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Short Abstract: Protein activity is related to its tertiary structure and intermolecular
interactions. Theoretical site-directed mutagenesis can be used to probe the structure and
dynamics of proteins. Here, we apply molecular dynamics simulations to explore the effects
of mutations on calbinding in an explicit aqueous environment.

Long Abstract:

The biological activity of proteins is related to its tertiary structure and intermolecular
interactions. Moreover, the specificity of protein-ligand interaction plays an important role on
these processes. Theoretical site-directed mutagenesis can be used to change these
interactions so we can probe the structure and dynamics of proteins and its influence on
ligand binding. Previous computational studies on calbindin were carried out using different
protocols (force fields, treatment of the long range forces, ligand loaded states) and had
shorter observation times (runs ranging from 100 to 400 ps) [1-4]. While some studies [2]
relied on the wild-type protein structure, determined by X-ray crystallography [3,4] as the
present work [5], Marchand and others used a mutant (P43G) structure obtained from NMR
experimentsl. Here, we apply molecular dynamics simulations to explore the effects of
mutations on calbinding (3ICB) in an explicit aqueous environment.

We have performed 4 ns molecular dynamics (MD) simulations for the Calbindin D9k (CaB)
with its calcium ligands loaded in the presence of explicit water and counter ions.
Trajectories were generated via the GROMACS simulation software package [6-8]. Protein
coordinates were taken from the Protein Data Bank [9] for the crystallographic structure of
the CaB (pdb id 3ICB) [5]. Mutantational structures were built using the program Swiss PDB
Viewer [10]. The mutants were obtained replacing the negatively charged residue glutamate
(E) of the binding site by polar and neutral residues as glutamine (Q) and glycine (G),
respectively. As a result, the systems investigated comprise the holo forms (protein with
Ca2+ bound) of the following CaB molecules: the wild-type (W) and single mutants involving
substitutions E17Q, E60Q, and E60G. In addition, we also studied the apo form of E60Q
(protein without Ca2+). The proteins were modeled with GROMOS43al force field [11] and
water molecules were represented by the SPC water model [12]. The production runs were
carried out at 300 K for 4 ns and the long range interactions were treated using the
particle-mesh Ewald summation scheme [13, 14].

The analysis of the simulations focuses on the structure and dynamics of calbindin
molecules. Special attention is given to a particular mutation: E60Q. We have observed a
fast conformational change of the residue glutamate 60 for the wild-type calbindin compared
to the crystallographic structure, as observed before in a shorter MD simulation [4] and
suggested by experiment [15]. This result emphasizes the importance of the interaction



between the ligand and the negatively charged carboxyl oxygen of residue 60 and points to
some deficiencies of crystallographic structures for theoretical calculations. Our results also
pointed out that the protein rigidity in binding site is greater for the wild-type protein. In
addition, the length of side-chain of residue 60 was found important for the maintenance of
the ligand in site I. Although this can help for maintaining the bound state, as observed by
the similar behaviour with W and E60Q molecules, this could not be efficient to capture the
ligand considering an apo form of protein due to the absent of a charged group, but this
remains to be investigated. In general, our results are in agreement with experimental data
on the mutants E17Q and E60Q [15] showing that neutralizing charged groups of site | leads
to a substantial effect on site Il, and that these structures are similar to the wild-type protein
[16]. The structural and dynamical similarity of W and E60Q can explain the fact that these
molecules exhibit very small differences on free energy of Gibbs [15]. In a forthcoming work
we will compare the present results with electrostatic calculations.
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