ERE7 A0 AV-ExEEREAhE
[RBERE] RE B B
£ F

B TRIBMRAFANLEFETANLEHEICERZH T, EHENDORKRONL ZJE
RIROBEEALANLCEBR T2 L1128 ), FILVREBORE., »5idiomEzoSL
720 KBGO, BERIRHEHE TH S I+ /0¥ VICHRERAITM 2 EA L, B g (B
F) L LTOBESRE L, RARI A7 0E L DI00ELL EDIEMZRTH L EAmhg s
Brze Tl BFATA LS EANLBHMITHEILIZL), IAT7BEZBRTHDHT
SFIRBEEOBTAEELE ZR L 720 —FH. NAZDLDODOFREERETHLRLT 4
U SSERICET A LICE Y, I AU Y OBESTREARE REKD2600/F 1250 8
., —~BLRFEL D IRECHERER TR T 2BBRERNEIA 7o ey 28R L, &
SR, KFTOSE - MELZOFERZ b ARG Z BE L - EEETEN
DFHLWT TO—FFIRIBL, REICEE L2ERME (B - o) — - BESE) OR%E
FHRIIAEEGEHZE AL DO LHFEE NS,

1. FUBIC

A, B FEWS, BEEMFEORBN 2ESRIZLD ., B 2EEDFOEEHPREIZH
SRR, FOEHREFE L BEEEORBERSKHERD Y -7y bO—D& LTEH
ENTVD, iz, RROBAED L= — 7 REERHELZEN» L2056, EEHEIZH LY
e a5 L7220, HEROBREEAHIM - M LTI L1080 C, BHRERHERHET S
TENTAEETH D LR END,

AR TIE, MREEREHTEME LTALEAEIRER L NAEHER, K&
BRI L. BTHE). M, BMERRF - EM,. Lo -S04 o BiET L4
BHFLLTHONT VRS, TOBENRERIZ, MRS TFELTANL (KL 741 Y8k
RA) 2BTAILICH B, TOBNHEANLERAEIZDWTIE, 20 O%RE, ez
FBENSIHIES R EN, BONTHMEL D LITALBHEORETHIHT2RADEMSN
TWBEY, ZORPIGEGETITENFELACTHREDT I VR ERLIZERFIZL D1
BESEMECH D (Figure 1 D 1)e LA LEMS, TDOL) RFETIE, EHEORERIRE

~ 141 -



ENZbDTH Y. KIELHEEEEHR
WA T2 I VOPHIRTH 5,
I, BAEREOT I/ BRE R
AT B HELRET STV B A%,
WEDT I/ BRIRELZ T2 BT 5
CLIIBOTHETH ), FHENTIE
2\ (Figure 1O, —F. #MiRGF
ThoHNLITEE, EHE~Y M)A
(77 2a) LF‘AHEMENERZ
ALTRELTVE D, RARD
NAZBREL T, ERAROERRILEE

I: Amino Acid Mutation

H ©O H ©
/NW)J\ */Nw)l\
A B

11: Chemical Modification

Figure 1.

II1: Reconstitution by
an Artificial Cofactor

=

native heme

carc( MSHZE
or

— V3

modified heme

470> OREIED 3 2DFiE

EREZIATEIEDTETHS (Figure 1 D), AIFZETIIZORIZEEH L. BRFERE -
FEOBE Z1T) IA 70/ BV T, EROERETFITENTEICE DN R VT2 H
R FIE 2 BAE L TEEHBEORIENE - BiEm L2 S L7z,

native heme

C-C

apohemoprotein

7 OH
o

\
0

native hemoprotein

% Protoheme IX
native heme

OH

¢ Construction of

Binding Interface
[method AI

=€

reconstituted hemoprotein
artificial heme

* Attachment of
Functional Group

[method B]
H
+ Q‘é
Q% reconstituted hemoprotein
artificial heme

¢ Modification of
Heme Framework

[method C] c
—m

artificial heme reconstituted hemoprotein

Scheme 1. NLAZEBEBEBRFE
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2. MARBLEE

2.1. BIBEIFAJ/AECDERK

IFTUECYOHRSTTHEALIG, BHE M) 7 AR FRES (BRAKE. K
TS, BEMEEA. BUKMHEERS) TREMIN TV 01T, BRZIERREC
THZLILE o THEGIIBRETAIENTETH S, ZOBMEIC Lo THLNATAEHE
(NAEBRELLEAE) 2EEICE TBE LRI, IREHRLAEAINLADFOBR
BPETTAILICE o TEERIF I OV v 3287 ALALE L TIE, Scheme 1 12787
£z, 3200 A Tkt EEL 7.

(A) NATOEF VEERIEDILZBEIC X B ALK v MEONOEERFB SN OBEE

(B) NATOEF VEERBIZNLGFNOBFATA -5 —2EA

(C) N& (Rv7 4 VR BREIERRD D DIZER

BT, #PREFNOBEREREIIOWT, ZO8E. Wik, BeEHEZ oW THAT %,

2.2. IFTOECKENOEERABUADOEA LENERLERIEERR

IF O VIIEANTEEZRETAIREAELRILTVEN, TOWRITTHENA
BREA ALARVAF Y T — 8 (BLEEE) OANLELRA—STThob, LrLEDVL, 34
FavyoaVt XYy —BEE (BUBEE) 3EO TRy, —7, RINBEROERIZE
BREAERAL & FSER R OO ARBEICIREN TS, 22T, AFFETEIA I OE
VICATEERE G2 EA

THZDIIC, ANLATaE

>

BRI 5E R i (- BB A A AL & e ”

LB L, 34700  apomyoglobin reconstituted myoglfobin
. - s = Q N/—-COOH ‘
L7206 BEAKBYIZ1E Scheme 2 4 N,—COOH e

0]

WRTEHIZ, 200N LMH O “-COOH

S oYt VEEERmICAN Y \ o Q/O00H
VBB S BN A (2) NH *—C00H

A . 2) NF‘COOH

PEAB L. NAKRSy PHO ™ coon

ZBKED B X A . BIHEBR
KR DS # s+ Scheme 2. HERABMUEEIIEERIATOE D OFEE

~ 143 -



DRAREM Lz TTBBILKEFET CIZ 0 U EBLIRE (72 Vi : PFe
(IV)=0) %A Z Z2FMALT, BEFBETAMIHKEE LD TFOBLEZRALER, 7=
J—VHEHEO 1 BEFHRIL (A FTF—EiHER) TRRRIF ST r010 ~ 30E0
IEABR S Nizo EBRIZ, 7747 32— (2-methoxyphenol) Z BRI A7 D
BRIZHET L5 UVvis AR MVERIES 5 & ANAD Soret T DWILUIKRAD I A 7
0OY YOG TIIBE S N2V S 2 7% Soret it ORINEL R S, EREIHEES LG
%%t(&=Q%&ﬂ®o:@ﬂ%%%tK\%%uﬁ747:—wwﬁ@%ﬂ%ﬁ&?@
DREERIERICEUS & B0 L 7o BERDUCDRERNT 21TV, I AT A-RX V7 VB L ol
BUSHREER (Ko ko) ©KDDB &, K ETLIME, b, ETIME, TR ENBEERI A
FOCyOREPELELTBY ., MESEL/K, CHEMT 5L, BERIF 70V Vi34
RADIFTOEVIZHRTENRTWS Z &R ENT: (pHT, 100 mM phosphate buffer, at
25C)o HRIZ. K MEDWAIZERZ BRWICHY AATWEZERELTBY . b, DM
FEEDNLRT v MRS, BE LIEEP OO T ) VEOBEEEATEME S R R,
BT BBOMENFEHLZ2EEZ2 515 (Figure 2)o

WIZ, FRROBERBRIA 708 V200w T, RVFF T 5 F —BEEOFM %772 &
FRONNVFF L F—VEREZEED—BFRILTH 225 ~NAF 7 F—€ERISIE. 28
FEIt (Compound I %6 DEHEMEREIL) FIETHbo EBRIZ, 547 =V — %8B
KREFET CTEERIA 70 V2 HVWTRIET 2 &, BOTHELSAVFFY FHES
N7zo POTT A L7 BEELKEFEET Tld. 95 % EDNO T~ L S izl »78
bNBZEPLL, AFXFV 72 VEE (P Fe(lV)=0) DBERREFIMERF LICBEIL 2
ZEWRENTz, 720 RARDIF 708y TEET LI WAFL Y OIRF UL, B
BRIA 70y 2HWEERMNETEIRF Y FOBEL N,

aqueous
HyOy

e

— substrate %
reconstituted ) !
myoglobin + oxoferry.

product

Figure 2. BER IA VO > Mb(2) DALKRS v b RUBIEY 1 7L OERXE
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2.3. M7Uy FEREDREE

L LAAS, REROIF 7o VIZERTIORREEOERD LA TR, ERLICEE
PralEEL RV, FITROTFu—FL LT, LBROEERKERMLEETLHIAT
OV S SICREERE (BBLIREE) 2 AL —XIZ5-258WR~NLKTy b EEAE
b4 7Yy FEAEOEEIHE L 720 BANICIEI 4 70 Y O distal B & KK
DRVFFVE—F (F2 213, AELEUPANVEFTF—8) B ECT L2012,
His64% Aps64lZ B LB RBF AR L. 20T KEAEIBHANL (2 ZHA L, 85
NEEREEERI L /0 iconT, 74 73— VviEERE L TEBRILKEFET T
OFETEME R KDL TARKRD I F 71 € VA FREC300ME, s 2, /K, T430
fEm L L7z (Table 1 M) Zhid, REBRDY
N7 ahchF Yy —EIZhELTHH100ME

100 \
native Mb
EBEENLTBY., AEDLIVRINAF T IF—E ’%
AT IZIEE B EHEAYE 5 N7, E o
S5z, SERRLENATY Y FEEE 2

rMb (H64De2) DEfkftE LTHOFRAKEE 50 -
MREES % 72012, WOWEEYE RERVE
V) ELTHBILRoTWAEER T =/ —
ADEEILE) 5 % A 720 Figure 3IZRT L9

rMb(H64A+2)

I\ BELKEFETCOYA 72/ —JVAD 0 - 5
. 0 0.5 1 1.5 2

SRE, RIRD I 4 70 ¥ iz B eMb (H64D Time (min)

02) FEL L THWSZ LIZLoT, 40658

Figure 3. @BLAZFEET. I470E>
FOEECEITTAIENHLNE 0T, O IC&BEZRT T/ —IVADRBERIGEN

Table 1. IAJAELOT 7«4 73— IVEMEIC BT 5 5EMTTE®

Myoglobin rel. rate® ke (s71) K, (mM) b/ Ky (M7 571)
Mb (nativee1) 1 2806 5415 53
Mb (nativeo2) 9.5 62+0.6 3406 1800
Mb (H64De1) 68 9.0+1.2 1.8+0.4 5100
rMb (H64De2) 295 1.2+0.1 0.052+ 0.016 23000

*20 mM sodium malonate (pH6.0), 25 C. native = native protein, H64D = mutant (His64Asp)

tMb = reconstituted myoglobin, 1 = native heme, 2 = artificial heme. *nitial turnover number.
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NiE NA Ty FIATaE VI8 5 NTRICHESE L7 EEE AL & BN S %
FTOMBER 2R E R 2 EN 5B,

b, 3470 @B R EREHMN LSS5 25 FEIC L o T, ERANZERE
fEEI S N TR ZRIE T 5 Z DS TH B 2 L #FEFE L7z,

2.4. 72RIFTOEVICKBEFEOETHEMEE

BEDTF2BRREFEL T 5EENOMBENBRILIICD 702 21307 L HEE TIER v, f
X T 7 uAPBODEE, BENGGT COTREZZERLL. EBILRELES
T e 207012, JIOBRTEERE (79K FFI V2755 L FXY V) »poBF2BS
LRGP HEITT 50 I 7T VIEPA0LFE UANLEWMRSTELTAELTVEA, 3
7O VIIPAODRRICMOERE»r b BF 2 B2 T 5720 DML R0, BEES
FEEITIEET 2RI ZE- v, £2T, A EI A 70 E Y HOANLBHEER»
BAL—RXIZBFEZITRAZ LN TELLIIZ, N2KFIEFATFT4 -7 - LT
<77y L=y MRBHIL, BONLTIRNLQ@) 2 TRIFT O VIZHALLY
TRIF AR L, PSOTEUERE A O E L7 (Scheme 3)o TTFHBICETIE (B
FTH) &L LTNADHAZHEMT A&, REROI A 70 VICHRTT7I9RIFru ok
PRGRI T A F VEDPERT D & 2R L7, S HIZER T, &K & L T 2-phenylpropion-
aldehyde # mMT 2 &, 75
RIF vy ORFIMEELEN
WZEE DB ARV I VAL % il
L. Figure 4 IZR$HRIZT &

reconstituted myoglobin

N7z Y DERIMES apomyoglobin (flavomyoglobin)
HZENWBELNERST, artificial heme

7 OH
O RIiE, NADHZ» 5 7 5 o
VVaNMLT2EFNALIZ % °>_N,H
e >~ - s \ o N Q
MNAHZ EICED, X MED ) {

NH—(CHp)o—N N

PFe(I1)-0, (Wt %V 7= (3) ;?
FUFE) %D, BVREEH]

ELTT VT PO
. Scheme 3. BEF AT I—2—%FT3
MERBET B EZR BB BHR I 4 TOE L O

EHIZ0-OREnMmEELE
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TERONS RIS T HNIPERTD
BESFERSL, BREBIZTE P72/
YHERT S, LEOERIY, IF 70
VVyaHWT, #FCTHEEEL Sh-45FIR
BRFEIC L D2 EEDETHR{ILEIS 40 T
EH L7

2.5. [HW] 3F7AECDIEE

BIEITIZ, 3470 YOANLOHEH
TuYt R EHL T EHEOREY
AFMi L7225, NABHBEIRERADD DIZE
WL, SBALEY RS EHEOBREL
WMRBEN L2 AALFELIEZON S,
% T, A% Scheme 4 [ZRT HNV T 4
VU DERBETHLRVT 4y RERATF

[acetophenone] (107> M)

0 60 120

Time (min)
Figure 4. I# 70O %#MiEET S

2-phenylpropionaldehyde @
deformylation.
(@) rMb (3). (O) native Mb-+flavin

T BEREER AR MRS F E LTREN - L7

RIVT 4 XV BHEZFD S DIZ1980EM Vogel HICL o TERENSDTH B, FHIXT
RIAZTOE LV HBASES2D, BLT74 VD200 VIIENEFRTIES ~
FEBISE 2 AT B0 F&RFZTV. 4DEFINV— b % Scheme 4 D X ) IZHEIZ L7, BHN
72AFENT 4 e vk R4, FEOBERFEILL T, JVIRUEHRTRIA T
VVICHEAL, BEREREMb@) 2372, COBBEIA/OEYDOTAARY PV e
Figure 5 127K 7RI AT TV L 4ZENENGFENL6953, 620TH 575, BiIEKE
F1E % ESI-TOF-Mass THHT L7488, FIEBY OAnEHEOEREIHALT A -2 2R

Dand
NH HN 1) Zn/CuCVTICly

OHC CHO 2) O,
+ i

OHC CHO THF
NH HN

PG

MeQOC COOMe

Me00C

1) FeCly/AcONa/
AcOH

e~
2) KOH/H,O/THF

COOMe

Scheme 4. #FRNT 1 B ADEHRAF—L
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NHze TRIFTOEYEELRRONLEL
BiXBEA MK (PRe(I) TEBETH S, 17,567
tMb(4) 1Z4FRRKDE % KB L THER 2% T A b
TN—%2 L, EFARY P VOBKEER,

387,563, 624nm ThH o720 T T 1Mb(4) DRENR

EEHET 27010, BEROKBREER L 2. B MMWM
EONLAEHEIBET CREAE~Y NI Z A 17,400 17,600 17,800

P HONLRENRATS 2% RIKNDI A 7B Y Figure 5. deconvolution%® rMb (4) @
~ T b pH4.1T50% DAL DS RHE L 720 — 5 tMb ESI-TOF Mass X% hJb
(4) Tl pH3 0D EMM E TREIHEET LI &

PHOPE R ol /2, Fe(ll)/Fe(ll) DEBRALETET ¥ ¥ v VEWUE LIHER. RARD
I 70U VA +52mV(Ag/AgCl) IZHF LT, tMb(4) i3 -193mV & K& CEMIZY 7 b L
TEY, tMb(@IFBO THBL I N T WIREEICH B Z LB LAz, E5IZESRTX ME
DMb(4) zWET 5L, BEANLBEAE VEEFETHLILORRDIF IO LB D
KAV P THDB, LEDHKERP L Mb@A)IZRIRDIA 7O VITHART, BRMLTTH S
BFHOLAF VY (His93) &M ERMESETEL TWAE I LARBENT,

2. 6. FI—3#70FE > OB

BoENTX MEOMbA)IZRRDOIFFa by EFEMEIC, VF+HF 4 Fommc k.,
TAEIFTOEVIZETLEINS EHICIDTFFIROBRICER., —BILREY %
NENRE AL ERFGER, —BILRFBEEPTTHENICER SN, ZOMRAE D &2, B
ROREREEHEV—F—7F v a2k M) VAT, FLBROBEREERY 72
YT U T AL BA Ny TR0 —-TOEPICL YEE L7, Table 212777 &
I RERDIA 70 /AR IMb(4) BEER O EERIISMELRA L. —F. BlEEHK
Z4900 D LI LTV %, ENENDINT A —F DHh 5, tMb(4) DEEEREEERIX

Table 2. 37O OBRRSEESEME °

Myoglobin A, (uM™is7h) kg (s ko (1) Koy (M7H M (=Kco/Koz)
Mb (natives1) 17 28 0.10 6.1x10° 13
Mb (native*4) 91 0.057 0.024 1.6x10° 0.10

‘pH7.0, 100 mM phosphate buffer, 25 C.
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K=16x10°M e 20, RROIF /0¥ VIR TBREZMMEDI26008H L L2 &A
RENTz, FICZ OELZERIETE ST ORBEREOME, HILBMRSEDORERIZL S
bDOTHb, EHIT, BEEEDS X M~ BEIERLER (EEFHICIHFILIZVK
) by RRDIFAZO0VUVIZHRTAGO LIZEHFH SN T3 2 & ASEBRAGIZIEER S 1,
tMb (4) DEESERSBAZBO TEETH LI EPHH Lz, TRIFEIL. BRSTF
BREOENT 4V Y ENT 42 BT D2 LI L D FHREMET L. FRICHBEL T
ZEIL SN HEFBESTFOpr " BB L RELMOAHR T A LICHRT L L E
ZHMNB, 512, FEMHis935 5KV T 4 & VEHEADROEMESICE T, S oa
L 7B~ D back-donation 7S5 F 1) . BERSFOEFHEENL VEMT 5720, E{LHis64
EDKEREDVEBIIREEIN., BEOBEISHHSNLIERZEZ b5,

52, B LRFOBAICOVTHMET LAKER, Mb@)IZRADIFyuL vtk
NRTEEFE—BEREZEMEOR EIIRD SN2 o7, Table 212, BEEL —BRILRFED
BHEOHE Y METEIL Lo — IRV 7 1) VEEEEKIZ, BBEL D D —BHLRFEL
DHEIMEDFFEEIZKEV, bRAKIC, IFTUEVORETHLINETDE Y HERE
BF L) —BILRE L OF VRSB THEREEREI VW02, —BRIERETEIE %,
—F R TIEEAR LRV T 4 bV REEEEZETHI4 70 2 Mb(4) Tidy A%
NLABAE L IEBICERESF 2 0B RERRIICH ST 20 THIREVWER 27,

3. RERVSHEDH

SEMO S EFTHEEELL CEBONLRER, BRGFEETHINLEHEIIBVT,
RDOEBET TENTFRECEDLL 7 IVBOTRTIEZ (. EBALERMIIA L DB - £
TV, IA 70V ORRRLETRE LZACH S, FERAROALEZ T RERRICEAT
BEFEIZINTE TIZ L EOPDBINH o720, ZDIREAEEIERELANL EOMEERE
PR, NABHEDAN AL R BEZENBENTH o7z, o T FEDIF IO D
e il AR T, ZOMAIE L FREOBAP LHAMICOB VI Mz X, S &
B ERFIEOPOERSFECHRFRAEZ T LI DL o7z, TIZ, AR
R BRERIE L. SBROFHEZAET S,

3.1. EAE77XaLLTOHAM
37O VICRERE A 2 BT B72010, B AAL T O VEBROBH % KHET

BREGT. BEIHT B Ky Ky ke BABE L Ly AV D=8 - AV F 535 —
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BEEIERTE, 34708V 2B L CHBET 2B ORTTo70 720 K
IS OBH 2 FEFICERT 2 2 LT, RRONVF £ 5 —BIILHT 5 FJUSTEE (RK3
F7aEr0430fEE) BR L, g (ANTER) S8 L7 7o —F2RE L7

SHOIHRE. BREANEVELTEHENTWAEERA 72 /) — VADOGBIIH LTHERD
REE LTE CEPHLRE Lo TE, S&IE, SO EREOMEYDOETEED
1 BREOBEREOM LFEIZOVTHEDY 72w,

3.2. Z—=1N—3F50OELEHELT
BEHEORBELZNLIELZ L iE. RELLOHREFIZL > TRALNTW B, LR
BEEMAbE, GLABEEMETLTCLEIBFIPRETH 072, SH, RFFETIF /0
EUVADANLEIERROESBIEMICERT 5 Z L 12 & ) RIROKEREIZ H 260015  BE R
ESREIICH L L, 20oBROICBES T LEEGTAIERLEONZ LIIBO TERE
Vo o EHEOREMD RAROEHEICHAAKEICHMEL TWSEIMELZV. 2R
L FRIICIIAKRBERREFABTICB T A EEERERRE -5 5 VIIEBRREH. B
ERFH & LCRATRETH L EFEENL, 72, BHEL V) 79X TDOFTOH LW
EMMEFORRBIZIRELFETH LD LIIFFT 5,

3.3. B #

AL BEBL T, NAEBEHEOH LB~ 2R L, EFEMEORBOFHTFEL
RELZZ. TNETIE, FXIA 7TV ERAVD, B4 N2 EHEOBERE~DT
BEED IR 2 Tnd, /oy SERLA [N2BHERE] IBHETRNTAH LTS
O—FELTOFERAEBEL TS, INFTIHLNZHAOMAEE b L2, 5BidEE
ALEREEOERITHENT - RIC O BEBIICEF L. BB, RFEZHBL T2
W R R R IRBIERER R ORHE O GFRE, 7 NN F -0k, MEEE, MESE,
KESEREBOBBOH 2 IZESBEH L2ve TR E L QITFEOFRTICHES 1 %
LTLKNLT V=T RAUN-DEREERE. BREE. RUMAZDOFEREE. 7o IRz
BB L T BB o NN RERER TEMARDOABLIFIC I OB ) TREFOELEL
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