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Kinetics of Deoxyhemoglobin Subunit Dissociation 
Determined by Haptoglobin Binding: Estimation of the 
Equilibrium Constant from Forward and Reverse Rates? 
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ABSTRACT: Deoxyhemoglobin tetramers dissociate into di- 
mers very slowly, with half-times on the order of several 
hours. It is demonstrated that absorbance changes in the 
Soret region which accompany this dissociation and persist 
upon binding of haptoglobin 1-1 to the dissociated dimers 
can be used for accurate kinetic determinations over the 
necessarily long periods required for study. This method of 
study for the slow reactions depends upon long-term spec- 
tral integrity of the reaction mixtures and upon accurate 
measurement. The variation in rate constants determined 
by this procedure has been correlated with variations in 
structural constraints at the dimer-dimer contact region. In 
the presence of 2,3-diphosphoglycerate the rate constant is 
decreased, consistent with the role of this effector in binding 
to both p chains and stabilizing the constrained deoxy tetra- 
mer against dissociation into ab dimers. With hemoglobin 
specifically modified (des-Arg- 141 a )  to eliminate half the 
constraining salt links within the dimer-dimer contact re- 

D i s soc ia t ion  of hemoglobin tetramers into ap  dimers 
near neutral pH eliminates the intersubunit contact plane 
where major changes in quaternary structure are known to 
occur upon oxygenation. This contact region contains a 
number of specific chemical linkages (e.g., the critical salt 
bridges and hydrogen bonds) which are believed responsible 
for stabilizing the deoxy quaternary complex and which are 
destroyed upon oxygenation (Perutz, 1970; Perutz and Ten 
Eyck, 197 1). Experimental studies on the kinetics and ther- 
modynamics of dissociation processes affecting this contact 
region can therefore provide basic information regarding 
the molecular events which accompany cooperative ligand 
binding (Noble, 1969; Weber, 1972; Thomas and Edelstein, 
1972, 1973; Ackers and Halvorson, 1974). In this paper we 
rep'ort results of measurements on the kinetics of deoxy- 
hemoglobin subunit dissociation determined by haptoglobin 
binding. We have also carried out stopped-flow determina- 
tions of the rate constant for reassociation of dissociated di- 
mers. Combination of these forward and reverse rate con- 
stants permits us to estimate the equilibrium constant and 
free energy for dissociation of unliganded tetramers into di- 
meric species. We report here the first determination of this 
constant which is independent of any assumptions regarding 
other energetic quantities to which the dissociation is 
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gion, the dissociation rate is increased by approximately 
three orders of magnitude. In hemoglobin S where the 
amino acid substitution is not directly in the intersubunit 
contact region of interest, the dissociation rate is found to 
be approximately the same as that for hemoglobin A. Com- 
bination of the dissociation rate constants determined by 
haptoglobin binding with stopped-flow determinations of 
the rate constant for reassociation of dissociated dimers 
provides an estimate of the equilibrium constant, OK*, for 
the deoxyhemoglobin dimer-tetramer equilibrium. This es- 
timate is independent of any assumptions regarding other 
energetic quantities, and yields a value of 2.54 f 0.7 X 1OIo 
M-' (heme) in 0.1 M Tris-HCI, 0.1 M NaC1, and 1 m M  
EDTA, pH 7.4, 21.5 OC. Thus the intersubunit contact en- 
ergy is -14.0 f 0.2 kcal/mol of heme. The stabilization en- 
ergy between deoxy and oxy tetramers is found to be ap- 
proximately 6.4 kcal/mol, under these conditions. 

linked. 
Previous studies (Nagel and Gibson, 1971) have shown 

that human haptoglobin 1 - 1 binds very rapidly to hemoglo- 
bin dimers, but not to tetramers. Using stopped-flow experi- 
ments Nagel and Gibson have demonstrated the utility of 
this binding reaction for probing significant hemoglobin 
structural variations (Nagel and Gibson, 1972). From mea- 
surements of fluorescence quenching or absorbance changes 
with time, it has been possible to study the binding rates of 
haptoglobin in solutions of liganded hemoglobins and with 
certain rapidly dissociating unliganded hemoglobins having 
structural modifications within the a lp2  contact region 
(Bunn et al., 1974; Nagel and Gibson, 1972). In these 
stopped-flow experiments haptoglobin binding by unligand- 
ed hemoglobin A has usually not been detectable (Nagel 
and Gibson, 1971). In one instance, however, a very slow 
haptoglobin binding has been reported in solutions of 
stripped deoxyhemoglobin A (Nagel and Gibson, 1972). 
This observation is consistent with a rate-limiting slow dis- 
sociation of the deoxy tetramers into dimeric species. 

Hybridization studies using anaerobic isoelectric focus- 
ing in polyacrylamide gels (Park, 1973; Bunn and McDo- 
nough, 1974) and anaerobic ion-exchange chromatography 
(Williams and Kim, 1975) have established the existence of 
slow dissociation (i,e., with half-times of several hours) by 
deoxyhemoglobin tetramers. The present study is an explo- 
ration of this slow process. We will demonstrate that ab- 
sorbance changes which accompany the haptoglobin bind- 
ing reaction can be used for accurate kinetic determinations 
over the necessarily long periods required for study, and 
that the rate constants measured can be correlated with 
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