Structure-function relationship in human
hemoglobin : studies on circular dichroism and
resonance Raman spectroscopy of mutant
hemoglobins with one amino acid substitution
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Dichroism and Resonance Raman Spectroscopy of Mutant Hemoglobins with One

Amino Acid Substitution.
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Abstract

Hemoglobin M (Hb M) is natural mutants with an amino acid substitution in the heme
pocket of the a or B subunit. The a-abnormal Hb M’s (Iwate and Boston) show
physiological properties different from the B-abnormal Hb M’s (Hyde Park, Saskatoon, and
Milwaukee), that is, extremely low oxygen affinity of the normal subunit and extraordinary
resistance to reduction of the abnormal met-subunit. In the present study, it was clarified
that these are due to the great distortion of the heme structure in the a-abnormal Hb M’s by
the 406.7-nm excited resonance Raman (RR) spectroscopy. The 244.0-nm excited UVRR
spectra of Hb M’s indicated that the deprotonated F8- or E7-Tyr is bound to the ferric heme
iron in the abnormal subunits.

DeoxyHb A exhibits a prominent negative CD band at 287 nm, which is sometimes
used as a T-state marker and suggestsd to arise from the hydrogen bond formation of Tyr-« 42 or
Trp-B37 at the o;B, subunit interface. But there is no experimental evidence about the
suggestions. Near-UV CD spectra of Hb Rouen (Tyr-a140—His) and three recombinant
(r) Hbs (rHb Ser-a42, rHb His-f37, and rHb Thr-f145) revealed that environmental
alterations of Tyr-a140 and 145 are primarily responsible for the negative CD band rather
than the formation of the intersubunit hydrogen bonds by Tyr-a42 and Trp-B37. A part of
the negative CD band was also come from the tertiary structure change.

_41_




BAE h~ESZ Y (Hemoglobin
A HbA) 2 BEOYT=2=v b (a. B)
PoRDEERE (ap) T, BEELRHEL
7= (oxy) BBRBEFEDOE VO relaxed (R) B!
L. BBREEEE LT (deoxy) BRRBME
DAEV tense (T) BD 2 DD Rz - T2 UK

WiEL L5 LB XBRERBIPORR

ENTW3, Hb D&V T 2=y MZiE~
AN 1 OFTOEENRTHT, F—2FAH
D 4 DONLIHBRVICBRORES - i
EERFFo TV A, I Hb OHFEMET. B
FREICE-> T Hb 25 2 >DOMEKkHEE. R
B TRHEOBMZEBTHZ L THAS
NTVBER, ~LICBENRES L-FH
BEDI IOV Ta=y MIEES
N THRBEGENEZ 500120 T
IERERBLREDE, I TXBRER
R '"H-NMR ZDOWEN S = O#EL
{LIZB5T5EEXDNTHVBE~LEE,
afP 7 2=y MERRE, F72iE C KA
BT ET7IVBEERZAETHER
RER Hb CELGTFHABEIICE>TH
BLEATEEH ZHWT, 2L b 0O
REAHEL NREBEEEE oEB% It
Bo< BELE BARA _BEOSTH
FEMFEIZ X VAN,

Hemoglobin M DRBEHA~NIOHEE - 3t
WZ7<2 (RR) I L 28
NABBICNBETET I B, T
bb~AgkLME—RHEHES LTV BEA
(F8) His. BB ABALAEIZH Y. ~
LLBRIBEOBEEEELLTNS LS
AN (E7) His <° E11-Val iX Hb OH6E
RMUKIBEEEBICEETH S Z L HRE
ENTW3, TNLDOA~LFAT I /B

_42_

WERE2EHTHRARERAE. Hemoglobin
M (HbM) TiZ~Lg 8L (Fe**, met)
BCEERL TS, BREHICBR
ISR TERY, BIE, SEHEDO HbM A
MHENTWBB. F0H H4FEHED Hb M,
Iwate [a87(F8)His—Tyr]. Boston [a58(E7)
His—Tyr]. Hyde Park [92(F8)His—Tyr],
B IO Saskatoon [B63(E7)His—Tyr] Tid,
aF 723D F8-H B\ X E7-His 8 Tyr
WWE#BLTWS, b5 1 BEEIT El1l-val
» Gl B#IZ L5 Hb M Milwaukee
[B67(E11)Val>Glu] TH 5, BHEHR HbM
(Hyde Park, Saskatoon 33 J: T} Milwaukee)
TIRREFBHDOBIMESCERuHOBES
FMEIX Hb A LSRR TH DA, o
% Hb M (Iwate & Boston) CTitE ¥ ol
B GREILINUCL < EERHOBEERS
FEIIFERITEVY, BHM O Z D X 57k
BENFROBVOREEERT D0,
5 FEED Hb M O~ LD % 406.7-nm
B RR A2 RV THET, 406.7-nm
B2 TiX met BA~LHEDF < U R
B HENDDT, half-met B Hb M (£
EHUT met B, EEHEHEIT deoxy BY) DT
T AR ML D BIRICEEHA~
LADREEFTARDIENTES, M1 K
B (1680~1280 cm™) 2BITB S
BEO H M OREH~LHKT v R
X7 MV (A~E) & metHb A DRAT b
W (F) ZHB L7, iR Hb M (Iwate
& Boston) D B H S~ L OHENERIREIE
— K. veer V2 BE Uy Sy FIZERE
+ 1625, 1570, 1589 cm™ 127 51, metHb
AlCH_R49em B 7 F LTV,
—%. P E ¥ Hb M (Hyde Park. Saskatoon,
B X U Milwaukee) DR FEHA~LTIT I



1503 Y19a (Tyr)
—1486 v,

Intensity
CJ

Boston

Hyde Park

Saskatoon

[e]
©
[
-

Milwaukee

1500

Raman Shift/ cm’™” ‘
X 1. Hb M Iwate (A)., Boston (B). Hyde Park (C).

Saskatoon (D),

Milwaukee (E)YDEH S (met 5Y)

3 L T metHb A (F)D & B 58I 406.7-nm FhiE 3k
BT AR bV Hb, 50 pM (~LFREE),
0.1 M U BB pH 7.0 DG TRIE LT,

DTNy FOEEII metHb A & L
SETWEe, £z, ~LDOERMKREL X
B4-5v; 232 FiZ., Hb M Iwate, Boston,
¥ X Hyde Park D EE H~ AL TIlX
1486~1487 cm™ iz, Hb M Saskatoon &
Milwaukee T 1476~1479 cm™ iz & b,
3% 3 B Hb M OB~ AL F8-%
X ET-Tyr L DHFEE LT SEAFBA Y

VHEER, BRE2EEOH M OREH
~A0X F8-His B LT, E7-Tyr 721X
Ell-Gu ¢S L6 B @A Y %
Lo TR EWRENT, K2 12
half-met B HbM (A~E) & metHb A (F)

D 850~600 cm’ IR S <L AT M %
R L7z, afdE % Hb M Boston TiXEE
BIRENE — N, vis /32 FORENRELL

_43_



rex= 406.7 nm

3 .

£ K
— o >
£ 8 o
s gl
g

S

716 %721 =
Intensity
C
—435
—360 =
—296
24
2
g

g
—8

U Q%\LC

S

AR

g
g
g
g
g
&

Raman Shift / em™
X 2. Hb M Iwate (A). Boston (B), Hyde Park (C).
Saskatoon (D). Milwaukee (E)33 & T} metHb A (F)
® 850~600 cm™ fFIK 406.7-nm FHEILR T~ X
<7 v K1 EFEUEHETRIELE,

ML Tz, &5Ia{EF HbM BT
b F8EB#L E7TEB#E TRESERST
Wiz, E31iZ halfmet# HOM (A~E) &
metHb A (F) DOEEEERT v A7
MVER L7, Hb M Iwate TiZE=/L %
B R DS(CCaCr)oa 73> KT 425 & 403cm™
AL, BEERMDOT~ U Rk
PMMEFEBD AR FED b REPSTZHB,
Hb M Boston TiX 435 & 410 em™ IZ &%
7 bL, EBEERIONY FOEFBRKE
2 POLDHAFIE L TV, Z LT,
T vd U BEIED(CCLosr 73 Fik
Hb M Iwate Tid 367 cm™ i2 1 ADFHE /2
Ny RERLEOIZX L. Hb M Boston T
13384 L 367cm D2 ADNY FIZHEL

_44_

§§ Aoy = 406.7 nm
g

B

2 N

T .83

s

Saskatoon

Milwaukee
™ S ————

. MetHbA

450 400 350 300 250 ' 200
Raman Shift/ cm™

X 3. Hb M Iwate (A), Boston (B), Hyde Park (C),
Saskatoon (D). Milwaukee (E)3 XU metHb A (F) -
7 480~200 cm’ Ik 406.7-nm FhHEEIER T < R
7 M K1 ERALEHETRIELE,

feo —7H. BHER HDM TiETDEIX
BHLNBEN, DDA Fid metHb A
ERITCWEE, ThbDOHERIE, aiBE
Hb M TiZ~LDEHELL  ZHiT~
LDOPBRHLMUEORBOEE LTH
NTWBRZEERLTWS, £/, BHK
TN LIZFE Cofd{Z% HbM TH F8-His
B# )l E7-His B L CEOEBIIRR-
TV,

HMOREHZBETT S L (L8
FTEED . WTF b deoxyHb A L IZIZRIEED
AL bAER L, 1470 em™? iTvs S F
%, 215cm? IZ~AgkL His DS ETT
HRERE T — P Veem ZR L Z &35,
SEEFRTE TIEA~NLEKIX E7-Tyr £21X



F8-Tyr & DFEEHEIN T, F8-His 721X
E7-His ¢ AL SEMEA Y gL
CHTZENHBA L, Lo T, afif
# Hb M THRLRNIANLDEII~LE
LEBEH Tyr LOFKAICHKL, Bxick
> TEE Tyr LOBEBREND L, ~A
OWEIX Hb A LRICICARBZ BN
ot UEDZ E5E, of{E% Hb M 2
RTEBZHRE I~ LDOBEENER
EchdeELLNSG, £/, HDM O
F8-% 721X E7-Tyr BE S W H BT Lk
ERALTWB D)% 244.0-nm FHE
UVRR A7 MV THARTZ, TOREE.
BE#Tyr OOHEIIBL T 1 b b LIziREE

(tyrosinate) TAALEKEREALTWHZ
B L 7=,

DeoxyHb A [TV TN AGRII~ALHEH
2H 0.6 ARE, WA~ L TRY,
BEESIE> T~LENICBEH TS,
Z DA~ LEEOB) X 35 F8-His 23@- T2 u
EUERICEDY., DKREEEBENEZ
HLERBINTWS, LHiL, 5RO
Brb, ~A8kE F8-His L ORI T
72< | F8-His &~ Agk & OFEE B2Vl
RE HO M THNLOBERELT R L
Hb OMRBEEB L L BRI EY 5
RBZEBHLNEROoT,

~NEJu vy ONKRBEBEBICESI M=
& (CD) A7 bV OEL

Hb A Tidoxy (R) BT 260 nm iz K
& 72IED CD /N> R & 285 nm IZFEF I/
Z72TED CD NV FERTH, deoxy (T)
BZ7#2 5 & 260 nm DIED CD 732 R
2 L, Bzl 287 nm (CHEERA
@ CD NV FHAHERT S, 260 nm D CD

N FENLORBERBRL TS E X
DTS 23280~300 nmAIRIZ S o v &
BHROBEERT I /B, 29 Tyr £
iX Trp OREEMLERRTEEEL LN
TW5, 287 nm DADCD ANV Fix TH
v —H—RrRFEnbh, Tyrad2 &
Trp-p37 DKFBREEICHKT D Z LR
BRINTWBENR, TOERIIFHTH 3,
E9. ZOAD CD N RBREYIZ Hb D
MkHEZ KR LTVB 00, KBET
B LEY 2 ¥F 2k (recombinant, r)
Hb., rHb Leu-a42 (Tyr-a42—leu) & Hb
Kansas (Asn-B102—Thr)% i\ CH~Te,
rHb Leu-042 OBRHFMEIIIEFICHE L.
BREMIZEA LRV EDD (P =
0.58 mmHg, Hill’s n=1.2), rHb Leu-a42
OMEKEEIL deoxy BITHL RETHB &
ZX b5b,rHb Leu-a42 i3 oxy B THbA
EEC CD AT MvER LN, deoxy
25—
. Oxy

Deoxy

] I I ! 1
240 260 280 300 320

Wavelength / nm

B 4. ¥y =€) bHD Thr-pl45 (EH) &
Hb AGE#) D near-UV CD 227 kL

Hb, 50 pM (~ARBEE), 0.1 M U CEREEEIK
pH 7.0, 25CCHRIE L. #E 60~80 B & Tk
L7z, FE#t, rHb Thr-pl145; A##, Hb A.

_45_



(A) Hb His-p37 (B) rHb Ser-a42

(C) Hb Rouen
" (Tyr-a140 — His)

(D) tHb Thr-3145

T T — 7T
280 280 300 . 280 280 300

280 280 300 280 200 300

Wavelength / nm
X 5. 270~300 nm SEIRIZ BT BER Hb (M) & Hb AGEHOD CD /S K (A), rHb His-B37; (B), rtHb

Ser-a42; (C), Hb Rouen; (D), rHb Thr-$145.

B C1% 287 nm DAD CD N2 Fid Hb A
DRI LT Wz, LarL, A
RT7TBRT VI T2 Z—ThHbHA
JYb—NRY VB (IHP) 2z 5 &,
BREICEEI L O3 & HKIT (Py =
2.85 mmHg, Hill’'sn=2.0), ZMAD CD
NURERELS 2D, HBAIDEWVWKE X
IZ7oTe, —F. BREBER X CHA
HERENZ & 25 (Psy = 41.0 mmHg, Hill’s
n=13), KRBER TRIR->TB L
% % 5% Hb Kansas Tid deoxy BUZ 51>
THbA LIZIERIEDAED CD RV RER
L7z, oxy Bz T % 285 nm fHEIZ
INEBRADCD ARV RERL, xyBITH
TRIVOEELL-TWAILERBR
LT3 EEXL BN,

Ricalp¥ 7=y r OEAREIZ,L
B9 2 Tyr-a42 & Trp-B37 B L VN C KiEH
b2 HFEBICET S Tyr (@140 & p145)
287 nm DA D CD Ry F~DEE %%
EH EAVWTRHF L, TR HbIZIEK
BEIC X V&R L7 3 FEE D rHb Ser-o42
(Tyr-a42—Ser), rHb His-B37 (Trp-p37—

_46_

His), rHb Thr-p145 (Tyr-B145—Thr) & KR
Z Rk, Hb Rouen (Tyr-a140—His) % Fu>
Tro TNHOER Hb IV HERESR
HERE S BRESMET LTV, &
EBREL. ZRODOERE Hb BEERBR
HERTERME Hill’sn>20), $/hbbM
CREEELBBIBEE2LNDEHT

1 1 ] { 1
270 280 290 300 310

Wavelength / nm

X6 BREES - EEICHES CDOELL
ER, 4 BREOERRBEEL~DEEDAE
A, Hb A DZE{L



(A) a chain

30 e
Y

204 §

10

(B) B chain
30

20

.
3 -
:

10

{

240 280 300

280 320
Wavelength / nm

15 —

410

204

©

1 | I T ! Il ! 1

240 250 260 270 280 280 300 310 320

Wavelength / nm

B 7. Hb D BEESE L BAEAR Hb o CD D Haisk
Oxy B (R#R) & deoxy B (M) 2BV 5 Biladt(A) & BiERS4(B)D CD &~
7 MBIUHEB#EOBERERZ L5 A7 My () LE#R Hb © CD X

7 MV (FER) OB ().

CD A7 MV ERIELENLDORFE R
BE L=, X417 240~320 nm $535 rHb

Thr-B145 (£#) O CD 227 F L% HbA

(R#) & U TR LT, rHb Thr-3145
7 260 nm ® CD /3> FiZ oxy B, deoxy
BLHICHbA L —FL, 73 ) BERIZ
EBNL~DEEITIZTEAERNEEZ
bd, —75. rHb Thr-B145 @ 287 nm D
RHDOCD NV FiXHb AICHA~RT/HEL,
Tyr-B145 B DAD CD N2 FOHBIZ
BELTWAZ ERfAbhk, B 5 i
270 ~ 300nm #EIE D rHb His-p37 (A).
rHb Ser-042 (B). Hb Rouen (C)., B

X % rHb Thr-B145 (D) @ CD (£ &)

% Hb A (E#) LHBLTHRLE, rHb

His-B37. Hb Rouen. 3 X U}rHb Thr-$145

T THE oxy B, deoxy B L HIZHDb A
LR LERLONE, LI Hb

Rouen & rHb Thr-B145 TiX HbA LV A
D CD RNV FE»RIBALTWE, —
%, rHb Ser-ad2 i¥ oxy B, deoxy Bizk
WTHbA EIZIER L CD A7 ML %R
L7z, oxy (R) B» b deoxy (T) BICE
b3 5L &, Hb A Tix287 nm DHEHR
(Ae) 113 H-43 XB{LL, FDOEIL
& (AAe) 1156 THB, TNTHhOER
Hb @ 287 nm OVEHROELEEZRD,
Hb A DE{LRERANTHERDZEITLY,
4DODFEET I ) BOADCD /Y B

DEEEZRMb T,

 [(HbA DAAe) — (ZEE Hb DAAe) ]/(Hb

A DAAE) X 100 (%)

ZOFER, Tyr-042 & Trp-p37 DAD CD
RNy FADOFEIFI/NEL . CREEFIC

_47_



_6 —
! 1 | 1 I
270 280 230 300 310
Wavelength / nm
8. 287 nm DED CD N F~D=%kifE
EL MRBERILOFE

£, ZREEE KR, Hb A OERRBLR
X DR R, I?k’l%ﬁi&'ﬂ: (FEHF®E
BAXEBH).

MBS 5 Tyr BRELFEL TN,
Tyr-ad2 & Trp-B37 IXMERBLA TV, K
FREEETK - REEST 575, Hb 3 FDHN
LB LT3 - 0BAEREOEL
BhaneEzZbhd, FhXL, &
BEBRTAZLICEY TREEELRE
fELTW5S CRBDOIFEICH S Tyr Bl
(140 & B145) DEKMEREIIERBOMR
BEIC Ko TREKENTEHZEBELD
., EOEEREIZAD CD N FILK
BLTWBHLEEZDBND, 287 nm D CD
Ny F~OMRBEELIZHES b D
ABEOFEDAHZH 6 (E#R) ICHbA
@ deoxy-minus-oxy Z2 A7 ML & LB L
TRLE, ZOEMPLHLIREIIC
BEOHFEEZRFH LAY MVIZHbA
DAD CD v FOEHEEAIZIE L —
B9 358, BEEMTIEXREL TS,
ZOERIBRERBAICH S ZKRBEELIC

_48_

Iab0hbLianeEL, HEELE
PTa=y b (Bfag L BEEERS) @ CD
AR MAERARZREEELOFEER
RiEbo7 (A7), off (A) &B8H (B)
IZRB o7 CD A7 FvERTHR, F
¥+ 3L HhADCD L —87 5, Bl
ST T B 280~300 nm BN CEAKBLE
WCEBARY MAEPBO b, K
7C IZBLEEGE D CD 2 BN LIz A~
by (R LH#ERL-H (ER) o
CD Z & L7z, EREHRAT bk
260 nm @ CD IEBEHR Hb & —FK L TL
7-2%, 287 nm DA D CD Ny RIIFHER
Hb O# ¥4y L /N E oz, K 8 ICERFERE
BT B D CD N FOEDOE

(ER) ZEBREFHEAICHEY HHAD CD AR
v ROEL (B8 & Tyr-ad42, Trp-B37.
Tyr-a140, B L Tyr-p145 OMKRMEEE
{E~DEEEZAFH LIz A7 MR
LEEBRLUTRLE, ZORTHLMN:
L2, ¥T2=v b®D CD RV FOE
b, 2F Y ZREEEIZHEDS CD OF
fLIZ LROFERT I/ B 4 BEOFS

(UK EE) & HDA DA b LD
EZEEDDLIHLOThoT, UEDHKRESE
MAETHE, Hb A DBEREICXLS CD
DOEITMEEEEL & ZREERLD
BEPOERDIEREFEICLVADT
B kiRot,



FURNBEERDES

NEZTOEY (Hb) OLDOREMNBERESD AN LEERT 3HIHEL L HBH. ZORMDO
WTIRRETRLZRDSZV . RHHIE Hb OB RMEEZL L & DEBEEHSMCT 5728, Hb OER
BEZEEMAE CD) LHBSIVAHICI DN LR TH S, FuCrVERD EOEHBZED
BREOHEZES> TV I ERERB D, HLORRER Hb RCBETHEBZIICL 3 ATER Hb 2BV
TVWBDLAREDRMTH S, TOIDBEEMIEH, S RE Hb 2HERMET 25, ABEICX% Hb
DREF, LREA, EEH 50 Hb OBBEZRHET Uz, STRACALEELT I/ BEOEDD B
ZRRBID, \LRADCERZETS HIM ZHOTZDONLOEERHIBS T U N TR, 208
H. affE¥ HbM & f#HER HM ORICH B NIENLDOBTERBEESHEEDRE. 73 /BB
BE X BNLEDEBPRUFEANDHEDOBOHERTH ST L RALMIC Lz, RICT T2y NMEMER
CRIFMHET X/ BOBRRESIC L 2METLRITENE CD Itk o> TBR Lz, ZO#R, deoxyHb oD
ABONDIHELAD CDHIEI A TEET—H— NV REETNTVEN, EREZ LN TOEY T2y b
BIAFREAIC I 2D TEERL CRBBET 2/ BOBKEREBEICI BT LEELMC LIz, LE. &
MRICEDNET O OBEEL L BEECBL TEL DT L ZHALDIC L, TR 5 DHER SUESTOMR
RREBCARNCESTHLOLEZ LN, > T, FEHELRIEFHRIMELHTL LTRETHS LY
L7z,

_49_



