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Abstract The interaction of myelin basic protein (MBP) from the bovine central nervous
system with divalent calcium ion was studied by isothermal titration calorimetry at 27 °C
in aqueous solution. The extended solvation model was used to reproduce the enthalpies
of Ca2+-MBP interaction over the whole range of Ca2+ concentrations. The solvation pa-
rameters recovered from the solvation model were attributed to the structural change of
MBP due to the metal ion interaction. It was found that there is a set of two identical
and non-interacting binding sites for Ca2+ ions. The association equilibrium constant is
0.021 µmol·dm−3. The molar enthalpy of binding is �H = −15.10 kJ·mol−1.
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1 Introduction

The energetics of biochemical reactions or molecular interactions at constant temperature
can be measured by Isothermal Titration Calorimetry (ITC) [1–3]. ITC gives invaluable
information about biomacromolecule-ligand interactions. During the last two years we have
attempted to study the metal ion binding of different proteins [4–12] that will change their
conformational stability and the formation of aggregates. The importance of metal ions such
as Ca2+ and Mg2+ in determining the stability of proteins is widely reported [13–17].

We have previously developed a theory to account for the solvation of solutes in mixed
solvent systems. The extended solvation model satisfactorily reproduces all the experimen-
tal enthalpies of transfer of the solutes from pure solvents into mixed solvent systems across
the whole range of solvent compositions [18–24]. Studies within our group are aimed at
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developing an understanding of how metal ions and other ligands binding proteins affect
the stability of the biomolecules. One of the unique aspects of our approach is to study the
stability of proteins by using the extended solvation model. Myelin Basic Protein, MBP,
is one of the most abundant proteins of the myelin sheath of the central nervous system
(CNS) and its primary role is generally considered to be the maintenance of the stability
of the sheath by holding together the opposing cytoplasmic leaflets of the oligodendrocyte
membrane [25]. The interactions of MBP with Ca2+-Calmodulin have been previously in-
vestigated by fluorescence spectroscopy [26]. For MBP the changes in fluorescence were
suggestive of a two-site interaction, although the dissociation constants could not be deter-
mined accurately. The reported apparent associated equilibrium binding constant for MBP
interaction with Ca2+-Calmodulin is 2.1 ± 0.1 µmol·dm−3 [27–30]. MBP is an “intrinsi-
cally unstructured” or “natively unfolded” protein; therefore, its three-dimensional structure
might only be determined by its interaction with another protein [31]. As a clear understand-
ing of operational stability constitutes an important goal in protein technology, our efforts
are aimed at elucidation of the structure’s stability using the extended solvation model. This
model is able to correlate the solvation parameters to the effect of metals on the stability
of a protein in a very simple way. The present paper reports some interesting experimental
data for the enthalpies of interaction of Ca2+ ions with MBP and analyzes these using the
extended solvation theory.

2 Experimental

MBP from bovine central systems (CNS) was obtained from Sigma chemical Co. Calcium
nitrate was purchased from Merk Co. All other materials and reagents were of analytical
grade and solutions were made in double-distilled water.

The isothermal titration microcalorimetric experiments were performed with the four
channel commercial microcalorimetric system, Thermal Activity Monitor 2277, Thermo-
metric, Sweden. The titration vessel was made from stainless steel. The calcium nitrate
solution (500 µmol·dm−3) was injected by use of a Hamilton syringe into the calorimet-
ric titration vessel, which contained 1.8 mL MBP (13.5 µmol·dm−3). Thin (0.15 mm inner
diameter) stainless steel hypodermic needles, permanently fixed to the syringe, reached di-
rectly into the calorimetric vessel. Injection of the calcium solution into the perfusion vessel
was repeated 30 times, with 30 µL per injection. The calorimetric signal was measured by
a digital voltmeter which was part of a computerized recording system. The heat of each
injection was calculated by the “Thermometric Digitam 3” software program. The heat of
dilution of the calcium solution was measured as described above except that MBP was
excluded. The enthalpies of dilution of the calcium solutions were subtracted from the en-
thalpy of Ca2+-MBP interaction. The enthalpies of dilution of MBP are negligible. The
microcalorimeter was frequently calibrated electrically during the course of the study. The
molecular weight of MBP was taken to be 18500 Da. The enthalpies of Ca2+-MBP interac-
tions have been calculated in kJ·mol−1 and reported in Table 1.

3 Results and Discussion

The solute (MBP in this case) is believed to occupy a cavity in which n solvent molecules
are its nearest neighbors. In forming this cavity each of these n molecules must break some
of its solvent-solvent bonds, giving rise to an increase in enthalpy of −αn�H o∗, where α is


