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ABSTRACT

To correlate reactivity with conformational changes, the reduction in sulfhydryl reactivity rate was
employed in this study to determine the binding constants of Inositol hexaphosphate (1HP) to human
methemoglobins A and S at the surface of the molecules while changing the complex at the heme-iron.
Our study was carried out in the pH range of 6.0-8.0 at three different temperatures (15°C, 20°C and
25°C). The binding of 1HP to methemoglobins A and S and their azide derivatives diminishes the rate of
reaction of 393 sulfhydryl groups towards 2,2-dithiobispyridine (2-DTP). Differences in reactivity are
explained not only on the basis of a single mutation at the A3(6) B position in the two hemoglobin
molecules but also in terms of other physical properties. Our result shows that in the absence of 1HP, the
CysF9 (93) P sulfhydryl group of aquomethemoglobin A and S are more reactive with 2-DTP than their
corresponding azidomet derivatives. There was also a progressive decrease in the binding of 1HP to all
the methemoglobin types with increasing pH. Changes in the pH and consequently ionization of charged
groups on the methemoglobin molecules produce different conformational changes in these molecules,
resulting in changes in the structures at the 1HP binding site and in the vicinity of the 93 sulfhydryl
residue of the aquo and azido methemoglobins. The dissociation constants obtained in this study ranged
from 82 x 10 to 167 x 10 for aquomet HbA and 43 x 10 to 137 x 10 for AquometHbS. The

corresponding values for azidomet HbA and S were much higher than these values.

Keywaords: methemoglobin, conformation, sulfhydryl, allosteric, heme-iron

INTRODUCTION

Chemical siudies have shown that human
hemoglobins A and S differ from normal hemoglobin
A in a single amino acid residue. These hemoglobins
have identical o cubunits but difter from one another
in one out of 146 ~mino acid residues on each of their
two [} subunits.

In hemoglobin A, the 6% position in its B subunit
is occupied by :gatively charge glutamic acid
residue. In hemogiobin S, this position is occupicd by
a neutral valine residue (Ingram, 1959) which means
that the two hemoglobin molecules differ by one
charge unit. The mutation occurs at the surface of the
hemoglobin molecule.  In spite of this relatively
minor differences  in - amino  acid composition,
significant  clinical consequences arise for people
who are homozygous for hemoglobin S and these
have been cxustively studied (Ingram, 1959, Pauling,
et..al. 1949). Despite the known difference between
homoglobin A and S reported by Pauling, et. al.
(1949), it has been assumed until recently that in the
tiganded state both hemoglobin have similar if not
identical structure. This suggests that the organic phosphate
binding site would be the same in these molecules ((,)ko‘n‘jo, et.
al. 1996). The role of organic phosphates as allosteric effectors
in the regulation of oxygen alfinity of buman hemoglobin has
heen widely investigated (Mozzarell, vt al. 1997). In the

presence of high salt concentration, the effect of organic
phosphate tends to disappear (Konisherg, et. al. 1961)
suggesting that the interaction of these phosphates with
hemoglobin is clectrostatic. Itis well documented that
both  oxy and deoxyhemoglobin bind organic phosphates
(Benesch and Benesch 1967). The controversy of the number
of bmding sites for oganic phosphate per tetramer has been
resolved by x-ray studies of Arnone’(1974) and Gottfried, et.
al. (1997)  who showed that one molecule of
2,3, diphosphoglycerate (DPG) binds to one molecule of
deoxyhemoglobin on the  P-chains and that it takes up a
stercochemically complementary position on the two fold
symmetry axis and fits into the entrance to the central cavity.
Reports from Perutz and Armone (1974) indicated that the
binding site of 2,3-DPG is the same for 1HP.

Inositol hexaphosphate has been reported to be
the most effective polyphosphate which reduces
sulfhydryl reactivity and hence, enhances sickling
(Garby, et, al. 1969, De Bruin 1974) consequent. on
the very stable complex it forms with hemoglobin.

Therefore, it has been gencrally assumed that the
afinity of 1HP for hemoglobin is too high to permit
measurenent of the equilibrivm constant for the
reaction directly (Gray and Gibson, 1971, Baldwin,
19751,

In the present study, the reduction in sulfhydryj
reactivily rate is employed to defermine the binding
constants of LHP to human methemoglobins A and S
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at the surface of the molecules while changing the
complex at the heme iron according to Scrutton-
Utter’s (1965) equation with the aim of correlating
reactivity with conformational changes in these
methemoglobin molecules. Assuming that the rate of
binding of 1HP to the methcmo&lobm is faster than
that of 2-DTP, it is possible to calculate from the
reduction of the rate of reactian of 2-DTP by 1HP,
and write an expression for the equilibrium constants
for the binding of 1HP in terms of the reduction in the
rate constants for the binding of 1HP to
methemoglobin.

The decision to study sulfhydryl group reactivity
with 2-DTP in the presence and absence of organic
phosphate calls for the use of a buffer that does not
bind to methemoglobin (Arnone, 1974). However,
there is evidence from Benesch (1967) work that Bis-
tris and Tris/HCI do not bind to hemoglobin. Bis-Tris
and Tris/HCI therefore appear 1w satisfy the
requirement for this study.

All the methemoglobin employed in this study
were purified and had only one pair of reaciive
sulfhydryl groups per bemoglobin  molecuie at the
Cys F9(93) B position.

In this paper we report the structural
characteristics of the bindiag of IHP to human aquo
and azidomethemoglobins A and 8. Previous work
on the determination of binding constants of [HP with
hemoglobins have been carried out at particular pH
and temperatur. (surby, et al. 1969, Okonjo, 19890).
In none of -hese studies have more detailed
investigation into the pH and temperature profiles of
the binding cons.wnts of THP been reported,

’Ihls sjudy aried out in order to evaluate the
basic mechani.m o the factors sesponsible for the
effect of changes of pH and temperature on the
reduced reactivity of the P93 sulthydryl groups of
these methemoplobins by IHP and (0 determine if the

suggestions cwnmmmg, velationships  between
conformational and reactivity are reflecied in
these metheme,, 3,

MATERIALS (EKIGDS

2,2’-dithiob

nd inositol hexaphosphaie obtained
as the sodium sait from Sigima St Louis were used without
further purification. Normai human biood from Blood Bank
and freshly drsws bleod from sickle cell patient was obtained
from Haematology Department, University Collepe Hospital,
Ibadan. Hemoglobin was prepared according to normal
laboratory procedures. Azido methemoglobin was prepared
according to the method of Okonjo, et. al. (1996). A cation
exchanger, C'lrlmxymuhvl cellulose  (microgranular, pre-
swollen, cm 32 Whatman) was used to purify the hemoglobins.
Purification procedure that separate the hemoglobins by means
of a gradient of pll ihat was produced by Bistris buffer was
adopted.

The kinetics of the reaction of 2-DTP with aquo and
azidomethemoglobins A and S were carried out in the
presence and absence of THP at three different temperatures;
15°C, 20°C and 25°C. Bis-tris and Tris/HCL buffer solutions
at ionic strength of 0.1M were used throughout this work for
all measurements on SH reactivities from pH 6.0 to pH 7.2, At
higher pH up to 8.0 Tris/HCI buffers were used. The 2-DTP
reactivity with these methemoglobins was monitored on Cary
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Figurela Pseudo first rate order plots for the reaction of human Aquomethemoglobin A
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Figure 1b  Pseudo-first order rate plots for the reaction of human

Aquomethemoglobin $ witn 2-DTP and for comparison similar plots in the presence

of 1HP.
Triangle, without 111P, squarcs, + 90uM 1HP, pH 7.6 20°C. [2-DTP] =97TuM,

[methemoglobin} = JuM, 1 = 0.1M

219 spectrophotometer at 343nm.  The absorbance at one
minute interval was recorded with a W.G. PYE and Co. Lid.
Cambridge stop-clock.  Constant cell temperature was
maintained with low temperature bath made by Wilkens
Anderson Company, USA. The ionic strength of all butfer
solutions was maintained at 0.1M by addition of suitable
amount of sodium chloride. The pH of all solutions was
measured with a Crimson micro pH 2000 instrument. Each
kinetic run was repeated thrice under identical experimental
conditions. The 2-DTP concentration was 96.7um, while the
methemoglobin concentration was 4um in sulthydryl groups.

RESULTS AND DISCUSSION

Tables 1a and b show the result of the effect of 111P on the
sulthydryl reactivities of aquomethemoglobins A and S. A
comparison of the values of pseudo-first order rate constants of
the 2-DTP reaction with aquomet HbA and S in the presence
of 1FIP shows that IHP diminishes the reactivity of the
Cys F9 (93) B suifhydryl groups of these methemoglobins
(Table 1 and Fig. 1a, & b). [t is clear from Figure 1 that IHP
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Table Ha); T

i A and for comparison in the presence of various

and pH dey

of mean g

of 1P, Aq

first order rate constant (Kp,) of 2.D'TP reaction with heman Aquomethemoglobin
t Hb.A] = duM tetramer, 120.1M, J2-DTP]-0730M

PH Plus 2.DTP, (HIPJ=900M {tHP)=1 105 HNP=1304M [1HP]=130aM 1P} 500
without [HP Keps X 107 (min') Koy X 107 (min™") Koo X 107 (min'") Kyns % 107 (min™) K x 107 (min™")
Koy X 107 (min")
15°C
6.13 379+ 0.0 226+ 001 2115003 1.84+ 0.01 1.78 £ 0.03 1.78 % 0.01
6.53 480+ 0.03 270+0.03 2424002 1.29 4001 1.09 +0.06 1.05+ 0.0
6.94 494 ¢ g0l 2.69 4 0.01 2215003 1.94 + 0.02 171500 148 £ 0.04
7.33 5.30 + 0.02 2,79+ 0.03 241 £0.01 2.24 4001 1.99 £ 0.04 1.59 rom
.1 5.47 ¥ 0.03 3.99 +0.01 3.89+0.02 3.69 £ 0.02 358 £0.03 3.26 4 0.05
8.14 6.36 + 0.01 4.93+0.0) 4.78 +0.05 4.63 +0.03 451400 4184003
20,’(‘ — — SO
it Pius 2-D1 P, (HPT=00.M TP LI TR 30M FIPE 1 50pM iv-isonN
without 1P Kope X 107 (min™) Ko X 107 (min'") Ko X 107 (min™) Ko X 107 (min™) Kavs X 107 (min"y
Ko X 107 (min™) e e e e e e e et e e e
e T a0l o0e T T 2001001 0.71+0.03 0441001 0.02F 00§ 0.04+ 0,03
6.45 572 100! 250 4 0.04 113+ 002 1.99 +0.04 0.66 4 0.03 0.39 + 0.0}
() 610006 100 0o T840 161 F0M 1AL 00 T a3
1.7 6,30+ 001 RN XU NN 2811001 26100l 200 v on
175 6.58 + 0.02 3184006 3.24 1 0.0 2671006 249 0.0 210 1 000
8.43 494 £ 0.0} de9 00 120 002 3907001 171008 148+ 000
“-5“‘ - et e e aea N .-
TR BT R T S T I R T IHPI=1300M QP 1500\ [HPT=T 80
Fowe X 10’ (min") Ko X 10 N e 10 iy Ko € 107 iy Ko & 107 (min Yy
K N0 min ) e et e
T3 as8 w003 2.61 % 0.01 47 ¥ 002 2.30% 0.02 2324002 .54+ 00
6.44 6.68 + 0.01 2.03 4 0.04 1.71 £ 0.03 1.50 + 0.01 1.25 + 0.0 1.07 + 0.02
6.81 7423004 3.98 +0.01 3.85 4 0.05 3.66+0.01 3.49 +0.04 2.59 4001
123 7.56 4 0.01 310 +0.02 2.60 1 0.01 2424006 218002 144 + 0.0%
6.65 7.63 % 0.02 3150 +0.01 103 E00 2,82 +0.02 258 +0.01 1.84 4 0.0
8.05 7.88 1 0,01 4200005 naston 244003 230k0M 193 002
Table (b, Temperature and pH depend of mean pseudo-first order rte {Kens) of 2-DTP reaction with human Aquomethemoglobin S and for
comparison in the presence of various concentrations of THP, {Aquometlih.SJ=4uM tetramer, I1=0. 1M, {2DTP)}=97uM
oH Pls > PIT [11P]-90:M HIP)= 1105 P13 [1HP) 130,50 [HIPT-150,M
without ST Ko X 107 (min™y Koo x 407 (min) Kens X 107 (min'"y Ko € 107 (min®) Koy x 10 (min")
Koy X107 o) .
Tt 15°C
6.14 6.00 +0.01 2.8140.02 273+ 0.06 2.64+0.01 2134001 201 £0.02
6.52 6.01 1 0.0 293 F0.03 2724003 2.41 £0.01 2231001 2.04 +0.01
695 641 + 0.0 307007 3.69 £ 0.05 2.49+0.01 1054005 258+ 0.06
733 6.67 +0.04 3.85 +0.02 1784002 1544002 30 enm 257+0m
771 7.62 +0.03 371 £0.01 3.15+0,0) 2.60+0.04 2394004 2.08 +0.01
3.10 7.70 + 0.01 3.41+0.01 3124001 2.80 +0.04 2.13+001 1.91 +0.01
zonc i
pH Plus 2-DTP, (IHP]=90:M [iP)=110pM IHP]=1303M (P 180N

without [HP

K X 107 ()

Kops X 102 (min'")

Ko x 107 (miny

Kope x 1072 (min™")

[HIP =1 50pM
Kops X 107 (miin*y

6.08 6.12 + 0.0 3.25 +0.05 3.16 £ 0.04 3074005 2.83 +0.01
6.50 6.62 1 0.01 2.38 +0.01 231006 2.52 +0.01 SATHQOS
6.88 6.67 4 0.01 325 %001 298 £ 0.01 2725006 2304 001
7.36 6.67 00N 395 +0.06 3374002 3194001 1RO L 006
175 699 4 0.0 3.64 0 0.01 1240002 307 4+002 2Rt 003
.15 A0 seereel o 353E0.02 339001 Lo
, . LC

T T s o [llll‘l”"m‘n;‘“ THIRT 11 ..:””;,]___', g HHPG 1 s

Wil oy Kuae N 10 0o ) Koaw N HE iy Rone % 107 (o 'y Km0 107 (min"y

I K X 10 g ') . S -

6.05 6.50 +0.02 221 +0.0! 1.53 3 o) 1 I om
643 6.1710.02 326+ 0.02 296 1 0.01 262+ 0.06 2.66 1 0.04
6.85 7.8 0.M 1.62 1 0.03 314002 2.35+0.03 268 +0.01
7.24 3,95+ 0.03 3.77 + 001 3.24 + 0.0t 150+005 370+ 0.01
7.61 9.77 +0.02 4.15 +0.03 4.06 + 0.01 3.63 +0.06 3974+ 0.04

808 1041 +0.02 6.17 +0.0% 5.69 +0.05 5,49 + 0.0 5454001

considerably reduced reactivity of the aquomethemoglobin A
and S sulfhydryl groups. Similar results were obtained for the
corresponding azidomethemoglobin A and S derivatives at all
temperatures and pH. A similar decrease in reactivity of p93
sulfhydryl groups of oxyhemoglobin A and methemoglobin A
by IHP binding have been reported by Perutz, et. al. (1974)
and Okonjo (1980). We have used this reduction in the
reactivity ratc caused by IHP to determine the binding
constants of IHP to both azido and aquomethemoglobins A and
S by the method of Marsh,et. al. (1975).

Kan ¥ 107 (min 1y

2801003
218 + 004
2274001
282 v 0
2240 000
_4.'.. ,t_(.,i"s

JIHB| s
Kowe X 107 (min'")
ENIEY XS

2.534.0.06

2624004

3.03 1 0.00

2.60+0.01
JA.581001

In this study, the dissociation constants of the
complex between human metHb and IHP has been
deduced and the binding constant calculated using

Scrutton-Utter

(1965)

equation:

A binding

stoichiometry of one IHP molecule per hemoglobin

tetramer was also assumed for this work.

The interaction of metHb with 2-DTP in the
presence and absence of IHP may be described by the
following scheme:

Mettb, LLIP

Methib, o 11
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MetHb; + 2DTP  eemeeveaemnmenen

{TP)Hby + 2TP

MetHb,. 1HP + 2DTP

(TP)Hby 1HP +2TP

Where Ky is the dissociation constant of
mettb, IHP complex.  Assuming the equilibrium
between metlib, 1HP and metHB.IHP is reached
before the reaction with 2-DTP is initiated and the
concentration of 1HP and 2-DTP are large compared
with that of metHb, the following equation derived by
Scrutton and Utter (1965) holds.

)

Where k and k, represent the pseudo first order
rate  constants  of sulfhydryl reaction  with
methemoglobin towards 2-DTP in the presence and
absence of 1HP respectively,

The k and k, were obtained from the values of
least square slopes of plots such as shown in Figures
laandb.

In Figures 2a and b, we present the plots of our
data according to equation (1) for the methemoglobin
molecules.  Straight line plots were obtaiped. The
values of the least'square slopes Ky, of these plots are
presented in Table 2. The values of the dissociation
constants reported in this table were obtained by an
indirect method by observing the reduction in
sulthydry! reactivity of the methemoglobin molecules
in the presence of 1HP (Taiwb, ct. al. 1979) assuming
that a pre-equilibrium between organic phosphate and
hemoglobin tetramer ig already in existence before the
2-DTP reaction was initiated. The  dissocia.
constants obtained in these studies range from 82 x
10 to 167 x 10°® for aquometHb A and 43 x 10 to
137 x 10 for aquometHb S. The corresponding
values for azidomettlb A and S are much higher than
these. For the present study, the values in Table 2 are
adopted as true binding constants. These values show
that [HP binds more strongly to methemoglobi. S

than to methemoglobin A. The analysis of our results WA,

show that the value sof the dissociation constants
reported in Table 2 are much higher than those that have been
assumed by previous investigators (Baldwin, 1975). The
dissociation constant of 6 x 10°*M reported by Edalji, et.
al. (1976) for deoxyhemoglobin IHP complex in their proton
uptake associated with binding studies is particularly lower
than the data obtained by the present method. However, it is
closer to that obtained by the kinetic studies of Gray and
Gibson (1971) and that of Benesch and Benesch (1970) who
found that at pH 7.0, 20°C, one mole of DPG binds to one
mole of hemoglobin tetramer with a dissociation constant of 21
x 10°M.

However, the result of our work is in agreement with the
work o f Bunn and Briehl (1970). 1t is interesting to note that
part of the results presented here are not comparable with the
findings of Okonjo (1980} who worked on oxy and metHb A
and S at pH 7.6, in phosphate buffer at 20°C. He found no
detectable binding of 1HP to metHb S. The data he reported
are not strictly comparable with ours because they were
obtained at different salt concentrations and in phosphate
buffer at pH range 6-9. .

Our result is not surprising in view of the known higher
net-positive charge of hemoglobin S (Ingram, 1959) and the

Table 2apH and temperature dependence of dissociation constants (Ky) of HIP
with human Aguomethemoglobins A, S .

Acuomethemoglobin A

15°C 20°C 255¢C
pH K uM pil Ky pb plt Ko__ yM
6.13 82191 £2.90 608 73.636 +770 603 65322%5.8]
6.53  99.184 £7.42 645  90.492 & 3.01 644 698334273
6.94 140,885 +254 689 1228801472 681 78703+ 4385
733 146310+ 10.13 727 135140+ 2.63 723 85310+£3.72
773 153271 +12.09 770 146.889 £ 4.62 765 98658 +8.11
8.14  166.899 % 5.80 813  148.726 + 1.54 805  139.032£4.31

Aquomethemoglobin S

159 209C 259C
pH Kn aM pli K pM pll Kp uM
6.44 43009 x| 07 6.08 36333 2313 605 32285+ 197
6.52 76670 x3.76 6.50 64.8063 1 3.52 6.43 4841712006
695 96383 x512 6.88 79157 +2.54 085  56.628 £3.23
733 11754942 %0 7.36 95.109 +2.71 724 63351143
770 124.039+£2.94 765 106575 %+2.4) 761  68.856 % 4.62
§.19 8.15 120.2884 7.1} 8.08 96.532%3.71

137.580 12 31

Table 2b.pil and (emperature dependence of dissociation constants (Ky) of THP
from Azidemetlih, A, §

Azidemethemoglobim A

150C 20°C 250C
pli_ Kn  pM - Ko puM Pt Ko pbt
6.18 119638+ 305 6.14  113.50% +2.69 6.11 111,429+ 285
6.57 126975+ 5.1 6.50 120.288 £ 4.63 6.42 104713+ 6.33
6.99 146310+275 681 126975+ 532 6.85 111.944£4.52
737 147564+ 621 742  135.568 + 4.65 7.28 121,33943.28
7.82 166,900 £ 5.91 7.79 1463114 3.90 7.66  137.564 % 3.05
8.17 168.590 % 3 51 8§20 161.708 £ 7.64 8.14 146900+ 6 88
Azidemethemoglobim S
15°C 20°C 250C
pH Ky M pH. Kn _ uM pl Ky pM
620 65322%2.16 623 64542+ 430 621 62873 4£3.52
6.57 67.161 538 6.60 6538{ £3.7S5 6.55 063.833+2.21
Tl 9SRAR&£2.78 G698  90.860 & 2.66 6.3 767774328
739 11¢ 63523 745 965334236 7.36 80.112+4.01
779 13 2x785 719 109598 £2.57 780 91793x3.78
824 139.032%652 8.21 123.507 + 4.01 8.18 103,158+ 5.80
07
oo
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P
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®
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Figure2a  Scrutton-Utter plot ot the kinctic data for 2-DTP reacting
with human aquomethemoglobin A in the presence of JHIP at various
concentrutions. pH 72, 15°C. Experimental conditions as in ligure 1b
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known different electrophoretic mobilities of hemoglobins A
and S (Pauling, et. al. 1949). Methemoglobin S carries a
neutral valine residue at the B6 of the beta chain from the
carboxy terminal which is replaced in methemogiobin A by
glutamic acid. If the IHP binding site is the same in these two
methemoglobins, our result would imply that the geometrical
arrangement of the basic groups at the 1HP binding site must
be considerably different in methemoglobins A and S.

Numerous experimental evidence exist for a number of
differences between hemoglobin A and S; there is a difference
in the solubility of the two molecules in concentrated
phosphate buffers (Benesch, et. al. 1977) a difference in optical
activity has been observed between the carbon monoxy
derivatives of the two proteins (Fronticelli, 1978), antibody
fractions specific to HbS have been purified, 303 MNR
measurements show that there is a differcnce in the resonance
of some surface residues in the two molecules (Benesch and
Benesch, 1970). Consequently, we must conclude that these
dilferences in their reactivity or physical properties cannot
easily be explained purely on the basis of the single point
mutation at the A3(6) B position.

The results for methemoglobins A and S reported in the
present study, suggest that there is conformational differences
between methemoglobin A and S in the vicinity of the 6 (A3)
residuc.  Strong experimental evidence exist for interactions
between Gluf6(A3) of methemoglobin A and a number of
amino acikl residues arcnnd it These interactions had been
demonsirated to be absent in methemoglobin § (Baldwin,

19753, -t absence of these interacting molecules would
mean e e eridary structure near the presumed P binding
site is ¢ #erent in metHbS from what it is in metheglobin A
(Okonjo, et 2l 1996).  Such difference in structure would
account for the fact that 1P binds more strongly 1o metl1bS
than 1o o0t fbA. HHP have a pronounced effect on oxygen
equiliv. han curve of  hemoglobin  (Benesh and
Benuesh, 1967, Chanulin, 1967). The shift in the
equiibi im curve to the right causes a greater
oxygen pressure to be required in achieving the
desired percentage oxygenation. The decrease in
oxygen - y upon IHP binding produces abnormal

tertiary ~.sviure in metHbS and hence sickling.

Figure 3 shows pH dependency of the binding of
IHP to aquo and azidomethemoglobin A.  The
binding of 1HP to all the methemoglobins decreased
with increasing pH.  Comparing the curve of
aquometiib A with those of aquometHbS, it is
obvious that the binding of IHP to all the
methemoplobins decreases with increasing pH. The
same ix ~lso evident from Figure 4 which shows the
pH dependence  of IHP binding to their azide
derivatives. For a given pH, the 1HP binding constant
of the human azide methemoglobin is consistently
lower than that obtained for the corresponding
aquomettibS.  The lower values of IHP binding to
micitb species at higher pH shows very weak 1HP
binding at higher pH where the methemoglobins
would carry a net negative charge.

The addition of an azide ion to metHb not only
decreases its net charge by one but also gives rise to a
decrease in the PKa of ionised group on the
hemoglobin and as a result, protons are taken up. The
change in the pH and conscquently jonisation of
charged groups on the hemoglobin molecule produces
different conformational changes in these molecules.
This effect results in changes in the structure at the
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Scrutton- Utter plus of the kinetic data for 2-DTP reacting with

Figure 2% at phl 7.6 20°C.
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Figure 3 pit dependence of the binding  constant (k) of
Aquomethemoglobm A, ¥ &, The condition of experiment as in figure 1b

€ squase, aquomectiiemoglobin A, ®  circle, aquomethemoglobin §

IHP binding site and in the vicinity of the 93
sulfhydryl residue of the aquo and azido
methemoglobins. In spite of the differences between
methemoglobin A and S at the {6 of their beta chains,
the two methemoglobins have the same affinity for
IHP if they are compared not at the same pil but at
pH sufficiently different such that ionization of the
other side chains presumably histidine residue
compensates for the charge difference.

Previous studies have shown that the same
residues in both aquo and azidomethemoglobins are
involved in the binding of THP (Arnone, 1974; Edalji,
et. al. 1976; Bunn and Brieh!l 1970; Perutz, et, al.
1974). In the absence of IHP, these residues

tHP o human
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Figure 4 pH variation of binding constant (Kb) of 1P binding to human
Azidomethemoylobin A compared with the Azidemcthemoglobin S

at 15"C*ay a fimction of piL.
@ square, azidomethemoglobin A, ®  circle, azidomethemoglobin S,

supposedly have the same PKa value in both the aquo
and the azidomethemoglobin structures. If the 1HP
binding groups contribute to the differential
reactivities of the two hemoglobins, they cannot be
solely responsible for this. Some charged groups
different from those making up the binding site must
be involved. 1 s therefore suggested that IHP binds
more  strongly  to aquomet  HbA  than  to
azidomethenoglobin - A as a result of the small
changes i crijary structure of the B-chain that occur
as a furr  of difference in the ligand at the heme

presumably arising from changes in the spin state of tf% heme iron.

“We therefore, conclude that, binding reactions of IHP to
methemoglobin and invariably the binding of organic phosphate to
hemoglobin in general are intimately related to the amino acid
composition and conformational states of each hemoglobin.  Also,
decrease in oxygen affinity upon JHP birding produces abnormal
tertiary sti ‘n HbS and hence sickling.
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