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WEZER R OMEEE  (Z230) : Many people believe that the trigger of the quaternary structural
transition of hemoglobin (Hb) is the displacement of the proximal His, which is the only
amino acid binding directly to the heme iron (trigger model). I inspected the model by
synthesizing the recombinant Hbs, in which the proximal His is replaced with Gly in the
o or B subunit, and then analyzing the conformational change and the oxygen carrying
mechanism of these Hbs. 1 have suggested that the shift of the proximal His in the o
subunit is the trigger of the structural transition of Hb, whereas one of the B subunit
is not the trigger because the conformational change is partially observed in the
recombinant Hb without the P proximal His.
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0. BEHMEOBE WS (relaxed A FE
721 RAY) LR WEE (tense BUFE 721X T )
ZEUDH T EDRH LI E LTS [Perutz, M.
F. (1963) Science 140, 863-869.], Hb O}
[l 72 B SR E MR B RE 13, BRSRIREIZ)S U T,
RALE T RO RAEEM 22T 5 Z &I X
S THEBETLHLEEZHN TV [Monad, J.
et al. (1965) J. Mol. Biol. 12, 88-118. .
Perutz, M. F. (1970) Nature 228, 726-739. ],
RoT WRIEEZAC DD E > FIE, W
FTMANLERIHER LTz Z & T8 DAL
BERZEDY ., ZNIE-T, ~A LTy
HEME RO TV DI AF Vv

(His) ONZENELT D Z & TERWMNE
WO B EEH AEIRINTHD, L
L. T, Hb OVURMEEIL R B & T RILISMZ
& RS0 R2 BBEET 5 & O [Silva, M
M. et al. (1992) J Biol. Chem 267,
17248-17256. .  Bucci, E. et al. (1993)
Biochmistry 32, 3519. 1CPURIEEZE(L LY
b ZREEEAL D F R RE ORI EE
ThbHEDOHE[Yonetani, T. et al. (2002)
J. Biol. Chem. 277, 34508-34520. 103% 1
E OB DI TV D,

ANLE 7B ECHEREOMT TS A
B — /L His M OILFREEEZ R TR ALE
HAKR (Proximal cavity mutant Hb) 23, IT\L
His #27 V> (Gly) ICE#BTHZ EICLD
BRRTE D Z &wmE Shic [Barrick, D.
et al. (1997) Nat. Struct. Biol. 4, 78-83.],
% 2T, HEEE OFFONTLERKDO G AT
& B BT L D REERNT O FFk N 5 |
Proximal cavity mutant Hb (2 — 4 (CD)
itk EE A L, MEEE LA T auE, T3]
X&) FEHEMRIECTE D LV I RBBICES
77o X 51T, Proximal cavity mutant Hb @
SR 72 e SRR AE & 4 H A B T A il AR
HENLERIEE I L 0 T L, MEEZ2 ks o
HAEF LT D2 LT, BHESTOWHFEN
HER AT A EOBIEL(LE M TE 5 L%
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IEHHb T, BFE D T O/AICE > T~L
ERIT~L O\ P LHNA~BENT 5, Z D~
LEROBENL, ~L8kE T 0 v A MR
OfFFCna ARG A2 LT, iEfHisD
P& Z S ED, ZOEX)N, Fa b U8
DOMKEEELDRIDE >NTTHDH &
EZHNTWD (Bl&ail), M5l&&d »n
ELiFiX, Proximal cavity mutant Hb (
W THisZGlylZE#L U7- N TSR, ~2%
BENNSEDT-DIA I XY — NV EBALL
Thd,) ITBEDREE L. ~LE8kOBEIN
EExTH, FOEHRIZI e B EHiIMsb b
2V (ROTHEEZALNVE L2 X FTHY
WRIICER Yy 12 E R CE R & P S

N5, AWF5Ei%. Proximal cavity mutant Hb
DIEIEIAL % CD oy eIk THEHT L CTol & &t
ZEAERGE L, ReTHEEZAL DRI D X > h
BN His TH DD, £ 5 TROVDDNE
oM THIEEFE —HIEL LT,

% |2, Proximal cavity mutant Hb D[
FEMRERE & S L E OBIEEZ T L, o
B E I IIPH DO~ LRI Hi s OFER D F
i/ A [ PA 7 & ik 5¢ e = N Sl I
oM THZ EEHE LT,

BI2iE, RAREREKTHDH M GIALE
T ILIENHI s/ Tyr IS EH#HL L TV D) DR fiE
Bra 47 < 0 iR K 0 it 5l & 46l
DL IGEE HEE LTz,

3. WHED Ik
1) KRBEIC X D Proximal cavity mutant
Hb FEBLR DHEH

afHE IIBBH DU His 2B L= 2 Ft
FAD Proximal cavity mutant Hb (0T His
—Gly) & (BiThz His—Gly) (K1) % KIGH
TREIEL-DICHERTTAINE,
— R F— A1 U KZFED Chien Ho Bz b
HHE X777 A R, pHE7[Shen, T.-]. et
al. (1997) Protein Engng. 10, 1085-1097. ]
ZEERIZ LC, PCRIEIZ CafH E 72 3pHOIT
AL His ®= K> (CAC) % Gly (GGC) o= N
VNCEBTHZEICE VA LT, ST AR
Fomslix, >—47 o —%H\T, ELL
B SN E D D E R LT,

2) Proximal cavity mutant HbDEEK «
%

) TERLETTAI FEAWTRBHE
B L, Proximal cavity mutant Hb (o
ITAHis—Gly) & (BUrfizHis—Gly) %351
W72, Proximal cavity mutant Hbid,
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Lysozyme & DNase I ZLERZ % T RAGE 7> 5 4l
H L. Looker & [Methods Enzymol. (1994) 231,
364-374. 1O EASZIZLTI0 M A I 4
S NFETR A A s n~ 7o 7
4 —IC X VB LT,

3) Proximal cavity mutant Hb OFERFEEH
HEREFRAT

Proximal cavity mutant Hb D23 IEIRMEHE
I, VEBORT: - 1 - A HIETEER OAF5E
T, AR Vi B B ro s
[Imai et al. (1970) Biochim Biophys. Acta
200, 189-196. 1% HWTHIE L, 4 H#d% &
At L720s DFENT L7, BIZEIX 50 mM bis—
Tris buffer + 0.1 M C1~ (pH 7.4) T L
7250 pM Hb R (ASAPEE) . 10 mM A 4
S — VFTETF. 25°CTITo 7,

4) Proximal cavity mutant Hb OERAEE
RN

Proximal cavity mutant Hb @ CD 43 Y¢i%

W2 L DAEEMENT IR, B AR J-725 SRk
FHAFHWT 50 mM bis—Tris buffer + 0. 1MC1™

(pH 7.4) THHEEL7- 50 pM Hb IRIE (-~ 24
TEEE) EAIEEE 50 nm/min.  FER A1 20 [A],
25°C. 10 mM A X & — LIFE(E R CHIE L7,
5) Hb M DILN{ T = 43 IEIC K DIEERFT

Hb M [Iwate (aTHZ His—Tyr). Boston (a
N7 His—Tyr) Hyde Park (BiT/iZ His—Tyr) .
Saskatoon (B His—Tyr) J1XA 42342
n~ h77 7 4 —F 7135 E A ELKIKENE
(L DRERL ., 406. 7-nm F 721% 244-nm hid
NG T = Lo ek TREERNT LT,

4. WFFERE

212 Proximal cavity mutant Hb (PCMH)
(aiTfir His —Gly) (A) & PCMH (Bifrfz His —
Gly) (B) ®Hill v v h&EZFNZFNIER Hb
LHERLTRLIZ, 2O HILL ey b,
PCMH (ofTfif His —Gly) O EE3E B FtE o feiE
Th b Pfa (50%EEFEFIEEIZI T HlEHR
) 1% 26 mmHg. WhlRIME A K9 Hill £R4K

(50%EAEAIFIE IZ 1T 5 Hill 7my b
X)) 1, 031.0TH Y IEF Hb (= 4. 8 mmHg,
Nyy=2.9) & LEER U T, BESEHFMEIT 5. 4 5K
< WEPEIZEL W2 ERBH LN R 5T,
—7J5. POVMH (Bifiz His —Gly) @ Py filid 1. 1
mmHg, 1, 1% 1.5 T, IE& Hb &0 &
PEDS 4.4 5@ <L BWEPEIIERW S O 02
I biTIZW AR W T &S LT,
312 PCMH (ot His —Gly) (A), PCMH (B
AL His —Gly) (B) B X UUEH Hb(C) @ CD
AT VAR LTz, IEF Hb XRS5
T 260 nm & 418 nm I[CKX72ED CD N> R
BRI, BERMEEERNC 72 5 & 260 nm DN
v RITKRESIC, 418 m DR RiT B — 7 R
430 nmm 27 P LTRE ST 2 51272 5,
INBEDCD N RiF~LOREEZ M L T
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H2 Proximal cavity mutant Hb (adfffif His —Gly) (A)&
Proximal cavity mutant Hb (BifEfi His —Gly) (B)® Hill 7
avk

@, PCMH (oififiz His —Gly), B, PCMH (Bififi His —
Gly); A, IEH Hb. Y, EEREITNE; 00, BRSE

WA EEZ BN TWAMN, PO (alffiZ His

—Gly) TIZIEH Hb LEl72 CD R R&ER L,
PCMH (B3fTfiZ His —Gly) TIX# T CD 23> KA
INEVWRE—IMEREIFRICTHD . ~A
ORFEITNT N HIER Hb STV 5 LB %

HiLlm, —J. 270-290 nm I8 ClIfe s &M
THOTMNRIED D Ny RERTDORLTH S

DN, FEEMREETRC 2B L 287 il — 2 &

HOAD D ANy RRBIND, ZORADNY

RIZMUKABEN TR O & =128 E72D, T
Bl —H— K E Wbt T 5 [Perutyz,

M. F. et al. (1974)Biochemistry 13,
2163-2173. 1, PCMH (oufrfiz. His —Gly) T,
ZOAD CD N2 RIFEEESH, AR
FTIUTBWTHEE I, TUREEN T AN
> TWDZ DRI, —J5. POH (B
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®3 Proximal cavity mutant Hb (oifffiZ His —Gly)(A),
Proximal cavity mutant Hb (B3Efi His —Gly)(B), IE%

Hb (C)M CD ARFkJL
RiR BRREOE RiR BRMAHRE

A7 His —Gly) TlL, AD D N\ RiIpg#
fREERL Tl A b=, BBREAT CIabd
WD CD Ny RLnAELIT, Tk
IIERE AR C T AL, BRFAE A T R AL
TWEEEZ Lo TND EEZ BN,

KIRBHARTH S Hb M [Iwate (0T His
—Tyr) ., Boston (oiEN His—Tyr) . Hyde Park
(BiTfiz His—Tyr), Saskatoon (Bfiﬁj His—
Tyr) 1i&. o F 72 IZBEHDOUTNL B D W T L
His N Tyr ICERLTEO, Wb B
WX~ L8k - U7 His MfES 2372y, Hb M D
REETAb A 4B T < 43 RIS X0 BT L,
HERE & OBIMRZ TR CHI & &l & MGE L 72
LA, afHO~LEE - IO His WSS 372
W& TURKEE X T A 22 0 ERSEE R MK
NS RRSY/AN Bfﬁ@“\.b\f/*\ AL His [EAEA D
e THMUKMEECEmERMEICENIZE
LW R L, ZOREIXSIC
ﬁﬁénfw MEFERR LD THRE LT,

L oo#FZEN [5\ Hb 23UkA#iEZ TR Y
NS, IV ZL DR ERES E R T DI
1%, 0 HONLBRICI RN FEEL TEDT T T
A%WﬂiMs%%@Lbe®ﬁhE/&/N7
B ABDAZENEETHY, T 70bb ot
D~LER—IEAL His S & OZAbH U &
AL DB EETHHIEIRENTZ, —F7., P
D~LER—ITAL His [#E & 1372 < T Uk &
BACIIAR R NERBIA5D T, 5l &4 TR
W EARS I,

A%iﬁ%H@%Lﬁﬁy%hHﬁ%%L
fif His—Gly) DOEEFREMRPERE & #EEZ L DOfif
Wra & F S ERMESRMS (pHDZEl, =7 =
A —DOWMRE) TITW Hb o727
IR DOA T =R LT HONTHE ST
LCW&EZW, £z, EFEO~LER - IT)7
His G DIREE iwzii%7<n/ TIEE
mmfﬂmlm@% FEUCI T DAL His

REZ X HITIBRLIZV,
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