 1T aze2+CO)B2Fe??)] o CO
OMFEEEE IBIRICEVDOT, ZOFFRILIESZDTEE TS, T
2 BB D Stopped-Flow Z#2ETIDNE/TO VX DOT7FAF ¥ 722y D CO
A (EE) FEZHET S, 5 1d azFe2)Ba(Fe2tCO) & a(Fe?tCO)B2(Fe?)
2. BLENTTES P o -HBITHENTRAESTRIE 2 R L TWHH,
RV THRBPHE IIEFEITEND O (BHEE) KEboTLE) ., ATV 5
(Berjis et al., 1990), [MAERDFEEAT Rollema S5ICL > THEHE I N T 5
(1978)o TD X I, VH Y FEEFHMEMAT 70 O EELORE ©
Stopped-Flow MEHB & - CHETH L, ) H > FEMLEOBWREEIREL

* az(Fe3tH20)B2(Fe2tCO) & . axFe2tCO)B2aFe3*Ho0)D 2 FIFH D IREL~T 7/ T
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RV EIREDO I OFEIKEIL, FEFICBNKBREETHI L >TnEEN)
%%ﬁi‘ﬁjfso

L L. i TIZREIANTIr O 04 REETGEE LBES TV
Ho WEFETEICKHBEETH A, MIHELL7-DIT Sawicki & Gibson
T, —BILREZSR (COR) ~NEFOE Y %o TWA(1976), CO BINE
JUC IV =R EDOBALREELTEE, COBNLDPLETN, NLE
ey PPLROHT, SOEBOANETTOVE L, CODEEL TV X0k
R RS TWD, [RIKEFAIFIVATIUE L] ETHIVIRE{IDTH 5,
LEAHAZARIRBRAEETH L, ZHhENETOEVIZ CO PEESLE
WIRYBEDOT X IANETOE U DEEILLE A ) EThH, HHEEERICHN
A FIVHBELEFEOFTFIIFIVATIOV VE, BEOTFTAF AT OVY
DOWHANRT PV LED TERHPRTRLHS LT 72(Gibson, 1959a;
X 3-1A)o COWHKEDENZFATE, A FVEABEEZHFOFTETFIVAES
TV VISREDTA I VAT OV U~ 4 RIEEDPLALT A EERHIET S
CEWTEDL, FOWWEIZRBEDTFHFIAETTAEVORIPANRY MV &,
WED CO FHEEANTS0E Yy ORINA Y MVOERIE O FEDWIEE A
i b, Sawicki & Gibson i 425nm &L WO EREXANET T VD 4 RiEE
PEATHEREZXUETEDITEATHS, i, "NEFSuv 0 CO &E
BT RHE L WIEEE, 4 REETLITHE) ARS P VELOZE* %
72 436nm E V) R (A X VEBETA T UANESOEVORFEANRS B
Ve, BEOFFAFIAETISUE yOFNOERIIE) ZFELTWS,

ZH)LTHEENIAETT O YD 4 KEELTLOEE X, IEFITHEDP -2
Sawicki & Gibson \ZEHIF R % 2 RFEE T IVHINHNT Lzo 4 ¥ VRS % FF
DFFF ATV UHPERAGREDTAF N rult v NEHEET
LHREE RMED o7, 20C, pH9.2 £ T, ZOHELLITEIEKEK I
Y, EEIX6400STIELTWE, TOHEEIL, Vol ANHEEEL 72 CO A
TOUVC VIIEEETAEELESTLL ) LRESTH DL, CONFHREET L
WEFEDOTAFIANETOE Il o720 DI, BEDOEWEE T CO 2%
ET L, CONFEBEETAETIHEEDTAF AT OE NI H Lo b
DITIE, BNHET COMWREET S, 29 LTHBHIC L AAEF/TE D CO
BHREEGKIG (436nm CTHIEENDS) 2Tz E$ 5 (K3-1B) »

Sawicki & Gibson & Z DEERO G T F ¥ FiEE&HHEM~NT /0¥ s Ok
WEACEFICD N TS, OB L—HF—DHEEEFHELL LT, NEZFTY ¥
IZAEESLTWD CO 24 L LNME S vwiEe, TOMEEbo 3 32
KA ERRWE LTy NEZOE D4 RSO T, NEFOE
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H3-1 NEF/UE D4 RMEELIM D W ARY b vB{t(Sawicki & Gibson, 1976)
21 0.05M sodium borate buffer, pH9.2, 20C
A AFIANEFrOEIOA4RMHRT R FTAFINETOE L &L EHOTAF
YANEFOEZORNANRY P LEEANY MV (Soret band {43T)
LI, TR TMES N HE DR WIERZTDbY D, NEF T VREE D 50uM
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B) %1t : 0.05M borate buffer pH9.2, 20°C, NE 7 T E VIl | 59ulM,
COIBEE : total 250uM

(LX) COEERINEZULY YD CO RIS E T, COMNESUE VILH
HELTWDEIH % 436nm ODRBEOLLEFHL THEL T3, 436nm i,
FXIANETOE DL RMEE R T A FIoAnETOLE & BEOTAFIA
TSSO VDR HARS FVOFERNE LD T, NEFOE D 4 RS
WA EACASE G, 7200 FRZ [NE7 08>0 CORERIS] 72T 2illE T
5,

(FIE) CORBWAEI/TLE D CO LHMBEZE S &, 425nm TIENES U
D4 XM ELERETE S, 425nm i3, H O COMARANT/uL &, i@
WOFTAFIOANEZOEYDORHARY P VOFRIETH A, FTEIIBINTWAD
. AFIUANTT OO R RoTAF AT IO LAY, R L o TH
WL, Rl o T HET, (BB COVWHEGLTLEY . LI

MR TFh X oAnEmrud sy~ 4 KE2R{t3)
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VAL TWAY T Y FOBIKGFET 2D THE, RIEIDHELIZ2IKEBET
WHENZEEREBAT L, VT Y FP I EEE L T A EICHEEZLORE LN 2.4
BEL D, E V) REPLIRETEREROKICHAEL 74 v PTEZEL
TWnh, EnH)Z i, 28 CO PWEE LA F T EEE* FFodMEHE~T
Fa¥Y i 10008 I OEETTF A F IRBENEEBL L TWA-Z &l 5,
RS ZAL DB IZIB D pH I HKET AOT, ik pH T & SIHEEHIHEN
5 LWV(E104S71?), ZNHDHE L, Stopped-Flow H#FETCHEED SNz ~E
FaVyOHEEGEE X DIZE2 (TELO—TF) #En,

F 7-. Sawicki & Gibson XA EEB X BEZDES LI-~NEFO V¥ &2 {iio
TIT>TW5(19772) RIEY IDERTL, L—HPF—lLoTHF I AES T
VoD OBENHREE L TERIIFDAREEZ R T F AT OE V98
B, FRAEBEOTHF AT OV UANE A REETLT 5 L 2 ADE
ENTVE L BERNANESOE VICEE ST AEEZ COIITE<RT5~10
DD T, BEHIBENE . BRD pH NEVWEETEANESTO Y U AHEEE
LT AENCEERTCHEALTLE ), HELPBEI SN 2DIIEPIT D
BREEEEV B L IBRREENTEVEHTHE, ZOEGETIEIMENHE
ETHBEEENEIOY VOBELILORENFEST LT, BEEEESRT
B 2 AR T 5, AFVEBEFTFF VAT OEYTBEDOTA T IA
FOV ANE 4 KEEELT5EEZ 20C, pH.0 44T 6400871, pH7.0
ZETIE 790087, BEENANET TV VI I EEES L TWAEIZZFDOREIFY
0B B EVHIRERXTAHLERERE)EL 74y FTEBLZE)RDT,
QMBEEENES LA X VA S B ohHBERAT IO VS, T+ F VA
HEEANE 4 STAEETALT 5 3EIL, pHTIOSKUTBBE#F80S 1wy T L
5o DHEE D Stopped-Flow E# TRMED S /loAEr O » DOEELEE
BEX DT VR AH, Sawicki & Gibson 752 N5 DEERE L TH & EEEEIC
EBNETOV VD4 KEBEAGEE L D 2pHE SN TV AN, WTho
R D Sawicki & Gibson 258 L7z “Hv 4 KIEERLHE” #XFHETH DD
72 7=(Zhang et al., 1990; Ferrone et al., 1985; Cho & Hopfield, 1991),

FEBHTEICE o T B BB OMENBEEINL L EFIEI W) I L
HoPhilo 5 13%F ZHE I 4o T Valency BIRAE 7 T > D 4 K& 2 0ERE
P2 L Tv> 5 (Philo et al, 1996), X HEXBDL DL LT WL,
Valenéy AT T DA MALDYH Y Frnbnsbifiz 5L Fe)H
Ty hDYF Y FEMUSEDLS, HolEEFNEFHALT, $ia )T~
FEAIMEREICH AT/ 0 2B LT, #1560 CO N - THEEE



Bx L7 FNICLABE, VT Y FESTHERE RedEs~E7 0 (CO
DR L -BRAE7TE YY) &, 2R D EWEE (19000~50S871) T~
FHEAMEOEWHEEELBEWEEDOHELITERL TS, LL, Y7/ XA MR
BANETUY 2200, 20@# 4 REEEERL 2 RTAES 0By LAt
I, Vo ZA) F Y FEAMODBRAKBIZZ > 126 FDEFIEEFoTHRENE
FTOV s dbdol, EHELTWS, Philo 5id# 1% [T locked state]
EFFDN, BFEIC stopped-flow ECEIEI Sz BV 4 REER(LERE] 12, &
DNETOYE Y BGD 4 KEEEALEEDOZ &L TR EVWH? ELTwb, L
L. D [Tlocked state| DIFENIZ-Z D LTWEDLIFTTIE WL, FF
T5HEV)FHIRDBTETIIH B DITTH W,

COXHIT, UHY FEEHEEREANES O OEELLOREITIZFHED
HD, ETORIL TS, FALREREMHT, EDLHLWVDESD 4 XiFE
TALEED BN B FEIREEIZH L) H Y FEETMEEATIOE Y (£
FNNEZFOUE R CO B2EES LINETu 2 E) 2o /-5E81EY
o D L4 RIEEEAD, V=Y =T+ b VARETVWEL)FEE2T L
LTHARLES IGEHEEZSEPBE SN E OB OLWLPIE- &) L
TV,

YH Y FEEERBEENETT OV OBEFTALDVESF T 5 L) 2EHTIE, ~
TS OE COBERLOEREN AP TORISHRICEELEZ 5 LD 5
(FRD CO R QefEBANET TV DL —H—T% M) ADH) , EEH
HIEEE T A0, BN b RISHBES—BMTICHERT 25D 0N Z20OHE
EZ 2RI S0, '

* axFe*L)pa(Fe??) & . az(Fe2)BaFerL)yBHbIL T VA, L() 7> F)=CN~®
WA Fertb 722y b OBEEBMMEIZIEF IS8V, FMEIZ, L= N3™ @ 8
FIMEE , L=HeO FAMEFMN ; L=0H " #HIMMH M, 7272 L, Valency
BEANT7O0E Y THN-TEXBLERBAMOHRHMIL, AFxF ATl od il
DETHEWIREL S P RIKET TT, 7HF AT/ OE VIEOBRWER
FHIAMEZRT AT/ ZHETER Y,
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FEs 03 ) Ay FHEHIE - MELREOWGE TR &N FEOM R

HFILDOWVWTOHKR

CHPOENEFTOE DY H v R REERR R REER i FT TRY
T ENZ W, EFHIE Olson 5(1994)DEZFEFMULELDEE ),

Y FRESEREERERTICE., TV 7Ry PO F R Ty var
D7D (K] 29, 1ZEAEDSE, BAE (WMlsl) THb, VY
NREERIE SRR RTICE, TV T 7Ry bOAKE (k] 2E0FEHS, 13
tmawﬁA\%ﬁu<4>&éo}Lf\%ﬁ%@ETt@ECO&#Oﬂ:

AT Y KOS () REERERLTVELEEZRZ S,

%L \A{7UL/00° %G®$Wmﬁi?w77ﬁ/b®ki%
(K] TEERT, R0 # DETIZYH Y FEEERT, COFHER
@%Q%ﬁ&ﬁéotﬁ%\

Ullll

k'co ko2
= Kco, LT — = Koz ---eq.3-0A, B
kco kog
ARSI RVAI

T/, —BMLRERPBE, ~ESOVVORERESTRT L 2, [COL.
[O2]. [Hb]. R EERT,

Stopped-flow HEIZ L ANEZ TV Y D—ELEFE (CO) #EEHEDOHEIZD
W

Stopped-flow Hkh o7 b EAMICR Z 2EBIZ, 74AF IANESOUEVE
WE—BbiE (CO) Bl & »HERMT CIREY T, BBEDRME Lz #E
LTEDL LWV DBEST—EL REITNESOEIIHEETEPE2RHLDT
5, 436nm DEKEDZEAHITRE S ND, FiwE D 2 THRZA, 436nm &
WEANETFObE D4 ‘/’Kﬂ?mz{ﬂﬁ EL ) REEEATHmAE RN S, A
E/UE YO COMEITE DL R WREELZIT e WMETEZ 5,

FA #//\{/DL/t COPRETHEIABEZTHRE ) CO BENN

7 OV 2 DMEICHENTHF T, CO DEEIEAE (FF) LREELE, 2

D#E & S im—* K (pseudo-first-order reaction) & & 2 5

Hb + CO = HbCO -eq.3-1

CO DA MR w Koo, MHEHETER T ko b T5H &, COFERIANET T
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Yo Dk ([HbCO]) A58 2 ML, ?%#9«%¢DE>®%%(mm>
& CO DR ([COY) #f-TIDEHIlEITA,

d[HbCO]
= Koo[Hb][CO] — kco[HbCO] -eq.3-2
dt

LY (Bt =00, AT/ ul  idF4AF AT a Iy T,
CO FELABANEZTOVY L Zelilmw) 25F 2 TCIOWTFRERZH L, CO
EAFIANES OV OEBEOEBMEIIOL IR A,

[HbCO] = C {1 — exp (—Kco[CO] + kco])t} ---eq.3-3

CHENEIUEVBETHL, NEZ/TEYHE CO PETNAHEEIE, #
EEBE IR T IE N T & A - T 5 (Olson, 1981a)D T, keo (& HE4R
—é—%gtf))fg%o

[HbCO] = C |1 — exp(—kco[CO]t)l ---eq.3-4
72, [Hb] = C exp(—Kco[CO]t) ---eq. 3-5
KB SN D DT AT OE VIEHD 436nm ODBRFCENFT7TAF o ~NES
TEYDRMZE S Lo TH- TV EZBTH b,

4 Abs(t) = 4 Abs(total)exp(—k’co[CO] t) ---eq.3-6

4 Abs(t) B t DIFOPCEEZAL. 4 Abs(total) 3EHDEEERITH o
’ %7\’7)07@&)’# %& kapparent iz 7 = H' A o

kapp;\rcnn = k’CO[CO] "'QQ-8'7

BT, #EIITAFUAETOE ViHilRE CO ElzRE TR 5 S
TAFIATTOLE I CO PAMEEETAHANIETH b, 1HE OREERED
% B B FUSOEEEE & > TWT, T ZOEEDR T ORISR
D% 1272k T A (Olson, 1981a)oa 7=y M E BTy b E
T CO @3&{}1_x75‘/1 LiEDIETTH LA, ale)y731=v h& pFe)tr 7
=y POMTHASHELFEIEANRT PULHENI/NE WV, a b BDELLIZY



T EPRREELE-> &0 L-BEIA 2 vy,

72006, a(Fe)k BFe)DBERER X > Z Y XFITE 5 Valency IBEAE7 OV
VREBRBBRIERATIOE VN T FEERERHERE ZET L7720
12X {fEbN T 5 (Cassoly & Gibson, 1972; Hoffman et al., 1975: Ikeda-
Saito & Yonetani, 1980; Blough & Hoffman, 1982, 1984; Shibayama et al.,
1995b; Philo et al., 1996),

WETENETOE O aFe) 722y b, b LIEBFe)Yy 7=y b
DANLKRyy NAOEMBO7 I /BERERZNOT I/ BRZICEZIATLE
FEANETOVE VN, aFe)r 72y b e BFEe)Y 72y ) H Y Figs -
FREEEE DBENWERARL-OIFLNL T A (Mathews et al.,, 1989, 1991), £
BTy bOYFT Y FESOMEE., 73 /VEBEREOKB CEEY 71 =
Y POBWBEEEDL->TLIEIEHYHFTELOT, E¥Y T2y e REY T
22y PROTETCVAANET O VA2 FHZIEZNEFNOREER XTS5
CEWNTED, TAHAFVALENEFEHE-ZREHERANEIOE O CO BE&E
EEESN, FAF VAT oy fTlR, E¥pFe)T 722y + CO K
EREBEDFD, IEE oFe) 7=y hOZFR I Y bEWERERZ I TSN TWS
(Mathews et al., 1991), T D&ERIT Valency BREENEZ TV R &BEHE
BANETUVE 2o THENEREEI—H LT, THP %H 554 T
X, A YT YREATZUOE R Mn()PPIX, Co(IDPPIX % ffi- /- & B BH#H
EBENEZOC Y OHTIE aFe)r 722y PO COBEREDFH N BFE)D D
DI HHENE WS ERIFTE TS (Cassoly & Gibson, 1972: Hoffman et al.,
1975; Ikeda-Saito & Yonetani, 1980; Blough & Hoffman, 1982, 1984; 3% 3-3
ZH),

Stopped-flow FEIZ L AANEF OV O—fLERE (CO) MBELEEDRIEIZD
T

CO THAIL TWANEZTE YD CO DFHEEE L, —BHMEEBZENO)ED
BEHZETAZEILLI>THMETLHIENTE S, NEFTOE D NO %
T ABMEA CO ICHTIHHIMEI I ERTENZEZ2FHL TS, ZOFEER
I3 Stopped-flow i T179 (¥ 3-2) » Stopped-flow DF D) I CO
A0 EWE, bH)RFFDOYY >V NO #&OBHR» LT, M
HEMENENH T CHHIRET b, # &b AR ) W BEORRZE
BWETHIEIZE > THNOHND, CO-NOEEHMR I DL HIcFIT 5
(K—=V) o
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kco k'Nno
HbCO + NO = CO + Hb + NO = CO + HbNO
kK'co kno

---q.3-8

Kco. k'No # FNFN CO & NO DEESEEEH, kco, kno e ZhZ CO &
NO OEEEEERE T 5, CO DEEDL NO DBE AT/ OE /T
FCEL—RBT, FAF VAT U OBEEEITHIEVE S, w20
SHRERRDHY LD,

d[HbCO]
= — keco [HbCO] + Kkco[HDb][CO] ---eq.3-9
dt
d[HbNO]
= — kno [HbNO] + k'no[{Hb]J[NO] ---eq.3-10
dt
[HbCO]  + [Hb] + [HBNO] = C ---eq.3-11

CEETHONETSOVY VBEERL, —EThb, /2. NEFTE Y96 CO
BEINEZETHAET NO FEETEEERDL, 2F Y, BEERENKYILD
E45H, TheNTEHET &,

d[Hb]
---eq.3-12

dt

INLDEDPS COEBERAET/OVY v OBEORMEI (F7/21d NO BER
NETOUE Y OREORMENL) 28X BT EPFTEL, ISR T RIS,
DEN 1 DB (explkt)) THET I EMTE, BT DOEEEL kapparens
29 %5,

kco k'no (NO] + kno k'co[CO] + kcokno

kapparent =

k'co[CO] + Kno[NO] + kno

---eq.3-13
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NO OEEHEERE L CO OISR & ) 2272 ) v (kno <€ keo, Olson, 1981a)
OT. 313 HThknoFERLTVWAERIERTLIENTES

kco k'no [NOJ

---eq.3-14

kapparent =

k'co[CO] + Kk'no [NOJ]

X517 NO DEASEEIL CO DREEEREL Y22 ) E V(K No > Kco. Olson,
1981a)e 72005, Kco[COJDEDLERTE S, #E. CO-NO BERREERT
FER S B FUS D Bt OEEERIE,

Kapparent = kO ~--eq.3-15
SF . CODREBERENZOFIRIIDTH b, JEIZRT)REDELL
PELIEICLo T A, NORBETAETS O VIZBRIC THP 212 5 &
ANEFOY LD 4AREEPEALLTLEY, BWHEARS PVETEDLoTLE
ST EDHLNT WS, TOEEN L WERE, 250 NOHb D IHP (T X 5 AN
7 N VEALDERINE TdH B 405.Tnm HNE DN 5 (Salhany et al., 1975)0
CO-NO & &# 212 X 2 HIZEFFE T, Mn(D)-Fe(I)FEE 7 T E > 2 (Blough
& Hoffman, 1984), HEESN/ANES/ UV Do T2y PR T2y
F D CO S EEDWPIEIF N TV 5 (Olson, 1981a), 72, CO HEHEED
HIEE RIS, EESH-BEEHERANE7O0E 0 CO MBEERELHIZE L T, CO
BAT7aVlrypomiiidinsg CO DBHEREY a,.p 712y IOV
TENETNRE L72EBRD #HE S LT 5 (Mathews et al., 1989),

L—H—7 % FY TR LB HBICEANEZTUVY L OEE (02 BEEE
DREIZDODNVT

NESOE IS L-EEE (O ZHMEXe, tOFESEE2ELE
DEFF A LD 5 TR B FEEIZDOWT, Sawicki & Morris A8F & HTWA(1981)0
SHHFIIL T BEDIE, NEF O VIIHESL TWY A Y FRERIZE o TA
FTOUEGFOFEPLELICINIML T, LDOTYF Y FANEFOE L ILE
BT AHRETH B, WEHELI K, VT2 FEANLRT Y b SHTITFrTIC
EHTALICHFE ST 535 (Geminate recombination, Martin & Vos, 1994)
EXTHRNTH 5,

UﬁyFGE*“Lﬁ%%N% i, SRR O L — ﬁ~uvttwu@m'

WA MREDS KB TH D, MERANEITOE 0O H Y FORTHES - 1FE
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HELDILRDENLODODE DRDOTEWKEHSHMEEITERIN,, E0 5
—BLRFEONBEICIEEREHAD 7Ty v 295 v TR ENFfGbR T Wi,
ST ENVAICH Y T ICHTEHI E LTH, AN BEIC KD
EXELELIELEEELTLE) RAPDHADOTHREDEHESREBITIIMFZ 2,
F7-. BEOBTNE* B—8LEFEID 10 5 D{EVO CT(Saffran & Gibson,
1977). BEY BB I CHIEHRN RV LETH L,

BEONHEE  FESOERIIBRL —F—PFX{ffbhs, 20K
7593250 TEEST, Ay b4 701 uBLURIIERDLZOTEBLAEL
ToNSWAFERIEALZENTEDL |, REEDZ A NVF—RF TG A L
WCTEL  RBBREBRACE TR ) 77y Va OB RE BRI LN
TX, BAEENEHEOERELBITILIENTESL, REDEMDH 5 (Sawicki
& Morris, 1981), '

EBONET O 2 ERCTHRECHBEIESLIOIIEN 2L - — X%
HTCTIL SADBEREYBRESELE, THF AT RO P HE S
THPEZHEIRN, NTT/UY r OFEEAE TR 5D T(Sawicki & Gibson,
19772), EBEROBIT - BIRBIEFEICH L b, 06, L—HF—DiE X
ET AN —EEFoTHELL T, NEFOEVITHEEL TR ABENTL —
o x B ES S, "NE/UV VO ABEBBOBEESEEY RV EHE
BELRON B, ZDEERITIHT O B FE Bk (Partial photolysis) & TN 5
(Sawicki & Gibson, 1977a; Mathews et al, 1989; Philo & Lary, 1990;

* 2F&E  Quantum yield. EFIEE, EFHELELELESFHIND, HBiTL-
THLHHLNWRI AHE, BRAOBRI 72RO, WP E N/ TF ORI T
HtEvS, ST, BT LEICD EMEOBE (72 3—8BLKE) T
ETOE DL HBEHEINDL D, 2R TEHFETH S, ) FEAEI GV
EF/UVERIF U YOEFPEI/NSIVOIE, BIZXoTY H Y FHEA
APSEENTDL, NARY v 2o F Y FPRFETEICALICHES LT
LEI»677E STV A(Saffran & Gibson, 1977),

BE  ANEFUVY - 347UV CORTIE (pHT.0, 20T)
(Saffran & Gibson, 1977; Sawicki & Gibson, 1978; J.S.0Olson,
- personal communication)

[ E S — Wbk FEDT
FFHHEEANE STV Y 0.08 ~0.05 ~0.5
T FVEMEANESOY Y 05~ 1.0 1.0
34 yuvy ~0.15 0.95
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Vandegriff et al,, 1991; Fronticelli et al., 1993; Mathews & Olson, 1994)c
FrUEYOBEBNMITEVIRERZ L, RO TOBEORES REIIFEFICE
¢ (5~10X104s71, in the presence of 1260uM Og2) . NEZ T Y ¥ DFEEZAL
IDLEDT, FOEEITIZE A 2V (Sawicki & Gibson, 1977a),

. BERNMUIFBEVIREOAEIOVY Y OBEESEE . BEEEOH
EBNIIEE A2 v, Sawicki & Gibson PEMEEELEHET TONETTEY
ODEBEFES2 7T v 274+ MYV AkfEo THIE LA-HEQ9TTD) &,
Shibayama 5@ Ni)-FeD)EHENE7 OV v 2 F - 7-8HEA995b) W L
P, MEFDBLLVOITEREROBIFTE L VI LLEEEZONDL, &
DL SITOVTIZRIZERRD, |

NEFOEVICEEE (O2) PBESTARISANICLTAL ), B &
JA720, NETUE Y OBEEMITESEE R By, DR —BbEREF A
EFOEVICHEETARSERIC L E 2 LIZREAHKTH L, O2BNESOY
YOBBEICHENTEHICSH ), 02 DBERTE (BF) LR2E2E, Zof
& S 3 EE— KIS (pseudo-first-order reaction) E E 2 5,

Hb + 02 = HbOe ' ---eq.3-16

O2 DREEREE % Koo, FEHEEERF kor £ T5E, eEEBAESTY
YOEE (HbO) 72 2EEIE, FAX I ~EF OV DREE ([Hb) &
O: DR ([02)) ZFoTI DI IZET B,
d[HbO2]
= Koz[Hb][O2] — ko2 [HbOz] ---eq.3-17
dt

BFEDOICDGE | HHERE AR TR 513 L5 20O T(Olson, 1981a), —
BALKED X D K EHHEICIE TE 2 v, 5. Bl Xh LR BEDEEZT
EZDLHIZET B,
A4 Abs(t) = 4 Abs(total)exp{— (K'02[O2] + ko) t}
---eq.3-18
4 Abs(t) I3 t DREOWSEREEZAL, 4 Abs(total) iz 2EDENELLTH B,
ARG OERTHU SN RLTORGREERITE D 2135,
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kapparent = k’OZ[OZ] + koe ---€(. 3-19

s, ANES OV COBELCEERCREERE Y ROLIT. BEFEESE
B W OPDOBEFET TITo T 135 N7z R0 T O FUGSEE kapparent 7 BEFR
BEQHBE LT/ I 70TOy b Th, 2O 70Uy MIfd L EIERHE
B, ZOHEEOMEE L, [O=0/8E0KE HEHYF) KehEh Koz &
koz Q:ﬂﬁﬁ‘?—%o

LaL. SORIGEZRENAEIOV COEBEILHRTAFIIEVWEEZD
RBETLIEBRTH S, BRTOBERBEFANETOE Y DNLDREE &
B EEOE, BEEBIIL->TAE/ O v OBESKE S N, BRTOB
FHEEIFHEZ LI LD, FLIANES OV UHFBEEZEESTAHIILAN
S>THEBEFOBBEBENR-> TV, EVIBBERI LR 5, BRERBEN
BT UTEVIE &, ROTEBEESITEVD T, RISEE R EHICED
BDOTHb, ZHhOoBERENENE XOERGROBITIIIBND FEFLE
T, — BT BERE 77 (Numerical integration techniques; Olson, 1981b)
EVILDIMEbNDE, NET UV DOBEFBEEEROER > OBEEEEE
BEROIVEE, 2FNF—%5 %275 7170y PLTROLNLEHRDOYUIA
XEDBALRD T VIRICIIEREZBELAGOERRT -/ PLEIIRY, 7T—F
DI HER S ER EbNS, BEIIREIN TV LEMZRETONES
OV DEEEFEESEERICIE., Sawicki & Gibson DIEEEZfFREDANE S O
Y DERE B BEEER(1977b) % Shibayama 5 D NidD)-Fe(DERANEI/ T Y
v DEEZ KB EE(19950) D 5, Z 15 DERIIEEZEBMEIMEVIREDOA
ESOE L DEBEBEORKEERERRHERE %KD 572017 bN THT, K
WERESE T &M TOBRESSICE b %) WEEORRMZL O BT I $UEFR 5
EAME LTV 5 (Shibayama, personal communications). Sawicki & Gibson
DEER(197Tb) Tid, BERHEN 0 ~20%DANES/ TV » OBEGLEMER %
ToTwd, BEASTOIABENDIILEALRTFHFIOATI OV VICEST B
BB SNIHBHREEICE D2 ) WCEOR ML IE, FEEE - Mg sr b
I HRGORNERFMECEIRBETE 2 o7, HOIE, Bl SR NED
BEIZAL % 2L TR LTV, 2RO IZE URAEELSLIE s HL ., &
BRHORE > TV, ELTwD, Z LTS Bl & LISECES % B(Fe)
HT Ay NOBREZEB LRI, BORSFE afe)d 722y hFHE
#imi LTV %, Shibayama 5 b 132 UEE% LTHBH(1995b). \xhbw 5 T-
KEANET0C Y OF TR BEFEYT T2y FOFPW ae) 71y b L0
WEBMERERELTRLL, EVIERIWME LTS, JOEHN R AT
Sawicki & Gibson DEBGESE L —H 3 5,

68



Stopped-flow IEIZEANEZUE L OBE (02 BEEREDOEZEICDWT

ANESOE Y O—BICREBERE S, —BLREL BILEZRTEERR
AT EIZLoTHEIELRA, THERRICEZOBEEREIZ, BETEML T
WAENESOY VOBEY —BLRETEEZRADILICIoTHETSHI L
MNTE5S, Stopped-flow DFFDY Y w2 e BIANETOE VBEWE ., b9
FEADY) I CO 2 E8LBEFERFANT, MELEERET 5, BE#D
HEFERRIIVBREEORHME L HETAI LI 2 THERLNL, 02-CO
BEBEZRSEIDIHIIET S,

HbO2 + CO =& Q02 + Hb + CO <= 02 + HbLCO
---eq.3-20

Koz, KcozE#NEN O2& CO DEEHEEEL. ko, kcox FN & 02L& CO
DIEHREEERE T2, O2DBED CONBEDANEITOE IERTTHHIC
H{—ET, TAF AT/ 0ErORBERTHIUERVIGE, 2F ) EFKE
WE Y Lo T0d5e, WOPHDFELXPEY 75, CO-NO EE# 2 EE
ERIC &) I A RENIHET 5, B2TORSIR 1 2ORBBEHETETZ &
PTE, BT OEEEE R kapparent 132 9 72 55

ko2 k'co [CO] + kcok'o2[0O2] + kozkco

kapparent =
Ko2[O2] + Kco[CO] + kco
--eq.3-21

CO DFFREREIL O2 DIFHERE X ) 2272 1) B> (keo € koz, Mathews & Olson
1994) DT, K 3-20 PTkeo N WHRL TV AEITERT S EATTE 5,

¥

ko2 k’co [CO]
kapparent - —-—eq.3-22
Ko2[02] + Kk'co[CO]

MBIZTEADET T T, EBO 02CO BEERIERIT VA VL R EITEIRE
KT WV K DD Kapparent ¥ 8D B, 3 8-21 2L X E 5,

1 1 K02{04]

= + --eq.3-23
kapparent ko2 ko2 k'co {CO]
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FEHIC (1 kepparent )  B#HIC ([02]/[COI) ZE /2T TRMEY, 7—
FE 70y b3 h, ) LTHELNIERL, BHED (Koo koekco) . I
A (1/koe) THb, 2F 0., EEOREMYFT DEEBHFNETOE » DRER
MEEEZRT, COFETHF VAEZOE Y 25 1BBICZTHABEDR
BERELZFEL AT ERPHRESNTV15(Olson, et al, 1971), o, 72
Z9 NODLTPLRBEHANRT PVOEVWEZEFIHLT, "EZQVOHFTD a,
BH T2y M DMFEMBEEDENTHEML TV 2 . BEESL4 BT
DU DPORMIBThABEOREREZ, a W 722y e g YTy
FENEFNXF L TRET H7-010, REH-EEHRBERANETOE > OBRER
BORE A HE L ERLFE SN TV 5 (Mathews et al., 1989), W NDEE
T, 4BRNESOEVHOB T2y NOBERBEREDO T o 72
Zy PDLEDINENENIERITE T VD, —F, BEXN o, pBHOBE
FREELEE IS DRI E SN TV 5(Olson, 1987), BHEEEN-L DTt a 84
DFEEEMREREN B L D B EW,

ZRIEFETCONEZ OV Y DMPIREIZDOWT
LOBEETCABBEOUEFEYR, NEFOE I, bLiENES O
Kot (1) COBFIEETHEEDEE, (2) COBTHMHEES 5 HEDH
Ey 3) 2T THHEETHBEDHE. 1) O G F VBT HIEEDHE, D4
DTHb, IATUVC VR EOUENEDLLLVWEHEXRAGEIT. TN
SOEEETHSICEMEIXIZEAE 2V, LL, NEFO VY OME* R
RLGEVREENVLETH S, NEZOE L JI)AT Y FIEELTWARL
TR WHTEDHEPEDL->TLE), 2F 0., WETHHEOMPHRET )
HY EHFEEEL ThUL, 20T/ OV O FEIREEZ Y W > FEAME S
NHDBEZNFINIFF-oTW5B L, UF Y FPFEE LT ITIIREAED
BN OPREWHRICAE > Twb,
SHZEEBHRERNEI OV 2o TWnED L, NEF/OVY ORED
ZAIZIE B B RREHIBRDH 5, CrID-Fe(D)iRH T/ 0 ¥ v OEEFE i %
Biud, BEIEES LTV ARVRETHLEBEEBMESP R 0EVW EFbD 5
(AFXHE 27E) o M, Ni(ID)-Fe(MRBANE 70 E ¥ % Mg(l)-Fe(H M
BOE VEBESTEES LT T HBERBAME Ry (FRE IO BEE T
MEY) o BBAANESOE VORBIBELFIKET S0, How b
FUTINLNFRIUTHDITTER Y, L2L, ZOHBROFMENTD Y H >~
FAEELTW B2 LTWARWROMGIKEIE, B0 7Yy FEE - Ek
WL 5257259,




ANETTE I CO FFVPEETAIEEDEETIZ, NEZ7OE XOMHR
BEIFAXIVRETH L, PhoAE7a0V sy OFHRER, VA Y FEMG
MEV D DALV HIIIFE > T b, Ni(ll)-. Mg(ID-FeD)iRE~NETE ¥
AD COMBERISZ, TR EDTFFIANETOE D CO FEKISEHE
L7259, Cr@D)-Fe(DEBRNEZT Y >AD CORBERISIE, U F Y Fa2 2
PIHEAS L TWATHBEBEAEF O AD CO FBESICHST 5,

COMERERE L O fBBLEE RN Y FEZBMZEAFA L CHET AT
M, COFEEZANETOENIFIC) T FPEEELTWAED T, ANEFOE
Y DOFERFEIZ ) T FEREIBVWLOPFZWARICHFE > Twbh, b,
ADOD)T Y FIFEELTWAEAETOVY Y (L L EFNUICHET HER
EFOEY) PORADI T Y FERTILARE LRI VEESICEEER D
7255, Ni(ID-. MgdD-Fe@DiRHAE7 O 2# - T H ¥ FEMEOE WK
BONETOV VERARLBEREENILETH L, RETCIhODAE
JOUVEORBEIZ) T FRAEIEVIDPREVFEANTEHF > Twb EE 2
SNb, VY FEBHBOBEWAEI OV V2 HELEE 51213, BHstt%
ZZTFEZELHIIBEH IV ZTNRET R LV,

O BEEERIL—HF—7+ NV AZF-oTHEEN S, L) EiT, @
BRBEANES OV IIBEFEELTWES, BPONES T OFHITY
7Y FEHEABEVWLDORLEVHEICESF > T Wb, BIZX > TEENFITN
7-EEIE S OFMBIREIIIIZE N TWEIEZT 7, F0H%, NEJUub D4
FAEELALDHE & o TEH B FZBAEIRA D OBS AR~ LTI E 7
59 EDLSWVTNAEPRANETTTY VD4 REEELAGERE ITHEET S, B
EVEREEST HBEFEEMIOETNE, NEFOE YD 4RBEEEAIRT
AUFERV, NEFTUE O FEKENFCOTIHEI NS, BENFH
HETHHEBENEOYE YD 4 KEEEGEEDPRY B9 £ ) 2o E, X
BTN HE o EEP L LIES T4 L, FIHIFEIRED & BRERMME A
BV DLW HEANRE T HIIRESBEENEES S,
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(3)EBTT %

EEBRIBFEANEZS O ORE

BEANESOVCCOREIEBEBRNVT 1) OREDANIEBIMIC 4 CT& M4
T, Cr(IHPPIX, Mg(DPPIX % F\\: A IIEEVFTCIT ),

CrdD-FeDBEBNESS T L OFREIL., E2ETR/Z@ED,

Mn(IIPPIX iZ Masuda(1993) 5> DFHFEIHE > TRE L 72, MnD)-FedD)iR
MANESO VU OREFER Cr@)-Fe(DERNETO ¥ EFH)EBRELV 7
1) UANED P TFIFEEIE{ALTH 5,

Ni@DPPIX it Shibayama(1986a) 5 D HIEIZHE > THRE L7z, NiID-Fe()ik
BANE7OV 2 RET AT, FTT7FRadH, LA #EEFAELE TS, 7
Ka (B) SBAEHIZ, 7RD 1.2 BEEDEILVED Nid)PPIX % 4-8® DMF 12
PLTHR D, H2HEM, BEOTCTYW L WHEBLIBE, o 7IVEEHEL
T, 20mM Borate/NaOH, pH10.5 &&# & F# % & 57> SephadexG25 7 J A
1R L CABENIIMZ 7 Nid)PPIX 2:<, 29 LTHRE L/ NiDYy 722
X2 B BBESHIE W COBERITMA %, T DT CO ZHAT €. 32mM
DL-dithiothreitol 73 ) . Nih¥ 7 1=y b EHFORBEH L 3ZHFE L EE W
T D, COEDETITOCTIHMBETS, SO, o7 IV%E
20mM Tris/Cl pH7.2 W & F# % & - 72 ShephadexG25f 71 AL, it
WCE UBER L P % & -/ DE23 t)vu— R 5 A(Whatman)& CM23
O — 2597 L(Whatman)lZB L TRET L, ZBNTAHANEITUE VAR
EOTEFL, REZEZRRETCRET 5, 2O NidD)-Fe()iRE~\E/u v
T COREBRITH D, BELESMIILI-WEZIZR, TOHF T IvE HbA B ED
CORTLERUBEETT o

Mg(IDPPIX (& Park(1996) 5 D HiEI it > THRE L7z, MgDPPIX ASA -7
HEo, dLEBHOTEDMAS I NIANPPIX 2 - 72554 L IZIZEMTH
5o a. b LLIEB DAL T BIIC dithiothreitol T SH ED&ETTE1T> T
B, HET7TE N ETTRa (orp) HBWETRET S, 7R a (orp) BE
W2, HFRE LV LEVEO Mg(I)PPIX % DMF IZEP L THR %, ¥ TV
T BRI, 20mM Tris/Cl pH8.8 #& Mk & ¥ %= & - 72 SephadexG25f /1 7 A
(g, [ DR CHE R & o7 DE23 T LY ThVe s, F@T
ABY T NVehdDL, BT AZEELZDDL, 50mM Tris/Cl pHS.2 i T
BHETELLDFHOL, HOF U T IVERKRINL Mgy 72—y b &
LTS o Mg)PPIX (2T KX MDD 5 D T(Zemel & Hoffman, 1981)
MgV 72=v % CO By 7a =y b EFRET 2 DITICETI RV,
CORTLEMEELTHE MgI)PPIX N TLE ) 25 TH D, Mg 72




=y bOXFIT e HEEESIZ. H 5D U dithiothreitol T SH D& ITE1T> T
25 CORTLEToTOBARIZLTEL Mg 7=y M &, Il
HOe#EEoY Ty P EESERRE DS, A1 EME. 20mM Tris/Cl pH7.2
B & T % L o 7> ShephadexG25f 77 7 ATBE L, e\ TH UREE &
& o7 DE23 ) u— A # F 4L (Whatman) & CM23 v — AT A
(Whatman)IZ#B L THET S, ZBY TH-NES OV EREEDOTEHL .
WHhEZRRECRET 5,

SEBBHRIERANT 7OV L OBEFEHEDHIE

Cr(I)-FeDiRM~EZ T ¥ Y O ZTFHMMOBEIZE 2 ETRIED |
Imai 5D FETHET %,

Mn(I)-Fe)iR~E7 0 ¥ v OFEHEFEHMADOBEZEIX, Moy 712 v
FOWEANY PV FeH 7 2=y POBEOERICITE ALKELZ W
?T(Masuda et al., 1993)., Cr(D-Fe(I)iR L ~E7 0¥ OiGas LRI
560nm ORNELLZHE L0

Ni(I)-Fe@EHZ~NE7 0 €V OB EZFEHEMAOWEE X, CrD)-Fe() X
MnD)-FeDRBENET O U DGE EED 5055 5, ae(NDB2Fe)iRHNES
OV YD aoN)YF 722y PORFEART bVid, pEFe) 712y P OBHEL
Bz & b o TEALT 5 2 D550 » TwA(Shibayama et al., 1986a), 722
5. BEEFHEMAOEEICE. NIADY 7 2=y N ORKEEEIOFEI/NE L
T Fe)V 712y POWBEEALZ T2 EHTELIRELZBRAVLEFH S,
Shibayama & D@IHDHEELTIE 430nm PHIEE R E L TR TWZDS, &
DEFETHUALADZIANEITOEVBELZES L2V ERBEFRETETHRZ
Vi, ZDE, 470nm £ W) EEN aNDT 722y POEKEERHI/IHE L,
FIZ pFe)yr 7Ty FOWBELELE EIND & v ) B TR i R 1
FEA @b T 5 (Shibayama et al., 1993), %8, azFe)B2NI)EENEI T
Yoo BN 721=y POBIHARS b IViE, aFe)Y 7=y b OBEEED
128 b o T2 BALIRIEE IS VO T, HEHRE D 560nm TR T AR AN E
oy (A '

Mg(ID)-Fe(IDiRHAE 7TV > Ni(D-FeDiRkA~E 7 a ¥ > &[] URIREA
H B oa(Fe)p2Me)RENES TV LD M) 712y FOEFHBARY dvid,
aFe)tr 7=y NOBEFBICE L > TEAT B, 2h 5, BEEFHIMHED
WEIT, pMe Y722y hOBKEART MVELAOFERIN AN 1 DTH 5
552nm TAT#7-(Miyazaki et al., in preparation)o

SETOMEFHUBIZ AT OV DBENEERIV T 1) HEET60uM.,
FRMFIIL 50mM bis-Tris & L & Tris, 100mM CI™, pH7.4, 25COEEHT




HE STz,

FEA XV EBBRERANEZ U Y O—BIURESSREDRIE

—P bR EEAHE OBIEIX stopped-flow KELXH > TiTo 72, BEHWIZ
50mM bis-Tris ¥ 7213 Tris, 100mM C1~, pH6.5, 7.4, 7213 8.4, 25 CLHT
EERIT) H O LOBEENAXBITCTHEZEIBRV-BRERLBEL TS
RFE L THAMERERBRANETIOC Y 2EBRIV T 1) VEET 10uM
12725 X 9 12 stopped-flow EBADY ) Y ([FE§E) OFTEDL, ZDE
X4 2 T Crd)-FeD)RENE U E Y DB EE NET U L OFERT
¥ bk $ 57024 ED Dithionite % EWICH 2 5, Ni@D-Fed) .
Mg(I)-Fe(RFENE7T L OHAIE S L b & OBERMEIE THERD
C Dithionite Zf#H 7% { THFF F VAEPIUTERTZ %, F. 1RED—
BALIREN A TSI C TR L o -8 ER % . BEEE U/ BRER CEEC
ED-EW (SEME- 72 D% 33.3uM CO BW) 2/F> TR 74X VL7
BEANET OV VB E—BLRFERR E % stopped-flow HE TEHREET 5o
436nm OB BEOBBEILEZRET S Z T FeY 722y b O—B{bikE
BEDREZFARS, LEIUS U TBOLEORME/ MM EEE L T SN bz
BT 5, THP #2256 E &, BENESUEVERB A7) DI,
100uM THP & 725 X)W IHP Bz LNz 5, &) LTHELNARN
BEERZEIIC R DB E) BB BEEONT A — § 2/ R EILL > TR,
1200BBE T4y FTELWVWEE, 2200EBEETT 1+ v FEE5,
I LTREPTOREERIEONL, —BILKZEOKEFEEERIIFH TR
N7 8T B TEHELTHENS,

— LR EE AR ERBHERNT /0 v O — B KRR E DR %

COBERBERANEI T > D CO BHEFE L CONOBEEIBMAERIZI - T
WESND, ) RERIT, COREGEEEREFMLUDOEME) , MELRWVI:
100uM CO ¥ % Stopped-flow HEH DY} Y VOFICHE T b SN/
BFERETRBEANTE/ O 2 BRIV T 1Y) HEET 10uM X2 Db XD IZE
D CO BRDHITIR B, TNT CO BEBERNEITOE VBRI TE S,
)7, BEZBRVIBEREY N A OFT I RE—BICBERTR LT %
L %, Stopped-flow HBHND L) > POHPNEGHEEF TP/ A—F P H—
R L B FENO)E & AL D, Stopped-flow FHi#E T COFERB AT/ OE Y
A E NO Bl & EEIRE T 5, 405.7nm OB L ZMET A LITX
> T COMNO EEEMDEIEE 2D, LFITIE U THOGRER 2L % B
FLT SN HEBCT 5, I LTHELNBOEERMEIORS RE DR
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BEBDONT A -7 /N _FEI L > THET, FHTHR~I-R3-15 6. B
PUDOREEEBITZEDOE T —BLIREORBEEERE 25,

SREBRBERATZOV Y OBERESHEEORIE
 ERERERANTIUVC VOBEFLEEBRIBRE VAL - — %o /-
BREDIHBEER D OPE SN D, JIZEIKE Rice KED J.S.0lson KD
I/} TITbNzA, WEEBDEE X Sawicki & Morris 7B TW5 L D
(QIBHAEWIZFE LD TH S (K3-3) o

BEMIT CO HEERTHSJDERLDIDZEE) , W OPDREREE
SMHTEREITOILEFHIDT, | REBETVARBMTCCFHE 2 Lo/ %
TR, 0.5 FUERE - 05 RIEBRT AL V) bOTFE % L o7,
72 ABREEOBERFBELTBRVLBEHERCTEDLD, 2E2BET S,
TNV VIEHBEEDN 1.0mm TTARTEHATDOTELDDEMED  BEEE
ANBENZ, YTV VDT OBREEY ANLIFEOREHWICEDLETSE
Co HHBHEEFE L2 H - TREREZ T T VEVMIIAND , B SN B
EEBURENET U Y 2 EHBTYH Y TV EVOFIZAN S, NEFTT Y
CORBEIZERRIVT 4) VIBET2000M 25 X )T HJHP 2R A &
i3, BV IHP BHRA0OmM) %Y » TV Vil Egtis s st %4> C IHP #F
100uM &2 5 X9 122 5,

1% L — % —%E (Phase-R New Durham, NH) 2100B dye laser) {21314
J = WIZERP L7z 0.1mM D3R, rhodamine575 (Exiton, Inc)% AL T I o
2NV ZWEHHI 300 F /BT, 57Tnm 1T K AN 5 57 AGAEEEEFEOL
=B REFTEND, V—HF—HEFEERH 2om OE—-LEL2oTH TN

(NEFUVEEE) Ao Imm BEEDT Y TV VERICH TSRS,
V=HF =Rl o TAEFOE Ot 722y MRS L TWZEERFA
ETUEYPLEND, TF T ANLADPLTFF IUANLNEWIE AT AT
132, > 7 NVOBRBEEACDREIZ, > TIVENRTOWHERL —
— AL B ARy b EFUBFIC, WEAOKDESEEbETIT), WE
b AR E ANETOE D O—BILKELEEOHEIC DO W TOE TR
720 & [, 436nm OPLELEILAE SIS I EHEV, RN EE DN
BTN ERNIRTTE ) 7 O =5 —TRiT A, BEOEALIZEZ LN
W DM ZE D T— 5137V % )4 T 18 X3 — 7(Tektronix, model 2430)
THlE SR, IBMARAS—YFLarEa—2IClhATh, BESHh5,



PHOTOMULTIPLIER POP 8/1

AND AMPLIFIERS ]
TRANSIENT
RECORDER
MONOCHROMATOR
STORAGE

_| OSCILLOSCOPE

L;} sgsé'

L SAMPLE
HOLD
[:3*/ OLDER —

\
Sy DELAY
2\
=
F2 N
F [::;%;::L§7 L3
ARC & looy
LAM#??D
53&?% LASER
SUPPLY

M3-3 #HEL -7 b)) v AREOKKE
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CHOLTHELNIRAERHZILICRDBEIREEED T A -5 % &
INZIREFILE o THE T, 1 20FBEKT 71 v FTEL2VRIZ, 200K
BMETT74y bE&ED, THLTAPTOEEEEIBOND,, BREBE XK
#Hio, RO EEEEEHHMIc L o757 %2 o THLNLFT—5% T
Ty b3 5h, 20708y MIFLBLAEIERTTRNIEEICILI>THET, KX
JGHIARZ 2 00BBET74 v FLZEZIE., 20085 HHERLZLT
HEWHDEREWLD, FRFNFALIZTOY PLTENRFRICH ) EHREZHET,
BIEI TR & DT, EROBEEZVBEOFHSEEER LR L . #E 78R
FORBEEEERERT (R 3-19) o 2L, NESUE Y OBEEBMMEIE
THEL T X OFREERED R T ORISHEE IR TTHHICBECOEHL
ZERGEDLGEZ, BEROMEI T 2H00 L0 s 1ERDTB,

SEBEBREBANEZOY LV OBEREFEONE

BFEFHEL Crd)-Fe(). MnD-Fe(I)iRHAE 7 0¥ ¥ ORRFFHEERE X
stopped-flow FECHHZE-—BALKFEZ R AL EZRAZ LICL > THIEEI N,
BAEIE CO HEERTH -0 ERMULDDE[MH, WAL LEERIEED
FEEETRAET S, COHRDOEDDBREW % stopped-flow HEBHDI ) v ¥
DOHFIIZAN, BEINTBEELEABBREANEI UV 2EBREVT 11) VL#
T 10uM 272 A X ) I ZDBEBHEOFIIIZ 5, 0, BETBRVWT1IRE—
ALK HR & % & o 7B EW & stopped-flow DY J I DHIZANS,
HP #1256 & &, BEAEZOVE VBROPNEY THP B#(100mM) %
HP %% 100uM & 725 X 9 IZH1 2 %, Stopped-flow 18 T O S BB L A~E
OV EHE COBRE 2 BRIEET 50 423nm ORHELIL*BETHI L
ICEoTOeACO LBEHEDLLIEFETTARDL, LEIS U THRAERHMEIE
BMELTSON k2B T3, T LTHLONLBBERMEZILICRORLED
BEEABONRG A= 2 B/PAZFEEICL>THET, T LTRMTOHEE K
PESNL, M THR7 X 92, [0 /[COJ AN, BT OBEEH DM
Baftict o/ 7%2 o TN TF—% %70y b4, £DT7 U
v MO BB EMRE RN TREICL > THT, BEEOKMYF»BEZED
FEREERL B DM B e r~T (X3-23) o
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(DR EEE

ERBBERNNE7OE Y OBEFH AR

Cr(IM-. Mn(ID). Ni@). Mgd)-Fe(DER T 7 T ¥ ¥ 0 B T4 fi#R D
Hill plot =& 3-4A, BZ, BEEFH/NT A —F 2K 3-1IIRT, TNENSE
TIZHE SN /- BEEFEEEE (Appendix-5) &ITIT—FL Twb,

C #31 SEBHREBHEATEISUYECDBHEFHNNTA-F

Hybrid Hb o{mmHg max g . g
a2(Cr)B2(Fe) 0.37 1.1 2.2 3.4
a2Mn)p2(Fe) 2.0 1.4 0.24 0.99
a2(Ni)pe(Fe) 30 1.0 0.037 0.029
az(Mg)B2(Fe) 61 1.1 0.015 0.017
azFe)p2(Cr) 0.55 1.2 1.2 2.7
az(Fe)B2(Mn) 0.95 1.2 0.64 1.7
az2(Fe)p2(Ni) 34 1.4 0.013 0.062
azFe)faMe) 73 1.3 0.0091 0.021

WA - 50mM Tris, 100mM Cl1-, pH7.4, 25T.
NESUEVBEIEERVT74) Y (AL OEDL) #FEEIZLT 60uMo
WEEE | Cr)-. Mn(O)-Fe(IEBk Hb. a2(Fe)B2(Ni). a2(Mg)pa(Fe)id
560nm. az(Ni)B2(Fe)id 470nm. a2Fe)f2(Mg)id 586nm, )
Pso, NEZ OV Y ORBEERRMNED 50%DEDBREDE
Nmax, NEJ OY X OBREFH UMD Hillplot DR AL E
Ki, "EZO0EYD 1 EEICESTIBEDTFHER (HEEX mmHg!)
Koo "EZOEYD2@EIEETIRENFHEN (EE4EH nmHg 1)



Logyo[ Y/(1-Y)]

3{ Log;o(PO,)

Log;o(PO,)

I -

M 3-4 sBIREFIRBEAE 7 O > ORE T4l o Hillplot
M54 1+ 1 50mM bis-Tris, 100mM CI, pH7.4, 25C.
Q) o« ERREANE ST S (coMetal)paFe)) D FEZEEMR iAo Hiliplot
®) BHHIRERAEZTE Y (axFe)p(Metal)) OFEIFA I Hillplot
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FA XL ERBRENAT IO v O—B{LRERE S RE

F4F 3 Cr@D)-Fe(DiREAEF/ OV > O—BILRECOZEBEILZTD
HWETTHEER LA (H3-54) o T 2IREBET VRIS T 5, &N
EEAYANT, USHEZ BV EEEM T F ORI E BV EEERZFD
BEEBOMT T4y b T5, BORAEVHE - BUHOEE L ZhEFhD
CO EAEEERI o)X FE 3-2 1R L7z, 5. Ni()-Fe). Meg()-Fe(I)iE
BMANEFUOE YD CO BEBRIETHARER L, 250, RCHMITS
LR ER R B ORBEROEDETTT7 4y hTAZENTE (H3-6B) o
B Keo DR 3-2 1R L7, HFREANESTTE XD Keo DfEZ K 3-7
A, BIZR L7z, E3-7 Al c2(Metal)B2(Fe). X 3-7 B iZid az(Fe)pz(Metal)
DKecoDfE=RLTH b,

<

#3.29 FAFUHEEBHRERANTIIULE YD COBSHEEERK

a2(Cr)B2(Fe) . az(Fe)B2(Cr)
fastb slowe fast slow
pH_ THP=  (uM:is1) (uM:1s1) _ (pM:ish) (uM:1sh
6.5 - 6.1(79%)d 0.28 (21%)e 3.2 (39%) 0.28 (61%)
+  23(22%)  0.11(78%) 6.6 (6%) 0.15 (94%)
7.4 — 7.0 (86%) 0.47 (14%) 5.0 (86%) 0.49 (14%)
+ 2.1 (20%) 0.13 (80%) 4.8 (38%) 0.16 (62%)
8.4 - 7.7(90%) 0.57 (10%) 7.0 (90%) 1.3 (10%)
4+ 6.5(83%)  0.26(17%) 5.9 (713%) 0.44 (27%)
az(Ni)p2(Fe)  azFe)Bz(Ni)  c2(Mg)B2(Fe) azxFe)p2Mp)
pH  THP  (uM-s)) (uM:1s1) _(uM:-1gl) (uM:1g-1)
6.5 — 0.085 0.15 0.051 0.12
+ 0.065 0.11 0.047 0.12
7.4 — 0.086 0.19 0.041 0.19
+ 0.061 0.12 0.037 0.14
8.4 - 0.095 0.34 0.058 0.20
+ 0.068 0.21 0.047 0.13




(3.2 Do)

HbA
pH [HP (uM-1s1)
6.5 - 0.18

+ 0.095
7.4 - 0.23

+ 0.081
8.4 - 0.32

+ 0.14

PZE S 50mM Tris or bis-Tris, 100mM Cl-, 25°C. NEJ7 UK VDRI,
EERNVT4) e HERIILT, BE% 5uM. —B{biREDOBRER, BE#%
16.7uM. 436nm DR FLEZE/LIPE & Nz,

a. + I BEH, NESUY VIEHFI 50uM THP 2 5 &4,
— IAESUYE UBERICTHP ASEWEM,

b Cr@@)-FeMBEBENEITE AR L7 2HD COZEHMAMD, HAFHDE
FEE R, '

c: Cr(I)-Fe@BRANESTE AR L7z 24D CO MEMMD, BUHDZE
B

d, e ! TN, Cr(Il)-Fe(I)RENEY T Y AR L7 2 D CO &L HMD
B EBVHEOFEL, 2EOBEEECDMBLEL L7 PHRLTH D,
MWL BWHEOFEL TR TE 100%, 2F ) SEOREEILEE 25,
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Normalized absorbance change

-
un

-
—
NO
-
>

®3-5 #MIEALENTZF A F 2B aoCo)pe(Fe) RN AE Z T v D CO AU
C: -IFP
®: 100uMIHP %ff (RAWMOANE Y O Y EFKd O IHP i)
M54t - 50mM bis-Tris, 100mM Cl, pH7.4, 25T, Detected at 436nm.
COMEE . 33.GuM (AT, ~NE /O VB, 10uM RV 7 1) kit BT,

ngt .

Stopped-Flow 3 il THIE 2 417z,
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Normaliz-ed" absorbance change

-
wn

-]

[ 3-6

-
wn
]
—
n

SR = AU % T NiQD-Fe@DiRE A€ 70 1 ¥ 0 CO # & RS iR
B o QNDBFe)
®: o, Fe)pNY »
HsE 4 30mM bis-Tris, 100mM Cl, pH7.4, 25°C, Detected at 436nm.
e

CO M. 33.6uM GEGT). ~NES TE ViR, 10uM GRv 7 1 1) ¥ 35, REH).

Stopped-Flow # it TilllsE 2 17z,

?”
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B 3-7

—
-

©
ju—

CO Association Rate Constant (pM'_ls"l)

0.02 _ _ _
65 7 75 8 85

TA X HERERRERAT 700 CO FiaMEEERo pH Kt

(A o BREBEANESOE Y (a.MetaDfee)) @ COREAEEERK

B) BEBBEEAETI/ T Y (axFe)pMetal)) ¢ COFEREER
M5E &+ - 50mM bis-Tris or Tris, 100mM Cl,, 25°C, Detected at 436nm.

COMRKE, 33.6uM GREH). NEZT Y IBREE, 100M N7 1) 3§ REHD.

Stopped-Flow 31§ TllE & 17z,

—t
T TTTTT

T

— CO Association Rate Constant (pM'ls'l)

021 _ _

79%

2o

L

6.5 7 7.5
pH

O: CrID-FedDik~NEra ¥~

& NidD-Fe@DiR~NEs oY v

V: Mg@D)-FeDRENET T

B yRViE, 100uM THP 40 (R

A
=]

R

i

DNET

8.5

Ol THP i)



X 3-7A, BICRONA X9, ROONTHEEERIIREIC2 20900
776 Cr(D)-Fe(DIEENEI/TE VAR L7#E W CO HBEEEDIINV—T & |
Ni(ID-Fe([). Mg(@)-Fe(DiRHMANEZ7 U AR LIZE Y CO HEREED T IV
'—_ 70.’6@60

E CO BAEREEHT, BRIANEISOE YD 4ERERBD CO BEREE
BELTHESNTVALDEFEFIZIL—FH LTS, ThiEAFIAES
OEVRDOS DOUWEFBEI SN TWEE LTRWES ), i, EW CO &
SREEHIE, BEOTAF AT O YO CO HEEEL 1212 UkEr
RLTWD, BEOHE L SHOHERDLBIIHITZET ) o

FEH CORERBEERNI EON ok 7?

FUEH IR A D EEERD H 5,2 g Crdl)-FeDEKNEZ O »
PR L7 2 D CO BAEMBOENHOEEER TH b, Sl Sz S
B, 200 BBHEOMEEMIZ T4y PR TELERDOLOTHSL, 7
4 X7 Cr(@D)-Fe(DEBRNETTZOE G )T Y FPE2MEPEZTEELTWAENE
JUEYDETFNVTHAH(BRemILE 22 ; Unzai et al,, 1996), 74 F VEBENTE
UYL ) H  FERMSE SRS | EUEEREICD (lch
b)) BNAMBLEHTICHHEEZ LIS,

LaL., FHNGEEEEN Do/ rbEE o T, FRFERBIZ [FF T~
E/UC R RIKE) | CHRL, [FAFVAESOE A (TIRE) | ©
b, [ etE2FE O/ oy | OFREERSE, LLTLEHID
WIEEEMDSIE ) T2 vy 2872 6, CrID)-Fe(IDIBBANES O E VAR L 2D
CO BERGDE VHNE )R> TOL GNP EoEN DR LLVRNLTH
Ho ABIHHHLME 2 FHFOANET UL U HLDRLIE, TOFMZH
BED COBELCDBTEHIIEY COEEUCHPEN I TP LW
DIED, FH) WV H) BRIV, F7-, FRCARZ@EY ., VI v FEEHME
EONET7OV U5, EDLSWVOHED 4 RHELRALERT ONPIE-o 2D L
T2\ (Philo et al., 1996) o R0 T ORUGHMIE, NET O E » DREEEAL
DFEELXZIMLL TWE2 LN VD, BRELPLSROESEISIX, 7
¥ Cr()-Fe(IDIRFBAETOE U HEDL 50D 4 KEEEEALEE R L T
VAPPSR VWOT, Bl S 7 2 HO S A, FFICEW IS HR 3
LHLDUYDVEREMAIENTE LR,

CZTRFAF VR Cr)-Fed)RMANEZ/TE D CO BEERISHATH 2
Mol e HEET 5o

WEOHE L BB L TARSL L, CrID-Fe()REE 7 0 ¥ OFEZFHHEGE,
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CO ARG EEDOHEIIA MY 7 V-Fe(IIRENEZT Y DB DIZIEFIC
PTwnb, FFFIVHEXA N T UORBBEANEZOEY S 2HBED CO &gz
TL7o T/, THP 2BMWICNZ, BHED pH 2 TITAICL=25->T, 2HD
3 HDEV CO S USHDE S A 2 7-(Cassoly & Gibson, 1972), Cassoly

¥ Gibson 75, [FHF YT 7/ A PREANETOE VI, 2 00IRE CO
BEOEEORNRIREYL . COELFEEDE VN TRE—OM 21T & K3 5 P

WEIZH Y, 2OANZEDHEHEOEL 2V (ISTIUT) o #RFhD CO
HEERISH A2 DBE Lo TEBEAEINLTWA] EBRL-DIIFR TN
720 1513 CO BAEEERMEHRD pH, HP £ ITKIET 5 DIE R KR,
TIKEE, FREFNORBOFTH, ~NEZ7OVY VOBEOEL T EEZ TS
I, FRICLTIRARETERIL 20D Cr@)-FeDiE AT/ T ¥ Y AHUR
L7-EVH0 CO #EEREZHE. Nid)-Fed)X Mg)-Fed)EH €7 O
VOLBDIZHRTI0EESCREVWIELD S (K3-7) , BAL 2REETIV
TRHEBTEZ ) IV,

~NEFOV YD 4 KEEBEOEIC L > T 2HD CO BAERSHEIED b
DEAL e FOTREZE - THRDL, 2HOEEHBEITBRENT-DT,
ETDNEZ OV UGFHFFFEFICESEE (103S7 120l L) THMEDZE
HHEEREOR #TER LTV ATRERIRIEE SN, b LEFD LX) 2EnE
ETHEEODANEDLY)EH 7% 5, RPToORIGHBEITFHLsh, —2D
BB TEEAL IHICRIITENL,

Philo 5A7E )@ 1 (1996), NEJ/ OV VDO 4 REEDKRBIZIE3ISH D (R
IREE. THREE. locked-T 3KEE) . U ¥ > FRADTEER CIE, R REAES
Tyl T REAETZOV VIZL0$ T GRVERE(103~104 S™) T 4 XiEE
DANED Y HHT 5 TWT, locked-T KREDANES/OV LV ZZFDFEFTIYIR
XRTwS (ISTIUTOEETT, FLEIRKEICRAE) ELED, TH4AFY
CrdI)-Fe(DiREANEFO > iE, VI Y FHF2EATESG L TCnwbAETUL
VOEFNEDPS, TOIRENFRES - FEHIKBICHLEEZONE, £
~ CO B EREO—hE AL KSHEIBHEN L7255 0?7 CO %]
WESE . E U 4REEEIC L BRI O ISR OTHIRI 575
Jo RIREBOF A IR EHE . T RKEOBWESEEERD PN L EEE
HriFEoMrdobhbs, CHUAFEVHICERZ D, FOK., WYRIN
locked-T RIEANE T E 2 COHW > NHEET B0 THABVHICRE X 0
SOXHIC, 20 CO FARKBHGAHM X #5575, Cr(D-
Fe(DHANEZOVY D COEERBTRON LS 2iEWHD pH, THP K
HEME P TE L2V, locked-T REAE7TV D CO FEEHED pH, THP
EMHEICEKETA, ETNTHBTEL0BAN WA, ThTRAETTE ¥
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DIREOEDS 3K TIIH T vy,

fiC CO FEERICA 2 MICR Z AHHAIC, NEFULE YD 4 KEELDE
BEX, COREGREBELEFITLGENELONS, BT A-0DI1C, 7 F ¥
Cr(ID)-Fe(I)iRBNES/ T Y V25, RIKEENEF OV E TREANEOE YD
BXodmRELLId, NEZUVP L IZD 200REOMEITERT ST
WK 5, TOHBEFANEDLLREEN, RIKEANEISTE YD CO #E
FEXDITEL, TREANEZ0V YD COESEE L Y HEVE S, 2IZNCO
»BEEDE, FTRIKEANETOUIZ CO PELEAELTLE D) GEVWADS
BUAIXND) o THETHREANT/OVY V5T HL, TIREANEIOE VIZWo
Y COPRELTLEHIFNZ, TRKEANEISUE VIE RIREBAEIODE A
EHERETALT B, NETUE Y DREENE D5 728 CO BT AT 5,
ZH LT, TR BELEMOEENFE BRI 2 o TS DHBWHE 2o THL
WENDH, NEFOY YD 4 RKEEELLOEEAS, D pH, THP & ITKF
35 &3, Cr@D-Fe(DRA~NEZ7 T O CORBEMMOE VD pH.
HP KAFHEZHETE DL, LA L, TOHTEFTAF T 7/ 2 b-Fe@DiEE
EFOUECDREPITO CO BEREN, BHD CO BELIZITHARFRIIS S
(Cassoly & Gibson, 1972)Z & 2T E 2\, COEHEISDE D, d L
FERETACHHEEEIE L > TTEL-HL2 LT, BT O CO BEREIIBERD
COBBICIIEAL 20nidd Thb,

HAZTIZ, 74 %Y Cr@@D)-Fed@D), 74 F 27 /7 A MEEANEZ UV F
2D COFERUSHMMERTON ) TLHMATELHIT RV,

NETOECD CORBEREEHD ERETRIZCONT

NEFUE UARL) A HOE Y CO EEREEHERFEL > TH LI,
Cr(I)-Fe(IDEEANTZ T Vi, BEHED pH A 7.4, 8.4 TIHP H % \WEHET
FFD COEEBENDITZLE AL EVHES T, FOEED pH FRITIZE A LE
B0 72 HIED CrdO)-Fe(DIRKNE 7 OV OBEFHBEOHEDOBIRD S,
Cr()-FeM)EMNEZ T UV IFIFEFICEHVBREBME 2HO Z Lo T
VW5, pH8.4 CHHP AWM TIXITIEAEHEE YR ET (amax=1.0-1.1) .
BB & 22 CEFEBMMZ R L Tw A DT, CrD)-FeDRH~NET T ¥ »
i3 pH8.4 L5 TFAF VIRIETOHLIZIZ) F Y FICHTAHEMULETHHV, &
NOHDOIEN S BEWD pHA 7.4H 5 8.4 T IHP A7 W4T D Cr(I)-FedD)
REANEZOE D CO FEBROENRSORKEERIT. NEF TV IH
595 COBAEEERDOEIDLEREEZ 5N b, aCr)peFe)?D p(Fe)tt 7
2=y FDOFT uMTIs7L 02Fe)pACr)? aFe)r 71 =y bD#H 6 uM is™!
DEV) COFEHEERN TN FRLIREEZ SN D,



Cr(IID-Fe()iRLANEZ O Y U HUR L7HEW CO #EHMEER T . BFEIIHmE
ENTEHERRTAL ) 5F T RIKEANESTE D CO ﬁ{;lzt.r"ft L
THE SN TN D DI, CO #EE Mndll)-Fe(ID#RMEE 7 T 2 (Blough
& Hoffman, 1984) . CO &R RFH- EFHER T/ T K »(Mathews et al.,
1989)? CO b i ES % L T a(Fe). p(Fe) TN TH D CO REME % X5
LTkDHSIIY) ., COESE HbA @ CO MM EERY LT, ZORM»T
DEIEBIED & a(Fe) & B(Fe)ZNFND COEEBE L A5 THEEERE K
BHH N7 LTV b (Vandegriff et al., 1991),

#3.3 COPMMENEWSEEBRERATIOLE YD COMBEREL

. k'co

pH (uM-1s-1) _References
o2(Cr)Ba(Fe) 7.4 7.0 (O(This study)
a2(Fe?*CN)B2(Fe?) 6.6 3.6+0.3 @
a2(Mn?*)Ba(Te) 7.6 9.6 ©)
B(Fe) of HbA 7.0 71%2.4 ®
B(Fe) of HbA 7.4 1543 ®
o2(Fe)p2(Cr) 7.4 5.0 @(This study)
az2(Fe2+)p2(Fe3*CN) 6.6 4.8+0.08 ®
az(Fe)p2(Mn3+) 7.6 9.0 ®
a(Fe) of HbA 7.0 2.940.5 @
a(Fe) of HbA 1.4 5.0+1 ®
W FE et
@ This study, 50mM bis-Tris, 100mM Cl, 25°C.

(@ Cassoly & Gibson (1972)  0.1M bis-Txris, 20C.

(® Blough & Hoffman (1984) 50mM Tris (or bis-Tris) 25T.

@ Mathews et al. (1989) 0.1M bis-Tris, 0.1M KCI, 20C.

(® Vandegriff et al. (1991)50mM bis-Tris, 0.1M NaCl, ImM EDTA, 25C.

@ @z;t Stopped-flow #E TF4 F VREANT/ OV VB E COBHRE
RELT2HMHED CO HEPSHMERTVD, £0 )b, EOHG DR EH
P ERERLI, O~ HEHBHEILRO SN/, NEFOE /24 8

B (Mn(D)-FeBENEZ O > DIFEE 2M@E) 10#E T 2BEORE M
R
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TR, NEFOE ORLY A COBEEFEERDOTIRIZ, B 3-7 225
LI EZEZ LN, a B, pBREXRNEI/ O, ELITHERpH
ATFAD, HP AMRA 5N B EE L2 CO BHAEEIZEL LD, HEH—ENDH
EFITEL AL pH . THP DEELH T VR R 2oTh ) TR EEL 2
L WEIICRZ B, M3-TA, B ZHEFRDL, NEJTUE ORLEN CO
EEHEED, pFe) 7= v ME# 0.04uM 1571 ([ 3-7A TH) . a(Fe)t 7
2=y MEA0.12uM Is7L (M 3-7TB TH#R) 72&EZ2 oMb, TNLHDEFIR,
BFEIT)H Y FEHEOEWATZOY 0O CO EEFEERE L THES N
TWAEE L —EHT 5,

# 3.4 ) H Y FEHMEMEVWEEBIRERANT OO CO MEEHMEER

k'co
(-IHP) (+IHP)

pH (uM-1s-1) (uM-1s-1) References
az(Ni)B2(Fe) 6.5 0.085 0.065 (O(This Study)
az(Mg)p2(Fe) 6.5 0.051 0.047 (D(This Study)
a2(Mn2)B2(Fe) 6.6 0.13 0.050 ®@
a2(Co?)B2(Fe) 7.0 0.10 0.039 ©)
a2(Fe3* CN)p2(Fe) 66 2 %06 0.07 @
a2(Fe)Ba(Ni) 6.5 0.15 0.11 (D(This Study)
c2(Fe)p2(Mg) 6.5  0.19 0.14 (This Study)
ca(Fe)p2(Mn?) 66  0.15 0.11 ®
a2(Fe)p2(Co?*) 7.0  0.11 0.062 ®
a2(Fe)Ba(Fe3*CN) 6.6 0.27 +0.1 0.18 @

Kco: TFAFVEREANTZIOV D COFHEHEEL
IHP . +IEHPAYHHELLWEREETME I NI EE2RL, — 13 HPIFE
LTI XN Eaid,

W7 G fk

@ This study (£ 3-2) 50mM bis-Tris, 100mM Cl, 25C, pH6.5.
@ Blough & Hoffman (1982) 50mM Tris (or bis-Tris) 25TC.

ANT/OE EERIRSTIIEE ARV T 1) ¥ 280 LT 3~5uM.
F7:, +IHP & 200uM [HP 2FET 5 &4 TOWEZ 77T,
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(3 Ikeda-Saito & Yonetani (1980) 50mM bis-Tris, 20Co
NESOY VIEEITER S 10uM(per metal), +IHP i 2mM IHP A54%
T HEETOWUELTRT,

@ Cassoly & Gibson (1972)  0.1M bis-Tris, 20°C.
NE OV VEFEE SuM(per metal), —IHP §efF TR L7 &S FEE
B, Bz 2 HBUSH#MAD 9 b OECHEOEEEEK, +IHP iE 10uM
HP ©HHET H LM TORTERRT, HP HELMTEBIESE -7,

CDEINT, BubhieAnEsSa bl K E LRy CO BEaEREERDO TR
PHETLIONE> &Y bh b, TROEEZ., afe) 71y bOLDDFD
BEFe) 7 2=y FDLDI D 2MERKE WV, T, Perrella HAVMKIETOEZR
BN FIA L CTHZE L HbA D CORBEEELTHREL TV LA THP 7" 545
HCiE HbA I 1D BIZEET A CO DHEAREER aFe)r 722y bDFH
BEFe)T 71 = v b X YHENEERL TE Y Perrellaet al, 1992), S HDEE
BERERANT IOV Vo ERE-FL TV A,

CO #HEHEFEDORDEVUISITHERD pH 2M&< T HP 252 b /2T
BRlshb, SEOEES, MgdD)-Fe)ERNEI/OE i3b b YH U F
BREDIEEIE O T, BHICTHP 22 7% TOIFFICTRICEY CO &
EREERERLI-EEZEZ 5N D,

Ni(ID-Fe(@). Mg(ID)-Fe(DBHNES/ T E Vi, —DORKEKMTRES X
I 7% CO BERSGHMBER Lz, B TRX/@E) ., 2RETFIVHIIEID
%6, TIREEANEZSOC 0 COMBERBEERD, BHD pH % THP FHHI2K
FLTELLI#ICR A B,

&I AT, Mathwes 5174 F L LA-IEEH-ZFHERAT7 O D
CORBAEHELWEL T, T-KE~NESOE X DOFD a(Fe), pFe) 7L =v b
DCORKEREEBEREL, EHELTVE(199]), BELHDEH T-IKEA
ET7UEHED Fe) 712y b CORBEERIT. ERBEHRERAESOE
D EFSTERDLRD SN TWARESERE & {—8T 50.10uM 1s"L, in
the presence of IHP, pH7.0)2%. B(Fe)¥ 7 1= v F DR EHEEHIE %2 ) &
VOREERASTREN TV A(0.14uM " Is7L, in the presence of IHP, pH7.0)s &
DAVIZE IS HIH . Mathews S iE aFe) 7=y b CO HEWEE
i, caFe)paFe)El1Val—Ile & W HREANTITTLE Y a(Fe)ytr 7 1=
v MEFREHZE L (N IZAF A= U HFDNT 05D | pFe)F 7L
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Zy MEANLESYy NNOEMET7 I /EBEETHAEIL NN el vaf
JNERTANTREY72=v b D CO FHEREEXWUET A EIZL
TERE aFe)T 71y bDO COZEEHEER 2 REL TWT, THIIMBOFER
LI —FTD, LI L. BE)FTL=y D CO BEEEE L, ZD a(Fe)V
T2y FOPFEFFFIAETOE LD CO HBEAREEISLHELTRDS
NTWBbDTH 5,

kKg = 2k'ma — Ko ---eq.3-24

Kp, Kmba, Ko BZNFN BEFe)Y Ty b, NEFOE Y| ae)r 7=
v D CO BEEEERTHD, ETHIZ afe) 712y M OFBEREL
BFe) 7 1=y FOBEHREDFHPANET O OFEREL LTRZ A,
EWVIRTH B, 7277 L ORI Y Z2oDiL, Mathews 57> T b L9
HANETUEYOBICERTEESLNS CO T DENFV LR WEE (CO DEIL
NLDBD5%) Thb, T, Mathews HdFHFIYAETTE LD CO K
EEEEZPE L THBEHR, ZDRD7-F5(0.12uM " 1s ™1, in the presence of THP,
pH7.0)254 £ TIZHE S N TV 5 EE(0.07~0.09uM " Is 7L, Antonini et al,
1967; Hopfield et al., 1972; Perrella et al., 1992) X h b LHE VWD TH 5,
Mathews SAFS 72T DANETTOVE D COBEEBPDVLUREN 72T £,
ToDHEL-BF)T T 1=y PO COBZBERIPREL Lo TLE-ER
EEZ NS,

COEI, oY Ty b g T Iy FOREEROTHMEL, —F
DEEEREEH ST, 1) —FOREERLFHE L TROZ DL, 4 LER
Wb,

BENETOE D COBEEEEDBN DIEEE

BEANE/OECD CO FHEHEEIL, 2wl SR LBV A
D2TN—TIWHETED, ThEFh, SFTIC[RIRENEFOE ) &[T
REANTT7OE Y] O CO HEREEREETONTVIZSDITHET L, B
KERED T I — TV b TR EBISE WA I KET 5D T, ~NET
OV OWEIGEMZ 2KEBETIVTIEEBHIIETE v,

FOM, PHELEEREEEHICRALLD bHo7d%, S AT EE
DNEZFOVEDLDE, EFBHADFTE RN,
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CO BEAHELBEBEBBEATZ O > O CO BEELEE

SERBHRERAESIOVE O CO-NO Ex#Hb D EEE, BHD pH &M%
THP &MFICHBR2 & THMAEERLL, 230, JCHBREIH2EEEH %
BOoRBEBROEDEITITTI4 v b TAHIENTE,CO DEEEEEIINES
TV D4 REETLOEE(O4s bor 1s, Fam& )R, NESUVE VD4 E
k. 2 EARTFEOEE (s, Kellet & Gutfreund, 1970) X R THERImIZEV(0.2 s
1~0.01 g1y, RR—D)DT, FH LI N/-EEHD Y BFEIHAFHHEE LCH
BANT-LDEEZLND, 2956, 2IKREBETFTNVHTELWHHEINLREED
CO REELEEFEEINTD, 2RETTFIVIEHE-STAHLEE X ADITTIE W,
W CO BEERE»FORD EBVREEELFORM P HLLETH. T
bz SVOEED CO BEKISHT R X 5, CO BEEEDBED 6 IiEA
ESOV VBERTICEERT DL 2HBPETP 520,

Cr(ID-Fe(). Mn()-FedD). Nid@D)-Fe(l). Mg@D)-FeEHKNEI/TE D
CO 178 H B E Bkco) & 38 3-5 (IR L7z (R—2) , Cr(ID)-Fe(@). Ni(I)-Fe(II)
BEAEZ70E 0 CO BEEEEEREZH 3-8 1T/ L7z, Mn(ID-Fe(D),
Mg@)-FeDiBEANET OV > D CO BEEREERDMEIX., pH, THP IR L&
BDTEFRFN Cr(l)-Fe(D. Ni@D)-Fe)BENE7TE DL D EIZIZFE U2
57D TH 3-8 IR LT Wi\, HbA @ CO BEEREREROME D X 3-8 ([T
FTHDIZR LT,




CO Dissociation Rate Constant (s)

3-8 COREHBNATI OV >0 CO MR EH pH KTF 14
O: axCo)Ba(Fe); [I: ase)pACr); O caNDBe(Fe); Vi an(Fe)Ba(Ni)
X: NEFOE Y
et - 50mM bis-Tris or Tris, 100mM Cl,, 25T, Detected at 405.7nm.
CO ¥, 100 uM (RAFI); NO B, 2000uM QRET), NES OV VIREE, 10uM (R
W7 40) ke IRATD.
CO&GMIRgANEFOLE > (’f}?f& . NO %L & ¥ Stopped-Flow #1{ft TIRE& L T CO

BT A0 L,
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#3.5 COHELBBHRIEMANEIUYE D CO FAEHEE
HbA a2(Cr)p2(Fe) a2(Fe)p2(Cr) a2Mn)p2(Fe) az(Fe)p2(Mn)

pH THP (s1) (sh (s:1), (g1 (s-1)

6.5 - 0.011 0.0087 0.014 0.0097 0.018
+ 0.012 0.0095 0.013 0.012 0.018

7.4 - 0.0080 0.0071 0.013 0.06069 0.012
+ 0.0096

8.4 o 0.012 0.0071 0.011 0.0077 0.010

a2(Ni)p2(Fe)  a2Fe)fa2(Ni)  axMg)B2Fe) oaz(Fe) B2(Mg)

QH___IHP___(;,LM lg-1) (uM-1s-l) (pM:1ig) (uM:1s-1)
6.5 0.032 0.027 0.024 0.10
+ 0.21 0.18 0.17 0.23
7.4 - 0.020 0.020 0.017 0.028
+ 0.047 0.022 0.024 0.051
8.4 — 0.010 0.014 "~ 0.013 0.016
+ 0.010 0.014 0.012 0.016

W FE L 50mM Tris or bis-Tris, 100mM CI, 95°C ANES UV VIERE  5uM
on a metal basis after mixing. CO. NO DR | &k, ThLN 50uM.
1000pM. CO-NO & & ¥ X KIS & 420, 7213 405.7Tnm OEHAEELEREL
’Ca&&f:o

e, 50uM IHP £KHEETHEZE SN,
IHP - : THP 3FFFE L 2 WG THZE S 1172,

[HP 88 & Tld, CO-NO B&#b ) RISOEH L Fe@) 72 = v M
CO F721F NO DA L TWADT, HbA X Cr(l)-FeRBMANESTE Ui
U FEAIPEDTES WK IR LT Wb, it Ma(D)-Fe()iRH~E7 0
VYTHEXDIETHA, EE. Cr@D-Fe(D). MnI)-Fe()EKENES T Y
D CO BEEREEROMIZ HbA O DIZIEFITHE V. Cr(l)-Fed) .
Mn(ID)-FeEHANETF T Y D CO BEHREEROMEIZIZE A L pH EKFHE
RRE B ok, SNHDERY S, Crdl)-Fed), MndID)-Fe(D)iRHANES T
Yo CO BEEEERDENANET /U U255 D 55 H B CO BEHER
PBPE#E XL N5B, aCr)paFe) & oax(Mn)pFe) ® CO f#H#E HE O A
a2(Fe)p2Cr) & axFe)paMn)D b D L DA LiE L, BIEDHEEHF 0.007s71
BEDHEEDF 0.012s L TH b,
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75, NidD-Fed). Mg()-Fe(DBHENE7 O ¥ Vit Fe)Y 7 1=y b
CO. TENOPHEEELTWADT, NESUY OHEDFHEIREH) T~
FEMERBWHEIIBEI L Twb, 29056, TNHDRKEANETTE D CO
R BB AW O pH R THP &M KFE L T b, CO BET NidD-
Fe(IREANES T Vid, pHE.5, [HP FHELHFT CRIZIZTEH X INES O
Vo el 4 x#E% LT A L(Shibayama et al.,, 1986a), TDOLEHT T
Ni(D-Fe(MERNE 7T ¥ & Mg()-FeD BT TV > & AT I/
CO BEEEZRLTWANDT, pH6.5, THP HFHELHTH Nid)-Fe().
Mg(ID-Fe(I)IRFENEZ7TE D CO BEEEERIFNET OV HL) 5
ROBVWEEERIZEEZ 5N D, aFe), pFe)r 7=y b DE D EW: CO
HEEEEBIIELL D021 TH B,

Samaja Hix CO 1A ITEE L7-HbA © COBEREERZHEL T»
5. aFe), pFe)yr 72 = v FOEEEKE L TERETR 0.16-022 s7 1
0.10-0.15 s1 & #E LT 5 (Samaja et al., 1987), ZOHREFITE A L THP
A, IS D ) F Y FEAEIMERWIRED HbA © CO EELRE S HE
ENTWABH(Sharma et al., 1976, 1991; Simolo et al., 1985), T DV T b AT
SEFDNEE Ui b #E v CO BEHEREERE L (B L Twa,

BEANETOELD CO BBEEEDBHN DS

BB LU EFEORRBO -, FHNEEREFONEIOE Y 2 #
WA ERTERV, BEANEFOEICEEICIT Y FEEELTVWLD
Ty BEANES OV OFHREIAF VANESOE VRS OFHEZ 551
IR > TWwh, TAF VAT U VHORBANETOE D 2 LELESEDLD
EE LW,
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SRBIIEEANE 70V Y ) O FlE AR b Oo MRl e

BELEESRISLADBHEZTIEI 8BRS N

BEELSHNSBBRERANT 70 OR@E (L—F—73 YT R) &
BV O OBERBELMGETITHLNI, DLAABEIFEEETHIOLE b
729 BOLE AR S - b3 725, Cr(D)-Fe(). Mg()-Fe(IDIEBANE 7
O ¥ Tk AN IRV PO R L 8 S - (B 3-9A WoFE
AR, K 3-9E) o D 2 BEDRBAET TV IINERZM % F > TV A Unzai
et al., 1996; Kuila et al., 1991; Miyazaki et al., In preparation)?) T, Z D&l
WCEWREEELE, BTHRE SIN-EBRNV T4 VICHELTWR EE 2
5N5, Mg(ID)-Fe(DiBHANET OV > DFE, TORERCEELLIBEERTE
BIZEBENENELLEEL > TVb, BVENELELOR PITORER,
1260pM BEESLM T T 0.5 X105 ~1.0X10557 1 bW iEo 7z (Z0MDRE
EBIZ Appendix-3 IR L7Z) o TORVEEELIOREIHEERBEINE &
HIZONTHEL R AEEPH L. MgV 7 1=y bHELEZ SN L FDHE N
WHEEORELLIEL, WETHERIEFL (| 3-10) . ZOEEK
FHIE Mg@PPIX O Y 7Ly MREBOXEINANRS MV EEREIRBOZ N
EDFEANRT M UIZETH LT zKuila et al., 1991), &5 & DI RAKSF
3. 432nm HEICERIEZHFHED, 475nm R 2 Z o R -2 HH 5,
INROLDEEIY, Mg@)-Fe(DBHANEFTE DT Ty aTx PJTY AT
B S N7 ICHCBOEEELIE, BTHRHIE IR TTEL-MY 7Ly FREE
D Mg(I)PPIX HSZEERBICR > TW BETH A LE 2 LbNb, Cr(ID)-Fe(l)
BEANEZOVY Y OEEE (K 3-9A WOFAR) KA > TEFTWABENT
Y. FCICEBOREFLES OBOGERMERIIR o TWwb, ZOMDERH
it 2.5usec UNIZE D> TBY)  BEOEESBELEZAILZIETEL, AL
& 9 R RO EEER ZIE Nid)-FeD)iBBENEZ Q8> D77 v
274 P VRAERBRTCIFERA SN TWT, TR YEIHERTHRBLEILTS X
9 72 S T 3 5 (Shibayama et al., 1995b), % @ # W EFM &1L X
Ni()PPIXEfL e AF D VAN T7 T v v a TN TIB Y EET 58%E
EEZONTWD, COELGET ECFe@)Y 722y bDY F > FigE - &
BEBEEEICIZII L AEREBE S 2 TWwhnwE I TnS,

CHDEIICEBANETOVE L 2Ho7T7F5y Va7 x b)Y AERTIE, &
BARNWVT 41) P HEOBRLEEHIBH SND ZEbHHD, FORLEED
MERE - BERE L) DR ICECOTINS Z KL THEST A ENT
XD, 7272 L MegD-FeDiRBNEF OV DT Ty a7+ b)Y AERDYE
B RELRHNS MgDY 7=y HEEORNEELILE FeM)Y 722w FDEE
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B39 BMESESHSERBIBERATZOE OL —F— 74 M) ¥R AMIETEES IS
W5ES - 50mM bis-Tris or Tris, 100mM Cl, 25°C, Detected at 436nm, T T

Y UI%EE, 200 uM.

T T
h

/ 22(Cr)P2(Fe) 7
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| Absorbance change
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Normalized absorbance change
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N—r U" 153
O
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(&) BIEALE NIz Cr@@D-FeDREAE 7 0 ¥ ¥ OBEFTH GRS
O alCoB(Fe); [ azxFe)Bu(Cr); pHT.4, BEHIRE. 1260 pM.
WS BIEBERT T 4 v PEIRTWwE (BIER) .
RIMOIHARIC, BAEAL L T adCopFe)DBEE PR & S tf L " L7z,

L= =S ToHNAEN t=0) BOEEIERS L TwAYS, Sl Ce@)RIVT 1

U ORI E R b NRD,

—
@)

©
Ul
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Normalized absorbance change

©
O
O

®B) B L E N7 axfCOBFe)BBENE 7 0 ¥ r OREFEHK & UG
C: IHP OV 4, @: THP 100 M §:1F, pH6.5, BFEIRE 1260uM.
OEHBEERET, @2 o0FBEEOMTT7 1 v FahTwd (BEH .



1 ~ _ -
: Mb 1.0
et £
x e
. Nt - L C
+IHP . g
0.5¢ | - £
Tt w 0 S
A\ a2(Mg) Bz(Fe) B
B @
R, o .
¥ Mo 4 i =
W ..,—.W.M..I. " . ..Hm.wu + .w ()}
+* ..#.Hﬁ&.-%. Sty ST e ui.r oot ..'m++ 4
o R R o, b i
AR L AR S m 0.0
0 50 100 15 = >0 P y
U 0 ") 250 500 750
Time (usec) Time (usec)
BAEIL S N7 au@ DNEBAE O OBEFRESFICHA
M3-9 (O FAHALS N axMn*)BFe)RIBEATE F T ¥ 2 OREFRS A RS Qumv HWQS@Z&%MH&NAMM 100 M 4eft, pHT.4 %%Mﬁmwmwrg (25 )
: Fov B A4, 2 k%) =X =19
O: THP D &4:; @: THP 100 uM £, pH6.5, BEFEIREE 1260uM. Ol 2 DI BRI T .aWﬁ&E&du*uTmﬁﬁimAMM%v

Ol 2 oDIRPEBOM T, @EEBHEBBTT 1 v Fa3hTws (BER . e . . .
( . o . Loren # MR G BUSHIRIE, WIS THP 25z b hd & MISHEKC7 1 v b CE B 15
MEBE G USRI, BRICIHPASMA O A L BORISEITIC o CLE o7, - .
L Do



Absorbance Change

Time (sec)

39 € oMgpFe)ifli T Ot DEEFERE UG
pH7.4, BB 262uM (ZRTHK)
(LR 436nm THlE &
(b)) 432nm Tilj5E S L7z
. (TE) IHP 100 (M%HT, 4320m TWE X hrs,
436nm TRE LA, L THROEGITHIL DY, 432am T2 HUTRE 2R
H. FLTIHPMRA S A E (432nm Tid) FEALYBMEN RV, SDETD
BOEHEIMgIDARNL T 4 ) R —=HF =il o TR S, M) 7Ly PREICR
D, RIS s T ORRTHEEEELZEEZ SN D,
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Absorban'ce change

0.8 ) T T T ]
X
06 + ‘ X2 A
X X
X
0.4 + -
0.2 .
0 J( _
02 L L ! !
400 420 440 460 480 500
Wavslength

3-10 axMe)pFe)iRENES O DL —F~74 M) YATHBEN/ & THHCBSTO
WHAEEDKE EOEERTH
H5ESefF | 50mM bis-Tris or Tris, 100mM CL, 25°C, Detected at 436num, ~EZ'T
Y IREE, 200 uM. |
Z2EL LT, BHADRNV T 1) ORI AR by, M) 7Ly MREEEEER
BEOBMOEARS FVORER LI Kuila et al., 1991), FEHIDKRL 714 ¥ &<
ST AMENT A Y OBIANS Wit KEWICE L TH 5.,

0.0 — —

~ T

0.2+
~0.4r X5

del A.

-0 8t
-10+F

Y S . _J
400 450 500 550 6500
Kavelength (nm)

) {%(ZnP) - ZnP] kinetic difference spectrum of ZnHb. Con-
ditions: 0.050 M KP, pH 7.0; [tetramer] ~ 3 uM: [IHP] ~ 25 uM.
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FHRECRREECE D Y BEEALLAF UAE(7 T v ¥ 2k 577 A 436nm
DEKEFKEL Lo TRET L) ROTHRELESOEEI FEWE X(ZIF2D
DERELNEL>TLE- TRHTELRV, BEESEEFBVESTIER
TELDTENIIHEITTE 5,

BENTTOE>DBEFESRIDE#

Cr(ID-Fe(D. Mn(ID)-Fe(DiEHNE S/ OV v OBEFESITE %D BE
DOEEFZS LI EAAN., LR 2Bl o7, B 2 I EL S %2R
PIRBEBRSEM KT L7z, CrD)-FeDERANES O Y OBEFESBEEZR
FTHOEERM A L 2 A LT, K 3-9A 127R L7z, CrdID)-Fe(dD). Mn(ID-Fedl)
BHANEZ UV L OBEZREEAIEIL, pH PEVE X (pHS. )EMEETHEZ &
TOEP o7z, BHRDO pH A FIToNAY, NEF U VERICIHP 2512 5
N T HEBVEBEZESAEORSPEAN, BRSO HEARLZ
a2Mn)Be(Fe) D b D D F ¥ axCr)peFe) D b DL DV L o7, MF.
o2(Fe)p2(Mn) & aa(Fe)pACr)DEH SN BEFEESBBEOMEITHEWIZX |
LTz, .

Ni(ID-Fe(@). Mg(D)-Fe(DREANEZ OV > DOBERE L BRI pHT.4 TH
EENTVD, Ni(D)-FeDiBRANT OV » OBERESBR P RIEREL
1t % B L TH 3-9D 1R L72e Ni(ID-Fe(I)iRHANE 7 T ¥ > OBEEZEAL
AW THP PYECEHFTIE2HET, HP IMZ 5h b EBVWEEEZFOR
DIET DEARMAR L 22 0 728187258 1) ,436nm TEE S 17z MgD)-Fe(ID)
BERANESZOY Y ORNEZCITITEEERE, THP £4128b 637812 Mg
¥ 71y PERORKIGECE S H-7- (M 3-9E) .

B SN BREOFBHEES 2 THRGEORMELIZIZ, RELITW) &
RO & [BOWEL] PFho7-2 8l b, & (o 2iREANES T
V2o, B pH, THP &) 12X > T, [HWE] NFLAETH-
720, [BWE] MEEAETH700, FREFEZEGTRZOMITOM
D 2 OB S o, ‘

COEREER, TTE2RETTVACHEITL CA LI, ERWEIR] i,
MEBAESEH AT O Y CBEVSETHES LTV D0 2R TREEE
b, 7, [BWE] Lid, BERMEMMEBAEIOE U ICEEREITW -5 (
NEEGL TS DERTBEET E#E 2 THh D, BT HUTHEEHAE
LNb, FORROEEEKD, ALIZ2KEEFTVICERWIZ2007 )V
= THFPNBEPE) PICER L TARDL,

B SN ROBEARS 2R TR D RIS, 1 DORBME.
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LB 2o0HBEMORLELR/DTRELFoTT 4 v bS¥Z, 35
N RP T OEEEBOBEREEKFEIIN 3-19 2o THET S 5B, BOEE
DEEMZEALY 2 HET 2 ODFRBEBEHT7 1 v b LEHER. VG - B
B N FNRRNICEBAT L7z, Bllsh: (A2 0) EEEROBZREKRE
MWERT T 7 &R E, BIEAN—EDHEZ DEMAD LIZIZIZELZ ENFD
P 720 Cr(I)-FeDRBENE UV v OBREFEEBEDORPTOREERD
RN 2 X 3-11A, BIZR L7720 MgD-Fe)iEANE/ T ¥ OBEE
AR BEDE VS OEEEROMEREREES 3-11C, D ITR Lz, B
FOREEBRIMEZRECEFALTVWAINDT, BATHEICL VZFRFNIIK
LEILEIERERD, 7272 L. BEANES UV OBEFMEI EL T,
BHEREEES AP TOREERICERTRR ICEVCOFHL PpRBFE5137 5
THORS P BAERL 74y b &8, N3-19 X U, EHEOMEX IR
EREER YR, M I BERREEE TR .

KO LN BEORELSEEEREK)DEXFK 3-6 (RR—) & 3-124, B
2R L7,
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Observed Rate Constant (1000/s)
o)
-

B

T I
a z(Cr) B2(Fe)
-THP
— +IHP —
fast
+IHP slow

L 4

I
500 1000 1500
Oz Concentration (pM)

K3-11 &RERERNEISOEYORPTOBRERESREOBTREERTFY
(&) CrdID-FeDiRMANE/ UL DRPITOBERRESREOMEREREN
21t . 50mM bis-Tris, 100mM Cl, pH7.4, 25C, Detected at 436nm,
NEFOEVRE, 200 uM. O aCoB(Fe); [: ax(Fe)pA(Cr).
CrD)-FeMiRENES U Yy OBFEFESICHHL, 0L TITEERRET
T4y FTEB, BT OABEERIBERE AT, 7R IHIE
BABRIR TR L7z, BROBEDVSEOMEGEARER LR,

B)  aACrPFe)D Bt OFEFHTRE 6 M DR F P BRI
=1t : 50mM bis-Tris, 100mM Cl, pHG.5, 25C, Detected at 436nm,
AT R 200 WM. O: -IHP & (BUBEMET 7 ¢ v R ERT)
100 uM IHP & Tk 2 #ith & ko 72 @ +IHP St TORGHIORREE
A +THP & T HIO#E E R
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- aoMg) paFe) jirp

(1000/s)

+IHP

N
l

Observed Rate Constant

0 1 1
0 500 1000 1500

O2 Concentration (pM)

D
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I
az(Fe)B2(Mg)

(1000/s)
w O O

Oba_served Rate Constant

0 I 1
0 500 1000 1500
Oz Concentration (uM)

311 © aMe)pFe)? BT OBEFEEL G HREDBFIBEREY
244 : 50mM bis-Tris, 100mM Cl, pH7.4, 25°C, Detected at 436nm,
NEFUY VIBRE, 200 @M. O: -THP %1%, @: 100uM IHP 414

D) asFe)BMg)D KL O W FE & 3 O BEFE I KEARTF
244 . 50mM bis-Tris, 100mM Cl', pH7.4, 25C, Detected at 436nm,
ANEFOE R, 200 M. C: -THP ﬁif’l @®: 100:M IHP §:1f

+} — 7% M) T AFIEE T, Mg@D-FeDIRMANT 7/ 0¥ VAR L7 RIGHERD 5 5,
HARETE ARG ERT D0, EE 2T, 20 B OB RROBERE RIS 75 712
L7e Ao S8 EREIZITHM L, 7= 7 I B30T 5 ﬁa‘ﬁﬁ%;ﬁn"&f‘
RUTZe 77T 79, MO EPSHOMEFERIEREH, WD 75 7K F 233 o WE 3 g dE
CEREREEERT,

”

92



4] 3-12

).._.-l
-
&)

I 111

LS
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S
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+
a i
5 20 .
@)
o)
M 10 =
- e Slow Rate A
.,m . Constants -
S v .
AM 2 | _ H |
S 6.5 7 7.5 8 8.5
pH
SR BIRIREAE 70T OBEE AR 2RO pH K

(A o BIREHATTSOEY (a.Meta)B(Fe)) DREFHGHREER
@) BHEPIEBAETZ7UE Y (axfe)pMetal)) DREHERSEHIEE R

M S © 50mM bis-Tris or Tris, 100mM Cl, 25T, Detected at 436nm.

NEFOVE ZRE, 200pM

RS
-
-

T

"
p
=
4
=
8
£ 20f .
C .
o)
mna 10 %ﬂ‘v@oﬁ Rate
m m o Oobmﬁmbwmm )
.m B ~1 no/uu
3 - i
AMm 2L | 1 | _
3 6.5 7 7.5 g 8.5
pH

O: Cr@D-FeDEEAE 7 a ¥ r; [ ManID)-FeHK~NEs/ 0,

O Ni)-FedDiREANE 7 € r; V. MgD)-FeDiBENES T E Y,

BT AR v, THP ot ft, By VRViL, So:z THP e 41 T E
b, SOCHEEFERIE pH, THP KM Z 13 & A ETRE 2w, i, vl e i
SERBENV T 1Y R pH, IHPEKFHELRT .



#3.6 SRBEREHANTIIOE  OBRGEEELER

a2(Cr)p2(Fe) az2(Fe)p2(Cr)
k'o2(fast) Ko2(slow) k'o2(fast) K’o2(slow)
pH HP  (uM-ls'D (uM-ts 1) (WM -1s°1) (uM-lg'l)
6.5 - 64 - 31 .
+ 58 (60%) 6.2 (40%) - 12
7.4 — 78 - 38 -
+ 67 - 49 (70%) 10 (30%)
8.4 - 80 - 40
+ 80 - 40
a2(Mn)B2(Fe) az(Fe)B2(Mn)

K oz(fast) k’o2(slow) k’o2(fast) k'o2(slow)
pH THP _ _ (uM:lis]) (uM1sh) (uM:lg:1) (uM:1s1)
6.5 - 69 (70%) 4.3 (30%) 36 -

-+ - 2.4 - 10
7.4 — 85 (90%) 9.1 (10%) 36 -
+ 73 (50%) 2.9 (50%) 35 (T0%) 8.2 (30%)
8.4 - 77 - 36 -
+ 76 - 36
a2(Ni)B2(Fe) a2(Fe)pa(Ni)
k'ox(fast) k'oz(slow) X'o2(fast) k'o2(slow)
pH [HP  (uM:is]) (uM:1gh) (uM:ig-h) (uM:1g°1)
7.4 — 45 (40%) 7.2 (60%) 45 (70%) 5.9 (30%)
-+ - 5.8 - 11
az2(Mg)B2(Fe) azxFe)p2(Mg)

K'oz(fast) ¥k oz(slow) K'oz(fast) ¥'o2(slow)
pH IHP __ (uM:lg]) (uM:1s:1) (uM:1g-h (uM:lg-h
7.4 — (Not determined) 6.1 (Not determined) 5.3

+ (Not determined) 4.0 (Not determined) 11

HP: —3HPAFELLWVWEHETHES NI E%RT, +id 100uM IHP
PHAETHEBTUESNLZLEERT,
Koofast) | AT O AR LB ETESCRT TR, BT/ O
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Y 2HOBREARERLIBHEIL 2 oOOEKEEE 74 v b &
T, HORFDREPITOEEERD SRD:, BOEIVWISLED
I EDLESEREERDZADN Yy IOFIIERE TR Lz, Hn
B LB EN Lo 725813, BUESOBICR— (3—-) ATRS
nNTWw b,

Koxslow) | BEANES T E Y AR L BV BEBRSEEE R, BRAT/ O
Er 2 HOBEERAR LR LIHE T, BYOESORPTOEEEHK
DOERBREEEERE RO BURSVRICEED ) b 5D 5
BRETHE TR L7z,

Koo(fast), Koa(slow), MHEER S DHFELS I EEFIRE CHEY SN HE
HEDFPHETH D, COFEHET. BEBEME LA ONTHEVER
BRODEEHL LEY, BUVEERGDEESH A LI X HIEE 2D 57205 &
ENFETIELZV, [3-13 10, 2HOGHERY S N-54, BERFEIZED
CHWEKE L TRBVIBOFEELHEI AL LD 2R3,

B OBEH T ELEREERIE, FIE270—-TIC84rNTLE o1

B 3-12A, B2 5 a B, p BBRERANEIOE VY OWA T, BEESEREE
BEIEVWEFEERZRTIDEBVWEELZRTOOD 27 NV—TIIFTAIEHNT
ELT LD, BOEEERERTODOIEZA LEEICEz S H05, BFE
BAEDBECANE SO OBFEESEEICHY TAIHEBICNE > T b,
Bea L BEBRMEE2FOSBBRERANE/U EE Yy 2Fo7-I10 b oT, ~
EFOEVERPICE, PV 2RET TV [BEVEBRBENELFL b
D) b TEWBESANL2HE IO, O 2EEONEIOE Y HFHD, EE X
2B BRIV,

A, bo b WAVEBREEEEITHTL B3I E3PRHL Twiz, 5D
MEEFEESERIT, NTX OV OS2 IKEE BRERAED &
WL DLHIE, B DLEH Y, WAVWAELRGTENRLE> TWAHEER L
N5 IKHEE DEDHEEZRRLOUFDIBLFEEPLTHD, £,
BEZEOBHMEASEERETHLHDT, b LFREFELBEERENELEFONES
O DEHFICHIUL, ThAEELLLCLEDLLEV ) BITHEEZHS
TENTELDTIR? LI L7ze T72, BT Lo TAET O U U H HEEEN
BEN 7=, NS UE Y OWEOFEHRIES A % Bk ) & 74 & 2B
BOFEMNTRIED D, FOREEZ/LORPIC, FFVEEETL R, TF
FUOREETL 2NATTOE U Bhob T, TORETFHSN LW ?
EOMRE L7, LA LERICE, EEEHETHEVIOEENSOD2 7 V-7
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IO TEDTHAE, 2HEDEZFFECHEITEHE I N-HETDH.
HOAHOBEE, BWHOEE, TN FNIFEZEF KA LI-0T (B K 3-
11B) B A6 REER 2 FO 2 EONE/ U UPFBH T H -T2 E
Zohb,

2HOBEBESRIGHEBEY RSN EEE. EORIBEEIEDL SIZL
THERE N2

COBEMBOEBHFITONWTOET, ANET O VD4 REEELHIERE 2
STWALIEHFBVHZEEL TWwab EWV) ITEERICOWTR Rz, LA L.,
SRIOEBRTHBIN-BERLEECORP ITOREL, EVWHOEREEK
H, BUHORAEERD., BEREICEALTVSE, ZOFEER, BuRUSH
BAETTY Y O 4 REEELOERE L ZEFRZL, BHIESNTWARREETE
ZERBELTCVABANET O VEGPHEPIISH LT ETRT,

T, BENEZ/O Y OBEREESRKIGT 2 10 USR8 S h/- 5
A, BUHIE, BEOAF VAT OV COBEBESEBD XY It bh
TWEDEL) Do BRI TOIRNN, BEDAFIAETTE L —H —
*H T THMEYBESY, BEFEFELATHLIARBRITL L, £FICE -
TR 2HOUSHESEH SN S, L—F—2HTOHNHEE, FFINES
OV DOEER R TAF VATV EWIEFEIIRRELRDDODD S
bbb, CONEFUE VT4 KEELNMLTHBEOTAF I AETOE VI
BHIETH, TTTANETUE D4 RIBELTICOEE L, BEOHEEL &
BOBSFPHEE b, 4 KEELTLTIRICEENEETIHE T, £FV~E
JUYYOBEPRIINTHSLDTHECBREOHESRENBE Y EINS, BBFE
PEEESTHHIC. AXBELLZRBILTCLEoAEFOVY /i, BED
FAEIANETOE L ERY, SO0 YBEIEETHDOIRHEE L
THEEINS, ZH LT, BEOANESOV Y OBEFSEEBR T 2HOK
GBI SN S, SEREBERNES O THREMKIESL )2 ?

ST LLE) TRZWEEZ bR, b & D EFEZERMEOEY NidD-Fe()
2 Mg(D)-Fe(DBENE /O Y » o 15413 00 S BEEBMM OB IR
BONEFSUE U EHo O TRBOBEEBSKCHI BN SIN -, LEZLH
WEHKRTH D, 72, Cr@D)-Fe@) & Mn)-Fe(DRWEAE/O 2o 72
BETH, 2HOBEFGEERSPBNENEGE, L —%2HTOHLNLH
POBEBHEDBENAETO B Hom b EX LNLEENH L, BREN
DI DD —H—DINT— % T A VT — % fFioTELTHE, 2HDOEEE
HEAMEOBOHOEERIHZI ., EVIERIETWEDTHS (K3-14) 6
ZOHHIE, NESOY VBB ICROP SEZEHENEOENL OXHL, £ L
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—o— A Cr6.5+IHP
—8 -BCr7.4+IHP
— o -olMn7.4-1HP

- -% - -oLMn6.5-1HP
- -+- -BMN7.4+IHP ; ,
—a- -aNi7.4-IHP
o BNi7.4-I1HP P - B
AN _ -
D
(72
4+
Ko
O 40 .
z
i)
[42]
‘s
o\° 20 —
o —
0 L B
0 500 1000 1500

02 concentration (uM)

313 &REBBRBEANTCIT O OBEFHESERT2HORGHEX BN S W BED
BUOAAOIFEERO BB ERIES

HE S : 50mM bis-Tris or Tris, 100mM Cl', 25C, Detected at 436nm.

ANEFSOEVIRE, 2000M
SRR AT (BEFEREEATROVIZE, BOHOTEERITKE W & ERT) 7975,

IR T2,
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X 3-14 cMn*)B(Fe)DBEZFHKEERISMHARD L — W — i B
M5ES: - 50mM bis-Tris, 100mM Cl, pH6.5, 25T, Detected at 560nm,
NEFTY VIRE, 200uM; BEFZMRAE, 1260uM; THP iZ7%2 1,

@A) aM3)BFe-ONIL —H~2ZDFFHTT, BESINESOEVIZHES
TA5ETAR436nm THMELZ-DD,

Fast phase : Slow phase = 80% : 20%

B) o Mn*)BuFe-0HTAHL —F—DHS LT, 74y —ZlBsEs I kil

X o THHK LT, BEEMai (MRl 2@QROEERDH 10570 1IZ8e L7
A O BRI A UG Hh

Fast phase : Slow phase = 50% : 50%

”
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ZWEBBTE RV, L—HF—DNRT—%2FEL LTWEDT, F HBREDOHE
BIRC-TELT, NESUEVOBELELIDI IR > TR ViET 7
Po7i, VL= —DNT—%§5L §5 ¢ BPITOBHOFEEREIHE Z 7-F 1,
BEHMBOE WAL OV Y LEVATTO VY EOBEFIREDZE VT
T&5, DbLAABREBRMUOBENAESOE Y OBTRED HA/MS W (B
ZPBHEZINCAAV I FREDO ISOERSBRE) o L—F—DN7—%§E{T5
CETHBEBMEOBVANE O s H o dBEFH T ORE SRR 2D,
BRE LTBZEBAMOERCAT IOV OBEORE - B&EEFBIo7:.
EHETE D,

bHAHA BENEISOE Y ¥ Ho72%Th, BEONETFU » EREBKD
A REEEDPRI-TwBEEIONDL, BEIZOBREICHFI L EET
BHAT 5. BEBEMEL 20T, TRICHBALTRPTOBERLSERE
DB Do V= =73 M) VRAEBRT, NESUY D4 REFEEL/CEE
EBEFESEEIFES LTV AEMTRE., BREEIE 2AERLIEE,
BEFBEETAIMCTAF VAT 0 Y RICARBELTLLTLEI LD
PR BETE, TOZ LN, EBREHOBEBEFBALICL K> T2HK
ISHBOBCH OFERDIHE 2 AERDH o7z, LWwHIBERICHLDIL TV
EEZEZLNEY , LI L, SEOEBERERANTIUE V2o 1EBR T,
COEMEEE TR LV, Eh S, 2HOBEBFEAHElTBE S EE.
ZORCHIT, BEEEL T 5T TIOERT 10 o HBEBEMEOE LA E
TOVCIIBEIQ - NEETAHI LI BAEREE I EL2 D E
Ezohb,

CCTEEL2UINER L5 0N, RS BIAETTEYOBTIE
Thbo 2N ERLEBEBRSHROBS HRREOB TR LS 1K, B
FOFNE  BOWHOFELZ L —F -0 T — 2K ELTEb>TLE I,
o, BFLL. BRI ORZEOEELEANES OV S EHRPICHEET S B
FEBREOBNANET UV Y LEWAT IOV VORFELERTOITELV,
SEO= v 7 VID)-FEHEATE T E > 2o 7 EE TR, 50~100%D
BEEBOR TR, 7 0 AN, <> 4 ¥ (D-SHRADEEANET T E Y ¥
o 7B T, 20~50%DWMBRHEL B ONIITT EL v, 7506, HFHERD

* BRIREADTT N o T, MEPEE LT LRVWEREANES/ T Y VA2 720D T,
L= — % HTHHOFHIRE THREBMEDE AT OV > OEEHH X
-HEEMDH L, COBE, V- —%HTHENEICEEZERMME OV IREE
DNETUEUHPFHELTWDBEEZ LT LR D,
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INE o 2K TR, BRESMEOKVAT S O OFIELAEELLEITK
L IHobRTWnBEEERLND,

BEICHESN TV IBERSREER EDHE

AEH OO 25V TOBEZEREER Y. AFEIl@EINIANES
OY Y OBERKEEEERELTHR S,
KOOSNIBEESEEERD) b, BWEEEZRLZbDIE, (&AL PH
IR THP KB A2 RE T, TELNIERBELVT 1) VICHEEL 2
STeDT, TNLHENETOE VL) 2R DEVEEFEREERTH 5
EEZBINAE, #40uM 1871, 80uM T IsTIANENLE N a(Fe). pFe)T Ty
FNOBLBVWEESSEEER THS, IO DEEZSEITIIHEINLTY
B, NERSEMEERICL > TROLNENEZOE VO L4BEE ICEETHERE
DFEEGREEFR & FEF 1A Mathwes et al, 1989; Philo & Lary, 1990;
Vandegriff et al., 1991; Fronticelli et al., 1993),

# 3.7 EEEPBHLIEVAES O [=v% @&%%%ﬁgi&

X'o2
pH (uM-1s-1) References

a2(Cr)f2(Fe) 7.4 78 O(This study)
a2(Mn3)B2(Fe) 7.4 85 O(This study)
B(Fe) of HbA 7.0 100%13 @
B(Fe) of HbA 7.4 64+1 . ®
B(Fe) of HbA 7.4  146+29 ® -
B(Fe) of HbA 7.0 87 ®
az2(Fe)p2(Cr) 7.4 38 @(This study)
az(Fe)fz(Mn3*) 7.4 36 @(This study)
a(Fe) of HbA 7.0 2849 @
a(Fe) of HbA 7.4 28+t1 ®
a(Fe) of HbA 7.4 42+8 @
a(Fe) of HbA 7.0 34 ®
W 5E S 14
@ This study, 50mM bis-T'ris, 100mM Cl~, 25T.

TTyvaTx M) YAERT CeD)-. Mn(ID)-FeRHK €/ 0 AR

U7 BEE R A A ML, '
@ Mathews et al. (1989) 0.1M bis-Tris, 0.1M KCl, 20TC.



REH-LEHERANETTI O U 2 fo BZEOEGHEMRERI HRD SN
7B SR E R, '

@ Philo & Lary (1990) 0.1M Tris, 0.1M NaCl, ImM EDTA4, 21.5C.

@ Vandegriff et al. (1991) 50mM bis-Tris, 0.1M NaCl, ImM EDTA, 25T.

® Fronticelli et al. (1993) 0.1M bis-Tris, 0.1M KCl, 20C. '
B~BiF. A FIANEL/UE L 2 H o - BEORSHBERER P SRD LN
TBERESEEER,

STHS ., ROONT-BELEHEELD I B, BWEZRL TWw5 DI,
BWMEERLTWAREERD 7 V— 7 L& > T pH KEMR THP KFTEE
RL7Ze o BRIERANES0E OFEEROMEIZ, THP ASERICMZ SN
CEWXLoTHAEL B, PTH aoMn)BeFe)DEEEHKDEITTHP HFHET T
ERE SN S 22 D) | a2(NDB2(Fe) R ae(Mg)p2(Fe) DEEEMDEL D I HIC
MEL 2T LE2TVS, THE ae(Mn)BeFe) DEERBAMA THP FHET T
az(Mg)Be(Fe) & 8] UK 5V MK 72 5 (Appendix-5, Masuda & Morimoto) I &
WKL TWERL LAV, CDLIIIANESOE VRO B Fe) 7=y b
VEOBVEBEZEGESEELRTOE, BEFICHP PHonaTHA I LU D
Molze TOBRLBVEESHEEERDMEIZZ2 ~6 uM sl 72EE 2 55,

B BRIBHANEIOE D aFe)hr 722y POEEEHD IHP KFEHIETF
BHDLDTH o772, az(Fe)p2(Ni)R° c2(Fe)p2(Mg) DEEFZR S HE E THP A%
AONBZEILI o TBBLEEIIHEL 272D THAB (9 5uM 1871 2%
10pM 18I0 7z) o THIEF—R, IHP FPlix bhb EEEANEI7OE LD
BEHEBMUIE L 2 AMEEHRTHI IR ZAD, ERFER LV, 0D
HTHRREH, HP Bz 6N b E aFe)pe(ND)R° aze)pa(Mg) 7> B 3 7 g
EOBimIZHE L 25, THP 12 & 5BEMFSLEREDOIEDTRZA S FEDOMHE X
DHWLVOT, FHEBSITHP MR 515 /NS (BHEIMEL) b,

SE T THREANES/ O OBEFSEEE L THRESN TS DI,

FCIR~R7z58 ) | Sawicki & Gibson OEBREEFMETOANEIS O V2 ff
- 7:328%(1977b) & | Shibayama 5 ® NidD-Fe(IDiBHNE/a ¥ v #{Fo /2 5E
BR(1995b) TRKD LN b DV H B, EH 5 b THP E e WEHETHE SN T 5,
CD&EELRG, pFe)yN 72y MR LB SHED aFe)y 7=y b
DLDEYH N, L) BETIRSEOEEBRRERANETIS O D OERDED
THFBL TV DB, 28, BFEICHP FESLHT CEBEEIEAMOBAEIOE
YOBEERSEAREEZRE LERIIBE STV RV,
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%% 3-8 [HP JEHFHET TORBVEBELEREED L

k'oz for a(Fe) (uM1s71) k'oz for 8(Fe) (UM ™1s7Y References
5.3~5.9 4~9 A O(This study)
1.1~2.9 11.3~11.8 ®
4.8 1.5 ©)

@ This study. 50mM bis-Tris, 100mM C1~, pH7.4, 25C. Ni(D)-. MgdD-
Fe(DEEANEZ T Y VAR L-BEFTSESAEOEKS FOBFERE A HEE .

® Sawicki & Gibson (1977b) 50mM phosphate buffer, pH7.0, 20T.

® Shibayama et al. (1995b) 0.1M KP;, pH6.6, 20C.

BEMBRAE/OEYOT Ty a7+ b)) VAORERD O ITEERBEERE
ELHhD FHZD3) o RPITORGERE EROBRIEERFHIIT 1 v
FEEEGE, SEMEOUAPBEREEEL R T LA L. Cr@D-.
Mn(ID)-Fe(EHANE 7 OV ¥ O BEL BEET 5800 BREHHRE L.
BT ORISR EERIC RTINS VWEZEZLNAD T IDFEZHE -
CHESEE Y BAEL 203 L v, Cr@D-. Mo(D)-Fe(MiBHENEI/TE Y T
b, BOBERESEEY RTROOBESIMEI ISR E ( MEFRERE %
BRLDIENTELLNDLHS (a2(Mn)BFe). pHE.5. +IHP THEELIF 7%
#1000 871 ; a2(Fe)p2(Mn). pH7.4, +IHP THEEYIF A5 1000+1000 871 o
LA LZDIFEAEOHBREHYIE I 0s 1 2{HET, L2bT—FDRELRR
WO TEERBEEED BRDL Y 8 L2 o7z, Ni)-Fe@). Megd)-FedDE 5
NEFOV Y o BT, BEAEOERVWESETOT—5bH )., K
PEDDIBERE DO THREBRHEEFEORBEO NI TEL (K39 -

L

3.9 Ni()-Fe(). Mg@D-Fe@DEBNEI Y /@;&wﬁzﬁ?éﬁ%ﬁ
BE% 7R U7 B0 D B F2 3 ME SR

Hybrid Hb THP ko2 (s™1)
az(Ni)B2(I'e) — 500
+ 1300
az2(Fe)B2(Ni) - 200
+ 4300
- a2Mg) B2(Fe) - 800 -
+ 2100
ax(Fe)f2(Mg) - 600
-+ 5200

50mM bis-Tris, 100mM C17, pH7.4, 25T.
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IHP: —. ANEZOE VBRI HP FEVEETORE, +. NE7OEy
W 100uM THP %3 5 & TORE,

kox ~EZUVYOBMEMREEE, BEHESCABRORPTOREEROER
BRSO F— 5070y MIT7 4y b SELERORBIH 25
P oPAL -

L L, REVBEERERLA RV, &) LTHERENFNKEZV, Ni(ID)-Fe(D) .
Meg@)-Fe@)RBENE S U Y OBEFRERE . BREFEHEIrLRO LN
FTEESE ., SROESEDORDO ONIBEEEREEHDLEI HRDTHD,
MEEHERE LTREANEIOVY O KIDERED , BERBEEE T8 (Ko
S SEEEEKR E KiDEDS ko= ke/ Kil KXo TEEEINS, F
WEBERETALDE LT HbA O KiDIED FIZEITI2,

$3-10 BEFAEIMRCREOERBANTS O OBRFFHER. &
RECHEEER., BEFERKER

Hybrid Hb HP Koo ko2 ko2
uM™D M 1s™h (s™H
a2(N1)B2(Fe) - 0.014 7.2 530
-+ 0.0028 5.8 2100
a2Fe)p2(Ni) - 0.019 5.9 300
+ 0.0036 11 3000
az(Mg)B2(Fe) — 0.0065 6.1 1000
+ 0.0026 4.0 1500
az(Fe)f2Mg) — 0.0062 5.3 850
+ 0.0023 11 4700
HbA - 0.013
+ 0.0030

HP: — "NEJSOE VERPICIHP FENEYTORE, +, NEFurly
WA THP 25 2 M TOWE, BEFHMEIE 2mM I8P, BEFE
TEHEEEIR 100p M THP £ THIE XA TV 5,

Ko2! BEANES TV X0 Adair T BFEFH D 5 KD 5 17z Ki OfE,
Ni(@D)-Fe(IDiBRANT 7 O K > 0 Ki ; (Shibayama et al., 1986a, 50mM
bis-Tris, 100mM Cl~, pH7.5, 25TC); Mg)-Fe(DiRH~NELZ T D

100



K1 . (Miyazaki et al,, in preparation, 50mM bis-Tris, 100mM Cl17,
pH7.4, 25°C); HbA ® K1 DfE(Imai, 1982, 50mM bis-Tris,100mM CI-,
pH7.4, 25C). 760mmHg BEE /AL % 1260u MEEFRE & L1,
1.00mmHg 1=0.603u M1,

ko BEAEISOUEVOBEZSEEERNE, 0T LEBEVEZEELESE
BERLERSOEZESEFEERDE, (50mMbis-Tris,100mM C1-,
pH7.4, 257)

kor . EEINREAE/SUOV UV OBEFEREEROE, BEANEIOE
DOMETPEHEREMELESREESEEEROL ko= ke/ Kil »5
LN AN

¥ 3-10 OEEEMFEEEE EHIZ, K 3-9 BT MBEEFEERE L —BT 5
ZENGDBE, OF Y, BEFESERTHAU AN APITOBEVERE{LE,
BEEDHRA L TR WIRE (BEFEHHAD KIOELZE-7-0T) ORBEANE
FUOVCVIIBENEALTVWLIBELPEREL TAIEIA, BETFHERL
MEESEEEN. BEREEEEEDOIZEDOLD2ENEG /-2 LI b,
MEFESERTH 5 bNIB VN, BERMEORNT A FVEINES
UV VICHEIP - DEELTVwADER L TWZEEZLRA,

Ni(D)-Fe. Mg)-Fe(DREANEZ O > OBEZEHMME (K1) & THP &7
MREBENT 4 1) AAREME R L TWVAED, TORIEEEE - HEEEE
DEALEZE VDT oNTz afe)r 7=y b e BFe)F 7=y M TEERE
BOEADEFINED o Ni(I)-Fe(l). Mg(D)-Fe(IDiBENETTE D a(Fe)
HTaZy POBERIMIMEL 25L&, HEEEIL LES 2o THEITL
TWBY, BEEOEERENEL LLDOPEELDT, afFe)h 7212y PO
EEMMETIIBEOREEREOLT/LTHRE SN TVD LHIICR X5, 5.
BFe)F 71y b DEEEFAMAIMEL 25 L 2, BMEOHESRELEL 2D,
BEZDOBBEERE I EL b, DFh, BEIE LBERFEOW H DL, B
EHEMMEOFEICEHB L T b,

BENTETOED O288EE DB DG
BEANTZOEYD Q2R ED ., BUESHEELBVESEED 2 7 IV—
TIIHETE, FNFN, 54T [RIKE~AEFOE L] L [THREANE
SOV Y] OO EREREREEDR TV L DIHET 5,
HORESEEERIZ. BRSO hhRBEANEIOE VR B pH, THP &4
WAFEAEBRE L e o7-DT, 2KETTLVTVUIFHD RIREANETOEY
DESHEEFERICIIZFOT IHET S,

101



LPL, BOEESEED I V—TIC0T b N B E BRI E R CKE T
bo FDEALIZ., BEANE/TOVE O KIDE (BISEETAIBEIITTLFE
BER) DBEBEMHEKE LML DL2FTDE) VDB 0T, NETTY
Y OBREZEBRNEIBEAIREBOT TOBEZEBAEORT DO ENFH, o Fe)y¥r 72
Zy b pE)Y Ty FETE),



SREBRENRANTSIOE O O BB

Cr({ID-FedD). Mn(I)-FeM)REHMANEZ O Y » OBERBREEZE L, O2COEE
Bz KISIZ ko TRIE X L7 (R OEEERIL Appendix-4 DFRIZRA L) o
BEPITORSEEEROSEE O BERRE, —BILRBRE] KFEHEDOT Z
THE 31510, FTRFDOF~FICT7 4 v S EREHEE L DY P HR
D7 R EREEHE R (ko) ® $F 3-11 (IR L7zo Cr()-FeDRBENETTE D
fEBEHE B E M OEZ Mn(D)-Fe(ERNE/TE DD E LTV, B
BEANEZOY B0 gFe) 71y FOBREBHEREEZN aFe)yy 712y
FDLDEYALKRERST,

£ 3-11 Cr(UD)-Fe(l), Mn@ID-Fe((DRMNE T T ¥ ¥ OEFRHFRERE
a2(Cr)pe(Fe)  a2Fe)p2(Cr)  coMn)fa(Fe) azFe)fz(Mn)

pH THP koz (s71) ko2 (s71) ko2 (s ko2 (s7™h)
6.5 - 47 28 26 21
+ 23 23 14 54
7.4 - 31 17 29 16
-+ 23 22 22 18
8.4 - 31 14 25 12
+ 32 12 24 11

ZD0rCOBEREIFSDETIX, ToLUH U F (BFEDL IZ—BLK
) FERBEAE U VIEALTWVDLIDT, NEJFUEVOHER )T F
BHEFEVIREIMR- N T WD EEXLND, T, BENESOE VOB
FEEEEEROMEE pH R HP £EFICE3EAEKRFLL2P o7, ThHDI
6. Cr(D)-FeD. Mn{D)-Fe(D)E AT 0 ¥ ¥R L7 BRE R REE B,
ANEFUOV OB BOEEBEREIZEEZOND, H15 8712 aFe)V 7
2=y PO E30s I BEF) T Iy POBROBVEEBRHEE TS 5o &
oD EIZ DRI HE X T v HbA O BEHEHEE & IFFIT AV (Olson,
1971b),

% 3-11 1213 Ni(ID)-Fe(D) . Mg(D)-Fe()iRMHR~E 20 ¥ O ERFE R Bl R 23
FH LTV, 20 02CO 8 22 ERTIE, BEFMEORVIRBONE
FUV Y OBREREREORKS OFH Lo 72h 5 TH S,

Me(I)-Fe(DERNEITE D 0-CO BEWXAERDIT o7, BME NI
BRAEZ/OC V%, BETHHML-BHER THEDLIZEILL o TAESTE
VR RE LT, . —ELRFAERE OO0 AE L, £OWE
% Stopped-flow HHETIRET A L VI ERETV, AEFOEVIZHEELTY
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1/K

0.5

0.4

A

[ I

—o— o(Cr) pH8.4
—&— d(Cr) pH7.4

——d(Cr) pHB.5

1/k

] |

|
0.5 1. 1.5 0

0 0.5 1

[02)[CO] | (02)CO]

X3-15 Cr(ID-FeDitENE 27 T ¥y OREHE-—MILHFE I & 12 B8RO AT
Q)  alCr)p(Fe)DIERD fRT
B)  axFe)pACr)DIERD fEHT
21 50mM bis-Tris, 100mM Cl, pH7.4, 25°C, Detected at 423nm,
ANEZTYVRE, 10 )MEBAW. A7 1) ki) COMRE, 1000pM (BETH).
75 7 DR, R OUSOBEREEROWIR. 7T 7 b EIRIE ORESIR I & —RR{bR
FIREDLZ IR FERERD T — S ITHPIRICH o7z, 77— F KRB R —HT A EHA TR
ERTIRT . EMOF 7 7 HEET 0¥, BMEREREERTRT. KNP TiX pH6.5 &4
TOFEBROT =527 4 v F S EHOBEH 25, o pH LHIC TR DSV, 0F
D, MEBBEREEENKEY @EFITTRLIONFEN) TE2RLTVA, LL, BER
MO pH KM, TARICKER DD TRV,

1.5
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BMEN-BILREZTBEIR DI L IAZEELZDTH 5, Mg(D)-FedD)iR
ANEFUE VEBERAEIME VDT, NES UV BEROBREEYEL
RWEBADOBEOITNIALYETETCLE ), AP FFFIALN
BIETHE L) BREBT, BEANESOUVBERE —B{LREBK L % Stopped-
flow BB TRATIT, BEBEREELZT -7 BROZVERZLTF X
ANL-COBERNETREI->TLE ),

MgD-FeDBEANET TV iz d & b L BEZEBMMEIIEF IR, F 2 ~NE
BEABBERETESIETVDEIDTH S, Fe)V 71 =y NIMEFKEESL-L
WHBBRENES U VBT RKIUER L) LT 57259, 20T, MgdD
RVT 4 7iE, VT FEAMIMENAT S0 DREZ LEICTAHE
Wrbo COMBEDNIUFANETUE VFTFRTRI > TWEIRTH, AF >
ANEZFUVVRTLRL, TAFIANESOE VETH LW, EREIARELET
B SN2 VWAET O Y OBEREIER I AP ANV,

Z DEBREM BENE UV BEROBESIEZ IREICLT, BE
T5 COBMWD CO BERXHEDTEALKSITRE 5DPEHET S &) &M
TiX. Cr@D)-Fe@)* Mn()-FeDEKNET T V¥ DEBER MBI T S 7
OIAE > 7230 (eq.3-22. eq.3-23. =) M2 v, FOEPAZLE
%k ZERL-ED, Mgd)-Fe(DRBENT /O VY o - EBRTIIERTE
Y, T, FOHELHENLE, T TRPITORGEEZER L [CO].
[ODBFEERELTARL ),

kozk'co [CO] + kcoKo2[O2] + kozkco

kapparent =

kKo2[02] + Kco[CO] + kco
---eq. 3-21

Mg(I)-Fe(I) % - 7-E£BTid, [COJDEE 10~500uM DFLFH TE 2 THIZ,
)5, [0 DR 630uM T—HTH S (25 CHMT, BT 1 WED—BRILK
FEFHEIPEN TS E X, [COl = 1000uM. 1 KEDEEFE & FHMITEIL T W
HEE, [021=1260uM & LTW53) , eq.3-21 DAFDE L, 2HITHEHETE
B\, SFDEIEIL, BLALOBEERTEL, 2, NEFT NP
B R BRMEOERVIREBIC 202 VRY | STFEE1EE 2HTEES L
%90 MFF. HRHZITIEE | WA THEBPTELLEX D, COBREFIENE X,
E2HEAKEL BN, KooDfEiZ KcoDfEL Y b 5~10 ERKEVDOT, F1
EHAMMFOMEDIZEAE R EDAZEEFEDL SRV, 29 LT, Mg)-Fe)
BEANEZ OV 20 02-CO B X ERAOEURDT X 72
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kozk'co [CO] + kcoKko02[02]

kapparent =

k'02[O2]

koz k'co [CO]
= + kco ---eq. 3-25
kK'02{02]

[ODfEiE 630pM ICEEL THADT, ZONIE, BRPITORKIEDEEZEA,
CODBEIIHBTIEN) L EZRTHML DL 25, EBOERTITEY
WCRPTOREERIE CO BEICEHTLDIES ) b Mgl)-Fe) % - 7=
mcoﬁéﬁi%%ﬁi@m«%fuey@4mmmﬁﬁ@&%ﬁﬁk%?g
THEIEICEZ VDT, 436nm OWIEELEAL 2 BE I -7, BAHO RS HiIF
PEHE N, B2 ToORGHBII—o0EEEE2 71 v T Boh
TREEEREEHICLONK 3-16A, B THh b, RPITOREEEIZ, o~
E/UEYTH COBEICHAIT A LS, L L., Mg)-FedDiRB~ES T
VR fiomEBOERIT, TBEOANETOVY 0D LIFEAEEDLL D
27D Thb,

AFIANETUE YD O02COBEHMZUDNERTIE, TTHENRLIANES
O 3Ty FEAEOBVWREDT IE - TWwE, FOBREOYF > F
HEREERC HEREERIINE 2 RUDVT WD, £ Tilbho T
WAFFIVANESUE Y OREERE 2> CEHET AL, H3-16 10 HbA ©
F—HIZT 4y PERTEHOMEEIZ, BEIF 4x103 M), METHIEB L
2001 () 2BHETTHDH,EEICK 3-16 FTRAZRETHELN-EHHED
fHEit, 42x108 M), T ITHEEHLSEL T0.07 () e > T b, #iHh
URFIIMfEATE WY, HE2EFEEY L 27,

'C‘Gzt Me(D-FeDBRHAE 70 ¥ > & f o TEHE S 7 FUSIZ— 4T 75 - 72

o BRDBTFXIALE CODEERIL,? B CO BHERISOHE
7@@E#H@ﬁmiblo%utﬁm@f\_wﬁmﬁiénéo@m

* HbA OUSHIRIE, o« V7 2oy bERY Ty MIHEMREEEDE
A3 B D T(Olson et al,, 1971). A1k 423nm TRIGZHE L T, 2 00 K
BETT74y bTAREZDED, S TIEHEICTA-DIC 1 DORMEK
P T74y PLEERERL, 1 20 EMEEZTTH. HbA OISR
BRBBLREL 74y b TAIENTEL,

105



- 3 1 x
w
= -
% —oa— HbA
+3 —u— a(Mg)
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43-16 MgdD-FeDIRBNE/ U BLUEEOANES O OBFE-—B{ILREZEBEARZ
EEROKE R DIRAT

MESME © 50mM bis-Tris, 100mM Cl, pH7.4, 25T, Detected at 436nm,
NEZTV VB, 10uM QRETD
@) oxMp)BFe) % filfi o /- FERDEER & . HbA 2o /- F2bRDF
M a.Mg)p(Fe); O: HbA
B Mgt o RO L HbA A4fio £ JROK R
¢ o (Fe)p.Mg); O: HbA
A S IERERAS GRIT, 1 KULREN & T QU /R (BESRIREE
1260uM) Q‘Jk 7z, Stopped-flow T, FDOANEF Ul LB E —BELKFEDS
WEFROGL., ATFOQEIIEELT b‘%ﬁ‘i?' Y, —EELF T X R B AR A
WnZd 45 . COHEWED COMPEA VA NAHE o b COMIE L, Stopped-flow %
ETRE L ROMETH S . 105’



U FEAGOERWIREDOANE SOV D 02COBEXHBDLYRIGH, ?  HIE
TYH Y FEMBDBEWRED AT /U v OiEs - BEREE RO B4
WTWBEDT, 5B L TAL I, a2(Mg)p2aFe)DE, EADME X132 0.013 (uM)
Y, aFe)p2Mg)DHA 1L 0.025 uM)E %5 (pHT7.4, THP DEVWEHD
HEEBEFES/Z) o CNLOBEEIT., EBRICBON-EEDOMHEZ(0.004 ~
0.005uM) X V| 3~6 K&V, CHITHETHHECRIGIE, MglD)-FedD)Ek
NETUE Y 2H o7 02CORBEHRDYUSTRER IN TRV, W) T
L. EBRICERI S-S HEIE, BEBHEORNAE I TOE YD 02-CO
BEBEDLYRETOREZF)THb,

R, Mg)-Fe@)RERA~ET OV %o TEEI S - RUS AL, BEEE
FEDBHVIREBONEZUE YD 02-COBEBD Y ST -7t EZ2 %215
BV, TOEBRORTI, BIlEED LI —BILREFNET O VIIES
LTWADT, NEJFUEDFHE YT FEAEITEWL ONEL b H
MICH 2R OENT VA, MgDRIVT 1 ) DFBN, COMENZAITTLE -
T, VFY FEHBEOEVIREEOAT /O YV IZBHETICIZE ACHEELE R
WD7EA ) e Crd)-Fe), Mn(ID-FeD)ERNE/ OV 2o /- LR T
555 A, MgD-FeM)BHANEFUV Y 2o /- ERTH, [HP #BHRICHZ
THORPITORBIEENNZIFZEAEEPo T, TP 5, FIH TR/
cFe)p2Mg) 2 o 7-BEODHEESER TR, 1 REBESELG TEVWEER
BEERATBE a Nk ol TNODFEED, BERENS VEETEYF
Y FEHMHOBEVWIREBOANEZ O UATTEIL A WIEEZRLTWS, LA L
ZD—H T, ax(Me)p2Fe) DEEBHESERTIE., 1REBELHTLIBRAL
BOBEEEARTPBHENTWSEDOT, 5RO 0::CO B S EBOER
EDRICFEND S, WThiZH L, 0::CO £EIZ, V) F ¥ FEAEOEVIK
BONETUE v OBETRRB7OOFRICEFEL Thizwn, /2, BER
PohMMMEEZRTAEIOE VRS IBREN 257

BENETOE D O EBEEFE DT DI

02-CO BERZERIZ, VIV FEEOBNET UV v OBEBREEE
ZHETHDIIHELI-FETH S, BEANETUEVE2MES ZLICEST, A
ETOEVHD g Fe)yr 721y b pEe)V Ty FOBEBEREDE
WS- &2 Y L7z, :

ZO—FHT, TOFEKEF, ) FY FEIBEOEBAES O Y ¥ OB R
BFEErRARLIEIAEYLTHE, EBOMEHEE, NEFOaVC )T FEFEIC
HESETBLLENHLDT, VF Y FEAHEDERVAES O Y 2 EEI
LTBLOWH L,
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NEFOE QYN FEEES  BEEFFREFEEROE LD
L TCOEBRCRO-EEEREP T DD, NEFUEC VOB EESE
EEREGZGLBWEEEEEREE 3-12, 3-13, 3-14, 3-15CF & o7,

$3.12 AEFOYCOBLEV CORSHEERRERLE N, CO BRRERE
# (% COBHBOEVWKEDANES/ O Y OFEEERITHY)

k'co kco Kco
_(uM:lg) (1) (uM:})
a@e)subunit 5.9 (+0.9) 0.012 (£0.001) 510
8(Fe)subunit 7.4 (+0.4) 0.007 (£0.0003) 100G
Xco: Cr(D)-FeDRBENEZ TYE D pHT.4, 8.4 KHETOEW CO
HEEEERDOTHIME,
kco . Cr(ID-. Mn(ID)-Fe@DEME~EZUY »? pHT.4, 84 KHTD
CO Bt R EROTHE,
Kco. ReHEEEBRLBEBEREEREDOH (Kcokeo) H5HRD7z CO
FHER

#3.13 NEFOFVOELE: COBEEEEH LR LEV CO BEEEERE
(&b COBHENVERVIKENANES Oy OEEERICHEY)

k'co kco Kco

(uM:1g1) (s:1) (MY
a(Fe)subunit 0.12 (£0.01) 0.21(%0.03) 0.57
p(Fe)subunit _ 0.042(+0.004) 0.19 ($0.02) 0.22

¥co: Mg@ID)-FeDERNTIOE O HP FELEHTD COZEHE
EEBRDOFHE (at pHE.5. 7.4, 8.4) o

keo :  Ni(II)-. MgQID-Fe(IDiEK~NEI O ¥ D pHE.5,. HP F&ES%k
T CO BREERE E XD TRE,

Keo: H#HEBEEEREBHEREEHDE (Kcokeo) 2 5K®H7z CO
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#3.14 "NESUOECORLIE EEEEERLELE: OB EEER
(T O BHEOFVIRREDAES Uy OFEEERICHEY)

Koz ko2 Koz

(uM:g)) (1) (MY
a(Fe)subunit 39 (£4) 15 (£2) 2.6
B(Fe)subunit 77 (£5) 29 (£2) 2.7

Koz . Cr(D-, Mn(ID-Fe(DigH T/ TY v D pHT.4, 8.4 &fETD
REVBEESREERDOFIYE,

ko2 . Cr()-. Mo D-Fe(DEHNEZF T Y D pHT.4, 8.4 FHTD
PR R R B E R D T ME,

Koz . HAEEERLBEEREEROE (Koo ko) 2 5KD7: Oz

#3315 NETUEVOHLEY O FAEFEER LT L EY O fFEREER
(&b O2BAHDECKREDAES OV OEEEHICHY)

k'o2 koz Koz
(uM-1s1) (sh (uM-1)
a(Fe)subunit 11 (1) 3500 (£900) 0.0030 (£0.0006)
B(Fe)subunit 4.9 (+0.9) 1800 (£300) 0.0027 (#+0.0001)

Koz Ni(@D)-. Mg()-Fe(@DigM €/ u¥ >0 pH7.4, HP FHELL
TORVEREZEEHFSEFEERDFHE,

koo ! REHEERELFHEHRDOL (Koz/ Koz) 2> 5KD /- BEEMYLERY
E Lo

Ko2! pH6.5. 7.4, IHP HFHELEMH T E L 7-BEFEFH iR D &R 7- NidD-.
MgD-FeIREANE 7T ¥ 2 D Ky DEDFHE,

108



&dD CO BHMENETNWIREBOANESITY D CO FEHEH—

SEDEBTE pEFe)F 7212y FOFH aFe)F 7212y X d&EN CO
BEEE, B COMBAEERZRLI-OT, BRELTBEF) 722y bDF
PHaFe)yy 71=v bL Y B 2EEFV COBHAMEZRL TNV,

Perrella & 2MKin COEE A B IKEIHEMN % > THbA @ CO FHER =K
DTV 5(1986)o HbA IS4 HEICEETS CO id, aFe)yr71=v FH LT
pFe)Y 71y MIEETIBENH LY, TOFHEERDOFEHEIHRE SN
TWhb, TOEESEDERD, SROI-ANETOVE D CO FEEBICIEFIC
vy, 72, Perrella LD LDT— I wiih b, 4EREED COEHET
i, pEFe)F 7=y b CO BMMEN aFe)Dd DX NEH T 35505 (CF
HIRE T, 3 D CO PEASLA-FTHERSTED) b, axFe-CO)B(Fe-
CO)B(Fe-deoxy) DigE D a(Fe-CO)aFe-deoxy)p2Fe-CO) L ) bEP-72) o &
DFEFRLSEOERLE —FK L TWw5,

#5755, Mn(D)-FeDiRHNE 7 U ¥ > O— BAbREEEEEATREEE =
T, Th—BLREBEERED CO-NO B E# 2 ETHIE SN TV A (Blough &
Hoffman, 1982, 1984), HE SN TV AEEELHIT. SRIOEROFER L 12T
—HLTBY., B COBHBAFEOANEFTVY VD CO B4 - BELREIIFE
SEBENT Y VIERELZ W PSP T,

—&d CO BAMEFBEVIREDOANES O > D CO FHER —

S OEETIZ, COBEEER aFe) 7=y b pFe) 72y b &
THEDENIRWY, pEFe)F T2y bD CO FHEHEEN HP FHELEMHET
afe) 7212y XY HBNDT, pFe)F72=y b CO BHHEIE a(fe)
T2y PO LD L DK, 6] RS Mn(D)-FeD)RHRNEZTE 2D CO
4 A% %> (Brough & Hoffman, 1982,1984). IHP 7SF#E$ 5 514T? HbA O
NMR EE:)> 5158 5 T v» 5 (Johnson & Ho, 1974),

—F b O THMIENREOANE STV O CO FHEH—

SRIOEBRDERD SEETROIAESTTE VO O F i EL I . HbA DB
FZFEHAR D ORD O N4 BB H OBEL S BREOFH 2 (Inai, 1982)& X
=T 5. 2OM, WEDLHIZ RIREL SN TVREANEZSTOE YD O &S
WEERREEREEROL D 5RO 5 W /- ER L . Cr(I)-Fe(iEkNE
70 OBEEPE D 5RO KeDfEZ K 3-16 ISR L7 (kR—Y) o
afe)r 71y b & BFe) 7=y b O FHEEITIZIZE U, pEFe)V
TIZy A LBV O BAIMERL TWADPGTN5,
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#3.16 EESHNMIEVWANESOE COBETFEER

Koz

pH {(uM-1 References
a2(Cr)pa(Fe) 7.4 2.5 D(This study)
a2(Cr)B2(Fe) 7.4 2.1 ®
az(Mn3)p2(Fe) 7.4 2.9 O(This study)
g(Fe) of HbA 7.0 45%1.7 ®
B(Fe) of HbA 7.4 2.8+0.1 @
B(Fe) of HbA 7.4 3.7+1.1 ®
B(Fe) of HbA 70 45%17 ®
HbA 7.4 2.1 @
a2(Fe)B2(Cr) 7.4 2.2 (D(This study)
a2(Fe)B2(Cr) 7.4 1.6 @
a2(Fe)p2(Mn3¥) 7.4 2.3 @D(This study)
a(Fe) of HbA 7.0  2.3%+0.1 ®
a(Fe) of HbA 74  3.1%0.13 @
a(Fe) of HbA 74  35%1.0 ®
a(Fe) of HbA 7.0 2.3+0.9 ®
BE LM
@ This study, 50mM bis-Tris, 100mM C1~, 25T.

75 w274 b)Y AERT Cr)-. Mo(ID-Fe(DRBEANE S T Y X HR
LB EESEEEHE. OrCOBEMAFERTRD LN/ ERERIEE
EBOLD L FEHERI TR EINI,

QI DHIXDE 28H S (Unzai et al. (1996)) o Cr)-Fe@DREANESI T
T DOBEFEHBED S KD S5 sz Ke D, 50mM bis-Tris, 100mM C17,25T.

(® Mathews et al. (1989) 0.1M bis-Tris, 0.1M KCl, 20TC.

® Philo & Lary (1990) 0.1M Tris, 0.1M NaCl, 1mM EDTA, 21.5T.

® Vandegriff et al. (1991) 50mM bis-Txis, 0.1M NaCl, 1mM EDTA, 25T.

® Fronticelli et al. (1993) 0.1M bis-Tris, 0.1M KCl, 20C.

@ Imai (1982) 50mM bis-Tris, 0.1M 0.1M C1-, 25T.
O~ AF AT OE L 3 H o BEEORMDTHERERD 5RO L 1L
TTEMEEAHREERE., 0:-COEBERIEMTRO LN HEREEEELK
EESOTANEOE VA B IS TARZEOTFHERZHE LD,
7. QRAE7 0 OEEETFE A O KRD SN Ka DA,
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— 5 Qe BHMEIENREOANE /T D Qs P ER—
BEHNUESENREBEOANT 70V Y OBEFHERIT Ni@)-Fed) .
Mg(D)-Fe(I)IBENE 7T ¥ 2> T L {5 TV 5 (Shibayama et al,
19862, b, Miyazaki et al., 1997)o TNOEDBPEANETOE (3D & b LEEES
FEAMERVAS, WO pH 2 T, THP 212 5 & & 5 CHEEBMENTH 5,
L LENICOBRENH D, IHP FAET . pH FHLUTOLEBTIE, TAHDR
BAEZOY ViiEFAM, Bohr 8158 & IR ST, ae) & pFe)DFHEHD
EDEVIDHT Y 2V, COBOBEFEERE. IHP 71, pH6.5 £HTO
HbA @ KiDfE (0.00403 mmHg ™!, Imai, 1982)IZ3FF TV, COREFE X
3-17 IZ/R L7z Ni(@D)-« Mg(ID)-FeBHNET TE | HbA O Ki DIED pH
KA, THP EEE 2R Ll TH 5, ELB) DR SNV VR NVIZHP
ETTOKODEEZTRT, o« BREFANEIOEYTH pBERBEANETTTE Y
Tb HbA TH. IHPAFA L TpHAT7.5 L ) VLD 2Ll Tik, dH €
NP BRI MEL 2O 2 WERTF D95,

# 3-15 (IR L7z D3 Z DR d BEBABIBECIREBONE ST Y DBHERE
SREEER - REREEN - FEEETHD, TD X)) LR BEVEEFMME
RTIREBICH DANETO VY IRIEEE SRR LBERE L, Thfh&
b BV BEEEEERE, %D (B BEBEREER L2515 &
E X TV pEFe)H 72y MIOWTRZFNZIZIZE Lo 7275, a(fe)V 7
=y MIDOWTIRE-STW afe)T 712y FOBEESEE TS 2
HP EEBEZRL, ROBEFNEIBRVIKRBOBESSEEIIRD B ]
EEHEETRRPo272P6TH b,
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Value (mmHg!)

or _K4

K,

X 3-17

10

0.1

0.01

0.001

NET
GV

oV, &%
o ERIR AT 7
® pERREEANETOEY

O: Ni(lD)-FeDIREA €~
L) MgD)-FeDiRBANET7 T >~
O NEST T
B Rt 2mM THP FAEE Tl

A

3 T T T T
- o= D - ]
A - K4 of HoA ]
3 E
3 ;
; ]
3

I T SR S

7 75 8 85 9

I NnTw5

©
o

T oK, D0 pH KT
TV (axMetalfu(Fe)) D K, Dl
(ax(Fe)B(Metal)) @ K, Dl
¥ (Shibayama et al., 1986a);
(Fujii & Morimoto, 1995);

Ky Value (mmHg1)

or

K

10

0.1

0.01

0.001

3 T T T T T T 3
m == - o ]
- - K4 of HbA )
o
E E
- 3
- .
1 [ ] | { ] .
r—i
§) 6.5 A 75 8 8.5 9 9.5 -
pH
B, ZLTHEFONEZUE DK DM, IHP 73%AE L,

a B, pMBRERANES
WD bm 375 LD WS

/AN FUEZIGRL ) BRBEOBEPFMBE L EFE L LN B E LTAT
DEDMEE 7T 7dR LT, Kyofiis, ~NE7u vk b BuiREOMETE T

X% 1000 fsoat
¥ (mai, 1982; Imai & Imaizumi, unpublished results)

5E 524 . 50mM bis-Tris or Tris, 100mM Cl, 25C, NEJ U @K, 60uM.

C/&u&\bo

A TIIZE CHEICE S D CDWhh b, (SﬁﬁS%u&mﬁ: i
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NEZFOUVE OENE VY FEERE - R

ANEFTE DY Ty FEMEOBVIREL | RWREBL TR TS FEE
R LBRERESTREGE) Z Ebhol, Tk, BEEEOR(LE, R
BEOELIE, FRAFREDL S0 H Y FEAMOREBICEML TWbHLES
9 W

Szabo RNEZ QYLD T FORESOFHERLE ., HEeEEER. HH
FEEMOBBRICOVWTIHRE LTWAH(1978) NEFu 0% (1EE)
DY T FESBIEE, &% (418E) OVT Y VEEEED )T FHEAHT
RHRBE, BEFBV, bHbAAIBEBOEEBEL 4 HEDEEBETIE,
HOREERE BERAEERDES ., 4EEBOESBBOREDN, YTV FEE
SEREILE . FREEEEE LBV, Szabo 3. 4HED) F Y FESEBEOEEE
iz, 1EEOYF Y FEABROL DI TIEE) », T/, BEEE
EHMOBNEBEREEHOEZECDEL LN L YV RELQ )T FHEAE (P
EH) OB EHLTWAN L2V THEL TWAEDTH L, 2 21T Szabo
DMEL-FEZTOITIETTHE ),

#3-17 Szabo ARL7IAEZFOV VOREZEEOL

Ligand (Reference) ¥4/ K1 ki/ k4
NO @ 1 ~ 100
Oz @ 4~8 150
coO @ 40 10

(K /K1) 1, BEEEEROL, 4HED) ¥ FESBEROY T FES
HEY, 1BEQUT Y FESEBBOESREILHRT, HFEV»ZRT .

(k1/kq) &, BEEREERDOL, 1EBED) 7 FRESHAED) 7 FEHH
BN, 4BED) 7Y FESEBROBEER KT, fIEEVDPERT,

D Cassoly & Gibson (1975)

@ Gibson (1970); Hegengritz & Schuster (1974)

® MacQuarrie & Gibson (1972)

Reference M5 — # ITH VT L IZEH WA, HEH S LTV AR EFERITE
WHENE DR TWS, Ko /K1) . (kkd) o Fio, KETFITREWIZ
FoLEBOY FY FESBRE4ABEED) F Y FEABET., #EEHENFK
XGED)ZEERT,

NO & Q25U # ¥ Fizfibhizgs, (ki/key OEFRENOT, HE0E
EEEROEVHREN E5DhD 5, 12 NO OBE. (ki k) OEITKEW
DB, Ko k) O THb, SHEATFTESD NO HE
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i, 1MBETH 4EETL, EEFHEPIZEAELDLLLRWI LERT, NE
Fuv oBRRERIcEY, 1EEDONO 4818 4HED NO #4880
FRIER B L HREDEHO T, NO SMMOFI ., 1212 NO MMEEE A2
AT EIZE>TORTHOLRTVES LW NOBNEFOV ST HIET
BT, MREEREENE AL AR Tt o T NO BRIMEAE 25 X5 72,

O2 DAL, NO OBAIEBR LW, 1HEDKELSBRL 4AEED
EABRLE TR, BAREOEVHNE , BEEEOREVIREN, IhiZ,
NEZTE D O BEEEEDZALY O BRBRORHIEETHHZ L LRL
Twb,

fe5. CODBLSIEINO R Qe DEA L IR, 1HEOREEERE 48
HO®EBEE T, BEEEOBEIAE L (Ko /K1) DEFKEV) | #
BEREOEWII/NEY ( (ki/ke) DEIZHZIV) , THEANEFTTED CO
EEREOELN COBHMORAICEETHAH I L 2R LTS,

Z Z Tid Szabo DERPE LTHAL ), Szabo INETTE YD g T2y
Me BTy bOXFIE L ZVWHEEERE o TLEDEREFo72, KGFX
Tl o & BOEREZBDORNE DT TH, o & fO—BLKE, BERES
IZDWT Szabo DEZF->TH 5B,

REERICEE2HY 4T, DR 2RETFVTHELRTWS RIREE, T
RE, LVWIHIBEEEVLILICTE, NESUEVORLBEN)H Y FiES
FEEBERDBVEBEEEEY RIRENEJuC VOREERE L, Th
FKcoR (or KoR) | kcoR (orkoeR) EEXR T I EILTH, T/-. NES T
VOB LEV) I Y FESEEERE RO EVREREERE T-RE~NES
DY OREERE L, ThFRKkcoT (orKozl) | kcoT (orkoeT) & EEFEKT
CEITH, NEFUVE YO FDOMHTIE, BREFESHHICOEDLLT,
NEZOVE YD) H Y FEMEOEWIKELZ T LHT [R KE] . VY FH
FBEDBEVIREZ T EOT [TIRE] . EDVFTVITHLTWAEN, & TlEA
EFUV D) H Y FEAMAIRIRE TE L ko 2KELT RIRE, V7> FE
HEPRIBE TR o2 RBE TIREBEFRZ LITT 5, |

31T IZRIREANEFOE L, VI Y FESGEE (BEHEE) Oo&TED
BV TIREANEZOE L EESTVRADRERLT, RAREAETTOE YD)
Yy FESREERE THREANE/UV yOF O, 2 LT R-AREANES O
KoY Hy FREEEERE T-REANEIOECDFNOREZRLTH S,
AR ETHITAEWVIZE, RIREANETOV L THREAESOE > OMO
WEEHOBENIKELL, AR OV OBREHICEETH L E2RLT
wh,
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#3.17 RAREAT7OE V& THREANTI0E VOB ERFEERDOL., L
TRBKEBAEI/OE LV E T-REANESOE VOBEEEERDOL

, -~ k'col kcoT Kcolt
Ligand: CO k'coT kcoR KcoT
a(Fe) 51 18 900
B(Fe) 180 26 4700

kK'ooR ko2T Kook
Ligand: O2 Ko7 ko2R : KooT
a(Fe) 3.7 340 880
B(Fe) 16 62 980

RS BEEEEROLOREIfE o7 THRKENES O DRE
EHUE, HP FELGTUESNER TH 5D, Szabo DEREEIZ, KER
Eokid (R/T) . BEEEOKIE (T/R) 28E LA, 20500 %E
PTE T»‘s E.RKEAE/OE Y E DHRBEANT /O OFEHEHOL (KR
SR 1ZHFE L2 b,

SHE RO O, Szabo AR LT EEARAWICH U THL, 2F D,
ANEFUV YD) Ay FEMEFRIBVWIRE L, VF >y FREAOEI R E
REEL 2 k_B E, CODEATIE, BEEEDENPREL, O2DFEETHR
BRESEEDE VSR E v, 2120, CO BAEOREICTEEREOETIIEE
T, . O BHMEOTE I IFBHAEOEMVFEEZ LD TH S, TNV a.
BH T L=y POBHICERDZ LD DH o720
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(5) F3IEBEEDEED

NEJSOEY OBFEEOEREKE, Y FEATHERB~NE O V28T &
WA W ETHAELEERBLD [EUDIZ] OE TRz, BEONEFTOY »
B TIX, UV FESTHBBEAE/ a8y 232V H L TR DIIE
B, EIETWAVARBEANTT OV 2 fiol-Did, FORLEIRE
DNEZOE Y ZEYIHPEEICLT, TOBREERA o720 6Thb,
FFIANLNETNVEMESTZBEANETOY Y (Cr@)-FeDiRENT 7O y) |
FAFVNLETN 2o ZREANESTE Y (Ni(l)-Fe(iRE~NE 7T ¥
Y) B L E, AESUE VICEENTL, 2, 3EEESLTVWARERZE
EBWNERTAIROIBELULRFRIEZLEZONS, T7-, CrD-Fe(DiBEANES T
¥t Ni)-Fe(iRBENET U OMOBEBRAE 2> Tnsb Mn(l)-
FeDBNETTE Y dfFolz, TONEFUY ViR EEEEME &
STWBDT, EALBEIRIEIZS 2 DL RENESH 7D ThH D,

COEIETIE, BENEZS OV DY N Figd., BEOEERNER
To T LIz, FH:, FRERZETHA SN2 WREOAEF OV &
TEBLIDETR L, BMEFEBETRIRYIZVAVA LBEEEANT %
FOBBAEIUE V2 HE L, SOHI, AFIUANETTUEIHTE R,
TAXRIANETOUE VT LW, TN REE 2T O B8l
PIREBENTWRZWREE L, LIL, B, BHOERBON-EEE
BOIFEALE, BUBEZEOIINV—TE, BOEEERD FV—TICEn
g T LE o7, REPICIE, 2REETFVHLBESSER S LzblT
2o EORBANETUEYDZDERT, VF Y FEMBEOE VLD (FF T
NEFUUEVHE) )TV FEREOBVLD (FAFI~EFubvE) o
2EBEOANEZUCVORLY TTETWT, 20 2E0OMO FEIBET 5
CELLoTRPITOBEBNUIEDLL LI ICRA S, 7272 LY TV FHA
HOEAET OV OBEIZBREKEE R TOT, Bk 2KREEFVT
BANETOVC U OUEEHETE L,

PR SEE B ST Tidw b, Cr)-Fe(REENET7TE D CO
FEHEER, Ni(D)-Fe(. Mg)-FeD)EHNEZ TV D CO MEEHEENZ
ITHbB, L. BEETHNREEZHEOANEITOE YD CO REHEE,
EE)ITITFHARES BV, WDbWwA [TIREANES TV | OBEREKENE T3
HTERZWI LR, BHIE CO MEEREIDEE (NEFOYD4XK
BEE, NE70Y Y 2 BARSCHAE) ICHRTETEC, EYLEshiK
ISEBERRPTOFEEL LTHATWT, BED4XEEL O ~AEFOY &~
DUEH2REBL TWinkEZSR5,

115



NEZUUE D) H Y FEAMZEBEE TEHEL L-KEBOEREERE . WMEB
FCEL LREOEBEED., aFe)F 722y b, pEe) 7= b, £
NENGNLICEH Ok o720 UH Y FEMMEOEVWREOEEERLHFHALS
DIZ CrID)-FeDBHENE T TV HPEEIL o720 TONEFTE VIE, YF Y K
FETRTH, NEF UV L OSEOTHREERICT L ¥ VRAEsS OV
CHHWZAFMIIBEIL v, 05, YTy FEIEOBWIREBONE S O
VOB EEBICHARARIENTE, M., VY FEAEOENWIKIED
HEERE RDDIZiE, Nid)-FedD). Mg)-FeD) BT T ¥ AR IC
Vo726 CO-NO, 02-CO V¥ FEEHZERTIE, VT Y FEMENEWIR
BAREILESEELRARY 2h o705, O L—F—7 % bV AERTHE,
Y H Y FEMMSEOEVIRBEOANE /O VOB ERRESEBR Y AL I LN T
&7z, ZLC, FOBWEMEREHIBRTE-O0TH L, BEBMEOE
REODANEZTOVE U HFHRT, aFe)yr 72y e pgEFe)yr 7=y NI, B
EiEs (B FEOET, ThPhELR A HP EKFEEZRL,

MR S5 5,

TP, AFRTVAETOERITERL, THAFIANESOE VETE 2,
FRREEOATE 7OV Y BROP S ahofe, L7, ALz hMmk 4
HTOHUENFSBITON DT TRV, FZIE, 7% %Y Mo(ID)-Fe(dDiRR
NEFTE YD CORARIGATHEZ N TV, Stopped-flow 3B THHEIE
DB, BEANETUE VBERD OBELZ2ICER 7201 Dithionite 2MED
NTWBD7EAS, MnID)-Fe@DiRBNE 70 ¥ iZiE#EH T & %V, Dithionite
TMnDRLVT ) HFEMaIELVT 4D VICBLENTLE I DL TH D,
MoIDEN T4 ) YiEFAFIALETNE LTHEDLNS D TBlough &
Hoffman, 1982, 1984), MnIDFR NV 7 4 ) ¥ L HEAINED

7., EIEOFEHR (F03) THE:, HEOEOANES OV OFH%
HOMEI#HKA TL B, EBROBELE, BENESOE YRS )T FEER
IR LZIRECHIE 2150 2354 (COEARISER) L, Bli~E/avy
FUHF Y FCHEMIEIRETUEZEO LS (O BREAER, VNV FE
XWX FUSEE) 00 Tholre NEFUOY Y OTFERENH LD LR -
TEBRFEDP 0D TH D, NI, BUBERMELRIAES O L
BRI LR TATI OV EPRET LI ) 2R LIS, 2
DOFSHMABH NS 2 EIC L > THRINTIEW S (0 FEESER) |
SEHABRE LTV B b T2V,

HEDODEIKAET, FRBMAT/ OV 2 EHEHEEY BT L) 2 TR
DETHD, BVEE, 457070 7Y FREMS - &HcHlE+MB L
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LEIRBDPEVIERIEZ LNDLEA ) NIID-FedD. ¥ 721& Mg(l)-Fe(I)
BEANTSO L OANLDNEGHFEMTEE00 CO 2500 LODNETTY
VBRI Z TEWT, Stopped-flow HFEB TS LIZCOBRLEBAELIZ-LEA
% CO #HERERTHHobNb2? L, Mal)-Fe() % - - BEFE
EEBET, EBRLMBOBEEE 2 35BS L TEZEIFTR TR ZIREBORE A
EUE VPR ET AP TRECHEESSELOEALRBGFH oI EH ?
(B#ZD 3 TRRD, COBEBIHPELLLD) L, WAVRHEZ D
{o 72, Philo 5DEEAIG)*EP T, NETFTE NN HT Y FFEELT
WARHIZ, NEFUE VD4 REBZIEALZEAZLTWEPREELZRA
THETHIDLEENESL), BP0V TV FEASRICOBEEN, HLEED
AREERFEOANT IO OBER, ThE dNETTY D4 RESEEA
DREEVERIZ 2> TRPITDO YT Y FEERIEE R TWA DY, 1o &Y
T5,

SEDEBZ, NEFUE YO H Y FEMEZBREE T LRED &
BERE., BR T TEL LERBOBREERD REIFELo 7, BBREO&
EREERCHREEEEROR R, »5EEIIOWT, ThlUttoEE %
MLEREIELD, DLLIEBLERLIELTDH, I FhLULEEDS
A BT ERERTEIETITo7, BEALDOEREERI &G 2L T
WAED, PR TTRDIONFH L, VH Y FEAGOEWIREBOANE/ 0¥
YONH Y FRERENF—BREZ T TEL ZIDPEEFHEDO LN T2V, CO
FEREREDT pHE.5, THP FAELEMTH 0281 T TEL 2 AH Z L IXGD o 7245,
L) FIHHRELIF LRV, EWV) T ERRENTVRV, BEEMERE D,
BN EEE B EEEE S EROSEROBI» SHEBENICHE O TWS 72
T, ETETHREREINEL 250 TV EWVDTH S, CO-NO, 02:-CO
BEBZERTDOYP /LN, VFFEBEELIEANETOE %2, JH
Y FEMEIMECIKEICELZ & NiRV 74 ) v MgI)ENVT 1Y) >~
OUERZTTEIARTTT, FEFICHEHE LV, ZALPOTEKIROLILS,
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EAE FED

TOAFY)y 7EEEORT, NEFUEVZEILARS b0
BELFV, BHEOEENEITAIEILL> T, FOWENRBEI LM
Bl LTREFRINTWS, fZAETOECEHEICKEINIBBLI LN
TEZDT, BV ERFTELIOPHYETH L,

ANETOVEVIZR 200K ERBENSH D, —2EFAF I Ao VP
DRTVEZBHEOBEVES, D) — 2R FAFIAETOEIHFL R
WEEEBEMBOBWEE, ThThOBERMEIE. FEEBICL TH 200
B, BREREEN (FI12) 2201kl ThUNOBEINIRLETH AT
DS, ANEF OV VOBRERANRIAELEEL D, NEERBEOHE I, B
EESTHBEEAES OV ICHCERTWR EEZbND, CALBERRE
EHETH, PHBREAESIOY VZFHEBEIRE KN, BETHALTY
EANEFOVYVRBEOBERELTRLT L, BEFD LN PRIRBE~NE S
UV VIEFDARLEEDT- O 4 REELRLEZ R L, BEBRMEORVEE
2y, BYOBEFRBELTCLE ), HIZ, BEORWTFFFIAETTE
CEBICAL LBERETALL. BEIDLES LIoREEREANET 0 Vi,
FORREED-DI4ARKBELZRI L, BEBAEOB VEEIIZY
XLIHEREET D, TDX I, NESUEVFFHOEEOBREL S
PATEENES Lz, 3L OMEVRBE L, Ly BRIE. ~
EFOE D4 KEROARREAAZFIERIL, DVICIEANETTOE D4 R
BEREESY, BENMOBESSBMNOBEFNEI B REMICHT S N
TWAHLEEZLNTWA,

FEEAE SO YO 4 REENE D LTAREROPRbrUL, ~NE
7O OBREEROEENZoENT L, b, NEFU Y OREER
DFELTWAE NEOFEIT, BERICRZAHE —FF vAE/uldy
EFAFIAETOEy— LDHOBEOANETOE 2RO IHELT
WHETHALZEBLTWS, [(AEELEEREBONES UV FEHERE
HWExT, FOBME*ANDL] HEARIITHb, '

BREREN TV ANES T Y OBREROHRDOFEZBI L THL o

Ackers DV V— T IARIX LR, VY FESTFHEBAET IO DX
FVEMST, ZOREERERIIELTD, FRXE 1 ETHNLTYT /
A MREANEFOVY Y 2o 7-FHETH AH(Smith & Ackers, 1985; Ackers et
al., 1992; Daugherty et al., 1991; Doyle & Ackers, 1992; Daugherty et al,,
1994), FMEMATI OV Y (DETIV) 4 BED, DL S50V 2EENES
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DY ICERRL T WP ERRT, 2OHFNEE (4 84 2 2HKTFHER »7
FEVAETTOEYRFFIAETIOE L EEDL LVE) RS, B,
EEICF o TVAANT U YOEFTNVICRBEYNH A EAREHINTH
(Shibayama et al,, 1997), BHWP TRHUNE/ DY ZREGHE, TXTD
JH Y FEESRHBEBEAE/ OV AFEOEFVEER L V) FHEK
XETHENT-DDTH S,

KB LDEIED, BEOKBHEHERIIOVWTOR—ITHHNIZ L 72H5,
COMBRINETTE YD CONMEZITIL. COPKEL TV LEED4R
BEP R F X IVATTIO VI EL DS bbb L, SONES
OV 4ABELEZ LT, BEDTEIFIOARTOE LA ET S,
FOEELEADBEIZ, AFIVAETOEVETHRL, FAEFIVAETOE Y
BT REENH S bhlvnh, L) 220K ENTFETHNR
TWb T IV—THH 5, Spiro 6D I IV— THEZFH T, B4 (250nm =
230nm) TANESOUE Y EZFHREISTHAUINLE I VAR VDY TV
¥, NEZFOE YOI REE, 4 KEBOFEITME > TV 5 (Rodgers et al,
1992; Jayaraman et al., 1995a; Huang et al., 1997), FIZfEbNLTWLDIL, -
NEFUEVHFFD ar-pe FHZECHFETAIA 0 by T 77>
DIREYICHET BT VNV T, NETFOE Y OBEEMIES T T FADE
T 25DPBBEIFDONTHREDTHLE, RIATEIVE 2 -7 —RfIESE
BOMREDIBRL oTWT, F /8274 7 u RN OBERARIETENS <
YARY PIVHBIEETCE D, 125, COBEARAETT D CO % YfFE &
CREBONETOV DERT VAR MUVFRIETEDL, 29 LT, CO
BEBMANETUOVC VOB ET RO TAF VAT O VY, BEOTEF
ANEFUVE AN A REELT AT TOMICHObREEEZLNS, BH
DEEDETN—ANFETTUVE I FTDEAN) Y Z AR, FAN) v X, 7
Zy MRELZEICEAPE LTV EHHEE %33 LT\ A (Jayaraman et al.,
1995a)0 T 72, KRR, Ackers DTNV —TDE I, FFIANLEFTNVEAE
ST H Y FECGOTHBEHBAEIOE Y OEF N EfEo T, TOENT <
ANRY PIVEFRIZHBED H D Mukerji et al.,, 1994; Jayaraman et al.,
1995b),

EEMOBRHEICL—HF—T+ PV AEHEAL, 74 M) VAEBICH S
b b DOIBREERIT B ITON T2, .

HRPDOIFZTOEEE LTS CO 2B, FOEBDIL S
OV DONARREEN, Y T XBRENOT— % 4o TRD STV 5 (Srajer
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et al.,, 1996), BERXHETOEREERIT L E-> T, BB XHOBESIIERIC
Xiiw —8HTHIHEEBITICLELRT— T ROLIENTELDT, F/
B OB RRE TOFEERATH T EE TS b, Srajer L DIHEIE, COHER
IFFOCCOEBETHEL. ERICV-TF X% HTT CO BRI,
FOEHEDONL EEDEETDEM (relaxation) BFEE ., COPHEHEELTW
LEZAHDNBEEEY, F/BBATHOL A TEITL TS,

BRELVFONES OV OB TRBOERP IO W) HETVTEF
(2,

Shibayama S5IZNEFT VD4 KEEDELT, NET T DOHHD S
PHEMICEO LI, AESU VY VEBBEORICHUADAE WHIAEEL LT
V15 (Shibayama & Saigo, 1995)o NEZ O E 2 MU S TICEZILEDOBE T
BoODLZEIBELTwh, BESC—BILKERBHELEBTEZL20T, HO
LNIANETTVE D) H Y FREGBRESMIE CTE S, X% AEJutdr %
B b e, BESMUNTEL CHRERETR I ZVANESOE Y B LN,
FAFIVANETOE 2 EOD L, BEFMEIMEL TBREAZRS 2V
EFUEUHPEONT, BREAE 50%DNEF U Y REDLE, FF I
EFOUEEZEDLDETF X IAEIOE Y EFDSOPHAEE S 1L
720 TR GHEEEZHEOANEI UV LHEDP AN DEN, BEONE
JOUVYVHEERICIZLE D EBELSTHER AT OFEZEN RV,
s, PHBEANESOE B TERTVE ) REFONET O VHR Y
BIECTED, "E/ 08 D4 KEEELZHBRLTLE AT, BFEOBRT
TRALELR 4 XBED LD TBILOTR2VWILHFESIRS,

L F TIIRR-FHRERD UEBKRT AR R L HD5, XSS I
FONBEZOHIIHENET UV V OBESE GBS EERN D EBRF RIET
X & SN T A (Kavanaugh et al., 1995; Bettati et al., 1996; Mozzarelli
et al., 1997 "NEZ UV U OEROBBEOEESELEZRHFSL, FHROBN
ARG bV ERBEHESICIERTTHEL T b, :

KB LRCAEP N D, NEFZUV Y OBEFNEOBVELE (Wb
LT REAESOV YY) BBERETFEERT . TOEREFHRE, NEZFOE S
FOFDED X ) LREEEICHET LD o Tk, Zh6, 74 F
SANEFUE Y DEREEY, FOAESOY COBEZEREYEERAS
SEIZXoT, FIOHBEEANEELZ2OPEMAHIELTVE LN, 2D
THEL, BERIETAILICL > TATI O Y O 4 KSR EHRL, HE
DEFEDOHE X RD L V) BT, SEFTIERRTAOFELIFL TnD,



THAXIAETOE ORGP TR, ~NEF U OBEZEBMAMIIIERICE
(, BERFTNETUE VIR LELZ2REOBEZFMMRLEALLSVWTHE,
2F Y, B pH &% H~6.5)T, IHP P"FHEL CVRABHEFTOTFTFFIAE
Fu¥ron @B OBREZELSESEEOBEFMMESL. M ULEHFT O Ni@l)-Fedl.
Mg(ID-Fe(DBRENETTE Y DEZBMELFE LL bWTHD, Fio, H&+
DNET UK OBEFFEEE . pH KEE D HE Y LRivetti et al, 1993;
Bettati et al., 1996), IHP X° bezafibrate (Marden et al., 1990) %2 &¥D 7 O R 7
Uy 27z ¥ —KEM LR E R vi(Moozzarelli, et al,, 1997), 7255, &5
HONEFTTY »OfFEER, & DBREBABOERCKBEEEL-bDTH S
HLV TIPODINETOE Y ZEAERLE) LI BN LRI TS,
eV 7Ly FON KET7TNF = VEREE, BEEMEOEVATITE YD
BEZTLEENZEDKREFERAFT VEESEE L Tnd & STV 5 Perutz,
1976, 1994; Kavanaugh et al., 1992), EE, NEJQUE Y PLEFOTLVF =
BEFWOIBRNTLE) &, BRTOANETOVE OBESMEFT LR LD
(Antonini et al., 1961; Bonaventure et al., 1974; Shibayama et al., 1986b),
COBERENREL o721 F A Bonaventura et al., 1974), CONETT Y
D& eEo T, TOBETFEERLIUET S L, BEDONET UV VO &
DEFZBABEICHETH 15 BFIBVEVIERITE, L dBERMMEIC
pH KA S - 7-(Kavanaugh, et al., 1995), BEZEBMHEOEILIZ, ~NEJ T
VR4 REELEILE L2, L0 ITIEANAEVIDLZDOT, BESEMEOME L
KEBOFTONETOE LV DEAMDERZLEZE X LbNDB, HSRHEERTCEE
DTFAXFINETOUE L OBBEERELTH, a7y PONXKETILVX
ZUREERIROBRWIREL, FOTERICLIARLNT (NEKEKE C K
DANRTF P L SPEI20T) | N2 TEDOHEEZBEED T F I NES
OQEDLDEZoL W27 DT, &R, 7TIWVFZ UEREY BV OATEE
EBHEITF L ool onTidbh o Tk, Z OREERIT OS5 EEER.1
A TIEhL oL NS REAFEELDIEH D Dy,

T R I T I T N T T D S T T N D L S~ B P S

F@mLTR, A FIANETUEIMHE, T4 X IANTTUE U HELSLO
NECEGREE T PERETER T4, €BBRENANE OV V2o
7oo WNETUY Y OMEDFEHICHBY S5 25 NL0O8EY ., [PLEBA A
YREGERBRT D] L) REBOMFEH THEICHETE A 0T, Tn)k
REINETOY VOREEGTHEBHEST L EMSELDIIHRIBLIZDD
ERbIhD, R
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AmXE2ETI, FrLw [FFIALETFTN] ZRLT
FXVANEFUV S, FAHXIATSUC UBEDSO REERIRED
ANEFOYOMEIR, )VF Y FESGOFHEMONESTOY Y, 2y W
Y F (02, CO) 1, 2, dLEIMBEELAANEI OV IZBATWS E
ErbNbH, EBE, ANESUE VBEBRFTRIZLAET A F I AETOU Y |
L@ TFTAZFI AL /u s T, PHEEANE O Y Y OBE IBRICEY,
BEDEBRF TR ENOPHEBEANE/ O 2HEXLIEDPBLVOT,
EFNEEL) EVHIFERBRBEDPOLH T TFXFIVANLDEFNVELTRDLE
ZTIL LN TVBEDNEYT /A MANLTH L, LPL, COFFIALE
FMTREWB WA EBEN DL, VT ) A PALFe(DBBEANTFTUE Y % 1)
A FEEFHBREATZOE Y OEFVICTAICE, FeDY 722y b5
BEZITS2INE RS20V, BBEBAEIGVWOTES Tidlv, BH
PEITLTES LTLE)RITAIZ, A ML ERTLTLE ) 2DIEZ %
Vo BAIIZ, T/ A AL FeREANET U E Vi3, 70O XK REER
FPMESINT VRV, BRIEL2ETE, TOVYT /XA MNAIRDLAH L
WA FIANLETNVERN L, Cr@D)-FeBHRANETO Yy #R/EL, 70
BEFERRZHUETSILIZL T, 70807 T bRV T 4 UATRVE
FUNDEFNCHLI LR R LI, F7, BITHDithionite) % E->Td., 7
UAAMHENT 4 Vi Ce)RIVT 1) Y NEBTENZ VDT, HERET
DEBPIEFITR LT VI E LR L, BAEERTICHEL LTI VH
Cr(I)-Fe()EENEZ TV L DRIV BTAEET THE LN L, BRA 2
> THEEZRV Cr)-FeMBRANEITUUE YD CO BRIt % A LD
JETHEL TNV, _

BIBETIE, SE TSI N THETFERENT L bho THVBREANE
7' a ¥ —— Mn()-Fe). Ni(I)-Fe(l). Mg(l)-Fe@)BHENET O >—
ELVEB2ETHA LY CrD)-FeDRBEANEITUE Y LR HE L, 2D 4188
DBBEANETTE T, BWEESRAYE (Cr@D-Fed)) | My ZHME
(Mn(I)-Fed)) . EWEEZBMME (Ni(D)-FedD)) . EFICERVCBERON
(Mg@D-FeD) &. ZNENELZBHEBHUZRT, Z0 4BEOBENE
SOV iE, BEOANEISOY VR LSS BB BUWhE, ¥
VYANETTEUHPRTHEBNM., BVFiZ, HP FEEGTOFAFIANE
70 ¥ Y DORY) DBEHEREEEEOBERNE—D, BREBOFOVSH W
2 R BB ORE S FARE CERL TV 3, Cr@Il)-FeREBNE S T Y
YEFFIANLETNVE, NiID)-Fe(IDRBEANETTE I TFE X IALET IV
SO TEEANETSOV LB S, CO2BEORBAE/ OV IEYF R
HEPHBBOETAVTEIH D, CNLHAREBRAEI OV VORI, RE




ERFHEREBEOANETOE U2 ERLTCVBIOPHLIEZHHFEL T, ~NFE
FUE 0Ty RS - BEOEERNERYTo7z0 SNETEVEES
MEDREOEHZ A -DIE, ~NEZOV > OBEZNBEORIFIZEHVINEE
E, BIRICEVWIREOHE R > &) 83€57-0THb, BEAET/OECD
FRIZ, BRI ZIREZERL TVWALDNFDNIE, FZoZ30bhbsLIHIlT 5
7O THbH,

Lol 5 - BATOKE., Boh3EEHI, KFTRAETOE Y 2
REBETINVDEL I RIDTHo 2, REEHIT, FIZ200 7 V— TN T
LI, HH2EELZFo BB T VR ODP O o7-0TH5E, &R
BREBAEZSOUCC2FAL T, AFXFIAETFOVEVHTH 2L, THF Y
NEZUEVETL RV, BRBALELFHPANE O U EEEZHOL 2 &
Y& L7 L, FeYV 7=y bV F Y FigE - BEEEEOHE® RS
Ry, EBEBRERAEIOE Y TX2 b, BEOANESOLE VL EBEICR RN
7% 2 DOMEIERE FFIUANETUUCCEEREETFTAFFVAETTUEVE
G S DELLPIZELOVTLEIS L, L2d, 2ORBIEFE- 72
SRBENVT L) VIEE LRV, AFVAESOVVEEED DL, T4 &
VANETOV VBB EODDOFEET L LI &ML H o7z, 2HORSHE
FER SN -EBTHE, NEFUL Y OREFBI T, 20 0EEKED &
LHIZTORNLEGREEBRENTTD, TO L) REMTE A, PR E
BEFEo, LHETEAL Y AT ul gl shbhdrol, NEERLH
BB EZFONES O VBEZHS 2 51013, XSHICTRIVETH S,

EI3ETIE, "EF/OEYORIEEFINBE OB VIREL, HIEVKRED
VY FEHEGREE - BBEEEZTHOLPIITAZ LICO R AN, TR
BONEZUOVE YOREEEEINT, Thi3oE N EEE7:0TH5, &
5720 Thh o707, BEBHMUNEGVREDOANEIOE DY H Y F (Oo
CO) #& - BEEEEL, 3L ATBHREMICEE Lo 205, BBERAED
BHNREBONEZTOE YD) H Y FEE - BEEEE X, Bt (pH, THP £
) T L8, NEZ7 O Y 2IKEEFVHICE 2T, THREA~NT /O
Vo OWESERERRIE L -2 8B, SOZ LR A OHEMINT
Wr(mai, 1982) DT, FRAEMNIT /-2 &l o7z, EBBBRERANEISTYE
YEfFoTaFe)yy 712y b pEe)r 722y b EFIAIZHRRI-D T, FIC
MEOHKE - MEEEE T, TR TNELDEREHEELER T I LD h o
AR

MEBHEOERNIREEOANT 70 U Y OFEE S AR T =T 75,
L) FNLDEBEFMENTASLVWTREDE ) NERENDH L, THP 210
ZTh, pH # FIFTh, 13 &AEBESHAMEIT IS 20, Ni(l)-Fed).

123



Mg(D-FeDIEHNESUE Y TERBROLNT WS, ZDRETIENEI O Y
v FEo BRIV T 4 ) yofFEE (NI(ID), MgARNMT 1) 2) IKEE

F. HAHAEFEDERVEZESRMYE (0.004 ~ 0.006mmHg!) 27RF, TDHLE
FZEAHDENIKETIZ, NEZ7OE 0T v FES - BEEREDL, €B X
W74 YR L R, HEFEOREERICELD, £OEEERIL,
EIEDEK3-13 £FE3-15ILF L DT,



Appendix-1 EBENEZOE D4 562 B EFH I RETFHMEHICTZ S

RIAP 211

R

FERITMHEDIL DL L) &M TE, BRPD4L EE~NESOE Y O—Fid 2 D
D 2 EWIZFIIL A (Rosemeyer & Huehns, 1967), 2EHF D o - pH 71y
FOBESEERS, 722y PANDOZEEREHBEA TR (Kellett &
Schachman, 1971) o, 72256, 4 BEHENES QO Z2@D 2 EE~NE/OY
YEDFHIIHSEVZE (Hb & ot + aP2) o AFIAETTE ¥
RTAFIVUNESTOE Y TCEDFEHERPME SN TS (Ipet al, 1976, Ip &
Ackers, 1977; Chu & Ackers 1981)o NEZ U Y ¥ D 4 &k 2 BETHEKD
EFFlL Ip & Ackers 2° 1977 FIlfE /- ERIL T ) TH L NE/ UL VD4 &E
K- 2 8 TFHERK » (BEEH) &

Km = [T] /[D]? ---eq.Al-1
7275, [T "4 BBAES O Y ORE. D)iE “2BAE~NEITOEY O
BEZRT, CHIEANLAZEERLIBETIERZ., 464 & “281K

DVETBERERED 2D WL OB LD %2 RTIBEETHA, & Al-1 I Chu &
Ackers (198 ) S 7 WiEBETHZE L7z K mDEEZRT,

#A1-1 NETUVY D48k 2 BREFEEXK

Sample _pH Ko (M™1)
6.5 0.15 x 108

Oxy HbA 7.4 1.0 x 108
8.5 6.7 x 1086
6.5 2.3 x 101

Deoxy Hb A 7.4 5.0 x 1010
8.5 6.9 x10°

Chu & Ackers (1981) J.Biol.Chem. 256, 1199-1205. 3ZEk%f4 : 0.1M bis-
Tris or Tris, 1mM Na2EDTA, 0.1M NaCl, (Total C1™ concentration of these
buffers was 0.18M), 21.5C

T ANESOE SO 4BE 2 BEPHETHP ICX o TRE2FBE FIT,
FHEBICL T 20~30 LA EBPLERL R ENBRESNA TS
(Chiancone et al., 1974 . 50mM bis-Tris/HCl, pH7.0, 7~10C, +£30uM IHP),

NESUVY Y OBZEFHES 2D E 213, ANTETOCECOBEII~NLEH



HIZLT 60uM £V ) FEF I b b, 484 2 26 FHER 1.0 x 108
M7t (pH74,4 F Y NEFUE Y OFHER) %) &, 2RO LDOEED
N 12%D 2 BRI BBETHSH (Imai, 1982) , Imai & Yonetani (1977)
BANETOE YO 2ERKEIBETEHMBEICEALREEBE5 2 5D0, BEF
CEHBONES U VIBEKERERAZ LI Lo TR, NEFUE YD
BEEALTZEEIZLTI pM 25 600uM T THNRTH ) ANETFO Y W
(Bl Lo TRAPMTOBEFMEIEL 20, BRENFTEL 25 LEHE
ENTWD, NEFOV U DEE 60uM &Ik, BMEFNBIEBL 2050 LHE
WEETH 5,

Cr(D)-Fe(IDIEFNEZ OV » OBEFE FEHEIIANEIOE X0 2 LI
EDL 5WDEBLE 2 A0, EHEIZE > THRTHATIZ, Kajitani HiZX-
T CO & Cr()-Fe(I)iRBFiNEZ OV > D 4 B4k 2 BT A7 Vi@
FHWTHRIE X TWA(1989), a 2(Cr)f 2(Fe-CO) DK o DfEIZ 5 x 105M ™
1, o 2(Fe-CO)B 2(Cx) DK o DMEIF 1.0 x 106 M 1 EHEXN TS (50mM
Tris, 0.1M Cl, 1mM EDTA, pH7.4, iR, 7272 L. FHERDFEIfE o 7o
EFUEVDBERTAT—DEREZITXCERERLVT 1 1) Y #£#ERDT Chu
& Ackers (1981)DEZREVLED) o TNOLDEF# - T CrD)-Fe()DEE
FPEMAELEE L T TR,

RE -

1. 2EZ@ICBiNnT: Cr(D)-Fe(IiR ANET T ¥V IZFEFEICHEVBREZRANE %
b, TOFEERT HbA T4 DBOBELEEEB IR TERZFRARER
L35, BHEKE HbA OBEZEFHIME, KD 5Nz pHT.4~84 5
HDKs (Imai, et al., 1977, 1982) OEDFIHE, ¥4 mmHg ' &3 5,
2BBEANESUC VICEEBREOBETABIP L A Lrkw o THEE -
FIR &2,

2. BAEDOH, E2I24 w2658 L TWwah Crd)-Fed)iBl~E 70 ¥ v O
FEEEBD DD > TWEDIT TR VO T, ERICEETEH ST RE L
THEOLN/2 2 DOFEER (Adair E8) 2RHET 5,

3. CO&EMD CrD)-Fe)iRHNEZ TV > D 4 B 2 BT EHIT. B
FEAH Cr()-Fe(DRFENEF O Y OFNEFLTHLET B, (EE
121X CO M HbA DK m DB L F ¥ 8 HbA D Fh k1% 2 fEREDEDIH
3 EDEESNTVWS | Chiancone et al., 1974)
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SSTH L BETEEROBEL R L Ths,

K1 Kz
T + 202 © TO2 + 02 & T(@O2 2 -—--eqAl-2
1 O 2 [T(O
Kl—‘_—_)( [T 2] K2=""X[ ( 2)2]
2MH0,]  zic. 2 1" (10,

---eq.A1-3 & eqAl-4

T X4 EERANEFOVE Y ERL, TIR4BEANTTOECOBELRRT (N
FruV o) BEANTOBRKRICOWTIEE 2EDORBRNEI O O
Adair BATIZOWT OR— IR,

R, 2 BIRCBERAHET 5L C 5 ERITT 4

Kb
D + 02 & DOz ---eq.Al-5
DO
¢, - D0:]
[DI[O, ] ---eq.Al1-6

DIZ2E&MF~E/utr%/RL, DIE2EBBANESUE L DBELRT (2
wEAE)

4 BR-2EBFEHERK i3V T v FPE20BELTWAANEZITOE YD
TEEHTH 5,

_AT(O,),]
(DO, )’

™ :
---eq.A1-7

42 VIHIRBRBITIERBENT 4) Y EEIITHT-ODOFETH D, HB) &
LTW5 4 B1K 2 BFFHERK » PEERVT7 1) v EETKD ST W
AIzOFIEL, LeLEZEIS,

KX AL-3 6N A7 #EZE, [T [D]OMFARTEESHE S,

K K,[T]
 (Kp)'[DY

D
---eq.Al1-8



/o, ABBEANESTOE L E 28RN ETOE VOBREOFEIE—ETH 5,
4 x{[T}] + [TOg + [T©O22l + 2x{M] + [DOg= C --eq.1-9

CENETUVE U DOBIBETCHL, CNEEBRINVT A1) 2RI L8R
BETH5b, _

FALSHSH AL-8ETREHI L, RNAL9 2D &[0T DRICT HZ &2
T&5, [OJxBEETHEDD2ARKFBAREARALZ LENTE D, 2KFERD
BOLNREFEZIIMD]. 2TV 2BBANESTUE VOBE (E KLy
4 ) EETERV) 2KDDLIENTESL, CNIIEEOBRRIBEEDORD 2
BRNESUY VIBETH D,

FrFY 28 ESOV Y OBRENENT, MOGFROBES S, T
Bl BESESLTWANLDEE (GET5) b5, |

G = [T0g + 2[T©2 9 + [DOg ---eq.A1-10
ZDORIFK AL-3 2 H5RAL-8 %o TD] &[0T DRI TE 5,
K mKp?[D}?

G = (2K1[0g + 2K1Kz2[02%) + Kp[Og[D]
Ki1K2

---eq.Al1-11

CEBALEBETHS7-b DO, NLDBHEBIETH L, BALEEIX (C
S 2) Thhbr, 2EFLRL, BERANESOEYDRIVT 1) VIEFEDOEFHIBEFE
AR AL b,

BEANEZOVYOK EK 2O, 2BEANES UV L OBEFEER, £
LTAESOE YD 48K 2BAFEERY ANTHE, EEOMFKRESMN
TOFAFY2BMBAET/OE VOREZFE L, #h2d L TN ORFER
FMEEZETE L. Hillplot #fi 7ul S8 %{Eo7z, NEF O VOREN
omM 5 0.2nM (F)V7 4 Y v #k#E) $TED S & X, Hillplot 25E ) %5
PO BRDL LI o TWVD,

K Al-1A. BICEHE 3 h7- pHT.4 & TH, # LT A1-1C. D 121k pH6.5
£M-T D, axCr)paFe) DEEFE T M4 Hillplot DT 7 0 ¥ R KR



R LTz, BEFHBMOTER, K1 L K2DERE2EDEK2-1 ICHTWSE D
DEAFE, 2BHENESUE L OBREFEHERE 4ammHe ' 2\, 4 842
EEFEHERIE5 x105M 71 (pH7.4 &4 T, Kajitani 555 L7-$fE) #{#F->
720 pH6.5 U TOFED-DD 4 24 2 BAFHERIL, 5 x105M71D 10
SO 1 DBEEF o720 BEOANEZSTY VX, pHTASMG LY & pHE.5 &4
TOHD, 2E8EKIZH 10 FREhRTVrs (FALL) o /-, HP #Mz 5
CEILE 5T a2(Cop 2(Fe) iTEDL BV 4 BEPEEI L LOP50 5 RV
P BEEONESOE Y THH SN2 BFrEUL T 20~30 ELEICR D &
2T, HP FHEEHTO 4 &4 2 EETHERI, pHT74 T 1.0 x 107ML
pH6.5 &M T 1.5 x108M ™1 25 72,

B A1-1A, B, C, DOHTIE, "EF OV DEEFEL ZAIZLTDoT
B R FH AR O Hillplot BEEICBEIL T X HICRR B, NEFOE U
B NETRBIIE, NETUE D4 ER 2 BEFEE2ERIIGIPNL S
MY, BEBHUIEG o ICRZADTH S, M AL-1A, B, C.
D.Z NN T Hillplot OBEDP B BHBDLDIE ANET UV OEED A -
2uM ; Bi2uM; C:20uM; D :2uM DEHTHE (NEFUVVIEE
WEARNT YV EE) , TRNOLDBETFTATIUE DBEE>HDLE, &
W CO Hillplot &EDEWHFPES PR b, TG, NEFOV VEER D
NHEL LhnE, 2BEANET 0V Y OFER Cr@)-FeDiEHANE O Y >~
DBEFZETFEHBRICEHN T WI L Z2EKRT 5,5 & b L Cr(@)-Fe)iBENE S O
VoOBEZBENMEIEL ., 2BEHRANE7 0 OBEIZEY, Zhd CrdD-
Fe(DBENEF U Y OBZETFEMBIC 2 BEENESU L OEEFHIZL
WHIRZEZEZ 5N b,

CDEHIT, BEOEBREM (NEFUVCORE 60uM, BV 7 4 v
#, 28T THP HFHELGETT 12uM £UETIRE S TWS) T,
Cr(Ilh)-Fe(HIBHNE/ T €V DEERFHMAMRIC 2 BHEANET 0 L OFEN
M HObNDI LR, 72751, pH6.5, THP DEVEATIE, ikt 2 &
AT 7O DEBFPENRLTVWEEZLND, Ak 5., pH OEWEMET
EINEZUE Y E2EZEKICENRTRY, M, 4BENETuC R
GOBEBMME KL 2> T2 BEANEIS OV D OBEE DB NIKEL 2 S
672 (B A1-1C) o FICANEV OV BEL#E ( L7/-K, Hillplot ®TH
B2 ARBPEBIREVWEZEZ SNLDT, CrID-Fe@)RBANEITOE D
Ki DEDRFD 0 7B AR WAE S OV DRI 20,



Logio[ Y/(1-Y)]

INPUT KT1,KT2,KD,

2 2,15,3.41,4

?Redo from st

,5eb
art

KDT2

?2.15,3.41,4
2.15
PB=" 100

eb
3.41

£
S,
S,
S,
(]
NS

. 001

.01
9.8993%E-16
. P01

. BBl
1E-08

LO&O(PO?

3.89993%E-10
9.993898E-11
Qk

Qo

{ *

3

NEFOE VIEE (Rv7 1) vHiE)
. 0.02,0.2uM (Hill plot 2TEZ2 > T\ 5%)

1

2. 0.2uM
3. 2uM
4

. 20, 200, 2000uM (Hillplot 2’E 7% > T\25)

]

& Al-1 aﬂm&@aﬁ&“%ﬁmE>®&$$ﬁ@ﬁ®HmMm®A%7DEV%&&@E

Dyialb—rav

ANEFUVVOBENFEL LI, 2BEANETOC OBENE Y, NES
QY YOEPTOEERHUNE b, FNEFHETED L SVOEEN S M

POTHI, Gl L 2BEANT /0 OBFETFHER. 4 (mmHg)
A: (pHTALBOERFHH) K, =2.2 (mmHgY) ; K.=3.4 (mmHg");
4 72 mATEER K =5x105M™)
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Logjo[ Y/ (1-Y)}

IWPUT KT1,KT2,KD,KDT2
2 0.0691,0.387, 4,147
.0631. . 381 4 s 1E+@7
PE=? 2000
. 001 .
. 0021 2 :.;2-
9. 99999E-06 ~
%55}
1)1%%%.%%) A
1E-08 —
9.99999E-10 : 3
9. 99998E-11 ‘
[llegal funetiem—eaH— 67 B ~ 5 Logio(PO2)
Ok R e
S AT O RE (BT 4 v E#)
T 1. 0.002uM
7 2. 0.02uM
2 /1_ 3. 0.2uM
7
i/:;:" 4, Zp.M
‘}/' 5. 20uM
6. 200, 2000uM (Hillplot E 25T\ 5)

Al-1  B: (pH7.4, 2mMIHP &G40 EE - #H) K,=0.069 (mmHg?) ;
K, =0.39 mmHgY) ; Krp=1x107M"9)

129’,



LOgoL 1/ g

INPUT KT1,KT2,KD,|KDT2
? ©.88,1.6,4{5E+4

.88 1.6 4

30000

P@=" 200
. 001
. Bed1

3. 9999%E-06
. 10Ra1
. BBRBR1

1E-08
9.9938383E-10
I1legal function qu in 167

Ok

o !

KA1l C: (H6.5&MHOEREZMM) Ki=0.88 (umHg?) ; K= 1.6 (nmHg");

K =5 x 104 (M"Y

Logo[ YA(1-Y)]

2,

1
.‘:j:: 2. 2uM
L ,f:i;j:; 3. 20uM
3
24 4. 200uM
s 5. 2000 uM

3

Log;o(PO)

NETUEVBE (BT 4 ki)
. 0.02,0.2pM (Hillplot ¥EZ>Tw3)

Log o(PO,)

INPUT KT1,KT2,KD,KDT2
? 8.026,0.0696,4,1,566
.26 . 06496 4 3 1.5+ -
pP@=" 2000 o
. 081
0001 .
9. 99999%E-06
. 000021
. 0200BRA1
1E-@8 )
S.99983E-10
9.89998E-11
[1legal fun r'rUlrlL H—1r167 o Y ._-'.\::;:3‘ 3 3
Ok !
; .-":;;3"/\«'*_—//‘11 VB (Bv7 1) )
~ 1. 0.002uM
VA 2. 0.02uM
A 3. 0.2uM
s 4. 2uM
i;,” 5. 20uM
Y 6. 200, 2000uM

KA1-1 D: (HG.5, 2mM IHP 4402 i) K, =0.026 (mmHg") ;

K:=0.70 (umHg?Y) ; Krp=1.5x108M"™}

129%

(Hillplot #"H % o T 5)



Appendix-2 ¥ 7/ A F-Fe(IDBENEZ OV OB FHEHEFEICDOWT

T A PANLTRVAFIUALETNVE LT, Y7 2 X FFeDEHKA
EFUEYR) T PG 2EFEELCETVE LTREHAIN TS
(Banerjee & Cassoly, 1969; Brunori et al., 1970; Cassoly et al., 1971; Hoard,
1971; Ogawa & Shulman, 1971; Maeda, et al., 1972; Banergee et al., 1973;
Datherage et al, 1973; Deatherage et al, 1976; Nagai, 1977; Scheidt & Reed,
1981)c WhIE, AR 2 ETH L7 CrID-FeD)iBHNTE /O ¥ L OEHEIC

H7-5,

7 /7 X MFeDiEEAE7 0 Y, Cr@)-FeDiERNETTE Y, EH5
LABEANETTOEVIZ2D0FFIYANLETIV (CN AF U DBES LI
FeIDARNT 4V, LG CrARNVT 4 Y V) ER, TNOHFF AL
EFNHP Ao/ T2y MEBEDIT Y F (02, COLE) S LRV,
G 712y P THDI FeYY 72y M) TV F:2EETHAIENTE
Bo P BEHEIITHE, BEDANEIOEVIIHAT, ELLDBHEAES T
Y EREIIBVERERAELZR T, :

CN AP REE L FeMARNT 4 ) ¥, Ce@RVTZ 4 ¥, ZD2D
DAFINLAETVOXBEEETTBI ),

1. FLEBAFOEMIT 3+ TH b,

2. HLEBAALDAF VHEEDN, AFTYANLD Fe(DI 4 v OFFELRF T
EETHAH (Low Spin Fe@)4 # >, 0.61A ; FeII)CN™. 0.61A ; CrM).
0.62 A . Buchler, 1975),

3. FWI74 )V FHDOEENELT, AF INLIPTREEEZ NS
(CN™ A F U 25%EE L7z Fe)AR W7 4 1) ~ .Hoard, 1971; Banergee et al.,
1973; Deatherage et al, 1976; Scheidt & Reed, 1981. Cx(I)R)NV 7 1)
> . Summerville et al., 1977)

4. NEFSOEYDANLRTy MAT.RKNVT7 1) ORLERAF > LB
LRFTVUE, Lo EELTWwBEEEZLNS (Deatherage et al.,
1976; Summerville et al., 1977) o 4

EORMNTEEIC Qo COFLRRLDIVI Y FPRML TS, T/ A
FALEE CNAF Lo YFEAE LTS, Cr(DRNVT A4 ) Y OB5E
i, HeO, 3L OH A A VP EULTWAHEEZOND (ARGHIE 2
#: Unzai et al., 1996)

27 7 A MFe(REAE S U Y Y OBEFHMGI Iwata 51 L o THIE

SN T 5 (Iwata & Morimoto, 1993), % DEEETFH /XT X — # 1T Cr(D)-Fe()

BENEZOEDLDEEDL LU TVEDPEHRTHS,

«

1ol



% A2-1 Cr(I)-Fe(DBWANEI OV L7/ A b-Fe(DiREANESZTV »
DR TFENT A —F |

pH IHP  Pso K1 K2 Nmax
a2(Cr)B2(Fe) 6.5 - - 0.85 0.88 1.6 1.2
7.4 - 0.37 2.2 3.4 1.1
8.4 - 0.32 2.9 3.7 1.1
6.5 + 24 0.026 0.07 1.3
7.4 + 6.1 0069 039 14
8.4 + 0.69 0.73 29 1.3
a2(FeCN)pa(Fe) 6.7 - 1.4 1.3 1.3
7.5 - 0.61 2.2 1.2
8.6 - 0.55 29 1.2
6.7 + 58 0.024 1.3
7.7 + 22 0183 1.5
8.9 + 0.80 - 3.0 1.4
pH. THP Pwo K1 K2 Nmax
az2(Fe)B2(Cr) 6.5 - 2.4 025 072 1.3
7.4 - 0.55 1.2 2.7 1.2
8.4 - 0.26 3.2 4.5 1.1
6.5 + 47 0.012 0.039 1.4
7.4 + 17 0.018 020 1.6
8.4 + 0.81 0.52 3.0 1.4
az(Fe)B2(FeCN) 6.7 - 0.88 ' 16 1.2
7.6 - 0.58 2.9 1.3
8.7 - 0.49 3.1 1.3
6.6 + 8.1 0.28 1.2
7.5 + 3.7 0.56 1.4
8.6 + - 0.51 0.51 1.3

I & 50mM bis-Tris or Tris, 100mM C1°, 25 CREIESAMHFTITbL . NESOE Y DR
E{&i‘i"k"(#‘ﬂ 60uM(on a metal basis) TillZE S #1172,
IHP: +, IHP 2L TOWME ; —. 2mMIHP & TORE
Pso: #ArlimmHg; Ki. K22 #{7/d mmHg ™!
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2508 LT, HDAD KD E 775 7 icaiLic,

Al o MHRREAT 7T o0 K, O pH #fitk
B BREMENATZOYYOK, DO pH K
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BEBMBEOBE TH D Pso & 1-<Td, [HP PSHEVLEAF T Cr)-Fe(D
BRANEZOUE L EYT /A MRBANEZOE YOMICIEKRE 2EVITR N,
M B Ce)-Fe(D iR BN €7 O ¥ Tl axFe)pACr) D K »°
a2Cop2Fe) L 1, HIZT 7/ A MERBRANEZOE Y T azFeCN)B2Fe)D F
¥ a2(Fe)p2(FeCN) & ) d Bohr 1RSSR EVDLZN, ENIEZH T Y RE Vv,

Crdl)-FeDBHEANET TV EVT /A PMBEANEZOE VOFEVWITK &
WDRNEZTE VEWRICTHP SN2 o728 Th b, BRICTHP x5
bk, Crll)-FeiREAE 7 OV ¥ Tid axCr)pe(Fe) b az(Fe)p2(Cr) d BEFE
AR R 2 5, pHE.5 FETO PoDBfEL EH#IIT AL, WL
HITH 20 IEHMEAMKL 2B, ETHDS, T/ A MRBEAESOE YT,
az(FeCN)Ba(Fe) & axFe)p2(FeCN) & T, IHP 25 2 & 7RO BEBMEDOK
K B AHBEINED . pH6.5 Tid, THP Pz 5N b & azFeCN)paFe)id# 40
#e b BEE AT 555, az(Fe)pe(FeCN)IZH 10 ETATAHICT ER WV, Th
& Nagai 5AHE L7237/ A MERAES U Y Y OBRFETFEH#O Hillplot
CHROSNTWAMETH AH(197T).

CrdPPIX R, Y7/ A PALP LA ZIANLDOETIVNPED) PHET S
WCIRBRBEAEFOEE Y OK s D% BT HER 52w, CrD-Fe(iEK N
FUuVEsEs7 A FeBHRAT/UE Y OBEFEHEREY 5 712L T
HRTHhIzo K 2DED pH, THP EKFHE 7T 71207, K A2-1a 123 o &
BEFEANETOVY D, BA2-1b 12k g BREBRNETOE DK 2 DEEZR
Lizo HBTAHLDE L THPADK 4aDEDR LT, _

AR THbA GREDOANEITOVY) ODRKDEERBEANETOE VDK 201H
EEHNRDICE, K2 o BREBRANEOE DD L B BHIEHRANE
FTOavY Dy DOOFHE ( Averageof K2=2K 2K/ (K + K2 )
#ib2 TER 5%, Cr)-Fed)BKRNETTE Y DHE, azFe)p2Cr)
DKeDED . a2(Cr)p2Fe)?D KeDED . HbA D Ka DE L FEEITEND T, F
BiExHTETH RV, CrD)-Fe)RENE S T Y 2D Ke DI, HbA O Ky
DAEIZIEE IRV, i, R XD, 7/ A F-Fe@)EEANE/OY
> OB4E THP FFAESEM T aFeCN)BFe) DEER BN & axFe)p2(FeCN)D L
NEDFPoDET T~8E I T ENDH D, bHLAHAAKeDMEICOENVHH S, L
ML, FD 2200 KeDEDFIHEIL, HbA D Ka DIEICIEFHITHE VS DT 5o

O, Cr()-FeDERAEFTE 2 ThH, V7 /) A b-FeDiZBNE
Fut sy Th, BEANEZSOE YO Ke DENRNETO O Ky DI T
By COETIZY T/ A bAs, Cr(PPIX, HICR WA FIANLDETIVE
E2 b, TIHAYWD HbA O Tid, 4B EDORBEEESBEET, ae) 7L



=y e BEY TAZy PERENENED L) kU EERH>TVEDES
7530

HbA IS THP ST 236D HbA G FH D a(Fe)T 7 2= v b & B(Fe)
T2y POBEWIZDOWTRRTHAHEIT N 20H b, Ho b0 )Vv—"7
& NMR OHffi#ffio C.ANE/0E L OBESNEL L X aFe) 7=
v hE BEN T Iy b ELLIIE K DEBEEFEE L TWANERITW
% (Johnson & Ho, 1974; Viggiaano et al., 1979), IHP A%\ & & i, FHIREE
TEEZ L aFe) & BFe)IZT Y FAIEE L TW DS, THP »¥dh ARid, FEK
BETEHETI o) EHEETA, LV IBRIBREENTVE, LALINE
BV (50%BHILLT) DWW THITOERTH ) . Cr@D-Fed)R >
T/ A MREANEZSOE L OBEZHENMEICHYE TS HbA DK sDfEIZDWTD
HETIEZ W,

Gray & Gibson (1971 [HP & T TH ¥ HbA OEEFE DK HEE 1T
W, BBEOBES*HIELTwh, $7-, Stopped-flow T HbA ® 02-CO & &
BRERE LT, #F 2 HoA OBERBEEEFE L O THP KEFEHEZFATn 5,
TROICEBE  BEORES - BEEGIE THP PEVWESTIZEMAZDYL HP
PhbbZ el koT2H/MIcR b, L2AL2HORSD 2 20 EEERKIZE W
WIS BT D TERDHELVRERFELNEI THo, HHIEZD2HS
% aFe)t BFEe)DEFNFNDOFSTRZVWHPLEHEL TS, TOXRIEKLSD
L7 EEEREY AT,

FA2-2 AFIANESUECDLABRBEOBEZESBRBEOREREER G
SEEEERL (155 Gray & Gibson 5B TW5 L D)

Koz(uM™ls™}h koz(s™1)

HbA, —THP 33* 45

HbA., +IHP 5.4 (fast phase) 100 (fast phase)
2.8 (slow phase) 80 (slow phase)

K'02: HbAIZ4 DDICKETHIRKOECHREER. WO BoTa b0,

koz MFETHRAIL TV D HbA 75 RN WM T 5 BEORBBMER LS HBo T B
128

ﬁﬁiﬁ]ﬁ@ﬂl“ff/&ﬂ" :0.05mM bis-Tris, pH7.0, 0.01M NaCl, 22°C. &5 %3 1: HbA Di
B3 216 706 28.0uM ¥ Ttetramer), BEEMRAD 250 A°5 1200pM ¥ T, +IHP it THP #°
100uM 725 122uM T TOHA ZHEFTHES LTV 5, RO Koz O, KEKIZH LN
LR DT MM,



02-CO ¥ & I8 2 EERD M FESAF 1£.0.05mM bis-Tris, pH7.0, 0.0 1M NaCl, 22C, CO DI#EE :
BE o7tk TOBREN450uM; THP X H 5 HADMWTEIL, COMA o BEHICTHP + 240uM
ICB L ICANTEBE, RE 7B TOBEN 1200MIZ7% 5, BEFOBEITIRE 2724 Tn
IBEEAT100 A5 600puM DB TR A LRIBEORNTEZM S,

*  Gibson (1970) 758Z 25 L HEE R, ME LM, 0.1M phosphate buffer, pH 7.0,
21.5TC, Hb DiEREIE 41.5uM,

LoL, SOHP HFET COEBRICIZENMPH L, NESOE L DEERDN
R REEEER I D WT Gray & Gibson b B4 7-H THEMEL T 525, IHP 2%F
FNTWALEHWET TIE HbA 12, FIATEREFENEN TV LEBERT TR, &
EDNLD 80% LOBEZEMH L Tz, 96, BEOHEERIC &8¢
HBEANTEZUOVY v DA4DBOMEZESIF T TR, MOBEESTEERED
EOV VOBEEHESDRI TWAI LIRS, 512, EFREDOHED
b VWHWAHRIREATITOV V& TIAREANE STV v L TREFNEN D
72 V) 3% 5 (Morris & Gibson, 1984), 72206, A F I ANEF 0 Y » OG- IHEEE
2958, BFREBORERAL (0F DRI Ho/z b &, BHEICERENRE
NANAL) OEEEBFEZESIEP VBRI TAZLIZR )P RV, EE, Gray &
Gibson %S IHP FFIEL&M T CTEHE L - MRESHE L, EVES BT b,
Whb T-REANE/OV COEZEESHABEICIIZELVEICZ> TS
(Gibson et al., 1977; Shibayama et al., 1995), & REER & fBREEEERD
o FHERPHE L TRBE, "NEZTOE VO KDEEE) LD Ki D
HIEVEFIC2>TLE ), SHAEER3IME HP dEELIAETTOE Y
DEEEOELSHELEZADIIRYTIELZV, TOF—F 5 IHP HHEEMLT
DANETOE VHFRTD oFe) 71y bE EFe)V 7=y N OBRETE
EBDBENEEZLDIZERTHS,

Perrella & IHRETOBRIKB L FIHA LT, 5 —BILRFEEOR, COR
EHHERE HbA DEDFEPEDSSVDBETHFEL TV HPHFTV S
S, B UHETCESFEO—BLREZERE L 0 HP KFkEZHEL TV
%(1992)0 S DWEDOHTIE K% 6.0uM " Ls HIEE LT CO BEERED
AR EER T KO TWVED, aFe)D k's & f(Fe) D ks & Tk, THP DAF I
MboTHE D@L (Tndn 2 #EE, 44id 10mM phosphate, 0.1M
KCl, pH7.0, 2 or 10mM IHP) , 15, Salhany % it CO-NO & 2 # x EERTA
FF/OY D CO BEEEE* AT 5Salhany et al., 1975)ca & B DX G
LTWwiawnags, CO TEAMLTWwA HbA D Si@icid s CO DFELERE 3,
HP OFEICH TN HEELZT VI EPRESNLTWDS, TNLDERP L,
IJHP H#HETTHbAD3IDH, 4 D2BIZHEETAH COCHTH afFe)yr 7= v



FepEFe) 7=y FOBHBEDEVININVWEEZ NS, 25, HP
ETTaFe)f 7=y b & pEFe)F 71y FOREBMBESDPLRVE) VT
A FFeERANESOUE VT BREESTHERETVE L TAELETH S,
& L7275, Perrella 5 & Salhany 5D 7 — ¥ I3BEEEDT— ¥ Tk
{—BURBEFEEDT— 5 Thb, HP 7" HH, FHIRETOANETTE ¥
DEEFRES & — LR ER S 12307 D #2958 5 (Johnson & Ho, 1974),

2R=TVPLIZHIzo THEDHEIIDOWTARRTELD, £/, ~E/ U
VoD 4BEE OBELESBREOFHE LY THP KEHE (ae)d71zy b E
BFe)r 7=y S, TNEFNEARKEHELXRTHP) EbhoTHRWODT
b, VT /A MFe)iRBANESOVY Y, Cr@D)-FedDERNETE > D
ELORLYBLAAYDONET U Y OBELESBELEMBL ThiHohido
D L%,

EREBEBRERANETZ70EZ, BLICEW [V T Y FEEO T HBERED
FE]| OFEFVH? ' '

NETOVE YD 4 BEBEBRELSEBED) b, BiY 2 KEOFHERIX,
Shibayama & 7% Ni(I)-FeDBEHRNEZFO VY U 2FHLTRD I I ELTEL
(Shibayama et al., 19863, b, 1993, 1995a), FEXIFR L FHERESTF* OET IV
3, NETU Y Y 28BHICEE AT AT ETEIH L/ (Shibayama et al,
1993, 1995a), BHEDTFTAF I ANEFOE VP TR, aFe)b 72y bDOFH
BEe)Y 7=y b X ) bEERFAEIAD LEL (FEHERT 2~3 FEE) . ¥
Ty MEOHEER G arae(a 7=y PEI) B D RIS a-p1
M. a2 M55 <, 7272 —&EE BBz MOMEERH ML E LTHE N LD
PoTEe FAFUAEZOY Y HTHE afe)F 71y b DFS pFe)F T
A=y PEY LA LBMEBMEIE W E V) FERIZMIC D H 5 (Huestis &

¥ [a1(Fe-02)B1(Fe-O2)][azFe)B2(Fe)] & | [a1(Fe-O2)B1(Fe)] [az(Fe)p2(Fe-0O2)]D &
Lo TNHLDHFDETIVE NIQD-Fe(BENE/ O » 2o THEHRT A7
DIZ, NEFUECOBEOHREROBERICTIZIEACHEBL SR 2V 2E
PRI AR5 S HE & 117> (Shibayama et al., 1991)of ¥ 721 =v b D 82 FEBDT 3
JERE) VAL R AT L - P EHINAEBATORVTLE Y, &
NTANETOE Y 2BRORTEIR L2 RY, SENHEAEIOE VT %
EHTX 5,

XL{a1(Fe-02)B1(Fe-02)][o2(Ni)B2(Ni)] &£ . (Shibayama et al., 1993)
XL[a1(Fe-O2)f1(N1)] [a2(Ni)B2(Fe-02)] H57R & X 117-(Shibayama et al., 1995a),
XLIZ2BFMI/aR) 27 28KT 5,
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Raftery, 1972; Asakura & Lau, 1978; Sawicki & Gibson, 1977), \EZ T K »
CEBREFEE LTV BRET, TERTWOFED 1275, axFe-O2)p2(Fe) T
HHIT LT THENR N,

Imai BSNET OV OBEFEHME T A BEEBESTSBETHET L TVW55
PARBE 1 BETR<), Ki. Koo K3, KaD4DOOFHEERTCANES O
VOBEFEHEMEEER L TbH, TLT, FEAEDEHET (KsDfE) < (Ka
DfE) THHAZERRELTWE, L DEBTRKaDEIX KaDfED 10 £5LL L
K E\Vi(Imai, 1982) EBSITIZ. NEV OV ICEEIEES LTV O BRIIEL
LREBPEZ LN, BN FEEBRRESRT16E8H5 (FE1EDOH1-2) ,
Imai AR L7- 4 DOFHEERIL., S0 16 MOFHER > KB L Tw5b, FE
RETHERORKEVWHEBRE AT OV 45 FREICE S 2 AR T EH.
X 0B BRPITOFEEEICKB I N TWAIET 72, Nidl)-Fed)iEgk €7 O
Vo nfoEBR EPS, HBEE TTERTWATED 1 2%, azfe-
02)B2Fe) THAHZ EFTRENT VA Fo 2 pFe)f T2y MIBENKET
AHEE, Imai PR L7ZE D ITEWBEIEAPRI HD25 ) b

L L, BELESTHIBRBOBEOEEARE (3. 4 BB OBEERLEER)
DEFNE LTHEFHIBTONTVABBEANE /O /I, ZO X)) ZiEW
WEEEZRTDDIE R, pHT.4, EBEROLVEHTDY 7/ X b-FedD).
CrdD)-FeDEWRNANEZUVE O Ki & Ke DL, VW 2~3FL0EDR
Vo a2(Mn)Be(Fe)iBiNE/ a0V OHEERIEENKE T, Ke DEF K
DED 6 FEDOREZINRDIE DDA, LB L, a2(Mn)p2Fe)? Ko DfES HbA
DEKDEEL DA NOT, Mn@DENT 4 VIZEEIZEREWE FIALET
WTIE %V, BRI ERES FREDET LV S EtEE2RTOTIE?
EWV I HED H S (Imai, 1982)05. NES OV Y 2BEOMICEETL I LICK
> TEBRINLIEFHRS 7/ 2 b Fe@BENAETUE (VYT / A MNLE
22080 LM) i, HeigEgERE T, BERAEI S, o /2Miura et al.,
1987)0 -

NETOEVICBEIEETIHEEOEHBAI ANVF L., BELEDF
WERTHEED (4Gn= —RT In(Kx); R IGEAEH. T FHAEE. n=1,2,
3,4) o TAFUNES O VLA DDEEREIHE L THF I NETOE V22
ABEDHHIANF—ELE, 4 DDFHEROMTEKESL (4G1+ 4 Ge+

XTI AMETOY VERE, BEOANETUC VEREFREES L.
[o1(Fe-CN)B1(Fe-CN)][a2(Fe-02)f2(Fe-09] & W) BEANET/ T $TE 5,
IS IFEEDOAET OV UHAREL TV ALEROBEFH S MEINT
Wb,
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AGs+ 4G4 = —RTIn (K1 KeK3Ky) o TAFIAESTTEVIT4DDEE
BFFEELTHI VAT O ERBEZDHEHIFINVF—TE, BE
F—E%b, BEBAEORFTEDL) v EEFFELRHT 0K
% —ETHD, 95, Ki . Ko, Ka . Ke D4 DDOFEERBIIHEA eI
DLDPEZLNBY, EFOBRBTLA4DOOBEIELWZETE, #lziE, 74
FUNETOUEVICEEEN o~ap-p EVIF Ty VOBETHEETHE
L. p-p-o—a DEBFTHETAIRKEDNDHH, TNEFNOEKIIHE TS
4 ODFHEHOFE R, EL VT THb, LrL, 3FERENESTOLE Y
(Ni()-Fe(DBFEANEZ OV > &, Cr@D-FedD)., b L&Y 7 /4 b-Fed)
BEAETTZOE YY) 2o TRZFHERIE. TORMZHETZL TR,
Ni@)-Fe(IDIREANEZT V¥ id, T FIANETOY VORAOEESBEETIT
aFe)F 71y FDFHA pFE)F 7=y b XD b 2~3 FEBEBMEIE N
LARBELTWED, BEOHESEESBEDETIVTH SIET D Cr()-Fe),
T/ A MBENETUE Y OBFEEEAETR, a Y722y bE B HF T2
=y MOBEBNMEIIE CEEZI L3,

CDXH, BEANEISOUE V20T, BEDOANTTOY Y OBESEB
B2HEBELIOELVIRARE, T ) T voTwniv, Cr()-FedDiR g~
FZOE L, VT A M FeDBERANETTVE S, SORTIELEL TV,
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Appendix 3 o2(Mg)p2(Fe)E11lle DEER FEHEREL U H >~ FEE - BEERE

BHTL=y bOANLRYyy FADEMAT I /BEREI Y72 bD
DAY FEABEORTICEELRREHERLTVDE, LW T EFEHEINT
W5, Perutz Hit, AF VATV ETFXIIAETOVY VOEREE
HLAHBELT, pY 7=y bOY T Y FEAKE g T 722y D EANY
v ADT I ) EREDTHREETCHTTEIN TVWEEFRLAE, T4HFIAE
Favrdn g 3Ty bOYT Y FPEETAHZEREZ, ENYYy 7ADT
I/ BEE (BTERFIVVEEILNY ) TEFSRLTATY T Y FEEELIC
VDS, AFVHRNETTOEYOHD B 722y bTREDEREEINEST
o OMELEICXoTYF Y FEAE2 L2 I TAMNEBNI LRI RN TWVS,
£V ) DO T3 5 (Perutz, 1970; Shaanan, 1983; Derewenda et al., 1990),

Mathews HIENESTEDALRT v bOEMAT I/ BREZMOT

I BBECBEBASATIREANESOE Y 2H0VT, F) TV FES
HELRERE, ZLCPEERIC EALEEY 5250 % FAXTW5H (1989,
1991) O MES7-DR, a T T2=y bb, pH T2y b, BEDNLA
Fe(D) #FEONEFOE Y ThHb,aVTIZy POEANY vy 7 AD 11 FEEHD
BIEDON) U RMOT IV BREIIEZGE, NETUY Y OBESTA X
IANET OV REETL . AFIVAESOC VEBETCO . oY T2y PO
YT PRS- BEEREICREND o7, N VI DM CREIIEZ TS
(UL, 7To5ZY) 3HEE., BEEEREL HITEL 2AEHAPHY, KEW
BEICEZIBE (U2 Y, 4VOA4 V) & EEREBL RAETFDH 5,
5. Y721y bDELL N 2O T I BFEREICEIEE BT
=y POELWYF Y FEE - BEREOZRPFRLNI-DEANETTY ¥
AFEFFIEEEL L TWLE BT, AF v "E/u 8BS LT
HEXRIIHAERMELRTIFLEAEEVWTE,P -, TOFERIT B VT2 b
D ELILNY YOBFHIGE, TAF VATV U EfEE S FOAES O R
HEECEMLTWAB I E %2R L. Perutz b ) X A& RHEEBATO O OHEEL
—ELTWwW5,

72 LBIN S B, BT Loy bD EIL XY VR4V UL VI LGS
THbo Mathews LOEERTIX, Y722y POEILNN) Y24y O Y
BB L-REAEI OV Y az(Fe, TR -Ba(Fe, E11 De)iZFFICKIBTH 5,
BE11-lle 7=y hDYH ¥ FEGHEIEZ, NE/OE D4 REEE KT
PTICHFER YT 1oy POBEAFE LT I0HECSWVE( > T,
5. axFe, FAR)-BaFe, E11 He)NEZ T ¥ o D) ¥ FEE - RS
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RRUE, BERM o T2y NERER T T2y PORISEXFTE 5,
FLT, TNPhOFEEEBERIELTVEDTH b, CORIELLTFER o
Y72y bOREEEREITTIC L T. Mathews 5 3D EF AR BERIE AT
FavyOREEBROFAZEL TV,

F 72, 02(Fe, EFAR)B2AFe, E11 He)id, BRE T AR & WZE S TV 5 (Nagai
et al, 1987)o TDNEFTE VL, BoE N BREEZRT, £LTK KaD
fEiZ, FHELLBEOANETOEY EERTEENELBoTWE, COFE
. NETOUEVPREARARBELZLTVWTS, Y 72=y bD E11 /N
CERAVAL Y VBB UEBIANET OV D OBEFEERICRLIZE R
FY o L IDBAE, T3/ MEBERICE > TBREBRMENST 4o 201,
BE11-le 722w b EFROH», TRl d7 I ) BEROBENTER o
TazZy MEbo T, TOBEFAUSITITCLEoTVLEORE, o &
DPLRV,

oz(Fe, FFAEENR(Fe, E11 Le)%., U F Y FEABEMEWIKE (F4+FI T
FUVUVEEE) LT, Z2OT7IJBEBBRIY T FERICEDL )
ZHZTWAEPEDPINRALN TRV, TAFIVREBIZILIAESTTOE ¥
D COBERENFARLNTVSDE Mathwes et al., 1991), BEE T4 iHH 5
5 KiDEDFRD SN TWAEEE THHNagai et al., 1987), T4 F I NET T
VORI ELEEb &8s Mg)ENVN T4 ) Uk a T2y MCAR, B
TAZy bD EIL N rERAVOAL TV VIBRLEBEAESOE U
(02Mg)p2(Fe)E11lle) ZMHZIE, FAFI AT EiEETD gEI1-Te
71y NOBWERITERONDEEHL ),
az(Mg)B2(Fe)El1lle O X#4E B &I V% Park SICX o Tirhbh T b
(Park et al., 1995), THEENEF O OB T, 722y  OBRMFES
Lo T THNBEENRKEL RotbANLBBIED L) LR EE RIZT
BRI TH Do HRIEBELLONY) AV UA T B HRLTH, NE
JUVOBEICIZIEEAEEEPLR YTy PONLFEAD T —H
DT I EREZITIFNIADL LB REE 572, '

EUFIC az(Mg)p2(Fe)El1lle DEEFE T, MRS - MEEHEE, —BbikERE
& RHEEEOEMEDT -5 % ax(Mg)p2(Fe)D b D & N2 HIRT, F8
ZfEE, BICRE 2 WBRY . $<T 50mM Tris or bis-Tris, 100mM C1-, 25
THb,

139



a2(Mg)B2Fe)E11lle DBEF Pl#kis

# A3-1 az(Mg)p2Fe)E11lle, aeMg)B2(Fe) D B K F & #44E(G. Miyazaki, 1977)
pH IHP _ Ps(mmHg) nmax  Ki(rnmHg™h

az(Mg)p2Fe)E11lle 8.4 — 99 1.0 0.010
7.4 - 177 1.0 0.0056
7.4 + 247 11 0.0033

B(Fe)E1llle

(isolated chain) 7.4 - 1.44

a(Mg)B2(Fe) 8.4 — 28 1.2 0.024
7.4 — 68 1.0 0.015
7.4 + 160 1.0 0.0063

native B(Fe)

(isolated chain) 7.4 - 0.20

HbA 8.4 - 2.09 2.79 0.0720
7.4 - 5.32 3.02 0.0218
7.4 + 48.8 2.53  0.00502

BEKE, 560nm ; NES T VIBE, SRR T ) Y2 HEEILTE0uM | +IHP f 2mM
O THP #HE T B %M TR LI & 2 BKT 2.

Mg(D-FeDiZEAE 2 0 ¥ >0 K1 DfEiz Pso= (KiK2) "V2, nmax= 2/[1+E 1/ K217
53K &7 (Shibayama et al., 1995a), F7:. HbA DEEEFH/NT X — ¥ {2 Imai(1982) D XLk
POEIALI, (pH8.4MF ~—# itk %, Shibayama &5 DILERAODIZBH S hTVv:3)

a2Mg)B2(Fe)El11lle DEEZEBAM L, aeMg)B2(Fe)?D b DIZH~TA LKL
%oTwh (PodKa&w) ZE&dbhrb, HP 7 ax(Mg)p2Fe)El11lle A
MEBE. TOBEBMEETAB D5, a2(Mg)B2Fe)D X 512 Pso T2 454 K &
BT TRV,

a2(Mg)B2(Fe)Elllle DEEE B A G ER

ozz(Mg)Bz(Fe)El 1lle DEEEFREESEREY, ao(Mg)B2Fe) & F- 72354 L 6 1
12T o7z, R Mgt 7=y FHEEKLEEZ LNHIEFITHEANRELL
SR S Nz FOHEGEGT OB, az(Mg)pa(Fe) & o TEM S /- HV B
SGOEREEIZIZE T (BBXFOHE | at 1260uM Oz, 2.0x10% s°1; at 630uM

140



O2, 1.0x10% s'L; under Air, 0.5x105s1) 7257z, UL, FRIFHELHBEEHES
IS % R TIRGEER{LIE, a2Mg)p2aFe)El1lle & as(Mg)p2(Fe) & TH S &
o720 HEDS DDOHFVPRICV B RPUTOBEFLGECHEEL, BER
BEOBBEE N AS-1 IR T, BET 579010 ae(Mg)B2(Fe) DEEERE LR LT,
FNEFRDOT— 85 I1E, DB ILKEIERL 74 v PESETH 5,
az(Mg)f2(Fe)Elllle DEBFERDOEMLDEZ L, aeMg)B2Fe)D b D X 1 /i
Xy, BEHEOEE»S, FNFROANEISTEY g 71y POBEESH
EEH. BEHRORBUA P OBREREREER T RO T, £A3-2 1T LD,

#* A3-2 axMg)p2Fe)Elllle, axMg)p2Fe)DEEFEES - MR ER

pH JHP KoM~ 's™! koo(s™Y)
a2(Mg)p2(fe)E11lle 7.4 - 0.80 500
+ 0.57 400
az(Mg)pa(Fe) 7.4 — 6.1 800
+ 4.0 2100

*HSERE. 436nm AT OEVBRE, €RENV T 1) 2RI LT 200uM; +IHP &
WO MO IHP P HET AL THE LA L8RI5,

a2(Mg)B2Fe)E11lle BiELE A BEELHKIZ., ac2(Mg)B2Fe)D b DD 1/7~1/18 %%
BEOREEThb, 2F0, BEFESEEEIT ceMg)p2(Fe)E11lle DHVHE,
fi 5, FEEIZENDZN, BRESIEEERICHE L TR, a(MgpAFe)Elllle
DL DDFN, az(Mg)p2Fe)D b DX N b/h&E WV, DF D az(Mg)B2(Fe)El1lle
DFFH, BEVREND BEFE,

HAS2 IR LI EEER R H-> T AN EJ UV OBEFEERLEHLT
hbo BEREER L BEEEEROLFEETIE., FEERLE 25,

# A3-3 a2(Mg)p2Fe)Elllle, a2(Mg)B2(Fe) BT T E &
pH IHP Ko@M™H

a2Mg)B2(Fe)Elllle 7.4 — 0.0016

+- 0.0014

az(Mg)Ba(Fe) 7.4 — 0.0076
. + ©0.0019 :

5 A3-2 DR TR & REERE RO & PRI Koo % K72,

14



-—
(&)

(00]

Observed Rate Consant (1000s™)

0 500 - 1000 1500
O, Concentration (uM)

A3-1 aMBFe-OINEF T DLV —HF—T 5 ) Y AERTHE SN, BRI
BEBEAREOREBREREY
e 50mM bis-Tris, 100mM Cl, 25C, BEAET /O ViEE, 200uM (R
T 41 HHE)
Or ax(Mg)B(Fe-Os)
O a:Mg)pFe-O2E11(Val—1le)
A& RV THP L, 2L YRV 100uMIHP ;

B, 7— 51 b B 59 EMEBRETR L, EROHE FEOBEESE
REEH. BRI SR REAE R R . g 722y O ELLORED
WY aAOL Y IERLIECED, BEROMENTETEAEL ol (BX
Z8HD1) o DFY . BERAHBAE o,
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BERPNRDIANETOE » DBEEFESFHERE . BEFEHED»S K
Wiz, NEZUE VO VEBICHEETIBEICHT I TEERE A HETH L
7o

# A3-4 c2Mg)paFe)Elllle. a2Mg)p2Fe)DEZEFEER
pH IHP  KimmHg™ ) Kox(mmHg™')

a2(Mg)p2(Fe)E1llle 7.4  — 0.0056 0.0026
+ 0.0033 0.0023
az(Mg)p2(Fe) 7.4 - 0.015 0.012
+ 0.0063 '~ 0.0031

*Ri O EIEEZETFW A, SRDO SN E (FA3-15) o
*Koz i #FFICHB S N BSEREEER (FA3-3506) .
B immHg HIHE~LTH b,

Ty aT d M)V ADERN HOROLBEEBEEEEL (7T 7 OHtE
UF) IBESEVDOT, SEEEERLOR P OBMETFHERLEETHD
SENH LD EH, TOREEED RO FEHERIIHRE FHE T El =
THIEIWL Lo TRDE-KIDEE 2 EREOHEHOFTVEFEICR o7z (KR AS-
4) o TOTE XY, BRI MgD)-FedDIBBENET U Y DBEBFEEKX
ok, FAFVREBOBREANEI OV DD o/ EZIbND,

FAFUNESOEVRAREETD g F 72y M7 I/ BEREYEA
L7-8483 . FHEBICIEAE <5 bR TRV, aMeB2Fe)Ellle Db
D&, axMg)B2(Fe)DbD & TIE PoDETHE T2 ~3fLEDLRV, 73
JBEBREACLY BMEESEENS VT ~USITEL olzd', MEBREEE
LEL R 07O T, FHEBMICIEIRELREAIEI -/ EEZ LD,

azMg)B2(Fe)Elllle DEEFEMREEZL L. azMg)B2Fe)D d DITHTARYG (I
BNDIEAL D Iy ROERERTHI ),

a2(Mg)B2Fe)E11lle ® 02-CO & = ¥i x FEER

ax(Mg)pe(Fe)El1lle BEANEZ/ OV D 02-CO BE I EBRLITo 720

EEROFHEIZZ DEHIXDE 3ED Mg()-Fe()REANE S 0¥ > OB EG B
HEDBIE & T 5, Mg(D)-FedDiRM AT 7 0 Y VIZBEEFMNED IR 1
BT, EROWYPIRETCHEZETHEHN L EWELASH L, 20, 1REE
REFH 2P Wo I-REFRTRBEANEISOE UV ERBEL, i, —BbRE
WErH L-RERLZ AR L TEOMEWR % Stopped-flow & THEHRES L
720 TOEBRDLEMTIE, Cr@D). Mn(ID-Fe()iREANE 7 0¥ ¥ THELILI-fF
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WHERFEZ 22V, 83D Mg)-FeDBENETTE D 02-CO BEHZ
EEAOBENRAEZE) . BT 0:-COBEMbD ) BEOREERZHHIZ,
[COmEZMEIcL -7z 5 7% (HA3-2) o

HEIETRNIEY . BEOANE/OE V2o THOLNALBRE.
a:(Mg)p2(Fe) o THOLNTBERIB IILAER U7, Z0HEEZ VAW
HEEZTRER, axMg)peFe) 2 o7z 0:-CO B XX EERTHE S-S
. MgADENVNT ) e ffio il b T, A X IAES U VRIOMEESL
BONETOUE D 0-COBERDY ol ERmIT20

L2 L. RO a2Mg)p2(Fe)Elllle BENEIS O E Y 2o - EBR T, B
52 HbA % a2(Mg)p2(Fe)BBANE/ U v OEREEEOR L LB EWD
ORISR > TWb,, RPITORIGEEE COBEDOMEAMRIE,

koz k’co [CO]
kapparent = +  kco ---eq. 3-25
k'02[O2] B

TEEND, O BERAHOERTREZLTHLOT, RIMTORSHEER
CO BEICHMT L, ZoEEIEZ., (ko2 Kco /Ko2) IZHFELWIET 2,

axMg)p2(Fe)Elllle BEANEF OV Y 2o - EBEEROEROE XX, BF
DANEZTTE VR a2Mg)peFe)iBRNT /U Y OBROBEROEEZ X VHS
PITHEYL (1,/5) . BEROBEEZICEDLLEAESTOE YD koz | Koo Koz,
DI ODFEEERT. Y T2y bOTIVBERICI-TEDX S 2 B%:
ST DEBI D YTy PO EIL N VA VO Y B Z B L,

NETUE D4 RKEEIEREL. BT 7Ly b OO EEEEREK )i
T~10/h& 1), CO DEEEEER (Kco)d 10~20 RE/hE 2B T &N
bHiro TWwhbMathews et al., 1989, 1991, KGR XD T DE), ZDOHFRT kK'co
ERoe #Z L EEThH, HEOEE (koekco /Koo) &, HNTITOEMRDME
EOBIXFL1/3FTICLINEL 570,

FIT, BEOBREBEEER (koo) 75, 73 /EHEBEHBEOKR, hEi bk
RETIHBEIDL, 2FY, B 72y PO EIL NNV EA VUL Y
VICHZBE, BTy POBEBERENE RS ] LEETHE. B
A3-2 FOBOEEAINE o BREFHTELNSE, 73/ BERICE
D, pH 72y VOBEOCEMFEEE (ko2) 251 /212825, EWo
1-REOFET., BEHROBEE (koekco /Kor) DNEL o/t BHRZEFHPTEX
5o

BRehDE., axM)B2(Fe)El1lle IREANEI T V& fio THE Sz O
COBEHD Y FUESH, TAFIUANETUC LB 4 KB~ 7o > OME
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w

x T T 1 T
—o— HbA

25 I | —m—ayMg)
—o—a(Mg)BRE11lle

N
i

0.00092

Observed Rate Constant (s'1)
(@]
{

0 100 200 300 400 500 600
CO Concentration (uM)

K A3-2 axMg)fFe)E11(Val — Ne)NEF TV > 3 {fio B —BLnEB 2R L EBD
KON
e S | 50mM bis-Tris, 100mM Cl, 25T,
RENEZOY RE, 10uM GREH ., BN 7 1) 3k

HbA. a.MgB«(Fe) % o /- EBER L BXIRE LTT I 7hIRL,

BANTT/UE Y IBERLEGRT, 1AEBELTHOLALEBHEPICHOTE ,
Stopped-flow ##T CO WMLIBEL., NEF/OUVITEE L TV AMES—HHLEZLERE
WDLAELWET 5, COBMED COBEL VA VALER -, ’bd COMEIL. REHD CO
B, 7y OMIIRS BE ) ER (MFREG) 2RATFETRD L, BP, HHISIHKL
BT, BMotiEofir R,
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DD, FENREDBFFIATTOE VAL REEDNETOE L OHE 2D B
DPOLRNWETHL, FEIET, coMg)pFe)® cxFe)poMg)xE->Td, 7
FXFIANETOUE VB A RBEEDANEZ O OUE 2L LIZTELR
272, aMg)B2Fe)Elllle AT/ O Y U ThH, B UMD HIIRLE VY,

TA XY axMg)BaFe)E11lle D CO FHE It
T A X VIRED ax(Mg)B2Fe)E11lle O CO #E G IE, Stopped-flow 38 %
&> TF4 %2 Mg@)-Fe@EHANEIOE L 2o EBRE FRICIT o7,

FA3-5 TAFIVRED axMg)B2(Fe). ElllleaeMg)B2(Fe)? CO EA4HEE
4
pH IHP~ keo(uM™ts™hH
az(Mg)B2(Fe)E11lle 7.4 - 0.0042
+ 0.0036
a2(Mg)Ba(Fe) 6.5 - 0.051
+ 0.047
7.4 - 0.041
+ 0.037
8.4 — 0.058
+ 0.047
HbA 6.5 - 0.18
‘ -+ 0.095
7.4 — 0.23
T+ 0.081

WEBE, 436nm ; NES T iBE, Stopped-flow B TRAH. SBANL T 4 >3 %H
CLTS5uM | +IHP &, 50p MO IHP b 2 54 TilE LI L 285K+ 5, CO Dl
BEIZIRET£, 16.7uM,

mm@m@mmukwco%éﬁﬁm\mm@mwaméwum&fﬁlﬂo
IR o7, COERIE, Mathews 5D azFe, TrAR)BaFe, E11 Ne)NE 7
Y & {fo o R R & K —FT 5,



azMg)B2(Fe)E1ille @ CO fREESEE DOHEIE
az(Mg)p2(Fe)E11lle @ CO EREHE T, ae(Mg)p2(Fe) & # o 7= £k & FHE.
CO-NO B&# X S xFfB LTiHbNns.

# A3-6 aMg)pFe)Elllle, az(Mg)p2(Fe)?D CO MAEHALEL
pH  THP keco(s™') ‘

az(Mg)B2(Fe)E11le 6.5 - 0.065
+ 0.20
7.4 - 0.043
+ 0.054
az(Mg)p2(Fe) 6.5 — 0.024
+ 0.17
7.4 - 0.017
+ - 0.024
8.4 — 0.013
+ 0.012
HbA 6.5 — 0.011
+ 0.012
7.4 - 0.0090
+ 0.0096

*WEEE, 405.70m ; NELF UV ViBEE, Stopped-flowEBTIREE, EB RNV 741) %%
BIZLT5u M +1HP 1Z2IRSH. 50uMD ITHP 25 EETHEL-Z 28T A5, CO.
NO miplEiL, BE#HTHLFIN50uM. 1000u M.

a2(Mg)B2Fe)E11lle @ CO FREHEEDS, az(Mg)B2(Fe)D b DIZRTHE LD
Wz, 5. az(Mg)B2(Fe)E11lle @ CO &4 HE X a2(Mg)B2(Fe)D b D iZ
HARTH 110 BEOESTL2 20 (F A35) o Ev) I Lid,
az(Mg)B2(Fe)Elllle @ CO FHHMMEIZ. as(Mg)peFe)D b D2~ THER I/
Z &Il B, CO-NO # E R EBRTIE, 2070, azMg)p2Fe)E11lle iFH D
CORBEE 1000pM (REHIL 500uM) DEMETHITo7z, CO BATEDIE <
T, CO THAMEEEDD Y TR 572D, Bl 781 CO
100uM (REHEIE 50uM) £ETHU S NBREEZRA L ThH o7, 7505,
AN TANETZTE A CO THEAM LTV RV ORI L < T I,

a2(Mg)B2(Fe)id. pH6.5. THP fFAEST CO MREREAR b MV IREEIC 2 B



EERTWD, FDEMED aa(Mg)pe(Fe)Elllle @ CO MREELEEE L, a2(Mg)B2(Fe)
DHDEHFHNEDL eV, a(Mg)p2Fe)Elllle O CO BT T /3 2
LEHRDHLON? Fhbkd, 7I/ BOMEINE> TWTH, CO MEERE
DERIZIES E DERDT VD ?

az(Mg)f2Fe)El1llle D NO & & HEDHIE

—ELEF#E (NO) OEABEEOREILIDRHEILT TENT WiV, FikiZ
—FLRFE(CO) DL EE DORPIE EIFIZRBE, T4 FVRRANET U VEHR
& NO B (BEE 7% b @, Dithionite (2o Tv72\3) % Stopped-flow &
TERREES L TRAELLEZHET HNO BEHED NO BERHT W 2DPEX
THET S, RPTOEESEEL NOBED Y7 7%21E5 (K A8-3) » NO&
SMEFFIIESREEICHRTETOENEEZT (RA3-7) . BEZELERE
F—FDTTTICTAy FEEh, BREOEEZE® NOBEEELTH (ZD&H
XDEIED CORAREERDORDAELREL) o

# A3-7T BE  AEFOY D NO R R
kno (B : 107 6sec”l) Conditions & References

Isolated a subunit 46 50mM phosphate, pH7.0, 20T
Isolated § subunit 22 (Cassoly & Gibson (1975))
HbA, kr 1000 50mM phosphate, pH7.0, 22T
BbA, kr 9.5 (Moore & Gibson (1976))

HbAD kT & kr Oftiid, MERAELZ 2RES TN CEMLCHE SN, WELEREERD
BLBHETEBMETH S,

% A3-8 FFF L Mg(D-Fe@DRHEANE 2 T YY) NO &4 HEER
oH HP __ KnowM~'s™!)

az2(Mg)B2(Fe)E11lle 7.0 - 11
a2(Mg)B2(¥e) 7.0 - 27
deoxy HbA ref. 7.0 - 26

% 0.1M potassium phosphate, 0.3mM EDTA, 20T, detected at 436om,~NE5/ O ¥ >
WEL. AR SUMNO BE, A 2.5, 5.0, 10, 50 M OB L4t

rel. Cassoly & Gibson, (1975); Szabo (1978); Olson (1981a). 50mM phosphate, p17.0,20T,
detected at 432 and 412nm. '

FFF Y axMe)BaFe)D NO EAREIX, BMEDFAF I ATTOE v LIF
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NO Concentration (M)

B A3-3  aMeBFe)iRiiNE Y T DRMITONOEHEHEED NO REKFHE
ES4H  0.IM KPi, pH7.0, 20T, Detected at 436nm,
‘ ANEZUE VBE, 10uM (IREH)
O: a:Mg)a(Fe-Oy)
B c.Mg)BFe-OxE11(Val—Tle)

ANEZTE Virs NO DREES 5 B 5108, EEX T, F—2Il74 v FSELER
7T 7DOBRERD DI LT, BHROBENKONOBEREERLRT, g 72=v b
D B11 OB/ A0 NIERLIEIILD EROBMEDNBLE2HO IR
ot DFEN, FNLEFNOHKEHEIE o7,
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IZFE UE X2 o7 (F NO OEEEEIL, NE/O 04 RigEICERR
IFIZ—5ETd 5 ; Cassoly & Gibson, (1975); Szabo (1978); Olson (1981a)) o
ZFOBREICHRS k| az(Mg)p2(Fe)E11lle D NO &4 HE X, B S 2 ITEV,
azMg)p2Fe)Elllle ® NO #EEHEIL, T FIANET DU R azMg)p2(Fe)
DLDIZHRTL1/2EEICES Z>TWwh,

ax(Mg)B2(Fe)Elllle 2o 7/-EBOFT L D

FA3-1DPSA3B8FTT. Y72y POEII N VR4 /LY VICE
Xz -EBIRICAKELRRAADIZB T T2y FD 02, CO, NO DFEEEHE
EPRELL B 2o THE, BEER Y axMg)p2Fe) DB D EHND &,
axMg)p2(Fe)E1llle D b Did, O2&EEEN 1/7~1/8, CO KEEENH 1/10,
NO BEEHEENH 125 TTEL o TWnh,

fo5, TI/MBEBAO YT Y FREEEICNTHEBIE, O BREEL
CO BBEREL TEVNED D, axMg)pAFe)El1lle D Oz D BEH K 1T
axMgBFe)D b DICHRTHALEBE,, dLLEBLEoTWVb, —7,
a2Mg)p2(Fe)El1lle O —BALKFE DRREEREE L a2(Mg)B2(Fe)D b DIZH~TH
CEED, b LLEEL o TWA,

a(Mg)p2(Fe)El1lle DEEZFHEHEIE L aMg)p2Fe)Ddb D T, HIE
B LUBVWEEBRMELRLAZT T, OE43EDEN (7-8 &) DX
I hRELBNIEDIoT, INIT a2(Mg)p2aFe)Elllle DEEFERR BEHE ),
a2Mg)p2Fe)D b DITHRTE P72 EEZI LD,
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Appendix-4 S F TIXHESN TV AHEREERERNES UV OBEE T
ING A—=F

SFETICHERFEZECEEENGE L -SEBRERNT/ 0 OEEEF
BN A — 7 FLUTIORT , BlEEA1E$-XT 50mM Tris or bis-Tris, 100mM
Cl7, 25C, NEFUEVEBERERRV T4 Y 2HEHBIILT (NLHET)
60uM ThH b, ZFERDFEILDHIZ Pso & nmex DE LI TR Do 72354612,
KD KeDEZFHEL TR,

(BTER : Pso = KiK2) V2 nmax = 21 + (K1 /K2)V7. Shibayama et al,

1995a)

(Masuda et al., 1993)

a2(Mn)62(Fe)

pH IHP _ Pso(mmHg) nmax __ KimmHeg)  Ko(mmHg1)

6.5 — 13 1.3 0.042 0.14

7.5 — 3.2 1.4 0.13 0.73

8.5 — 1.1 1.1 0.74 1.1

6.5 + 150 1.0 0.0067 0.0067

7.4 + 150 1.0 0.0067 0.0067

8.4 + 3.5 1.0 0.29 0.29
az(Fe)p2(Mn)

H IH Pso(mmH Nmax mmHg-! mmHg!

6.5 — 4.8 1.2 0.13 0.31

7.4 — 1.3 1.3 0.41 14

8.4 — 0.64 1.5(7)

6.5 + 30 1.2 0.022 0.050

7.4 + 15 1.3 0.036 0.12

8.4 + 0.91 1.6(%)
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(Shibayama et al., 1986b)

a2(Ni)B2(Fe)
pH THP  PsommHg) Nmax
6.5 — 110 1.0
7.5 - 44 1.0
8.5 — 16 1.0
6.5 + 200 1.0
7.5 + 220 1.0
8.5 + 110 1.0

0.0091
0.023
0.063

0.0050
0.0045
0.0091

KimmHg!)  Ke(mmHg!)

0.0091
0.023
0.063

0.0050
0.0045
0.0091

*protein concentration, 16uM (porphyrin base) . detected at 430nm.

a2(Fe)p2(Ni)
pH THP  Pso(mmHg) Dmax _ Ki(mmHegl)  Ko(mmHg1)
6.5 — 73 10 0.014 0.014
7.5 - 27 1.1 0.032 0.043
8.5 — 5.8 1.3 0.12 0.25
6.5 + 170 1.0 0.0059 0.0059
7.5 + 170 1.0 0.0059 0.0059
8.5 + 36 1.2 0.025 0.031

*protein concentration, 60uM (porphyrin base) . detected at 560nm.
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(Fujii et al., 1993)

az(Mg)B2(Fe)
pH  THP PsmmHeg)  nwex  KimmHg?!)  Ke(mmHg)
65 — 142 1.0 0.00693 0.00716
74 = 85.8 1.0 0.0107 0.0127
9.0 — 17.7 1.2 0.0363 0.0882
65  + 221 1.2 0.00328 0.00617
74  + 215 1.0 0.00438 0.00486
9.0  + 64.6 1.1 0.0123 0.0186
az(Fe)p2(Mg)
pH IHP Pso(mmHg) Imax Ki{fmmHg1) Ke(mmHgY)
65  — 147 1.1 0.00512 0.00848
74 - 55.0 1-3 0.0108 0.0321
85  — 14.7 1.5 0.0248 0.186
65  + 212 1.1 0.00386 0.00575
74  + 201 1.1 0.00387 0.00632
85 -+ 86 1.3 0.00685 0.0198

*detected at 560nm
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A LFDO—HDOEEIE, KERKFEEBETFER, Rice University £1LFHI5E
ETITbNLDTT, KR ETEDDIIH-), EEDOREZ LT
W BRI EEICRCBEHL 9, T2, RKERRFEFEFIC, BENLER
DIELY LTV WEHFERERGAE., B FRAEICRIBEHLE T, T2,
BANREOERBIIERH LT T, 2L T, A RBELXEERY TS5,
HERRZOLUMERGAEITIRCBEH LTS,

#1ERMOERBEESP, IROE252 T2 &, TfHET X 572 John S.
Olson AT BRH LTI, T/, BRI, A ZH TBHEF IR
BEIE B 54, Olson's Laboratory DEMRICEH L9, £ L T, BEFEHR
PEZHBLEWET 2B, BELRHERY TS o4 E A AEICECRH L
T4, B, FEDH %5 2 TF &> Twb Medical Research Council D&EH
BIREITESBERHLT T, i

HRIC, BREBEOmB L. AEOMICEH#HL T T,
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