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WILEERBREERLLTHD, BMESEEEE T 288 (h72zy b)) DAL, ~AFE® L
TRREOEIIDAMERF VL EEMEAF OV MNEBEL TS, 2hod o L BHDED DT
I, &Z@EMERF Yy (His) DB FhssFoyy (Tyr) KERLE~E OV, ~ESaE
¥ M (HbM) &WHiEH, ~AIEEMICRHERL T2, HDM TRESMCBESEE T I kg,
ERHOBREEME OB LRZL TS I LIS N TS, EFETIE, 2h 5D HIM D7 £ /B
BROANES O C Y RFOMEC, COLIBEESZ TV EMLEHNT, 24 MU~AT oY
TRRAAZ bov EFHREZEIE (CD) 2HEL, ER~NEZ/OEY (HbA) OFRS b EHEE L s
AR (500~650 nm) OWIN A~ 27 kLT, Tyr B#3 HbM ORIEA X, ZhZh HbM Iwate
Tix 480 &£ 590 nm 12, HbM Boston & 490 & 600 nm ¢z, HbM Hyde Park i 485 & 575 nm iz, HbM
Saskatoon i& 490 & 600 nm i & i, HbA OBILHA (500 &£ 630 nm) £ b &, blue shift LTz,
&5 —DDORKE HbM, HbM Milwaukee i 5 $#0 E11 /80 > (Val) 28744 £ V8 (Glw) WCEHRL
T Hb T, REHS 7z ZMIRMEICREL Ty 2, HbM Milwaukee DRITZ <2 1L % HbA O % i
EH#T 5 &, HbA @ 630 nm D WRINEA IX HbM Milwaukee Tt 622 nm i2 blue shift LT W,
PURA 7 b L OWEE HbA & X BT fz, SESAMERL (250~350 nm) Tld, 5 %0 HbM i HbA
ERU 275 nm BRI R 23 & & 7z 08, Tyr BHREO 4 58O HbM 12 HbA L 0 b8 20%Ed - 7>, —
Fy 8287 UOMEN L K RIREN2 L EZ SR T2 CD A2 b AT, HDM ORT 2 2Dk E 72
HED A ST, B—0& I a $IRE HDM & £ S45% HbM ORBIOM:E TR ES 1 2 sh, B
DOFHE LA His B HbM & #f7 His Bt HOM OMOME CTEERO CD Im 2 6 h e, o HEH
HbM @ CD 27 b Tid, SEERAMNEHO 280 nm (HEICA 2 28D CD 23a Shiz, ZhickiL, B H
EHE O HbM OITENEEHD CD X~ b Lid HbA LB RIT A, —F, T84SO CD X <2 kL
Tid, SEAL His E#0 HbM Iwate & HbM Hyde Park it HbA kL [@#ED CD ED B %R L125s, %
™ 520 & 580 nm @ CD XIS HbA O#12 ALK & o7, # izt LEE(E His B%0 HbM Boston
& HbM Saskatoon T, 650 nm {35F (2 M D3E47 His Bt HbM % HbA Tk & R WE D CDH %R
L7z, L# L, HbM Milwaukee TiE, 250~650 nm DBz b1z - T CD A~ b WIZIERA~NE 7 0
EYeREnEEnhot, UEORKEES, BRINTIE HbA ¢ HbM A& SRS 35, HbM BTz
BEHLNGm o7 LoL, 82O HbM E#H7% CD A2 ML ERL, 2 sDBEEH,S HbM O %
NENRRZ ST VS ETH S Z L0t orz, TS DHEES HOM BIDEEERE %/ o &
YRFOEENE EOMECEU DL b DEEL NS,

Key words Hb M, Hb A, absorption spectra, circular dichroism

Abbreviations : CD, circular dichroism ; Hb, hemoglobin ; MetHb, methemoglobin ; His,
histidine ; Tyr, tyrosine.
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D, ~"ESOEYONLEEOT = /B L{EMDT
F/BEBERLCERAERTHS., BEHEBEICR
Bz RELENTHB D, Singer i2 & > T HbM &
AN, 2O HOM BBREETOL 23, BRI
DHRIZ LD, o #HEEIC HDM Iwate (a87His—
Tyr)®, HbM Boston (a58His — Tyr)9? 2 &4,
B #EEEIZ HbM Hyde Park (892His— Tyr)?,
HbM Saskatoon (863His — Tyr)¥, HbM
Milwaukee (867 Val— Glw*® 3fEE DS 5 1&
EhRBOPo T A, bXETIE, 19 #HEEOHDHE &
D ZOBEEGHE [OL] [ME] LrREh, SFRTE
OFEEBHSNT WS, BN &Ik ZORFEFORE
DRFABTZT, IRR SR TIB ABREL T
e HREEL TV B9,

Zhe ) HbM OFESMIE (K1), ~agke o
EVEDEEPPDLIDI EZBHDB, BMEAT
Y EENRTWEFAYy 7 AR FHDERT Y
Vg, NABKERBELTBY, EREMEAFI L
BENTWBE E~NY v 7 A TEHDEAFY L, B
EVANLKKTHNCHES T 20RFH L, ~4aH
EFRILESELVISREL TW3EY, HDM TR, «

a Tye-Miyare

Fig.1. Three-dimensional model of a hemoglobin

subunit modified from that of Dickerson showing
substituted sites in HbM.
MHP, HbM Hyde Park ; HbMB, HbM Boston;
HbMS, HbLM Saskatoon; HbMM, HOLBM
Milwaukee ; Tyr, tyrosine; Glu, glutamic acid.
A-H, a-helix from aminoterminal to carboxy
terminal.
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B OB LD I DI L F &M E ATy
YOWTRASNFO Y VIZERL TR, 20OREN
D~NLEIFEMcEELE N, BEE Hb (X + Hb)
LR DVBELFEETERIR>T WA, EH Hb Tt
Hb »Efban Ty, RMHADERRIZLI>TT
BTN THEEEEE T 528, HOM TiEd~AREBEL
LEEHEICADMHbICEEESTWD, LizdoT,
Hb A FO¥ D3 A+ B e b 2 BEaREsR
LY, ER#EOFEEREE-THREOEAHA (F232
V=) ERD, ZFOROIC MEOBEIEEES
E¥3, LaL, 2o 5EHED HbM Eid, SEE
ORE, BIMENOEE, 1 ¥V /MEOFEL Y
BENZTNOMTEL D BRERE—RRTIZT L,
HbM lwate, HbM Boston, HbM Milwaukee Tz,
AR F 7/ — €03 SN 2 NBEMEEMIZ 20,
—7%, HbM Hyde Park, HbM Saskatoon Tli#7
=¥ R AHBRESBEMERILFED &4, HbM
Saskatoon TIERMMIRA TN A > V/NEBIED HW
Tw39, HbM 2 HEEEE» 542 &, o« HEEOD
HbM Iwate, HbM Boston QIEH#4i3, BRHEMY
MELBEYE (n=1.1~1.2) 2T & A ¥RE 7 Bohr
FEHLSNBW UalL, AR O HbM
Milwaukee DIEE#OBREREMMER, E¥~T ot
Y ED HRRE WY, HbM Hyde Park, HbM
Saskatoon T IE & A Y EFWEL, HEYE (=
1.2~1.6) i385 2236 7FEL, Bohr IR HTZDH SN
118 Lkl T, ~NES OV OEELBEETH
AMEREEPAES OV Y T DREM, &
s BUERFY UL CHEECERERREERLT
WEZEMBHEING.,

KB TIE, SEED HbM o2 W T, ZhZFhD7
I BEBRBANES o HFOEEIIZ, FOLOR
EEE2EZTVw2»2M2E0T, FuERE
(250~650 nm) TOWILA~RZ b, FEHREEIEMER
R7 MVEFLUSCHREEMALER, BERb 24
REBr0THRET 5.
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1. BEARMIKOINE & REF

HbM EDBEMIEIE, #Hh2h HbM Iwate 3%
FROEHEFHEL, HbM Boston i3 Az —7 0

Sahlgren’s Hospital DERRREERD R. Jagenburg
8+, HbM Hyde Park iZFkBBROMEEEEL,

HbM Milwaukee KB 4+ 2 2 > & YERKZEM
BRSS9 A. Pisciotta -+, HbM Saskatoon i
B ILRFIRE/ N ERORBHEFE L » 5 b0 THS
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v, B EBLDPRIOKGIREECAFE L /-, M3
DAEEL TR obh &, RlEE EBEAEKT 3@k
B, ZORMEE 2EEORTFA Y £V 4BH
W (7 yB=A2Y v L9.4g ) UEBTAKES MY
vA2.8g VVEAKERIFMNITLAS LG Yy
v 400ml iZAKREMATLIY y bAVIZHARELZ D) I
BEL, 2ml IO/ NA T HEL -80°C D 7
) —#— (Revco, KEH) dUz{REEL 7.

2. BT /0 0%

1) HbM Iwate, HbM Boston, HbM Saskatoon,
HbM Milwaukee D53 - 5

—B0C ICHIERE L TB VI BERMKEEERT
AR, 0.06 M U VBRI (pH 7.0) T—MSEHT L
720 B30 (9000 rpm, 10 min) L CEMIE 5 1E 7.
HMEDRBERZ TR TATOERERTHL2DT, &
MEIREZENES 0 E YD HbA L B¥E~E7 0l
v HbDM O ABEENTED, HbA ¥ HbM 04>
HBSLETH S, HDM O SFBICIE, o 4 > 5o
Amberlite CG-50 2% & L THW 21929, HbM Iwate,
HbM Boston, HbM Milwaukee i HbA & D43 »s
BRHTHAEDT, 2 X1 cm DE» VY T L%, HHM
Saskatoon i3 HbA & D HisIRREREETH 5 72 9,
2 X40em QR A T L% FVv7z, Amberlite CG-50
Dh 745, &L, #9200 v b 0.05M Y > ERE
Y (pH7.00 T, 9 LEM» ) THMCEELL 72,
BiR (4°C) TTZDH 7 AFA CEER CEMELL
RREBMERERER Y, AUBEHRTO-<D (20
ml/hr) BH S €72, HbA X 0.05M Y > BB H¥E

02 M Phosphate buffer
‘ I (pH70)

05

Optical Density at 576 nm

100 20 30 40 50 60

Fraction Number ( 20 ml/tube)

Fig.2. The elution profile of HbM Milwaukee and

HbA in an Amberlite CG-50 column chromato-

graphy.

Column was equilibrated with 0.05 M phosphate

buffer, pH 7.0.

I, HbA fraction ; II, HbM Milwaukee fraction.

Details are given in the text.

(PH7.0) TEHBIBICERE L2\, FOF $IFHT
50T, BFHBIZER (Evof) 8Lk TE
B % T L 72, HDM OH B A 5 L DBEED LERz
FEBEOBELTEYD, 414 UMES LT3 LEHL
TLBDT, 0.2M ) VEEEE (pH7.0) ¥In»
ATHHL, 792varavyy—TaHRLE. K
242 HbM Milwaukee QBB 2 /88 — > %7R
L7z,

2) HbM Hyde Park D53 - 4584

HbM Hyde Park i3, 4 % > R4u8HED Amberlite
CG-50 THABTE L WOT, FUASESELKE
HEMOTHDA L7, 4, A3 BITR,
HbA & HbM i3 Ml T 2 0 T, Tt Ho
AMNEZOEORETCHKE LS. 9, HbM
Hyde Park O®MIEIZ~LD SERHOKRMA Y [K,
Fe (CN)]%MZ, |IBT 0 SMKEL 2 MMEL 7.
RIPOFRMA Y i3 Sephadex G-25 4 5 2B L Th
FLl, 27 LABT k> THERANLZDA
FNESOE VB E, 528 BEER (Amicon,
KED) 2FEAL T, 28 3ml LTIk 2 & 50 8
U7z, S8 F vk B 13 Nagai & @ 5 512 fE W,
Sephadex G-75 (super fine) % F\>T{E®IL 7229,
ALY 7454 8 (LKB#:, Rz—F2)0
pH#E [ IZpH6.0~8.0TH 3 72 &, F &, pH
6.0~8.0 ZANKEIL T, pH7.0~8.0 ODEHD ¥ L %
FHRL, & (24cm) L T pH 7.0~8.0 D HET
SHEERAT - 7z, IKEh 24 ST S pH WBE T E 2 &
BT, NESUEYOIMERYARTEIT S &
BBRIORIRIC HDA OFRADOHE, £/, Fh L by
LB RFBa0sEE s N (K3). 850
HWOMBO TSN %A S—F VL TEHEL, 0.1M Y B
HBRE (pH7.0) THEHL Y L %83 L HbM Hyde
Park B 2 B7. YV L OEH L 7 HbM Y5135
g (Visking #) = A, 0.05M VU > B &EH
(pH 7.0) T 48 BFIENIL, 7> 7+ 54 ¥ %Ry
TEBICHL.

3) NEZTE Y OMEDKRTE

FERL 5 EEO HOIM O #hFhic, EE~E S
O £ % minor component ~NE 7 0 Y DIRIEH
W ERE»D L MEREE, HbM lwate & HbM
Boston i34 & v BT, g $4E ¥ D HDM 134 ¥ v 8T
12 HbM & HbA D BB EEECTH 2728, 72V
VeFr A FRMZTEA MIZL TTo 7. MERSE
I3 PAG plate (pH 3.5~9.5, LKB#t, Ax—5>)
FRWTEESBETKETITok, 20O/RR, BRiL
7: 5D HbM O WEIRIE TR T, HIM DA D H
—DYKEI N P ERU, B4, HM 2 80 BEE
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Fig. 3. Preparative isoelectrofocusing pattern of
HbM Hyde Park.
Preparative electrofocusing on Sephadex G-75 gel
bed ( pH range, 7-8) was used for purification.
The hemolysate of the HbM Hyde Park specimen
was treated with potassium ferricyanide before
isoelectric focusing. Pattern shows separation
of a brown MetHb A band and a greenish brown
MetHb M Hyde Park band.
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2 e, IT—2R b GRIDPBRED) (208 2. LErigm
LTEE~AEZOE Y (HbA) L LTHW,

4. NEZUECYOBILEERT
ELELEAETS 0Ly (X Hb) X, fE8ILEA
ESUE VBRI, ~NAYED 2EEORMA Y M
2,25°C T AMEMEBT 2 LBESNE. MA RS0
FRIMA VB LCRIGEY (RIMA V) X, Dowex 1X8
DI=HTLEL TR E, Sephadex G-25 4 5
AT 0.05M U BEEIRICEEL L. BEH:
VBT LB TA~E oY (FAFvH
Hb) i&, BRDNA Fadr7 74+ (Na,S,0,,
MBI ) % ~T 70 EVBRICERNZ B,
HboM O T g #8 R % @ HbM  Saskatoon, HbM

Fig. 4. Isoelectric focusing pattern of five species
of HbM.
Half of hemolysate from patient’s blood were
directly applied as partially oxygenated form
(upper band in each lane), and remaining half
were oxidized by the addition of ferricyanide
solution and applied as fully oxidized form
(lower band in each lane). Arrows show the
band of each HbM. PAG Plate of pH range
from 3.5~9.5 (LKB) were used.
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Hyde Park, HbM Milwaukee O ZF #ix, /A F o
FL7 74 b%E Ilmg/ml 22705, #30 5%
BEEHLVRZCETENS S, o #HE%¥ 0 HDM
Iwate ® HbM Boston DEHE#IZIEFCE/TLLIZ
WODT, SEEDONA Fed L7 74+ (3mg/ml) %
Bz,25°C T24 B N, [ ICHE T % LB &1
3, £, BRSNS FOYLT 74 b 2R L,
BUBLINTLEI o, 74+ 8 HbM D R~
ZRMENA R aY LT 74 NEET CRE LT,

5. NEZOECOBEERE

ANETUECOBE (NLBE) X, ~aELYY
YANEZO—LEERMLUCER LI, ~EZ 0V
% 2ml %720, 0.8mlOC Y YrEML, 2wl
N®ONaOH # 1.2mlfNz, 28% 4dml : Li0D5,
N FadyL7rA P EMZTETRE) YoAEsy
oE—7 LT, WHERBOBRNART MLE)ER
L, BVYCYANEIZOE—S>D5InmDIY £
NAFEEREUCIE emM=234.4 %722,

II. BRRRZ b, B UARLE=EMHIRS b

WORE

BUXA~ 2  vix Cary 17D Spectrophotometer
(Model 17D, Varian tt, XKE) £2Fv, FRX_@®
£ (CD) A7 bvid HEERENBET (Jasco J-20,
BaAES%) 2#FWT, 25°C THIE L, ~EZoEy
DCDAXZ s VD ENEHE (8) 1Z, deg+cm?/
decimole T&% 5> b L 7z, CDDMWIE i, d-10-4 >
77— AWK BOAKEEE G, 290nm TO eg-e,
DER2.2M " em™ & L TiThh o7/, AEF oy
BEE, ARERO AT PRI I 100 M %,
Soret 7 < JEHSMEBDO A< b AMEIZIE 50 uM %
Rz, &z, I AV 722 vid, 650~450 nm D
RPEH TR lom DEHEL L%, 450~350 nm 0D
BREBTIZ0.2cm ORE L%, & 51T 350~250
nm OFEREWTIZ 0.5cm OFREL L EER LI,

BRA~Z b, B UMARERZEER <7 b
R U AR 3, SEEAMER O BIE Tk 0.05 M
UV ERRRER R F vy, Soret B, WHAEBOHIE T
0.05 Mbis-Tris, 0.1 MNaCl # f \» 72, pH % 6.0,
7.0, 8.5D 3EEM: 7z, RINB LTCD 227 b L
DRERNE, TRTNLWEEY 0 ICBRE L7,

o4 b
I. HbA & HbM OB R RS b L OIE5E
HbM O LD BE 2 RIN-CD A <2 ML THEN
AT, £7, HOM O X ORECEEA~E oy

DENEHBRT 2O0BLEL T 205 E2RHL
TR, EEBTE RTAENZ CERN, RY

BT, ~LghE TR0 TAFVE), D,
HOBE (ERfiAFo 8, BEHEA MR, B
FUREBCRE (EHH, BEEHC~LEIBEL
T3 A M) D3 DDREICDVLTHEL .

HbM & LTt HbM Iwate 2>, 350~450 nm
(Soret #), B & U8 450~650 nm (FIHE4EER) D RIL A
N7 PIZDWT HbA EEEE L (K 5). 28T
B 7+ + HbM Iwate & 74 ¥ HbA % Hig+
% &, HbM O Soret H DRI UUBEE~E SO
E BV g, HbM Iwate & HbA & ORliC A
ERMRIEASNE M o7: (F5A). 7, Tt
B HbM Iwate & S5 (LA D HbA (& §4i3 4 b
B, piid 4 ¥ B) 28T 5 &, 540nm & 575 nm
DREINHE R HbA &Y % HDM OB P RKEZ W T &
&, HbM Iwate Tl 600 nm I K Z 2 BE v N 2R
THREORFEUT I (B 5B), RiZFTEEX MO
HbM Iwate 5222 8 (B{LA) o HbA & %Lk
L7ze BISCIERT &5z, »x P HDM Iwate @
Soret HOBINOAIEF, » b HbA LRI L 405 nm i&
HBY, TORMEIZ X M HbA LD b 20%BED-

EX107?

350 400 450 560 5‘30 660 650
A(nm)

Fig.5. Comparison of absorption spectra of HbA
and those of HbM Iwate in three different states.
A, completely reduced form (deoxy Hb).

B, partial oxidized form (8 chains is oxygenated
and @ chains oxidized).

C, fully oxidized form (MetHb). HbA, ------ ;
HbM Iwate, —.



1194 =

e, %72, AHETIE HbA ORIEOAE X 500 nm
L 630nm icH B DL, £+ HbM Iwate Tld, W
IR K £ 24 480 nm, 590nm 12K & < blue shift
LTz, %72, 24k#12 2 b HbM Iwate ORIND
A& HbA LD b #25~50%FBRE W E VI
#Easosniz (E5C). BLEORERS» S, HOM LIER
NEZOEEHETAITE, HhA EDEVELE
LWA MEAEZO Y THET20O8FLEIEE
25N7=DT, UTOEBRRETRTCERA MI~NES
OEVIZOWTERET o,

II. ¥+ HbM ORI RZ b

1. SEESESE

AT 0 OERMEBDOBILA R 7 bz,
§ o7 RIOBRREANLOBRNOEHEBNEENT NS
LEbNTWw3, M6 AbHbA L SEED A b
HbM D448, (250~350 nm) DRI ~=Z v
PR, 6 &R, « HEHEO HbM Iwate & HbM
Boston DPINA T + V%, 6HIIX BHEED
HbM Hyde Park, HbM Saskatoon, ¥ & UF HbM
Milwaukee D # L ENDBIN AR b ERL, HE
DicHizx b HbA ORIRERL 72, ZOFEBTO
HbA OURIEE 275 nm 2 D, # DRIEROAIE
13 HbM Iwate Tit 2 nm BRHEREMIC shift LTw»
B, fihd 4 DD HbM i HbA LRI TH o7, Ld»
L, TyrB#:% HbM ® HbM Iwate, HbM Boston,
HbM Hyde Park, HbM Saskatoon @ 275 nm DA
Lrh DIV ELSTFRAEREIEZ, ThEN 4.1,
33.0, 85.7, 35.2 &, W¥ihd HbA D 28.3 kD v f
20%E» -7, —F, HbM Milwaukee @ 275 nm @
3 ) ENSGFHRERENS 28.6 THbA LIZIZRICT

fi

Hoto (F1)., TyrBHEEO 4 EEHEHD HOM D 275
nm CTOWEIEA HbA LD b & - FR & L T,
Tyr» 1B 22 L& B 7 7 flOBE Iz
LR, E I LEROBEAMA F 72 T N B

Absorption spectra

Density

Optical

| ) L
zéo 2éo 350 260 280 300
A (nm)

Fig.6. Absorption spectra of five Hbs M in the
ultraviolet region.
The spectrum was mesured at the concentration
of 50 uM hemoglobin (in heme basis) in 0.06 M
phosphate buffer, pH 7.0 using a 5 mm light path
quartz cell. Fully oxidized hemoglobins were
used. Left, absorption spectra of «-abnormal
HbM and HbA (for a control) ; right, those of g-
abnormal Hbs M.
A, HbA ; Mil, HbM Milwaukee.

Table 1. Absorption maxima and molecular extinction coefficients of
methemoglobins M in the visible, Soret and ultraviolet regions

Hemoglobin Visible Soret Ultraviolet
& Amax & X107 Amax e x10® Amax & X107

MetHb M Iwate 480 11.1 405 131 277 34.1
590 8.3

MetHb M Boston 490 1.1 405 126 276 33.0
600 6.9

MetHb M Hyde Park 485 10.5 4045 140 275 35.7
575 7.0

MetHb M Saskatoon 490 10.6 405 135 276 35.2
600 7.3

MetHb M Milwaukee 498 8.6 405 147 275 28.6
622 5.2

MetHb A 500 9.1 405 166 275 28.3

630 4.0
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LT His BEN TyriCBBRL 2 L TALDOE
FIRENEM LI LI L 2RI A D, HB VI
OFFLVEBRL T EDO0ENEL S NS, 22T,

OSBRI E L DFEBRT S JBOT7 22— T
5=y (Phe), ¥ ¥ (Tyr), bV 777>
(Trp) @ 3HEOEZDTENFHRO BN R =7 b
B, AEZ7OECOBRNAERELEUCEETHZEL,
FASDT S /O 275 nm ORINADHE % st L
72, FDWER, INSOFEKT 2 /8D 275 nm TD
Y BASFRERENE, Phetd 0.01, Tyr it 1.42,
Trp Tk 5.15 Th -7z, HbA DEY Ta =y b F
FBR7 I /BOYE, o $HTIE, Pheld 718, Tyrid
3@, Trptx 18T, S84 TIE, Pheid 818, Tyrid
3, Tro & 2ATHE, ~a%d (“Fizy s
&, Phe ix 7.51&, Tyrid 318, Trpit 1.5 & %3,
—7, Tyr B#:% HbM Iwate, HbM Boston, HbM
Hyde Park, HbM Saskatoon Ti, Phe & Trp O#
B HbA ERETH 25, Tyr» 1EAMIMLEZ iz
D, TyrO~L%7:00HIZ 3.5/E% b HbA &
Db 0.55F VI LihD, 2D 0.5@5D Tyr 28
WL 2 i & 2RPIER~DEF 51T, HEEET
KHdE, ~NEZSOE D275 nm ORI & 6 %L
Ragd ks, Lyl, ZOBESTO HIM 0

ORIEREFERET S /B THS Tyr 5 1 {E# 2
RIS ZWINHROA LIEZ SN, Tyric
BRLLZEICED, ~ADBTRENE(L L &

KELHEENRECOTRRVDEEL NS, —F,
HbM Milwaukee & & D 4ESHE D BRI A ~< 2
Mz HbA L iEIZRICTH - 72,

2. Soret #

712 HbM & HbA O Soret HOBITA L kv
&R L7z, Soret BTk, BN OMBIX, o HRED
HbM (R7A) BT, gEHEE DO HM (K7
B) BT HbA £E b3 405nmmich o7z, L
» L, 405 nm ORIVHE DK & 53 HbA i~ HbM
TiFVFNLIEL, HbM Iwate, HbM Boston, HbM
Hyde Park, HbM Saskatoon, HbM Milwaukee D %
NEND LY E LG FRNEFESIG 131, 126, 140, 135,
147°C, HbA D 166 & D b 10~20%R{E o7 (&
1).

3. AIHEAES

ARMESIC B 2 HbM & HbA ORILA =2 | v
ZR 81z L7, HbA i3 500 & 630 nm = WULHES % 77
T DN L, HbM Iwate Tid 480 & 590 nm 2, HbM
Boston Tix 490 ¥ 600 nm =, HbM Hyde Park ¢
I3 485 & 575 nm 12, HbM Saskatoon !X 490 & 600
nmicA S, WLy HbA ORIBAROME L D &
K@z blue shift LTz, Lvy, 25O HbM
RS 1 HbA W2 EL N THY 25% ~50% 2R L T
72.—7%, HbM Milwaukee D WUL A~ 2 b v ix, HbA
@ 630 nm D WIS 622 nm 12 blue shift L T > 3t
iZ, HbA b RINHOMESLRIGEECBVTLHE

DRZ->Tuhol,

350 400

A {nm)

450 400 450

A (nm)

Fig.7. Absorption spectra of Hbs M in the Soret region.
The spectrum was measured as methemoglobin M (50 M in heme) with a light path
of 2mm in 0.05M bisTris buffer, pH 7.0 containing 0.1 M NaCl. The spectrum of
MetHb A was superimposed in the figure as a control.
A, «-abnormal Hbs M : ———, HbM Iwate; -+ , HbM Boston ; ——, HbA.
B, B-abnormal Hbs M : ———, HbM Hyde Park JERIELE , HbM Saskatoon ; —-—, HbM

Milwaukee ; —, Hb A.
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0
450

550 500
A (nm)
Fig. 8. Absorption spectra of Hbs M in the visible
region.
The spectrum was measured as methemoglobin
M (100 M in heme) with a light path of 10 mm.

500

A, a-abnormal Hbs M : ——— HbM Iwate ; - ,
HbM Boston ; ——, HbA (as a control).

B, B-abnormal Hbs M : ———, HbM Hyde Park;
«weees HbM Saskatoon; —-—, HbM Milwaukee
—— Hb A.

i

1. HbM oAExX=&tt (CD) X< bu

1. EEEAER

TSRO HbA & HDM @ CD AR7 b L%
9FE LT, ZOBEROBINA Y b L TiE Tyr B
B HDM @ BEvic & SBT3, CD A2 b
Z o SHERED HM L g #HEE O HbM L Ok
EEOHEA SN 260nm D IED CD #H HbM
Saskatoon ¥ HbM Milwaukee T, HbA Iz ki~
20%F2E VD &, HbM Saskatoon Tid, 300 nm 1iF
DIED CD 4% HbA IKHARTH2BEREVEERZRVT
X, B AR O HbM TIE CD A7 M VD, K& &

- #t2 HbA & i3 % & » f8:8 W3% 72 HbM  Hyde

Park DCD A2 P WV HbA LIEEA EERL
hmol: (M9 TE). #hic0Ehz, a HEE0D
HbM (9 LB @ CD A~x27 bV Tk, B, K&
HEEEATI/oE &b SERE O HDM L bk
& B0 Tz, —BEELMEIZ, HbM Iwate
HbM Boston T, 280~285 nm ICIEHE~NES ot v
TiEAHASNEWED CDBAGNII L THS, &7,
EEAEZTEVIZHS NS 260 nm A5ED CD ik
&, HbM Iwate TREFTHBP L Tw5E, 85—2
DOFEEF, HbA W H A& 53 300~320 nm {TILDIE
HEWIE®DCD i3, HbM Iwate Tix 7 2 %, HbM
Boston T 3L, HhADZEN LD b KEho

CD (a-abnormalHb M)

v er or
o
+
x3bo e HbMIwate 3| Hb M Boston
= oH—— ™ 0
1 1 1 1 i
260 300 340 260 300 340
CD (p-abnormal Hb M)
. 6F Hb M Hyde Park | Hb M Saskatoon L Hb M Milwaukee
°
< 3t L
=0 -
260 300 340 260 300 340 260 300 340
A(nm)

Fig.9. CD spectra of Hbs M in the ultraviolet region.
Hemoglobin (50 uM in heme) were used as a metderivative in 0.05M phosphate

buffer, pH 7.0.¢---++ ,Hb A; — Hb M.
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7z,
Wiz, FCED & Shiz HbM Iwate &, 260 nm
HIEDEDCDH B LR K& »o7 HbM
Milwaukee iZ 2> T, pH OZ{LA CD A2 hiz

260 300 340

Alnm)
Fig.10. CD spectra of HbA (A), HbM Iwate (B)
and HbM Milwaukee (C) as a function of pH in
the ultraviolet region. 0.05M phosphate buffer

were used. ——, pH85; —, pH7.0; - ,pH
6.0.
ok A B ]
T
(©)
>
S
Y

EDEIRHET 20DV THALE (B10). ~*®
70y OBER pH iC & D i B e 2 kR
EAREL TRERENESED D, HB~OREDD
WEUMEEZ S Z L R8H 5N TH Y Bohr 1R & Wi
NTWB, TRe0 pH i & 5 HEEE(EIE, 260 nm
D CDBICE S RBEN, VAL RR (A5, mEyci
EURRE)TCIRAERZCD 2523, —75, BTl (A0
B IEREEESY T B) T, 2D 260 nm @ CD B
S L, Fzw 285nm 2 ED CD R I & A8
Ao T 5ES, BEEAE 7 0 C Y OukiE i, —
BCVA Y FREALRBOBEE S KANSNT
WHH, R0 pH Ik 2B EE221T3,. B 10A 5
T&31Z, HbA TIE 3 2D &R% >7% pH T CD DK &
EMEL, 745 VI (pH 8.5) Tit, 260 nm o CD
DIKRE L, MMM (pH6.0) Tldhamoiz, Ebl
? HbM Iwate ® 32D pH 2813 CD X~<2 p L
R2 L (K10B), 7A4V{El (pHS.5) T, 270
mm LT, bINEIED CDEO LFEnaLdoh
9%, 3DODpH TCD ANZ MADBIZIEL A LS
fediz -7z, D&, HbM Milwaukee O pH 7.0
B BIED CDHOKE &%, HbA @ pH 8.5 Dif
BLIZIZELL, CORSSEpHE T THELL
Ttz (B100),

2. Soret #

11, 57O HbM LD HbA O Soret &
DCDANRZ bAVERLY:, EE~NEZOE VI,
Soret T 413 nm WIE®D, 395nm 2 &D CD &k
277 complex CD #R7. HbM THLFRLED
CDWIXEE T2 <, HbA OFED CDEA LR U

350 400 450 400 450
A (nm) A{nm)
Fig.11. CD spectra of HbM in the Soret region.
A, a-abnormal Hbs M : —— HbM Iwate ; -+ , HbM Boston; ——, HbA.
B, 8-abnormal Hbs M : ———, HbM Hyde Park ; -+~ , HbM Saskatoon; ——, HbM

Milwaukee ; —, HbA. Other conditions are the same as in Fig. 7.
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BEIZED CDBADARRLR, £, ZOED CD
BAOAE &1, o HEFOD HbM (K 11A) T, £
$4E¥ O HbM (F 11B) i BWTH, HbA Ikt T
10~20% B LT iz,

3. FIEMEE

c
500 550 800 560
A (nm)

Fig. 12. CD spectra of Hbs M in the visible region.
A, a-abnormal Hbs M : ——, HbM Iwate; -+ ,
HbM Boston ; ——, HbA.

B, B-abnormal Hbs M : ———, HbM Hyde Park;
----- , HbM Saskatoon ; ——, HbA.
C, B-abnormal HbM: ——, HbM Milwaukee;

——, HbA. Other conditions are the same as in
Fig. 8.

il

HbA & 54D HbM O R[REEH D CD A< 7
LER 12 1R U, Tyr B2 HbM O TH4EE 0
BINARZ P WAZE Tzt L, CD R~
ZFVTRIEBEZELZ> T, ZOEEETOCD
A7 PTIE, a e AR HM L O 0E,:
Tz <, AN His B# & &AL His B2 HbM = 0
DOEENAS N, 27, o SEEFE D HbM D CD 2
7+ v (E12A) % & 3 &, 5B His B# 0 HpM
Iwate Tid, HbA @® CD A7 b & 2EKDTII BT
V35, 520nm, 585 nm OIFED CD #EAlE, HbA 0
2fEE iz E U ECKE D 57z, HbA @ 500 nm
IYENLEAERZ4.9T,580nm TR 1.4 THaDI:
xtL T, HbM Iwate T, €1 #Fh, 9.8 L 5.6 DfE
PRL7: (¥2),—H, &AL His B0 HbM Boston
TIX, 500 nm {F3EIZIED CD %R 743, 580 nm {1HiE T
XEOCD 2R LY. £/, FEECHENR LG,
HbM Boston Tix, HbA 2 HbM Iwate l2d &5
N 650 nm fHEI K ELBAD CDEERLLEZ L
TH5.

Wiz g R E O Tyr BH#E HbM O CD A7
W (R 12B) #%3 &, A7 MOREOHIX o 8
HBeo HbM & KZEIZ 7w wh, HbM Hyde Park,
HbM Saskatoon D #hZFhd CD R, « HEE
O HbM IZthRTR /&, Lal, a HEEOD
HbM T 5 723z His & &0 His B¥D HbM 0
o CD 0EL wiEiEZ, g HEE O His LI

Table 2. Molar ellipticities of methemoglobins M in the visible, Soret and
ultraviolet regions
H lobi Visible Soret Ultraviolet
emogiobin fmax (0)x107 Bmax (6)x10™° Omax (6)x10~
520 9.8 413 62.9 257 18.0
MetHb M Iwate 585 5.6 278 — 6.0
300 16.0
500 4.9 413 67.2 257 325
MetHb M Boston 580 -1.7 283 —13.0
650 —-3.8 310 22.5
520 7.1 411 58.6 260 31.0
MetHb M Hyde Park 585 3.6 305 6.5
635 1.8
500 5.0 412 62.1 262 41.5
MetHb M Saskatoon 580 0.9 310 14.0
650 1.7
500 3.1 414 68.9 266 40.0
MetHb M Milwaukee 580 1.5 395 — 5.0 308 7.5
500 4.9 413 75.3 263 32.0
MetHb A 580 1.4 395 —-19.0 310 7.0
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His B#i) HDM BT HERRICA Lo sz, HI
%, f DN His B#:0 HbM Hyde Park T TE
O CDHD AT, 520 &£ 585 nm {3112 CD B K % 77
L, Wb HbAWZENRT, BB L Z 2ffH K%
motz, —7, @41 His B ®D HbM Saskatoon TIZ,
580 nm fHE T AD CDBIZIE - & D Lisiahs, 650
nm Tk HbM Boston [E4f, BEE 2 & D CD &oidk
nit:, L»L, HbM Milwaukee i3 500 nm {350 IF
? CD ##4S HbA L EEXTRRELLIANE, EHEAE
JOoEYDCDANRZ P L EEDL ST (H
120).

V. ARESOBIN - CD X2 kLo pH 1L

HbA 2B} 3 3D~ LKEFIE, ¥ 6 MRim
ThHb, KROFHERMYE pH T35 6 BRAEBANZH D R
A7 LIk BRI L high spin B & 70 3, pH EH W
WA b HbA TI5 6 B F DK T OH Hic i &
b, A7 MLidlow spin Bl &3, 1312
HbA & HbM Iwate @ 3D pH (6.0, 7.0, 8.5)i
BIFBRIRE CDARZ b iR LZ, B13AWKHEL
k212, HDATIZpH6.0 £ pH 7.0 T500 nm &
630 nm iZ charge transfer band 234 & i1 % BBy 72
high spin BIOBILA X2 d L& 7RTH, pH % 8.5
EiF3 £ 500 & 630 nm OBRINEIZFEL L, 2O/
Dz, 540 & 575 nm ICRINE 2 E T 5 low spin Bz
Belrz. ZOBNRDEE-TCD A< b
bpH I L2 kA 57 (13C).

—7, HbM Iwate Tl&, 490 nm & 600 nm 24 5
N2WINEIE, pH6.0 £ pH7.0 DIBETIRIZ LAY

i <, pH 8.5 TH 550 nm {3 3 2 WY
BWRMHS5NEDATH S, HbA O pH Z{biz g+
2L, EDELORESEHEATHEDT, ZOF
iz HbM Iwate DIEH g /57 D pH EfLic & %
YDEEZ LMD, &1, HbA WA H N3 500 & 630
nm QRIF L, HbM Iwate Tl 490 & 600 nm ~ &
#710~30 nm blue shift LTt 2538, k0, &R
N7 1Y) D charge transfer band £ #2 513,
7z, HbM Iwate Tk pH £ 8.5 10K 2 THARY
MBELLRVWEZEP5AT, BWPH ThH-T
b high spinBE2HHL b0 LBbns (F13
B). HbM Iwate ® CD X~Z7 p)L (K 13D) Th,

ZD3DDpH TXiFL AXEBABNE 5Tz,

% %=

NEZ T OB BRI T 2RI, BRE
A (~ARHEEER), 8L U Bohr 18D 3 > DE»
SR T A L8 TE& 5, HDM OBREHSELHE
TEHE, REHCEBRMEESTERVLOTIERH
OEEEERIET 2 I L xh 3, Lizd>T, BREEH
RERENZ ENTFESH, o HE¥D HDM T,
Hill Dnflid 1.1~1.2 DEEATH 2 Z L8 RES R
T3Y, BEBMEE o SR HbM TR ITEL,
B HHRE HbM TIRIER LE LD, ROBOHERMNE
SNTBY, a,f EOVLFROEEIC L - TIESE
WEZ2HEBHRELE->TWV S, Bohr 181 pH
DEIC & 2BBHRMEOETH 508, BEEHEM
pH CE#) TIEfAMEMEL, 38704 ) i@ ()

(8)x10-?

560 550 §00 550
2

500 550 500 550
(nm)

Fig.13. Changes of absorption and CD spectra of HbA, and HbM Iwate as a function

of pH.

A, absorption spectra of HbA ; B, absorption spectra of HbM Iwate ; C, CDspectra
of HbA; D, CD spectra of HbM Iwate. ———, pH 8.5; ——, pH7.0; - , pH 6.0.

0.05 M bis-Tris buffer was used.
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THREMMISBAEN 2 GESEL DS, sHEE
HbM 13 1EIZFIEH 2TV Bohr 1R E R T DXL, a
HEFHMTIREEL A EBohrFI R 2R & 4
WIS=18 oy k3 0 HbM iz & & 1L 5 HEEE O 1852
BT EETZ2DTHS S,

ANEZTEYOROLAREALICHEHRLTHS, ~
ESOECDRINARS FVIZIRIN & L5 BRI D =
ANF-INSVIEIZ, R, TR, BRSO
AN, ~NESREYORINARY bLik, FELT
RALTZ 4V vD220 z-2* BRICETL, b3
B (Soret ) 8L Va8 N> FELTRERN
3 Q% (UHRMER »oi s, ~ESor TR,
ZDRNT 4V YD BFD z-n* BEDSHZ ST,
8 BEAIFERLT 4V v OEFHHEAECES L
BABHERSMboTL 5. AE/OEYOTAF
VREICBEMEEL TAFBIck 3 &, Soret#Hd
QEBKRELE(T S, A T pH IZ X > THRIX
AR P VIFKELERT B,

HbM iz ~AgkicE#EDH 2 WIBCEMLL Tw 2
HECALF O His »3 Tyr BB LIz b 0, 8L U2 DI
BO7 S/ BMERICLILHDRODT, BREIRA LY
FLIZHREGHERDZ Z L8 FHlENLS, K6
~8IZR LTz & 3T, dTRN4ESE, Soret &, FRER
wES 2T, Tyr B#EIO 4 #5F (HbM Iwate, HbM
Boston, HbM Hyde Park, HbM Saskatoon)® HbM
T, EEAESOE Y LT, RINARY b LI
KEFEnH SN, —7F, & HisiEEO7 3/
MER 2L 5 HbM Milwaukee Tix, i 4 oD
HbM izt~ 2 RN~ 27 s VDOEIZ/NE <,
HbA LR ERER R ol Libi> T, &M Hisif
BO7 I/ BERR, HsHBOEREID b AES D
ErOBE~NDEER T hdnbDEELLR
%, Tyr B#aEO HbM OBRIX A =7 b VLD
ELoolDid, HEND 280 nm (3T & F[HRER T
ot EENFROENTRERT 3 VBIFEFE
TI/BTHB Tyr THBDT, #FD7 I/ BEED
FE5C L BRNOBE M E bE LT, 72/ BOK
WADOEFLIZEMEET 6 %Oz T3, L
0T, 20% b DK EZRIERIE~LOEICER
LTWwayDLREN S, AEERTOBBIIER
~E 7oy ORINEADGE S HbM Tid K & <
blue shift LT w2 2k, 2O RNBEARIHN
25~50% bMAL TWB I LD 2H™TH o, ZOR
XoZE{s, HOMIFED F a2 v — M EIZDEHMD
¥EEORRELELE->TWw2bhDEELLND, ZOR
RA~227 b VOBACIZBIELAL T O His 28 Tyr K EE
LIzZ T, RV7 49 VEBO z-n* BREEGERL

fa

74 HEOD, %éu:t:ﬁ%t%ﬁﬂﬁ%&ﬁ@%ﬁ%ﬁg
BUELEEZLILCBAL TR LD EEz 50
5,

F %y OIEEERMBFRLE LT, XS
FRITED D B 0%, 2/ BEEIO & & Tk
EHBFERLLTIE, CDUBRLERTHZD, 53,3
78 (Fury) »oylnELIc AL EBIRRE
TENT, BINARZ MUIEASRBBCDRALA
B, Ldl, ~NANY V28 (FabEy) Ligs
T ERFERERL, LOERBRTAT oy
CDARZ MUBBEEND, ~EZ0ELDCD R
N7 b S, ITERNEBTIHEERT 2 BOBE
&, NLkZ oy OBEEEADRESR, 77300 nm
U EDREE T, ~AEZ o OEEERORES
BETLLMTES, Licdato T, Tyr E#E HbM
Tl HbA &R T CD A2 b MIZFITKE 5L
MBEFEND, EEAES O Y DFESND CD 2~
7 P VT, 260 nm 2RO KEZIED CD #0348
n, COFERBREFRT 3 /BOCDSY R HES
TBHLIATHBHN, ~EZOELDCDOKLEH
ANLZEBZHDTT 3/ BABECHET 255 33k%
WINEWEEZENTWS, %7z, FENMEEBLU
Soret H®D CD Zi&, ~NE27 0 Y DIEREEH & ¢
KRBT % EMES N TRB22D, X512, NEF Oy
DELEHNDCDARZ bV 2 BACHRE L 12
Beychok 522 &k hid, 260nm DIED CD i « 87T
HFHIEKREL BHON2ETHZ I L, a L g 22E
SRILMBEERDOEHE~ETOEY (0f) TRELE
NoY72=9v O CDOFICEB T L, VHFYFH
ANEZSOEVDESTAFVEIL D 2B EREVE
VW, —%, FAREED CD A7 ML T, Bz A b
#l~ &7 vt > T high spin #, low spin Bl T&% -
72CDARZ MV EEZ B2 EMRESIN TN ED,
WFNRD CDHICBNWTH, ~L2DORIEEL TF
EIVNIBOHEEEATHR LV AnSELD
&, MENIFICT 3/ BBHRSEZ o7 HDM ixBw»
T, CDARZ MVRFDT S VBEROZERSHD
DRIFETESFREEL NS,

EHITR LI L5112, HBM O CD A< h VI
BOTHRINART PVERUL, BICKE LAY
Aotz Tyr BIaE O 4 EEO HbM TH- 72,
e d HbM TH, dTEIMEE & AR TRICK
&2 CD A2 M WVOEDH NIz, £ 7, EENT
F, o % HbM & g R ¥ HbM t OfMicid o &
DEL7:CDARY M OBESEEE N, o #E2
¥ ® HbM Iwate Tid, 260 nm MIED CD /s> FiIRIE
BO 2B/ a&Ry, 20Rb DI 285nmE
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®Hb TEHAHSNED oI KELEADCD /Y Faih
bz, £72,310nm DIED CD /s> K i, IE¥ Hb
WA THI 2 fEAIK & { &> Tu7z, HbM Boston =
BT HEXRAIZIZ HOM Iwate & AR LoiA &
hiz. Beychok 5®DMETIE, ¥ 722y b o $4
FAHEAERBIRLEERDOT A BOCD T
W, ¥ 722w bDOCDTRR&ESNBZWED CD /Ny
F25285nm ICHIRT 2 DT, Zhig~EFoE>D
THEEEDEZIC R EvS, 65T, 285nm &0
CD #3457z HbM Iwate ® HbM Boston TH,
ZDIEE B HOBKRBSENEL, Wh 2 mkis
BTRCZHEELLBETHE LI —FKLTY
3, —F, HEHEED HOM TiX, wF ity CD 2~
PO, KEBE DI, BREE~EZa YD CD
CEHL T, 220, g #HEY HbM T3, Mk
BRIEBREEANES oY LRALCIKELZNTWEDT
BEVWHEEZ OGNS, ZORED, g #HEE HOM 0
ERBEOBERESHESIEZREETHZ L WIFERLF
BL&W,

DEWAIEERIC B2 HDIM O CD XA x2 h AT
i, 0L His 258 HbM & 3&EfI His 8 HbM & O
CHEREENBEE SN, FEAES oyt *
VB, BLUTAF VBT, 1FIFEOBRABRINOA
BIIEDCD 27T I EHNHSNT VLS, 2, X K
BHbA BT b ZDHBAXKRIND 500 nm, 575 nm,
630 nm OB, TAFNIFD CD BEE I nT. =
hizstl, HbM Iwate, HbM Hyde Park % ¥ DiEhr
His 5 HbM Ti&, 500 nm % 600 nm OB ARIND
MERED CD#& 5052, EEAEIa vzt
NT2~3fFR&» o7, LorL, 630nm 2 CD /8>
FBEHLNLEWI LEZBRVTIR, A2 LR L
HbA 2#EfIL Tz, —7%, HbM Boston, HbM
Saskatoon 7 ¥ &7 His Z £ HbM T3, 500 nm
DEDCD /> FIZER & H E D EidR VA, 575 nm
KERIBEAL CDEBROLELIZED Y FERL
o, 1o 2N S OEN His ZR HbM T3, 650 nm iz
SE2ADCD Y F 2 BB SN 2 L% T H
4. HbM & X $i&&f47 2 & 2 &, HbM Boston T
BEBMLLBREI Tyr 07 =/ —1 0 OH Ehi~ Ak
LA L, B His  ORSIRYFSATRE &
W3O, %72 HbM Iwate T3, ~AZIZEBHRL 730
UTyr D72 /- DOOHZELBWEELTHE T
EBTRBEENTLRID, 20 Tyr DAL E DS
@ His E A28k e DS X 002 DL LEzZon,
NAFEDNLEH SMBEOBE 2> T3S Lo,
INBDZEmbEZ S &, NAGDIA LD &L
BI{RAIL 72 Hb @ HbM Iwate & HbM Hyde Park

1, REQREDCD ARZ ML EFRTOTHS S5, %
72y NLERDINAE & D EMAANCRALL 2 3BE 1,
HbM Boston & HbM Saskatoon iZ& 5.3 & 3 iz,
WZEDCD AV FERTOTRAEVHEEL SN
5. b3 —D0DEM HisiEED7 3 /BEBHBRTA MY
i27% Y HoM 8 ahTw 3 HbM Milwaukee @
EENEEE & CTTHRERNTO CD it, E¥~E/ o
EriFRECTHE X, BN CD A7 L
TABRD, E¥ Hb &2 OIEEERALADEFIR
BRREZEOBZLLD LYW SN,
e Eo

~NERE Y ME BEEELE) & LTHsRT
V3 5 fEO HbM (HbM Iwate, HbM Boston,
HbM Hyde Park, HbM Saskatoon, HbM
Milwaukee) i2DWT, 7 3/ BERS~ES oLy
DFOMEL, COXIEHERELTHI RS
BT, X MIcB3BINB LU CD A2 b
%, 250~650 nm ERIMIz bz > THELU T DR
2187, '

1. TyriE# 8 © HbM (HbM Iwate, HbM
Boston, HbM Hyde Park, HbM Saskatoon) o #]#8
I (450~ 650nm) DEINARZ b LOFIZE I
BlTw2h, 20RINZ HbA L D & 25~50%Kk &
<, HbA T& &7z 500 & 630 nm @ BT K I3,
HbM Tid 20~30 nm blue shift LTz,

2. EENAFEBEO HOM OBIRZA R 2 b v T,
HbA LR UALE®D 275 nm W BARIZ R T2, Tyr
BREO 4BEOHM Zvw3Fhi HbA L D v
20%KE o7,

3. a ${E% HbM Iwate & HbM Boston T,
IEENFIRO 280 nm (HEEE~NE /O E Y Tk A
ShRVWKERAD CD A LD SN, —F, B #HR
BO HbM Tid, CD 22 MLOF, K& X3tz HbA
LK E BRI R o7,

4. iE{i His B# HbM @ HbM Iwate & HbM
Hyde Park TIZ "D CD A2 b LZIED CD
DHETRL, £DOMEARIZ HbA O 2 Bl LR & 0 o7,
— 7%, &L His& # © HbM Boston & HbM
Saskatoon Tid, 500 nm ff¥EICIED CDERRL 72
2%, 650nm IZHD CDHERL. .

5. BEHADOEN His iIEFEONY RN/ Vvy 3 Vg
WEH¥ L THbBM & 2 -7 HbM Milwaukee 13,
250~650 nm DERKIZH 72> T, BINCD A~
VI HbA E R E 2=k dh o1z,

BES DD HM IZDWT, 2OALDPRIER T L
LT BIRB LU CD AR7 b VO 5EFL 72, K
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IXTix, HbA ¥ HbM Tz A& { £ 345, HbM [
CEERERA LD SN R o7, UL, CD A7
VT, {BX O HbM O & S KRS T/,
%5, o $#8EF HOM & g #HEY HbM OH:&IZ, £
ELTEENERO CD a5 h, SERLE LRI
72 BMEROMRE, UHERO CD IR A L
weit U EOHIRE, fERRESN TS HHDM @

BEER%E - OEBEIc LW TEERMA .
Eoof &

FERZZ A, HESHKRMERD ELKILEE
HICELBHOBSRL 7. ki, WRBTREL,
W F B IS, RXER L TOEME R EEE
U7 AR EREATEMAEE, BRI TFHBICE  E#HE
LEFET. 251, FRTCEBELHBIE, BorVWEk
ERAETEE £ LEERECEE —REOREE R
BEEUY, HEOHEERMELS BILRL LT &S,

M, BB BE MK, HbM Iwate IZRHERD
WHEHERE (B FE), HbM Boston it Sahlgren’s
Hospital B KR ZE &I D R. Jagenburg i+ (X = -7
>), HbM Hyde Park 3SR RATRONELRIEEL (K
FHIE), HbM Saskatoon i3 8 (L7 Sh oLk NEE O H
E M+, HbM Milwaukee |3 Medical College of
Wisconsin IEEEEEFID A, V. Pisciotta i+ & b i
BTz £, W E L CHV IR, REEEHARE
BRI ER L DM CHBE £ Lz, EL<BILBLLEY
%7,
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Abstract

Hemoglobin (Hb), a tetramer consisting of two @ and two £ chains, is an important blood
pigment to carry oxgen from lung to tissues. Oxygen binds directly to each heme moiety of
subunits in which the proximal and distal histidine coordinate to the heme. Abnormal
hemoglobins, in which either the proximal or distal histidine in the @ or 8 chains is replaced by
tyrosine, are called hemoglobin M (HbM), and their hemes are stably oxidized. Itis known that
the ferric heme of abnormal chains is not only unable to bind with oxygen but also has influence
on the oxygen binding of normal chains in hemoglobin M. In order to know how these amino
acid replacements of Hbs M have effect on their heme moietis, absorption and circular dichroism
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(CD) spectra were measured in the fully oxidized form (MetHbM) and compared with those of
normal hemoglobin (HbA). In visible regions, the absorption maxima of tyrosine substituted
Hbs M were blue shifted compared with those of HbA (500, 630 nm) such as in HbM Iwate (480,
590 nm), HbM Boston (490, 600 nm), HbM Hyde Park (485, 575 nm)and HbM Saskatoon (490,
600 nm). Another variant of HbM, HbM Milwaukee, has an amino acid substitution of E]l
valine (Val) by glutamic acid (Glu) in £ chains, and their abnormal chains are also stabilized in
ferric state. Comparing the absorption spectrum of HbM Milwaukee with that of HbA, an
absorption maximum at 630 nm of HbA is blue shifted to 622 nm in HbM Milwaukee, but other
properties of absorption of HbM Milwaukee are very similar to those of HbA. In ultraviolet
regions, the five Hbs M had a similar absorption maximum at 275 nm to that of normal
hemoglobin. However, the absorption maximum of four tyrosine substituted Hbs M are about
209% greater than that of normal hemoglobin. On the other hand, two great differences among
Hbs M were observed in CD spectra which is well known to reflect the conformation of protein.
The first difference in CD was found between « and 8 abnormal Hbs M in the ultraviolet region,
and the second difference in CD was observed between the proximal and distal histidine
substituted HbM in the visible region. In the CD spectra of o abnormal Hbs M a distinctive
negative trough was observed at around 280 nm, however, CD spectra of all g abnormal Hbs M
were very similar to that of HbA in this region. On the other hand, the proximal histidine
substituted Hbs M, HbM Iwate and HbM Hyde Park showed only positive CD in the visible
region like HbA, but their CD maxima of 520 nm and 580 nm were two times greater than those
of HbA. While CD spectra of the distal histidine substituted Hbs M, HbM Boston and HbM
Saskatoon, exhibited a negative trough at around 650 nm which was not observed in the other
proximal histidine substituted Hbs M, HbM Iwate and HbM Hyde Park, and normal HbA.
However, the CD spectrum of HbM Milwaukee was not so different from that of normal
hemoglobin in the spectral regions from 250 nm to 650 nm. ~ As shown above, absorption spectra
of Hbs M are greatly different from that of HbA, but did not vary among Hbs M. However, each
HbM has a characteristic CD spectrum, and from these facts, it is suggested that Hbs M have
different protein structures from each other. These differences might be correlated to the
functional abnormality or stability of the hemoglobin molecule of Hbs M.




