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Denaturation study of bovine hemoglobin induced by the urea by
microcalorimetry and equilibrium dialysis

LI XiangRong'*, CHEN DeJun', YANG HaiYan' & LU Yan'

1 College of Chemistry and Environmental Science, Henan Normal University, Xinxiang 453007, China
2 Department of Chemistry, School of Basic Medicine, Xinxiang Medical College, Xinxiang 453003, China

Abstract: The interaction between urea and bovine hemoglobin (BHb) in aqueous solution as well as the
denaturation process of BHb were studied by using isothermal microcalorimetry method and equilibrium dialysis
technique at 30 ‘C and three pHs. The average binding numbers, the values of binding enthalpy of urea to BHb and
the values of enthalpy per mole of urea were obtained. The simple binding model was employed to obtain the binding
constant and the binding free energies. The results which were obtained by thermodynamic analysis indicated that the
denaturation of BHb induced by urea is through direct and indirect effects, the interaction between urea and BHD is
divided into three stages: the first stage is at the urea concentration below 4 mol L. In this stage, the direct
interaction between urea and BHb is the main interaction, while the direct interaction is stronger under acidulous
condition. The second stage is in the urea concentrations from 4 mol L™ to 6 mol L™". In this stage, the structure of the
water around the BHD is changed by the interaction of urea and solvent water. When the urea concentration reaches
6mol L', the two interactions together cause the structural damage of the BHb and expose the groups which are in the
inner structure of BHb. The third stage is at the urea concentrations higher than 6 mol L™'. In this stage, urea
molecules combine with the exposed groups. The destruction of the structure of BHb is not a gradual process, but
rather a completely destruction at once and the thermal effect resulting from the structural damage is not too much.

Keywords: bovine hemoglobin, isothermal microcalorimetry, equilibrium dialysis, urea, denaturation
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