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Abstract A thermodynamic study on the interaction between Mg2+, Ni2+ and Co2+ ions
(M2+) and human growth hormone (hGH) was made at 27 °C in aqueous NaCl solutions
using isothermal titration calorimetry. Gholamreza Rezaei Behbehani’s solvation model
(GRB) was used to model the enthalpies of M2+ + hGH interactions over the studied range
of metal ion concentrations. The solvation parameters derived from the solvation model
were attributed to a structural change of hGH due to its interactions with the metal ion.
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1 Introduction

Human growth hormone, hGH, is a single domain globular protein containing 191 amino
acids, which plays an important role in somatic growth through its effects on the metabolism
of proteins, carbohydrates, and lipids. The compound hGH is also produced recombinantly,
and is available worldwide for clinical use. It has limited stability in aqueous solution. De-
velopment has therefore focused on its more stable complexes and understanding on its
interaction with ligands. The interaction of hGH with some of divalent metal ions (Ca2+
and Cu2+) in aqueous solution was studied using different techniques. The binding isotherm
for hGH + metal ion was obtained by two techniques: by potentiometry using a metal-
selective membrane electrode, and by isothermal titration calorimetry. A circular dichroism
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spectroscopy study of the protein interacting with Cu2+ did not show any changes in the
secondary structure of hGH. However, the stability of the protein decreases due to the bind-
ing of copper ions. The importance of metal ions such as Zn2+ and Cd2+ in determining
the stability of proteins has been widely reported [1–8]. Calcium ion binding increases the
protein’s thermal stability by increasing the alpha helix content as well as decreasing both
the beta and random coil structures [9, 10]. In this paper, in order to clarify the thermody-
namic properties of metal binding, the interaction between Mg2+, Ni2+ and Co2+ ions and
hGH was studied at 27 °C in NaCl solution using isothermal titration calorimetry. The sol-
vation parameters derived from the high-performance solvation theory were attributed to a
structural change of hGH and its biological activity.

2 Materials

Highly purified preparations of hGH were provided by the National Research Center of Ge-
netic Engineering and Biotechnology (NRCGEB), Tehran, Iran. Protein concentrations were
determined from absorbance measurements at 277 nm in 1 cm quartz cuvettes. All other ma-
terials and reagents were of analytical grade, and solutions were made in 50 mmol·L−1 NaCl
using double-distilled water.

3 Methods

The isothermal titration microcalorimetric experiments were performed with a four-channel
commercial microcalorimetric system, Thermal Activity Monitor 2277, Thermometric,
Sweden. The titration vessel was made from stainless steel. The metal nitrate solutions
(2 mmol·L−1) were injected by use of a Hamilton syringe into the calorimetric titration
vessel, which contained 1.8 mL of hGH (60 µmol·L−1). Thin (0.15 mm inner diameter)
stainless steel hypodermic needles, permanently fixed to the syringe, reached directly into
the calorimetric vessel. Injection of metal nitrate solutions into the perfusion vessel was re-
peated 30 times, with 20 µL used per injection. The calorimetric signal was measured by a
digital voltmeter that was part of a computerized recording system. The heat of each injec-
tion was calculated with the “Thermometric Digitam 3” software program. The enthalpies
of dilution of the metal ions solution were measured as described above, except hGH was
not present. The microcalorimeter was frequently calibrated electrically during the course
of the study. The molecular weight of hGH was taken to be 22 kDa.

4 Results and Discussion

We have shown previously that the enthalpies of solute-solvent interactions (M2+ + hGH +
water interactions in this case) in the aqueous solvent (M2+ + water in the present case)
system can be accounted for quantitatively in terms of three factors: preferential solvation
by the components of a mixed solvent, weakening or strengthening of solvent-solvent bonds
by the solute, and the change in the enthalpy of solute-solvent interactions [11–23]. This
treatment leads to:
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