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Abstract
A study has been carried out on the sulfhydryl group reactivities of human methemoglobin A and its azide
complex with 2,2’-dithiobispyridine (2-DTP) in the presence and absence of inosital hexaphosphate (IHP) in
order to cvaluate clectrostatic effects on reactivity and the relationship. between conformational states and
reactivity. The reaction was monitored spectrophotometrically by the formation of 2-thiopyridone (the product
of the reaction) with an absorption peak at 343 nm at 20 °C.
The binding of IHP to methemoglobin A (met-HbA) diminishes the reactivity of 3-93 sulthydryl group towards
2DTP. This effect was used to determine the pH profile of the binding constants of 1HP to the surface of the
protein while changjng the complex at the heme iron. Work was also done on the equilibrium reaction of azide ion
with IHP- and 2DTP- chemically modified met-Hb A as a function of pH, and an equilibrium relationship was
developed for reactions both at the heme iron and at the surface of the methemdglobin molecule. The result
shows that binding at the heme by ligands such as azide ion affects the orientation of charge groups on the

surface of the met-Hb molecule as well as binding of organic phosphatc.

1. Introduction

Interactions among the sub-units of biological
macromolecules have long been recognized to be of
key importance in the mechanisms relating physical
and chemical properties to biological activities
(Grassetti and Murray, 1967; Taketa and Morell,
1969). Such interactions are generally assumed to
be mediated in part through changes in the three
dimensional structure of these molecules. The
cooperative interactions, changes in linked functions
and the conformation rearrangement associated with
binding of lingands to hemoglobin have made it a
popular modet for studies of such properties (Erve et
al., 1996; Kehinde er al., 1996).

Ligand binding reactions under different conditions
of pH, ionic strength and temperature have also
provided useful information for accounting for the
behaviour of important molecules of biological
interest like hemoglobin (Shaanan, 1983; Heindner
et al., 1976). Hemoglobin has been widely used for
the study of the relationship among physical structure,
chemistry and physiological properties of protein.
Investigation of hemoglobin have included not only
measurement of many physical parameters under a
variety. of conditions but also theoretical
considerations of possible mechanisms through which
changes in these parameters might be inter-related
(Okonjo and Aboluwoye, 1992).

Methemoglobin is a protein formed continuously (in
small amounts) in normal red blood. It is formed as a
result of the oxidationof iron (I1) of oxyhemoglobin -
to iron (IIT) with mild oxidizing agents. The sixty
coordination position of the iron previously occupied
by oxygen in the hemoglobin is now being occupicd
by a water molecule (Perutz et al., 1974), which is
capable of ionizing.

Organic phosphates have a pronounced cffect on
oxygen equilibrium curve of hemoglobin (Benesch
and Benesch, 1967). The shift in the equilibrium curve
to the right causes greater oxygen pressure to be
required in achieving the desired percentage
oxygenation. The decrease in oxygen affinity upon

" organic binding produces abnormal tertiary structure

in methemoglobin S and hence sickling (Benesch and
Benesch, 1967).

Organic phosphates regulate the oxygen binding
properties of hemoglobin by binding at the entrance
to the molecular dyad axis in deoxyhemoglobin
(Gottfried et al., 1997). ‘

The reaction of ligands with methemoglobin involves
conformational changes of which characteristic pH
is the manifestation (Beetlestone et al., 1976,
Ogunmola ef al., 1999). This information has been
used to investigate the ligand binding behaviour of
IHP and-2-DTP-chemically modified human
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methemoglobin A with azide ions in order to determine
an equilibrium relationship between complex
formation with hemoglobin and reaction with ligands.
We have in this study monitored binding at the heme
iron and the considerable changes at the tertiary
structure arising from changes of charged groups on
the surface of the molecules.

We have also determined organic phosphate binding
constants by monitoring the reduction in the reactivity
of the $-93 cys groups caused by inositol
hexaphosphate. '

2. Materials and Methods

Blood from normal human donors was obtained from
the Blood Bank, University College Hospital, Ibadan.
The 2-DTP used is a product of Sigma St. Louis,
USA. Inositol hexaphosphate (IHP) was obtained
- from British Drug Houses. Hemoglobin A was
prepared according to normal laboratory procedure.
The methemoglobin was prepared as described by
Ogunmola, et al. (2001). IHP-metHb complex was
formed by adding a calculated volume of stock

solution. This calculation was done using the
knowledge of the stoichiometry of the binding HIP
to metHb molecule which is of ratio 1: 1 (one mole of
IHP molecule binds to one mole of hemoglobin

tetramer) (Gottfried er al., 1997). The concentration

of the metHb. used was 4 uM. The 2-DTP-metHb
complex was formed according to the method of
Ogunmola ez al. (1999). Bis-Tris and Tris/HCI buffer
solution of ionic strength 0.1 M were used throughout
this work for all measurements. From pH 6.0 to pH
7.2, Bis Tris buffer was used. At higher pH up to 8.0
Tris/HCI buffer solutions were used. The ionic
strength of these solutions was maintained by the
addition of suitable amounts of sodium chloride. The
pH values of all solutions were checked with Crimson
Micro-pH 2000 Instrument,

The Kinetics of the reaction of 2-DTP with the
metHbA were monitored at 343 nm on a Perkin Elmer
Lambda 38 UV/visible spectrophotometer according
to Ogunmola ez al. (1999). All reactions were carried
out in Triplicate at 20 °C. The hemoglobin
concentration was 4 uM per tetramer. The extinction
coefficient of 2-thiopyridone, the product of the 2-
DTP reaction was assumed to be 9730 M+ CM"!
and it is independent of pH (Grassetti and Murray,
1967; Hallaway et al., 1980).

The azido methemoglobin was formed according to
the method of Okonjo and Aboluwoye (1992). The
equilibrium reaction of azide ion with chemically

modified human metHb A was monitored according

. to the method of Beetlestone et al. (1976).

Ogunmola et al: Equilibrium reaction of human methemoglobin A

3. Results and Discussion

The thermodynamic cycle that describes the
dependence of human methemoglobiin reactions with
2-DTP, IHP and azide ion is presented in Scheme 1
below:

SCHEME 1

2DTP K

Hb*OH, + Ny L HbN ;"

€
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Owing to the cyclic relationship between the four

equilibria that describe:
(1) Binding of
(Aquomethemologlobin)
(2) Equilibrium of azide complex with [HP
- methemoglobin

(3) Binding of IHP to azide —

IHP to metHb*OH,

methemoglobin

. (4) Equilibrium of azide complex with 2DTP-
solution (10 pM THP) to make 100 ml. of metHb ,

methemoglobin
It is assumed that:
K,-Kp,= Kp_l - Dy, (1)
Taking log, equation (1) becomes:
. LogK, —LogK,,=1Log K, ~LogkK,,
or . ‘
LogK,, =LogK,, +Log Ko, (2)

; p2
It is necessary that:

G,-G,= G,-G, )
Where G, and G, arethe free energies of IHP binding
to aquo- and azxdo metHbA, G, and G, the binding
of azide to IHP-metHbA and 2DTP ~metHbA
respectively.

Thus a difference in the IHP binding to azido andto
aquo-methemoglobin must be reflected in a
comparable difference in the binding between
reactant and product, especially a change in the
binding of some ligands when protein is modified.
The equilibrium relationship between complex
formation with this protein and reaction with a ligand,
as can be deduced from equation 3 is:

AG; ~AG, =RTIn %‘—

3

4)

where:
AG®,= Standard free energy change .
accompanying the binding of azide to 2DTP-metHb
AGe, = Standard free energy change
accompanymg the binding of azide to IHP-metHb
K, and K,= The measures of the IHP binding

to aquometHb and azidometHb respectively.
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Fig. 1: pH dependence of binding constants Kp of IHP to human AguometHbA and Azido
derivative at 20 °C [AguomethbA] = 4 x10° M, (AzidometHbA] = 4 x 10° M, 1 = 0.1 M,
[2DTP] = 97 x 10° M
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Fig. 2: pH dependence of the binding constant(Ky) of inositolhevaphosphate(lHP) to human AquometHbA at
20 °C [AquometHbA] = 4 x 10°M; 1 = 0.1 M, [2DTP] = 97 x 10°M
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When Ks are replaced by the binding,
cquation (4) becomes

1HP binding to agquometHb
iHP binding to azidometHb
With AG* . AG®,, replaced by

AG,~AG, =RT In ©)

K,, and'K,, equation

(4) becomes:
KI)I
l,OgK“ = l,OgKl'2 + L()g*__ (6)
D2

which is similar to cquation (2)

Reactivity of Aquomcthemoglobin and its Azido
Derivatives:

Decreased reactivity of the B-93 sulfhydry! groups
of'aquomet HbA on IHP binding has been reported
previously (Ogunmola er al., 2001; Okonjo, 1980).
Ouwr results have shown that IHP binds to metHbA.,
We have used the organic phosphate cffect on
sulfhydryl reactivity to determine the IHP binding
constant by the method of Ogunmola ef al. (2001).
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In Fig. 1, we present the dependence of [HP binding
to aquometHbA and its azido derivative. The binding
of IHP to both aquo-and azido-metlIbA decreases
with increasing pH (Tablc 1. IFig. 2) for a given pil.
the THP binding constant of the aguomettbA is
higher than that obtained for the azido derivative
(Table 1). The lower values of THP binding to mettb
types at higher pH shows very weak [HP binding at
higher pH where the methemoglobin would carry a
net negative charge.

The addition of azidc ion to metl b not only decreases
its net charge by onc but also gives rise to a decrease
in the pK_ of ionized group on the metHb and as a
result protons arc taken up (Qgunmola ¢f ol 2001:
Aboluwoyc, 2003). The change in the pil and
“conscquently ionization of charged groups on the
hemoglobin  molecule produces different
conformational changes in these molecules which
result in changes in the structure at the IHP binding
site and at the structure ncar the 3-93 sulfhydryl group
of these molecules.

Table 1: pH dependence of the binding constants (K) of inositol hexaphosphate (H 1P} to human Aquomcethemogiobin

A and its Azido derivative at various concentrations of IHP at 20 °C.

|Aquomctl IbA | = 4 pM. [AzidomettbA) = d

pM, =01 ML [2DTP) =97 pM.

Aquometlib A Azidometllh A
pH Kpi(* 10%) pH Kpal ¥ 10%)
5.08 13.580 6.14 §.810
6.45 11,051 6.50 8313
6.89 8.138 681 | 7876
7.27 7.406 742 7.376
7.70 6.808 7.79 6.835
8.13 6.724 8.20 o184

Table 2: Equilibrium binding reaction of azide ion with human 2D1P-and 111P-modified human muHh/\
2DTP-MET HbA MP-MET b |
ull Log K, pli Log KLZ*J
6.20 | 553+0.01 | 614 | 5411003
6.50 | 3.58+001 | 627 | 543+ 0.0]
683 | 545+005 | 689 | 541 +0.01 |
741 | 5444002 | 7.30 | 5.40+001
7.85 | 5324001 | 772 | §35+002 "
819 | 526+0.01 | 804 { 5201001

Table 3: Estimated-and Experimentally measured cquilibrinm constant (log K, ) ol the binding reaction of azide

complex ol 2DTP-and 11 1P-modificd human met 1bA at 20 °C.

2DTP-methib A HIP — met IbA
pll Estimated values Experimental pli VEstimated values | Lxperimental vatues
values o
6.20 5.60 +0.02 5.53 +0.01. 6.14 5344002 | 5.41:+0.03
6.50 5.55 +0.01 5.58 +0.03 647 5.45+0.0) j 43 +0.01
6.83 5.42 +£0.02 5.45 +0.02 6.59 5.44 +0.02 - 5414002
7.41 5.40 + 0.01 5.44 £ 0.01 7.30 5.44+0.01 540 +0.01
785 | 535+0.02 5.32 4+ 0.01 7.20 5.32+0.01 3353001
$.19 5.24 +0.01 5.26 +0.01 8.04 5.22+0.01 5.20 4 0.0)
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Previous studics have shown that the same residues
in both aquo-and azido-methHb are involved in the
binding of IHP (Perutz er af., 1974, Ogunmola et al..
2001: Edalji er al., 1976).

Reports have shown that some charged groups
different from those making up the binding sitc must
be involved (Ogunmola ef al., 2001). It can thercfore
be said that the difference in reactivity of
aquometHbA and its derivatives is as a result of the
small changes in the tertiary structure of the B-chain
thatoccur as a lunction of difference in the ligand at
the heme presumably arising {rom changes in the
spin state ol the heme iron.

The results of the azide reactions of IHP-and 2D TP-
metHbA at 20 °C arce shown in Table 2. The
experimentally-measured values of the equilibrium
constants (Log K, ) of the binding reaction of azide
complexes of 1HP-and 2DTP-metHb A at 20 °C are
in very good agreement with the cstimated values
(Tablc 3). ,

The close agrecment between experimentally
measured values and the cstimated log K values
supports the validity of equation(6).
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