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Abstract: The results of molecular docking study on Cytochrome immobilized mesoporous Fe(III)-
phosphate (FePO) using Autodock4.2software is described. The non-covalent i.e., supramolecular 
interactions of a high-resolution three-dimensional structure of horse heart cytochrome C, (PDB_ID 
1HRC) with the monomeric (M1) and polymeric structure (M2) of mesoporous FePO units are deduced 
along with the binding energies. The results visualized the preferential binding orientation between the 
amino acid side chains of Cytochrome C and the phosphate units of M1/ M2 structures assisted by 
various supramolecular interactions, specifically hydrogen bonding, hydrophobic interactions at low pH 
conditions (Figure 1 and 2). Molecular docking of monomeric FePO ‘M1’ on Cytochrome C without 
Heme molecules in the active site was also constructed to understand the interactions (Figure 3). 
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1. Introduction: Iron(III) phosphate (FePO4) is a common chemical with a variety of uses in materials, 
agriculture, and catalysis [1-3]. The compound can be found in the environment, foods, and 
water. Further, Strengite, Cacoxenite and Beraunite are the few examples of naturally occurring 
minerals of FePO4 [4-6]. Nevertheless, a variety of synthetic FePO materials have been reported so far 
for various applications in Science & Technology [7-9]. The FePO materials exhibits different physical 
structures that are usually connected by FeO4 and PO4 tetrahedral sites. Porous crystalline FePO 
materials are a type of advanced materials that have found exciting applications in materials and 
heterogeneous catalysis [10-12].  
Indeed, the discovery of mesoporous materials by Mobil Oil Corporation for petrochemical industry 
application [13] revolutionized the application various inorganic structured materials in heterogeneous 
catalysis [14] and biocatalysis [15]. As a consequence, an interest was generated to promote the 
synthesis and catalytic application of mesoporous metal phosphates not only petrochemical industry 
applications, but also in industrial organic synthesis [16-18] and biomolecule immobilization [19, 20]. 
Immobilization of biomolecules such as proteins, enzymes, sugars on porous (micro-/ meso-/ macro-
porous) inorganic materials is an emerging area of research useful in biocatalysis and biotechnology 
[21, 22]. Both physical and chemical methods are prescribed for the immobilization of biomolecules on 
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the solid inorganic materials [23, 24]. Physical adsorption method is recommended as a simple way of 
immobilization of certain biomolecules on solid inorganic materials [23]. Depending on the nature and 
structure of solid inorganic materials, a variety of non-covalent interaction evolves between the 
biomolecule and solid inorganic materials. The non-covalent interactions such as hydrogen bonding, 
Van der Waals forces, electrostatic/ columbic attraction forces, hydrophilic and hydrophobic 
interactions play important role during the immobilization of certain biomolecules on solid inorganic 
materials via physical adsorption [24, 25]. Various spectroscopic and microscopic data analysis 
provides good evidence for the immobilization of biomolecules on solid inorganic materials. 
Nevertheless, the type of non-covalent interactions that are operating between the biomolecules and 
solid inorganic materials is not fully understood. Recently the molecular docking study, a powerful 
computational tool, has been emerged a useful technique to provide clear evidence for the evaluation of 
type of non-covalent interactions evolved during the above immobilization phenomenon [26-28]. 
This manuscript describes the results of molecular docking study performed on Cytochrome C 
immobilized mesoporous FePO. A special focus is given to deduce the type of non-covalent i.e. 
secondary interactions that are stabilizing the Cytochrome C immobilization on mesoporous FePO. The 
synthesis of mesoporous FePO was previously reported by one of us [9]. The essential role of normal 
Cytochrome C in various biological functions is well known. The results of such docking studies 
certainly helpful in designing useful supported biocatalysts and biosensors. 
 
2. Experimental: 
Molecular modelling studies of FePO monomer (M1) and FePO polymeric form (M2) were carried out 
using Autodock4.2software [29]. Docking of all compounds was carried out on structure of High-
resolution three-dimensional structure of horse heart cytochrome C, (PDB_ID 1HRC) [30]. This protein 
PDB was retrieved from protein data bank. During the docking we have used 0.375Å grid box 
parameters as centre: x = 46.699, y = 23.289, z = 5.656 and grid box size: x=84, y=82, z=94. While 
docking 25 conformations were generated for each ligand by using default genetic algorithm. In this 
study, input preparation carried out using MGLtools-1.5.6 [29]. 
 
3. Results & Discussion: 
Molecular docking studies 
High-resolution three-dimensional structure of horse heart Cytochrome C has been selected for 
molecular docking. Docking studies have been carried for M1 and M2on Cytochrome C protein A chain. 
Thus, we have selected horse Cytochrome C(PDB_ID: 1HRC) protein for protein ligand binding 
analysis in this study. The surface of the Cytochrome C has four binding sites known as L-site, A-site, 
N-site and C-site [31, 32]. The L- site and A- site are having lysine residues to interact with the 
mitochondrial mimetic membranes [32]. Molecular docking studies with the grid covering total protein 
results the preference of the ligand molecule to interact with cytochrome C protein. The L-site with 
Lys25, Lys27 and His33 residues and the opposite to this site the A-site with Lys73 and Lys79 residues 
are actively involving in the lipid binding at low pH conditions [32].  
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Molecule name Binding affinity (in kcal/mol) 
M1 -4.19 
M2 -6.92 

 
The Molecule M1 and M2 are docked on the protein with blind docking by taking the docking search 
space grid on total protein coverage results the molecules M1 and M2 are bound to L-site with good 
binding energies, and few conformations are at A-site with low binding energies compared to L-site 
binding. The L- site binding is considered for the analysis due a greater number of conformations with 
good binding energies.  
The M1 molecule bound with the binding energy -4.19 kcal/mol and the Fe-phosphate monomeric unit 
forming hydrogen bond with the active site residues (figure 1). The oxygen atoms on Fe, are forming 
hydrogen bonds with side chain of Thr19 and main chain of His18, the other oxygens on Fe forming 
hydrogen bonds with side chains of Lys27 and main chain of Ala15. Similarly, the M2 molecules also 
bound at same location with the binding energy of -6.92 kcal/mol. The molecules also stabilized by 
forming hydrogen bonds and hydrophobic interactions (Figure 2). One of the phosphate oxygen is 
forming a bifurcated hydrogen bond with Lys27 and His18 residues. The side chain Glu21 is forming a 
bifurcated hydrogen bond with phosphorus atom and oxygen of the M2 molecules. The Thr19 and Tyr97 
are also forming hydrogen bond with the M2 molecules. The other active site residues like Phe10, 
Val11, Ala15, Lys25 and Val20 residues are present.  
 

 
Figure 1: A) Molecular docking of Molecule M1 in to the active site (L-site) of Cytochrome C. B) 
active site protein amino acids are shown in lines and the molecule is shown in ball and sticks style. 

Hydrogen bonds are shown in green broken lines. 
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Figure 2: A) Molecular docking of Molecule M2 in to the active site (L-site) of Cytochrome C. B) 
active site protein amino acids are shown in lines and the molecule is shown in ball and sticks style. 

Hydrogen bonds are shown in green broken lines. 
 

Molecular docking of Molecule M1 (FePO monomer) on Cytochrome C without Heme molecules in 
the active site carried out to understand the interactions. The Molecules M1 is binding into the Heme 
binding pocket with binding free energy of -4.6 kcal/mol. The molecule is making strong interactions 
with the residues of active site (Figure3). The Thr49 main chain and side chains are forming two 
hydrogen bonds with the M1 molecules oxygen atoms. One of the oxygens on the Fe atom is forming 
hydrogen bond with Tyr67 residue side chain. The Thr75 is likely to form a covalent bond with the iron 
metal ion. The hydrophobic interactions are observed from Ile75, Tyr48, Phe46, Thr28, and Asn52 
residues. The molecule M2 also docked on the protein without Heme molecule replicate the binding of 
the molecule M2 on the Cytochrome C with Heme molecule and the binding free energy observed as -
7.09 kcal/mol. The binding orientation and interactions are identical as shown in Figure 2. 
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Figure 3: A) Molecular docking of Molecule M1 in to Heme binding site of Cytochrome C. B) active 

site protein amino acids are shown in lines and the molecule is shown in ball and sticks style. 
Hydrogen bonds are shown in green broken lines. 

 
Conclusion: As per molecular docking studies, the Cytochrome C molecule can preferentially bind the 
monomeric and polymeric FePO units through non-covalent interactions. Therefore, physical 
adsorption method could be a good choice to immobilize the Cytochrome C type proteins on to the 
mesoporous materials to aid the various non-covalent interactions. The present study provided initiative 
about the firm immobilization of protein molecules on to the mesoporous supports in designing the 
biocatalysts and biosensors. Physical adsorption experiments are in progress in designing the real 
samples of Cytochrome C immobilized on our previously reported mesoporous FePO materials [9]. 
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