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Abstract. The interaction of myelin basic protein with Nickel ions was studied by Isothermal 

Titration Calorimetry (ITC) at C
ο

27  in tris buffer, pH=7. The enthalpies of MBP+Ni2+interaction 

are reported and analysed in term of the new solvation theory.  It was found that MBP has three 

identical and cooperative binding sites for Ni2+ions. The dissociation equilibrium constant and the 

molar enthalpy of binding are 75.015 µM, -14.815 kJmol-1. The binding parameters recovered from 

the new equation, attributed to the structural change of MBP and its biological activity due to metal 

ion interaction. The binding of nickel ions cause some changes in stability of MBP at low and high 

Ni2+concentrations. 

Introduction 

The energy of biochemical reactions or molecular interactions at constant temperature is 

measured by isothermal titration calorimetry (ITC) and both a very versatile and sensitive 

technique. ITC gives invaluable information about thermodynamical parameters of 

biomacromolecule-ligand interaction [1]. Myelin basic proteins (MBPs) are one of the principal 

constituents of the mammalian myelin sheath (or phosphoproteins of central and peripheral nervous 

system myelin) and plays a structural role in maintaining myelin stability. It comprises 30% of the 

total protein and about 10% of the dry weight of myelin. localized on the cytoplasmic surface  of 

the myelin membrane. Immune responses to MBP have been implicated in the pathogenesis of 

multiple sclerosis (MS). All sizes isoforms and charge isomers of MBP have been predicted to be 

''intrinsically unstructured'', a large class of proteins which are generally extended and 

conformationally adaptable [2]. The differential binding of divalent metals to isolated myelin and 

MBP. As well as the effect of metal ions on MBP dissociation from the membrane were also 

reported. Zn2+, Co2+ or Cu2+ inhibits the dissociation of MBP from the membrane while Ca2+ 

promotes its dissociation [3] 

Experimental 

Myelin basic protein (MBP; MW=18.5KDa) from bovine central nervous systems (CNS) was 

obtained from sigma chemical Co. Nickel nitrate was purchased from Merk Co. The ITC 

experiments were performed with the four channel commercial microcalorimetric system, Themal 

activity monitor 2277, Thermometric, Sweden.. The heat of each injection was calculated by 

"Thermometric Digitam 3" software program.  

Results and Discussion 

Consider a solution containing ligand, (Ni
2+

), and a macromolecule (MBP) that contains "g" sites 

capable of binding the ligand. If the multiple binding sites on a macromolecule are identical and 

independent, the ligand binding sites can be reproduced by a model system of monovalent 

molecules with the same set of dissociation equilibrium constant, d
K , values. The binding 

parameters can be reproduced by the following equation: 
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    Where qqq −=∆ max and q represents the heat value at a certain ligand and biomolecule 

concentration. M0 is the total biomacromolecule and qmax represents the heat value upon saturation 

of all biomacromolecule. dK is the dissociation equilibrium constant  

If q and qmax are calculated per mole of biomacromolecule then the molar enthalpy of binding for 

each binding site ( H∆ ) will be 
g

q
H max=∆ . Therefore, the plot of 

0
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q∆  vs. 
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q∆  should be a 

linear plot slope of "
g

1 "and the vertical-intercept of 
g

Kd , which g and Kd can be obtained. The 

linearly of the plot has been examined by different estimated values for qmax to find the best value 

for the correlation coefficient (near to one). The best linear plot was obtained using a value of -2160 

µJ (equal to -44.444 kJmol
-1

) for qmax. The amounts of g and Kd, obtained from the slope and 

vertical intercept plot, are 3 and 75.015 µmol/L, respectively. Dividing the qmax value of -44.444 

kJmol
-1

 by g=3, therefore, gives H∆ =-14.815 kJmol
-1

[1-3]. The binding parameters are reported in 

table 1. 

 

Table 1 Binding  parameters for MBP+Ni
2+

 interactions via equation 1.  p=1 value shows the 

non- cooperativity. 
 300K 310K 320K 

MK d µ/

 

75.015±0.0034 89.953±0.0038 106.978±0.005 

p
 1 1          1 

θδ A  
-1.177±0.182 -4.964±0.080    -4.757±0.010 

θδ B  
4.385±0.311 -6.470±0.130    -4.708±0.013 

max =∆H

 

-44.444 -43.209 -42.078 

 

1964 Mechanical and Aerospace Engineering, ICMAE2011



 

References 

[1] P. Pirzadeh, A.A.  Moosavi-Movahedi, B.  Hemmateenejad, F. Ahmad, M, Shamsipur, A.A. 

Saboury, Colloids and Surfaces B: Biointerfaces 52 (2006), p. 31. 

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

736. 

[3] G. Rezaei Behbehani, A.A. Saboury, M. Mohebbian, Chin. Chem. Lett. 21 (2010), p. 457. 

 

 

Applied Mechanics and Materials Vols. 110-116 1965



Mechanical and Aerospace Engineering, ICMAE2011 
10.4028/www.scientific.net/AMM.110-116 
 
 
Thermal Study of the Nickel Ion Interaction with Myelin Basic Protein 
10.4028/www.scientific.net/AMM.110-116.1963 

http://dx.doi.org/www.scientific.net/AMM.110-116
http://dx.doi.org/www.scientific.net/AMM.110-116.1963

