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Abstract— Protein C is an anti-thrombotic, anti-inflammatory 

serine protease, that is encoded by PROC gene in humans. 

Functional activated protein C (APC) levels are regulated by the 

serine protease inhibitor family of proteins, including α1-

antitrypsin and protein C inhibitor [1]. Although this enzyme has 

been well characterized in humans and in bovine, the assessment 

of this enzyme has not been carried out in other mammals, which 

would pave way for the understanding of the evolution of this 

enzyme. In this study, an in silico characterization of protein C 

enzyme has been accomplished in Macaca fascicularis, a primate, 

to study the sequence and structural features and also to identify 

new members of this enzyme in M. fascicularis. 
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I. INTRODUCTION 

Protein C, encoded by the PROC gene in humans, is a 

vitamin K-dependent, serine protease enzyme, that is activated 

by thrombin, into activated protein C (APC), which degrades 

Factor Va and Factor VIIIa. APC exhibits anti-inflammatory 

and anti-apoptotic activities and plays an important role in the 

development of thrombosis, ischematic stroke and vascular 

homeostasis [1]. The deficiency of this enzyme results in a 

rare genetic disorder, that predisposes to venous thrombosis. 

Activated protein C resistance results from the inability of 

protein C to cleave factors Va and/or VIIIa. 

In humans, protein C circulates in the blood as a zymogen, 

that is activated by thrombin, in complex with the integral 

membrane protein thrombomodulin, a protein that is present 

in the endothelial cells. APC, along with its cofactor, protein S, 

proteolytically inactivates factors VIIIa and Va, thereby, 

reducing the generation of factor Xa and thrombin, effectively 

attenuating the clotting cascade [1]. Virtual absence of protein 

C, characterized by the homozygous state, is associated with a 

fatal thrombosis in the neonatal period, which indicates that, 

protein C functions as an extremely important regulator of 

thrombin generation [2]. In this study, in silico 

characterization of protein C enzyme has been carried out in 

Macaca fascicularis. The aim of this study is to characterize 

the sequence and structural features of the protein C enzyme 

and also to identify new members of this enzyme in M. 

fascicularis. 

II. STRUCTURE OF HUMAN PROTEIN C 

Sequence analysis predicts protein C to be composed of 

multiple domains. These include a domain containing nine γ-

carboxy glutamic acid residues (Gla-domain), a helical 

aromatic segment, two epidermal growth factor (EGF)-like 

domains, a linking peptide and a trypsin-like serine protease 

domain [2]-[5]. The structure of the Gla-domainless form of 

the human anticoagulant enzyme, activated protein C, has 

been solved at 2.8 Å resolution by Mather et al [6].The light 

chain consists of two domains: an epidermal growth factor 

(EGF)-like domain modified by a large insert containing an 

additional disulfide; followed by a typical EGF-like domain 

[6]. A disulfide joins the light chain (with its Gla and EGF-

like domains) to the heavy chain, which consists of the 

protease domain (the catalytic domain). 

III. METHODS 

The sequence of the human protein C has been used as 

query in a TBlastn [7] search of the M. fascicularis cDNA 

database [8], [9] and using perl programs, potential protein C 

homologues were identified. To find the domain architecture 

of the translated cDNAs, the protein sequences were searched 

for in Pfam, the 24rd release [10] against the Pfam A family 

and annotation of the signaling domains has been 

accomplished using the SMART database [11], [12]. Multiple 

sequence alignment has been performed using the ClustalW 

program [13], available at the European Bioinformatics 

Institute web site [14]. To further investigate the evolutionary 

relationship between the identified protein C sequences of M. 

fascicularis and the human protein C, phylogenetic analysis 

has been performed using the PHYLIP package [15] using 

neighbor-joining method. Geno3D [16]-[18], an automatic 

web server, has been used for the comparative modeling of the 

protein C enzyme of M. fascicularis. 

IV. RESULTS 

A. TBlastn Search 

The protein sequence of the human protein C (1AUT) [6] 

has been extracted from the PDB database [19] and used as a 

query against the Macaca fascicularis cDNA database 

(QFbase) to search on for homologues, with the TBlastn 



program using an e-value of 0.0001 and all other default 

parameters. The database provides cDNA sequences derived 

from the cynomolgus monkey (Macaca fascicularis) brain, 

testis, bone marrow, liver, pancreas, thymus, heart, spleen, 

and kidney. Approximately 120,000 5'-EST sequences, 22,000 

3'-EST sequences, and 9,600 full-insert sequences of macaque 

cDNAs were annotated using BLAST searches against NCBI 

human RefSeq sequences. Tblastn compares a protein query 

sequence against a nucleotide sequence database dynamically 

translated in all six reading frames (both strands) using the 

BLAST algorithm. The homologues of both the light chain 

and the heavy chain of the human proteins have been derived 

from the results of Tblastn. 

B. Multiple sequence alignment 

Multiple sequence alignment has been performed with the 

ClustalW program and the results have been analyzed for the 

conservation of important residues, residue bridges and 

interactions. The light chain folds into two EGF domains, out 

of which the first one consists of an extra 7-residue insert. 

This domain comprises four disulfide bridges, which involve 

cys residues at 50-69, 59-64, 63-78 and 80-89 positions and 

form the three major loops of a typical EGF-like domain [6]. 

These cysteine residues have been found to be conserved in 

the newly found protein C sequences of  M. fascicularis (Fig 

1).  

The first loop has found to be unique, in which the 50-69 

bridge defines a larger loop, while the 59-64 bridge creates a 

smaller loop within. The second and third loops form a 

classical EGF-like structure. However, the second loop 

contains a β-hydroxy aspartic acid at residue 71 and has found 

to be disordered in its distal segment [6]. This distorting 

residue has also been found to be conserved in the alignments 

(Fig 1). The residues, E85-D101, that correspond to the 

formation of unusual hydrogen bonding, also seem to be 

conserved in the newly found protein C sequences. The three 

residue bridge formed by T106-Y108 between the two 

disulfides in the c-terminal EGF-like domain seem to be 

conserved in the multiple sequence alignment (Fig 1). 

 

 
Fig. 1  Multiple sequence alignment of the light chain of human protein C 

(1AUT) with its homologues. The four disulfide bridges formed by cys 
residues at 50-69, 59-64, 63-78 and 80-89 have been shaded. The residues 

that form the unusual hydrogen bonding and the three residue bridge have 
been highlighted. 

The overall fold of the catalytic domain resembles the 

trypsin class of serine proteases. Activated protein C (APC) 

consists of  a Ca[II] binding site, similar to that of many 

trypsin-like serine proteases. The 10 residue loop from E70 to 

E80 follows quite closely the structure of the Ca[II] binding 

loop of trypsin [20], which consists of five acidic residues E70,  

D72,  E77,  E80  and E82. There exists two prominent 

insertions, resulting in a helix between residues 125-131 and a 

loop at the rim of the active site between residues 146-152. 

The loops that are important for the catalytic reactions have 

found to be conserved in the multiple sequence alignment of 

the newly found protein C enzymes of M. fascicularis (Fig 2). 

 

 
Fig. 2 Multiple sequence alignment of the catalytic domain of human protein 
C (1AUT) with its homologues. The 10 residue loop from E70 to E80 and the 

calcium-binding site that consist of five acidic residues E70,  D72,  E77,  E80  

and E82 have been shown highlighted. The two prominent insertions have 
also been shown in red and blue. 

C. Domain analysis 

The domain analysis of the homologues found in M. 

fascicularis have been performed using Pfam search against 

Pfam A family, the 24th release and also a SMART database 

search. The identification of the domain architectures of the 

newly found members show that, all the newly found 

members in M. fascicularis found to retain domains, 

characteristic of human protein C enzyme. In the Pfam search, 

the homologues of the light chain have found to be comprised 

of vitamin K-dependent carboxylation/gamma-carboxy-

glutamic (GLA) domain and in the SMART search, they 

found to contain calcium-binding EGF-like domain, while the 

homologues of the heavy chain comprised the trypsin domain 

in the Pfam search and in the SMART search, found to be 

comprised of trypsin-like domain. 

D. Comparative modelling 

 
Fig. 3 The alignment of the catalytic domain of human protein C with its 
homolog from M. fascicularis has been shown in this figure. 

The modeling of the newly found members have been 

accomplished using Geno3D, an online server, that builds 

three-dimensional models for proteins, based on its 



homologues of known structure. The amino acid sequence of 

the translated protein C enzymes derived from M. fascicularis, 

have been submitted to the Geno3D server and the human 

protein C (1AUT) has been selected as template for the 

comparative modeling. The alignment of the enzyme 

generated by the Geno3D server has been shown in Figure 3. 

The model produced by the server has been super-imposed on 

the catalytic domain of the human protein C and shown in 

Figure 4. 

 

Fig. 4 Super imposed structures of the catalytic domain and the modeled 

structure. The ‗C‘ chain of the human protein C is shown in Green and the 

modelled homolog is shown in Pink. The image has been created with 
PyMOL [21]. 
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