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LIGAND KINETICS IN HEMOGLOBIN HIROSHIMA

Hemoglobin Hiroshima

RONALD L. NAGEL, M.D."; QUENTIN H. GIBSON, M.D., Ph.D., D.Sc. ”

SUMMARY

Hemoglobin Hiroshima (8146 HisZ?Asp) is an
electrophoretically fast moving variant with a
four-fold increase in oxygen equilibria and a
decreased Bohr effect. Based on a decreased rate
of dissociation of 02 by dithionite and an increased
rate of binding of CO by the deoxy form, we have
concluded that the kinetic basis of the high affinity
exhibited by Hb Hiroshima is the concurrence of a
faster combination rate and a slower dissociation
rate for ligands.

INTRODUCTION

Hemoglobin Hiroshima (8146 HistidinesAspartic
acid), discovered by Hamilton and co-workers1
in several members of a Japanese family, is a
fast moving beta chain variant associated with
increased oxygen affinity and compensatory
The present report deals with
a preliminary account of the kinetic basis of the
oxygen equilibria of this hemoglobin variant.

erythrocytosis.

METHODS

Venous blood from a donor known to be heterozygous
for Hb Hiroshima was sent from Japan to New York
in iced containers and processed within 48 hours.

Hemolysates were prepared by the method of
Drabkin 2 with minor modifications. Hemoglobin
Hiroshima was isolated by starch block elgctro-
phoresis3 using veronal buffer, 0.04M at pHB.6,

CH T BEMFEE

; HOWARD B. HAMILTON, M.D.*

E 0

Hemoglobin ( Hb ) Hiroshima (g 146 His = Ase) 1y gz
TROAfEORE L Bohr VR OE F & 2R T ERKD
EORVWERMMGEETH S, B_F4 > BiE :;:502
R O F & & USE TR & 5 COAE &3 1 o 1 i
HHAZOT, BRMTIZEITLEEME ORI & R
DT & Off 247, Hb Hiroshima 124 5 1 3 3 8 Hl
PRGEOEEMRATH 2 L EH S ILERL 7.

&

il

Hemoglobin ( Hb ) Hiroshima (8 Y v 25 ¥ v =7 2
/¥5 ¥ ) 12, Hamilton & F O EEMFEEL S —HAE
ANEREO I O BIZHERL L, BIEHAMEME - E
PERMER M A LS BEOM S ERUNEETH
. FHEEE, COFARMBERIIACNIBETLHD
AR >V TOTHTH 5.

&

Hb Hiroshima (2 L TRAE S L MEH W TSI HF 1A
o AR A PRET L, 1%@ SIZANTHAEADS New York
AR TABRERI LI ICLEE L 7=,

BIiE o B ML, Drabkin @ HE?2 CHEFOLEE M2
fo#ikIZfE - 7. Hb Hiroshima (X, pH 8.6, 0.04M®
NS - VEHEAER L TEBE 7Oy 78 Rik#EE?

Department of Medicine, Alber! Einstein College of Medicine!; Department of Biochemistry and Molecular Biology, Cornell
University2; and Department of Clinical Laboratories, ABCC?

Albert Einstein ERFRFMEFFEHEL ; Cornell K% Wing S E(E - o FEMEHE? ; b LU ABCC IR ML



and the wvariant, which migrated cathodally to
HbA, was eluted from the starch with 0.001M
phosphate buffer, pH7. The purity of the isolated
hemoglobin was wverified by starch gel electro-

phoresis (TRIS-borate buffer, pH8.6).4

Haptoglobin comprised about 90% of a preparation
which was purified according to the method of
Nagel and Gibson.3

The binding of CO by hemoglobin and the reaction
of oxyhemoglobin with dithionite was measured
by the stopped flow method using the apparatus of
Gibson and Milnes6 with some modifications.
An analogue-to-digital converter (Digital Equipment
Corporation, model 130 E, Maynard, Mass.) was
used to digitize the photomultiplier outpur which
was then transferred to a PDP 8/] computer under
control  of a program described by DeSa and
Gibson.7

Hemoglobin binding to haptoglobin was measured by
the method of Nagel and Gibson’ based on the
quenching of the aromatic amino acid fluorescence
by the hemes of hemoglobin. Excitation at 287 my
was used and light was obrained from a diseZr
current xenon lamp and a Bausch and LLomb 250 mm
grating monochromator. An EM 1 photomultiplier
type 9525-B and a Corning Glass filter No. 7-60
detected the protein fluorescence at 350mp. As in
the absorbance stopped flow experiments, the data
were collected directly inte the memory of a PDP -
8/1 computer, bur visual observation of the reaction
was simultaneously possible with an oscilloscope.

RESULTS

Binding of (0. The kinetics of the reaction
between deoxy Hb A and deoxy Hb Hiroshima
with carbon monoxide is shown in Figure 1.
Hemoglobin solutions were 24 pM (heme), prior
to mixing, and in 0.1M potassium phosphate
buffer, pH 7.0.
were prepared by bubbling buffer with pure CO at
latn. of pressure and diluted with oxygen-free
0.1M potassium phosphate buffer, pH7.0. The
final concentration of carbon monoxide after
mixing was 97.5y moles/liter. Dithionite was
added to the deoxy-Hb solution and the CO-
phosphate buffer, which were subsequently mixed
in equal volumes in the stopped flow appararus.
The reaction was followed at 450mp and the
experiments were performed at 22C. The second
order constant for Hb A is 1.8x103M~lsec™! and
3.5 % 105 M~1 sec”1 for Hb Hiroshima.

The carbon monoxide solutions

The Reaction of Oxy Hb and Dithionite. The
solutions of Hb A and Hb Hiroshima were

ToriEL, Hb A OB~ Zo0EREA 0.001 M
BEEEEE (pH 7) THREBE »SHEIBL . L AME
FOMAE T, W VE SR ( TRIS — il 8% 6% i ik,
pH 8.6 ) THERZL X~ ¢
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Figure 1 Kinetics of the combination reaction between carbon monoxide & Hb A & Hb Hiroshima, determined by
stopped flow method. Temperature: 22 C; 0.1M potassium phosphate buffer, pH7.0. Hemoglobin concentration:
24pu M (heme) before mizing. CO concentration: 97.5p M after miring,
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Figure 2 Kinetics of the reaction of oxy Hb A & Hb Hiroshima with dithionite. Temperature:22C; 0.1M po-
tassium phosphate buffer. Hemoglobin concentration: 24 u M (heme) before mizing.
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Figure 3 Kinetics of the replacement of Oy bound to Hb Hiroshime by carbon monoxide at different 02 concen-
trations. Plot of the reciprocal rale conslant of the replacement reaction vs O, concentration before mixing.

Temperature: 22C; 0.1 M potassium phosphate buffer, pH 7.0
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Figure 4 Combination rale of haploglobin with Hb A & Hb Hiroshima, studied by fluorescence quenching.
Haptoglobin solution: 3.05 p M; Hb A, 25 u M (heme); Hb Hivoshima, 25 ¢ M (heme) All solutions in 0.1M
potassium phosphate, pH 7.0. Temperature: 22C; concentrations before mixing.
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24uM  (before mixing) and in 0.1M potassium
phosphate buffer, pH7.0.
mixed with a 0.2% dithionite solution in a stopped
flow apparatus. The reaction was followed at

These solutions were

541.5myt and at 22C, and the results are shown
in Figure 2. The k obtained for Hb A was 35 sec™ 1
and for hemoglobin Hiroshima was 20 sec™L

The Replacement of Oxygen by Carbon Monoxide.
The displacement reaction of O from oxy Hb by
CO was studied in the stopped flow apparatus
and the results are shown in Figure 3. One
syringe contained Hb Hiroshima diluted with a
0.1M potassium buffer, pH7, equilibrated with
different concentrations of Q3. The other syringe
contained the same buffer saturated with CO.
The reciprocal of the observed rate of replacement
of oxygen by carbon monoxide, expressed as a
rate constant vs the Q2 concentration, is depicred
in Figure 3. The intercept in this case is 4/k4,
as demonstrated by Gibson and Roughton.8 The
dissociation velocity constant, ky, corresponds to

MEEREH ) AEEHEh UM TH 2. ZhEDE
flx, Wi EEEANT 0.2 %HE ~F4 v EEEEEER
Gl 7. Rk, 541.5mp, 22CTHEL, T0H
RiEE21zF/ L. Hb Ao L TR 6 h k DT
35 sec-! , Hb Hiroshima 2% L T @ % 1120 sec—?

TG,

—BbRFICLIBFERMD. BCRMERIIHT
ACOD0, HpfEMIstnERE 2RV THREL, 2
DEREEHICTFLE. —FOHBICIE, BrORED
0, TF i L 7= Hb Hiroshima & pH 7.0, 0.1 M#i&: %
U aBEBTERLTANE. WA OMEICE, COfM
HMoRfEEdns Ansz, geEshs—mBrfE L
R E ROy, SEE R O, BIE EOMFEORT,
B3 izm Lz, ZoBGokHihs D% FiE, Gibson Bk
Uf Roughton 8 AT Lizk )12, 47k, TH 5. MREEEE
tEHH k1, RICHYT 5.

k4
Hbs (02) 4 » Hb4(02) 3

In the case of Hb Hiroshima, k4 is 33secl as
compared with S5sec—l for Hb A under similar

conditions.

The Binding of Hemoglobin by Haptoglobin. This
reaction was studied with a stopped flow apparartus
provided with a fluorescence attachment. The
reaction was followed by utilizing the fluorescence
quenching of the 350my emission of haptoglobin
by the hemes of hemoglobin. Solutions of Hb A and
Hb Hiroshima, 25pM (heme), in 0.1M potassium
phosphate buffer, pH7.0, were mixed with a
3.05puM solution of haptoglobin at 22C. The
results are shown in Figure 4. The pseudo first
order combination rate is 1.1 sec™l for Hb A and
1.9 sec™! for Hb Hiroshima.

DISCUSSION

Hemoglobin Hiroshima was initially described as
having a substitution of aspartic acid for the
£3-143 (H21) histidine, but recent X-ray diffraction
crystallography of the deoxy form, confirmed by
independent chemical analysis, shows that,
in faect, the amino acid substitution of aspartate
for histidine is at the carboxy terminal of the beta
chain at position #146 (HC3).9

Hemoglobin Hiroshima has been shown to exhibit
an increased affinity for oxygen.l,10 At pH7.0,
the purified solution of Hb Hiroshima has a Pgy
(pressure of Q2 at 50% saturation) which is

- Hb Hiroshima @ B4 O k,1¥33sec ' ThHhH, Zhiy

LTRUEMGOL 28135 Hb A TlE55sec™ Th 3.

NTrJOEEOMBREFERE. ZORBE, ¥
FRIEF A D MRS EEE A TRE L 2.
NT RO E @350 mp 2T AEEREEHFMEZD
ALESTHBTAZ L2 FALTRIBOBE&1TE -
. pH 7.0, O.1MO AU Y AEEHR P O25M
(~4) @ Hb A L0 Hb Hiroshima %#22C T3.054M®
NFTRTOE VERELBEGE A, FO&EREHAIIR
L. BEQRLE — RO GHE L Hb A 71,1 sec™
Hb Hiroshima #*1.9sec™! T& - 7=,

 E

Hb Hiroshima Tlx, 8-143(H21) v AF VDT AT
FrEzLk EBYR S VOSSR, £OEL
MIzowTOXHEFESEARES LTI R &30

Thh{bEMTHORR, CAFIyOT ANFTY
/@efa:; EAT I/ EBEBEOMNEAELA-146( HC3 ) U
uﬁéﬁjwﬁw+%/ﬁkmuﬂmaé;kﬁmﬁ%
mahi.?

Hb Hiroshima (3, MEH Ao 27T 2 L A500
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4 times higher than that of a solution of Hb A.
The Bohr effect (the variation of oxygen affinity
with pH) is considerably reduced in this variant:
The A log Psp / A pH ratio is reduced by half
in the range between pH 7.4 and 7.0.1

Another interesting feature of the oxygen equilibria
of Hb Hiroshima is the presence of moderately
decreased heme-heme interaction. The Hill
equation!l  describes empirically the oxygen
equilibria of Hb:

/

V. ZOHERMEED Bohr i H (EFEHEMMEO pH 12
E3Z)ELPLEVETLTWS: pH 7.4 — 7.0 O i
T, Alog Py /A pH QI EHIZRAL T 5]

Hb Hiroshima O & ETHICHIT2BIES 2 5 oD
E, NAMEAEERAREEICHIL TV ETHES.
It o e lirid, Hilo%R " 1o k- TERMIz K
DEIzmEh s,

log / s(1=s)=n log p + log k

where s represents the fractional saturation with
oxygen, p is the partial pressure of oxygen and
n becomes a constant representing in a general
way the stabilizing interactions between the
oxygen binding sites. An n value of 1 represents
no heme-heme interaction and n=4 represents the
maximal possible interaction in a tetrameric
molecule that contains 4 binding sites.

In Hb Hiroshima, at pH7.0, n=2.0, rather than
2.7-3.0 as classically found in Hb A. Furthermoz_e,
the n value varies with pH and increases to
2.6 at pH7.8. This is in contrast with the behaviour
of n in Hb A, which is invariant with pH. An
intriguning feature of the oxygen equilibria of
Hb Hiroshima has been observed: At low pH, the
curve is biphasic.1,10

The data presented here show that the increased
ligand affinity is probably due to changes in both
binding and dissociation reactions, though our
measurements have so far involved different
ligands for the two types of kinetic reactions
which can most accurately and easily be srudied
using carbon monoxide for binding, and oxygen for
dissociation.

It has been recently demonstrated that most of the
cooperativity between hemes in hemoglobin is
due to changes in the dissociation constants.12,13
Hence, a difference in rates should be observed
between the dissociation velocity constant k4 of
the first .site in a fully liganded molecule and
the dissociation velocity constant obtained with
dithionite, which is greatly influenced by the
dissociation of the rest of the ligands in the
tetramer.

In Hb Hiroshima the ratio between k4/4 (8.25 sec 1)
and rthe dissociation rate measured by dithionite
(20 sec™1) is slightly lower than that of Hb A:
13 secl  and 40 sec”l, respecrively. This
demonstrates the presence of apparent differences
in the dissociation constants for each of the

ZZTs3BECLASNEMN, p FREESE, nllF
EBEABTOMOLEFHOMELZRTHHTHS,
n AL THNE, ~ABMEEERAZVWIEERL, n=
41, Mo EET 2407 FI2EIY D 3
BROMAMERZRT

Hb Hiroshima Tl%, pH 7.0 1250 T n=2.0T&", =
Nizxt LT HD ATIREE2.7-3.0THAZ LHFED
ShTwa., 4%, nDfElzpH I2k->TZE{L, pH 7.8
TR 2.61I2EINT 5, Z20oZ&lE, HhAlZEF 20 d
pHIZL->TELEZ NI & Jz'i\]‘“f{ﬁ’\]‘f“%é. Hb Hiroshima
OEFERHIZE, BH TRERREOCERF O TVS.
+4bh, pHAEROEGIzthEE 2 HETcH s, 00

ZZCEE LA N, RAEFRAE BRI,
B2 6L ARG RSOV TRIZLELY & 51
aﬁz’%%ﬁ‘ L, bhbhoszTcollEER, 20O
2RO NEMNRE I L TERFNEL SR 28
FLEbOThHD, BERGE—BLREFELEHL T

FRMERIG IERAMHL LD TIEME, f»-a.

FERIZEETES.

M F 5 AR OWEEORERSE, B
OFELCEEATZZ LY, FEERAEsAL. 2B LN
T, B F4%Ecd 52518128 1FHO G

7 it il oK FEE Inﬁxk cIE_f)r L TRH 5N
BEEEHEE N E OMIZZFRH SN2 ETFTHD, Zh
i3, MUEECEHEITSthoORMFOREZ L THERICE
Hsha.

Hb Hiroshima Ti%, k, /4 (8.25sec”! ) L+ 4 »
BEICE - TillE L AR EEEEEIE (20sec™! ) & O EE
ik, Hb A £ 0 S, T4h5, 2h¥fhl3sec ! &
EU40sec ! ThH3, 2D EF, FhFho~LallH
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hemes, implying cooperativity between binding
sites, a phenomenon which has classically been
referred to as "*heme-heme interaction.”’

The wvariation of n with pH and the biphasic
character of the oxygen equilibrium curve at
low pH, can not be explained with the available
data and further work is in progress to resolve
this problem.

The moderate decrease in heme-heme Iinteraction
cannot be fully explained with the present data.
Nevertheless, a substitution in the C terminal
portion of the H helix, which interferes with
heme-heme interaction, is consistent with an
important role for Tyr HC2(145)8 in the underlying
mechanism of cooperativity. Early suggestions
of the participation of this residue in the heme-
heme interaction mechanisml4 have been further
developed and supported by the findings of
Moffarl5 and Perutz. 16

Since the binding between hemoglobin and
haptoglobin occurs exclusively via the hemoglobin
dimer in the micromolar level of concentration,!?
the slight increase in the rate of the binding
observed with Hb Hiroshima may be due to 2 small
increase in the dissociability of this hemoglobin
variant or a modification of the binding site by the
substitution.

MoBERER, ¥4b5, Sl I~L0MEEER]
FIFENTOIERAH 2T L4 TRET 3,

n®pH 2L 2k L0 pH 29w 15 & o fl 2551 Bl 45
G2, BEATFsN TV IERTIEHE A5
THN, TOFEHOLDESIMEIFITTEbAT WV S,

HEOFEHTE, ~L2MHEAEROREEQETIXR S
IZIEFHMBTE S0, LA l, H helix CHBEOBRO
MIZALAEERERICFE LT3 203, BEERD
MR 123135 Tyr HC 2 ( 145 ) B> 1%l o> T 4%
BT, TOBRENANLMHEERERIZMS Y 3 L w91
Mo mEtiL, o5 28EL, Moffat® & L UF
Perutz " OiF R TEI TSN TS

MEaEL: T ryoVrnesals, w47 0%F0iHE
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