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Abstract

A thermodynamic study on the interaction of myelin basic protein with mercury ion was studied by using isothermal titration

calorimetry, ITC, at 300.15, 310.15 and 320.15 K in Tris buffer solution at pH 7. The enthalpies of MBP + Hg2+ interaction are

reported and analysed in terms of the extended solvation model. It was found that MBP has two identical and non-cooperative

binding sites for Hg2+ ions. The intrinsic dissociation equilibrium constants are 99.904, 112.968 and 126.724 mmol/L, and the molar

enthalpy of binding are �11.634, �10.768 and �10.117 kJ mol�1 at 300.15, 310.15 and 320.15 K, respectively.
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Myelin basic protein (MBP) is the second most abundant protein, after the proteolipid protein (PLP), in central

nervous system (CNS). MBP and the proteolipid protein together constitute 75% of the protein content in myelin and

MBP is believed to play a role in both formation and stabilization of the lamellar structure of the myelin sheath in the

CNS. The isoelectric point of MBP is high, approximately 11 and under physiological conditions, the 18.5 kDa MBP

carries 21 net positive charges. All known forms of MBP (both classic and Golli) belong to the class of intrinsically

disordered proteins (IDPs), sometimes also called intrinsically unstructured proteins. The conformation of MBP is

highly dependent on its environment, it is highly extended and flexible in aqueous solution, but attains ordered

secondary structure in the presence of detergents and lipids, as well as in organic solvents such as trifluorethanol

(TFE). The inherent flexibility of MBP and microheterogeneity of its preparations have made it difficult to determine

its structure [1,2]. The effect of metal ions on MBP dissociation from the membrane was also reported. Zn2+, Co2+ or

Cu2+ inhibits the dissociation of MBP from the membrane while Ca2+ promotes its dissociation [3–6]. Studies within

our group are aimed at developing an understanding of how the binding proteins of the metal ions and other ligands

affect the stability of the biomolecules. One of the unique aspects of our approach is to study stability of proteins by

using the extended solvation model. The binding parameters recovered from the extended solvation model, attributed

to the structural change of MBP.
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Myelin basic protein (MBP; MW = 18.5 kDa) from bovine central nervous systems (CNS) was obtained from

Sigma Chemical Co. Mercury nitrate was purchased from Merck Co. The ITC experiments were performed with the

four channel commercial microcalorimetric system, Thermal activity monitor 2277, Thermometric, Sweden. The

heats of binding of MBP with Hg2+ have shown graphically in Fig. 1.

We have shown previously that the heats of the macromolecules + ligand interactions, q, can be reproduced in

Eq. (1) in the aqueous solvent systems [6–10].

q ¼ qmaxx0B � dA
uðx0ALA þ x0BLBÞ � ðdB

u � dA
uÞðx0ALA þ x0BLBÞx0B (1)

The parameters du
A and du

B exhibit the MBP stability in the low and high Hg2+ concentrations, respectively. The positive

values for du
A or du

B reflect that Hg2+ stabilize the MBP structure. If the binding of ligand at one site increases the affinity

for ligand at another site, the macromolecule exhibits positive cooperativity. If the ligand binds at each site

independently, the binding is non-cooperative. p > 1 or p < 1 reflects positive or negative cooperativity of

macromolecule for binding with ligand, respectively; p = 1 reflects that the binding is non-cooperative. The binding

parameters for MBP + Hg2+ interactions recovered from Eq. (1) are shown in Table 1. x0B can be expressed as follows:

x0B ¼
pxB

xA þ pxB
(2)

where xB is fraction of the Hg2+ needed for saturation of the binding sites, and xA is the fraction of unbounded Hg2+. We

can express the xB fractions as the total Hg2+ concentrations divided by the maximum concentration of Hg2+ upon

saturation of all MBP as follows:

xB ¼
½Hg2þ�T
½Hg2þ�max

; xA ¼ 1� xB (3)
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Fig. 1. Comparison between the experimental heats for MBP + Hg2+ interactions at 300.15 K (*), 310.15 K (&) and 320.15 K (~) and calculated

data (lines) via Eq. (1). The [Hg2+]T are the total concentrations of Hg(NO3)2 solutions.

Table 1

Binding parameters for MBP + Hg2+ interactions via Eq. (1). p = 1 value shows the non-cooperativity.

T = 300.15 K T = 310.15 K T = 320.15 K

Kd (mmol/L) 99.904 � 0.001 112.968 � 0.001 126.724 � 0.001

p 1 1 1

du
A

�1.68 � 0.05 �2.04 � 0.03 �1.73 � 0.02

du
B

�0.53 � 0.03 �1.54 � 0.03 �0.32 � 0.02

DHmax (kJ mol�1) �11.29 � 0.03 �10.77 � 0.03 �10.31 � 0.03

DG (kJ mol�1) �23.02 � 0.03 �22.67 � 0.04 �22.36 � 0.06

DS (kJ mol�1 K�1) 0.039 � 0.003 0.038 � 0.003 0.038 � 0.003



LA and LB are the relative contributions of unbound and bound Hg2+ in the heats of dilution in the absence of MBP and

can be calculated from the heats of dilution of Hg2+ in buffer, qdilut, as follows:

LA ¼ qdilut þ xB
@qdilut

@xB

� �
; LB ¼ qdilut � xA

@qdilut

@xB

� �
(4)

For a set of identical and independent binding sites, it is possible to use Eq. (5) for calculation of Kd and ‘‘g’’ in a

very simple way as follows [4–8]:

Dq

qmax

M0 ¼
Dq

q

� �
L0

1

g
� Kd

g
(5)

where Dq = qmax � q. q is the heat of MBP + Hg2+ interactions at certain ligand concentrations and qmax represents the

heat value upon saturation of all MBP. If q and qmax are calculated per mole of biomacromolecule then the molar

enthalpy of binding for each binding site (DH) will be: DH = qmax/g. M0 and L0 is the total biomacromolecule and

ligand concentrations, ‘‘g’’ represents sites capable of binding the ligand. Kd is the dissociation equilibrium constant

for the equilibrium:

Mþ L,ML; Kd ¼
½M�½L�
½ML� (6)

References

[1] R. Smith, J. Neurochem. 59 (1992) 1589.

[2] D.S. Libich, G. Harauz, Biochem. Cell Biol. 80 (2002) 395.

[3] D. Hirschberg, O. Radmark, H. Jornvall, et al. J. Protein Chem. 22 (2003) 177.

[4] Y. Hu, J. Israelachvili, Colloids Surf. B: Biointerfaces 62 (2008) 22.

[5] D. Tsang, Y.S. Tsang, W.K.K. Ho, et al. Neurochem. Res. 22 (1997) 811.

[6] G. Rezaei Behbehani, A.A. Saboury, A. Fallah Baghery, Bull. Kor. Chem. Soc. 29 (2008) 736.

[7] G. Rezaei Behbehani, A.A. Saboury, M. Mohebbian, et al. Chin. Chem. Lett. 21 (2010) 457.

[8] G. Rezaei Behbehani, A.A. Saboury, L. Barzegar, et al. J. Therm. Anal. Calorim. 101 (2010) 379.

[9] G. Rezaei Behbehani, A.A. Saboury, E. Taleshi, J. Mol. Recognit. 21 (2008) 132.

[10] G. Rezaei Behbehani, A.A. Saboury, A. Divsalar, J. Kor. Chem. Soc. 52 (2008) 1.

G. Rezaei Behbehani et al. / Chinese Chemical Letters 22 (2011) 623–625 625


	A thermodynamic investigation on the binding of mercury �ion with myelin basic protein at different temperatures
	References


