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The Linkage between Oxygenation and Subunit 
Dissociation in Human Hemoglobin. Consequences for the 
Analysis of Oxygenation Curves? 

Gary K. Ackers,* Michael L. Johnson,* Frederick C. Mills, 
Herbert R. Halvorson,§ and Solomon Shapiro 

ABSTRACT: For human hemoglobin, a pronounced depen- 
dence of oxygenation curves upon protein concentration can 
be demonstrated experimentally in the range between 
and 2 X M heme. The effects of such protein concen- 
tration dependence upon analysis of saturation curves have 
been explored using a model-independent linkage analysis 
which incorporates the dissociation of tetramers to dimers. 
We have carried out simulations of oxygenation curves rep- 
resenting a variety of energy distributions designed to cover 
a wide range of values which are relevant to known hemo- 
globin systems and experimental conditions. The resulting 
simulated oxygenation curves were analyzed by least- 
squares minimization procedures in terms of the tetramer 
binding isotherm to yield the four apparent Adair con- 

R e c e n t  technical developments have made possible the 
rapid determination of accurate oxygenation curves on res- 
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stants. These derived constants were compared with the 
originally assumed values used in the simulation in order to 
assess the extent to which their values may be altered by the 
presence of dimer. For each energy distribution the analysis 
has been carried out over a wide range of protein concentra- 
tion. We have found that the presence of even small 
amounts of dimer that are necessarily present at the low 
protein concentrations commonly employed may have a de- 
vasting effect upon the feliability of Adair constant deter- 
minations. In addition to these simulated cases, we have an- 
alyzed two sets of highly precise experimental data from the 
literature in order to assess the degree to which constants 
obtained may have been influenced by the presence of 
dimer. 

piratory proteins, including human and other hemoglobins 
(Imai et al., 1970; Sick and Gersonde, 1971; Soprounov, 
1973; Kiesow et al., 1972). Most notably, the excellent au- 
tomatic oxygenation apparatus developed by Imai and col- 
leagues (Imai et al., 1970) has provided an extensive body 
of highly precise oxygenation curves for human hemoglo- 
bins under a wide variety of conditions. Such curves are 
currently being used to determine apparent stepwise ligand 
binding constants and to draw inferences from them regard- 
ing mechanisms of function in both normal and abnormal 
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