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Introduction
Serine proteinases belong to a class of proteolytic enzymes, which 

are characterized by the presence of a unique serine residue within the 
active site. The members of this class are further classified into distinct 
families according to their structure and mechanism of action. The two 
largest families, which have been well studied, are the (chymo) trypsin 
and subtilisin. Serine proteinases (SPs) feature a wide array of important 
physiological functions, including digestion, blood coagulation, 
fibrinolysis, fertilisation, embryonic development and immunity [1,2]. 
X-ray crystal structural study indicates that the active center of bovine
chymo trypsin is composed of His57, Asp102, and Ser195, which are
responsible for the acyl transfer mechanism during catalysis. Known
as a catalytic triad, these residues actually form two diads, Ser–His
and His–Asp, which operate in concert [3]. Substrate binding clefts
near the active site largely determine the substrate specificity of SPs.
To execute their extracellular functions, these enzymes are generally
synthesised as zymogens and stored in vesicles or granules from which
they are released and converted to the active enzyme by a proteolytic
cleavage at a particular peptide bond. Through specific protein-protein
interactions, several SP zymogens can form a cascade pathway in
which one protease activates the zymogen of another to mediate a
rapid, local reaction. The blood clotting cascade in human plasma, the
prophenoloxidase activating system (proPO system) in arthropods and
the clotting cascade in Limulus haemolymph are classical examples
of such SP system [4-6]. Serine Proteinase is an important enzyme
in the needed for the induction of prophenoloxidase, tissue damage
and microbial infection, respectively and signal transduction cascade
[7]. Serine Proteinase catalyzes the conversion of inactive zymogen
Prophenoloxidase into active prophenoloxidase and is catabolically
repressed by higher concentrations of serine proteinase [8,9]. However,

a 3D structure for serine proteinase is yet not available. Hence, we 
constructed the model structure for Fenneropeaneaus indicus serine 
proteinase using known structural templates and describe its structural 
features to understand molecular function.

Crustacean serine proteinase most likely contributes in various 
protection responses including haemolymph coagulation, melanotic 
encapsulation, induction of antimicrobial peptide synthesis, and 
activation of cytokines. However, there is no information about the 
precise role of shrimp haemocyte SP and their presence has been only 
assumed as for example SPs are required for proteolytic activation of 
the proPO-system [10]. Prophenoloxidase induces the innate immune 
system of the crustaceans. That proPO activation was revealed by the 
factor Serine Proteinase. Structure prediction by homology modelling 
(HM) can aid understanding the three dimensional (3D) structure of a 
given protein. This in turn will help elucidate the mechanisms behind 
protein function, since function is determined by 3D structure [11,12]. 
Based on the structure the function of the protein will be predicted. 
(Structure based in silico modelling).

Abstract
In invertebrates, immune system  consist of encapsulation, phagocytosis, and nodule formation while humoral 

responses includes clotting, synthesis of antimicrobial peptides, and activation of the Prophenoloxidase (proPO) 
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three dimensional structure of the proteins showed that models generated by Modeller9V8 were more acceptable in 
comparison to that by Swiss Model. The models were validated using protein structure checking tools PROCHECK 
and WHAT IF. The structures will provide a good foundation for functional analysis of experimentally derived crystal 
structures.  The better results of the in silico modelling study are presented, and may help lead to the discovery of 
new synthetic immune related peptides or derivatives of serine proteinases that could be useful to understand the 
mechanism of serine proteinase involvement in the Prophenoloxidase activating system of crustaceans. The crystal 
structure prediction of the immune related proteins serine proteinase of shrimps will help to explore the other life 
sciences Pharmacokinetics and toxicology, Drug designing and chemo informatics etc.

Journal of 
Proteomics & BioinformaticsJo

ur
na

l o
f P

roteomics & Bioinform
atics

ISSN: 0974-276X



Citation: Vaseeharan B, Valli SJ (2011) In silico Homology Modeling of Prophenoloxidase activating factor Serine Proteinase Gene from the 
Haemocytes of Fenneropenaeus indicus. J Proteomics Bioinform 4: 053-057. doi:10.4172/jpb.1000166

Volume 4(2) : 053-057 (2011) - 054 
J Proteomics Bioinform    
ISSN:0974-276X JPB, an open access journal 

Homology Modelling has proved very useful in the prediction of the 
3D structure and function of proteins. Comparative structure prediction 
produces an all-atom model of a sequence based on its alignment to one 
or more related protein structures. Comparative model building includes 
either sequential or simultaneous modeling of the core of the protein, 
loops, and side chains. The methodology of homology modeling relies 
on the observation that the structural conformation of a protein is more 
highly conserved than its amino acid sequence. Homology modelling 
can be divided into four steps: template identification, alignment, model 
building and refinement, and validation with various computational 
tools.  In bioinformatics, computational tools were used to identify the 
biomolecules like proteins, physiochemical property and the structure 
prediction of Serine Proteinase. Major demerits of the experimental 
area is high cost and time taking process and are not amenable to high 
throughput techniques. In silico approaches provide a viable solution 
to these problems. The amino acid sequence provides most of the 
information required for determining and characterizing the molecule’s 
function, physical and chemical properties. Computationally based 
characterization of the features of the proteins found or predicted in 
completely sequenced proteomes is an important task in the search for 
knowledge of protein function. In this paper the in silico analysis and 
homology modelling studies on prophenoloxidase activating factor 
serine proteinase protein from the haemocytes of Fenneropenaeus 
indicus was reported. Three dimensional structures for these proteins 
were yet not available. Hence to describe its structural features and to 
understand molecular function, the model structures for these proteins 
were also constructed.

Materials and Methods
Prophenoloxidase activating factor serine proteinase gene 
sequence

Indian white shrimp Fenneropenaeus indicus ranged from 15.7 to 
23.2 g, averaging 18.75 ± 3.60 g (mean ± SD) were obtained from the 
coastal area of Nagapattinam to Chennai, Tamil Nadu, India. F.indicus 
were stocked and maintained in FRP tanks with flow-through sea water 
(35 % salinity) at 28°C and fed twice daily with a formulated shrimp diet. 
The hemolymph was collected from the ventral sinus of an individual 
shrimp using anti coagulant solution (0.45 M NaCl, 0.1M glucose, 30 
mM sodium citrate, 26 mM citric acid, 10 mM EDTA, pH 7.5, Osmolality 
780 mOsm kg-1) and immediately centrifuged at 500 g at 4oC for 20 min 
to separate the hemocytes from the plasma. The resulting haemocyte 
pellet was used for total RNA isolation. Molecular approaches were used 
to clone the Propheloxidase activating factor serine proteinase gene in 
the hemocytes of Indian white shrimp Feneropenaeus indicus. The full 
length sequence of serine proteinase gene was determined by RT-PCR, 
cloning and sequencing of overlapping PCR and rapid amplification of 
cDNA ends (RACE) method. The sequences were submitted to NCBI 
GenBank (Accession No: HM368165). The same sequence was used for 
the further studies in silico homology modeling analysis studies. 

Theoretical calculations of physico-chemical characterization

For physico-chemical characterization, theoretical isoelectric point 
(pI), molecular weight, total number of positive and negative residues, 
extinction coefficient [13], instability index Guruprasad et al. [14], 
aliphatic index [15] and grand average hydropathy (GRAVY) [16] were 
computed using the Expasy’s ProtParam server [17]. 

Functional characterization

The SOSUI server performed the identification of transmembrane 
regions in the clip domain serine proteinase. The transmembrane region 
identified for these two proteins. The unknown function of the protein 

was predicted using the Prosite [18] by Domain prediction. Table 3 
represents the output of Prosite that was recorded in terms of the length 
of amino residues of protein with specific profiles and patterns. 

3D structure generation

Modeller 9V8: Modeller was used for homology or comparative 
modeling of protein three-dimensional structures. Alignment of a 
sequence to be modeled is provided with known related structures 
and modeller automatically calculates a model containing all non-
hydrogen atoms. Modeller [19] implements comparative protein 
structure modeling by satisfaction of spatial restraints, and can perform 
many additional tasks, including de novo modeling of loops in protein 
structures, optimization of various models of protein structure with 
respect to a flexibly defined objective function, multiple alignment of 
protein sequences and/or structures, clustering, searching of sequence 
databases, comparison of protein structures, etc.    The novel sequence 
of Serine Proteinase sequenced and it was searched against selection 
of the related homologues of query sequence in PDB. The homology 
modelling requires sequences of known 3D structure and the target 
having above 35% of similarity. In order to confirm the selection pair 
wise alignment of template and target was performed.

Template identification and sequence alignment

Template identification is an important step. It lays the foundation 
by identifying appropriate homologues of known protein structure, 
called template, which are sufficiently similar to the target sequence 
to be modelled. Template sequence were selected by a simple search 
submits the target sequence to programs BLASTP [20] search along 
with default parameters was performed against the Brook Heaven 
Protein Data Bank (PDB). Based on the high identity, lowest e-value 
and low gaps the high resolution having sequence was selected as a 
template. To ensure the high accuracy of the structure, the target and 
the template sequence can be aligned  

Model building and refinement

Although the theory behind building a protein homology model 
is complicated, using available programs is relatively easy. Several 
modelling programs are available, using different methods to construct 
the 3D structures. In segment matching methods, the target is divided 
into short segments, and alignment is done over segments rather than 
over the entire protein. Satisfying spatial restraints is the most common 
method. It uses either distances or optimization techniques to satisfy 
the spatial restraints. The method is implemented using the popular 
program, Modeller and [21] which includes the CHARMM  energy 
terms that ensure valid stereochemistry is combined with spatial 
restraints [22]. The academic version of MODELLER9V8 [19] was used 
for 3D structure generation based on the information obtained from 
sequence alignment.

Validation

The best validation combines common sense, biological knowledge 
and results from analytical tools. Most refinement involves adjusting 
the alignment. We used PROCHECK [23] to calculate the main-chain 
torsion angles, i.e. the Ramachandran plot [24], for our predicted 
structures.  Three models were predicted using different templates 
among those the one that shows the good resolution factor and R-factor 
was used as a template and evaluated by Procheck (http://www.biotech.
ebi.ac.uk/) performing full geometric analysis with a resolution of 1.5 
Å. The validation for structure models obtained from the three software 
tools was performed by using PROCHECK [25]. The models were 
further checked with WHAT IF [26]. Structural analysis was performed 
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and figures representations were generated with Swiss PDB Viewer 
[27]. Ramachandran plot statistics was used to evaluate the best model. 
The root mean square deviation (RMSd) values were calculated using 
the modeller by fitting the carbon backbone of the predicted. Finally the 
all-atom models were subjected to a short run of energy minimization 
by using AMBER [28] to relieve unfavorable steric interactions and to 
optimize the stereochemistry. Based on the template prophenoloxidase 
the crystal structure of serine proteinase was predicted. Fold recognition 
energy minimization was done by using several tools available in 
SPDBV. Some of them are energy minimization, loop building, Side 
chain fixing [29] setting phi/psi angles, fixing the clashing amino acids.

Result and Discussion
Parameters computed using Expasy’s ProtParam tool was represented 

in Table 1. The calculated isoelectric point (pI) will be useful because at 
pI, solubility is least and mobility in an electro focusing system is zero. 
Isoelectric point (pI) is the pH at which the surface of protein is covered 
with charge but net charge of protein is zero. At pI, proteins are stable 
and compact. The computed pI value of serine proteinase (HM368165) 
was less than 7 (pI<7) indicates that these proteins were considered as 
acidic. The computed isoelectric point (pI) will be useful for developing 
buffer system for purification by isoelectric focusing method. Although 
Expasy’s ProtParam computes the extinction coefficient for 276, 278, 
279, 280 and 282 nm wavelengths, 280 nm is favored because proteins 
absorb light strongly there while other substances commonly in protein 
solutions do not. Extinction coefficient of serine proteinase homologue 
at 280 nm is ranging from 45840 from 46715 M–1 cm–1 with respect to 
the concentration of Cys, Trp and Tyr. The high extinction coefficient of 
Serine Proteinase indicates presence of high concentration of Cys, Trp 
and Tyr. The computed extinction coefficients help in the quantitative 
study of protein–protein and protein–ligand interactions in solution. 
The instability index provides an estimate of the stability of protein 
in a test tube. There are certain dipeptides, the occurrence of which 
is significantly different in the unstable proteins compared with those 
in the stable ones. This method assigns a weight value of instability. 
Using these weight values it is possible to compute an instability index 
(II). A protein whose instability index is smaller than 40 is predicted 
as stable, a value above 40 predicts that the protein may be unstable 
[14]. The instability index value for the immune related proteins was 
found to be ranging from 21.90 to 47.14. The result classified SP as 
stable protein (Table 1).The aliphatic index (AI) which is defined as 
the relative volume of a protein occupied by aliphatic side chains (A, 

V, I and L) is regarded as a positive factor for the increase of thermal 
stability of globular proteins. Aliphatic index for the serine proteinase 
and serine proteinase homologue protein sequences ranged from 74.40 
to 83.18. The very high aliphatic index of all serine protein sequences 
indicates that these proteins may be stable for a wide temperature 
range. The lower thermal stability of serine proteins (HM368165) was 
indicative of a more flexible structure when compared to other protein. 
The Grand Average hydropathy (GRAVY) value for a peptide or protein 
is calculated as the sum of hydropathy values of all the amino acids, 
divided by the number of residues in the sequence. GRAVY indices 
of serine proteinases are ranging from - 0.172. This low range of value 
indicates the possibility of better interaction with water. As disulphide 
bridges play an important role in determining the thermo stability of 
these proteins. CYS_REC was used to determine the Cysteine residues 
and disulphide bonds. Disulfide bonds prediction of F.indicus serine 
proteinase depicts the 18 cysteine residues were occurred among 400 
residues of the protein [30].

Functional characterization of serine proteinase

Functional analysis of these proteins includes prediction of 
transmembrane region, disulfide bond and identification of important 
motifs. SOSUI distinguishes between membrane and soluble proteins 
from amino acid sequences, and predicts the transmembrane helices 
for the former. The Trans membrane regions and their length were 
tabulated in Table 2. The server SOSUI [31] classifies serine proteinase 
as membrane protein and other these proteins as soluble proteins. 
SOSUI server has identified one transmembrane region in these 
proteins. The transmembrane regions are rich in hydrophobic amino 
acids. Table 3 showed the output of Prosite that was recorded in terms 
of the length of amino residues of protein with specific profiles and 
patterns. Secondary structure analysis revealed alpha helixes were 
dominated among secondary structure elements followed by random 
coils, extended strand and beta turns for all sequences (Table 4).

3D structure generation

According to the identity three templates were chosen .Based on 
the Ramachandron Plot value and, over all quality factor Among that 
best one model was selected as suitable template . The stereo chemical 
quality of the predicted models and accuracy of the protein model was 
evaluated after the refinement process using Ramachandran Plot Map 
calculations computed with the PROCHECK program. The assessment 
of the predicted models generated by modeler was shown in Figure1. 
The main chain parameters plotted are Ramachandran Plot quality, 
peptide bond planarity, Bad no bonded interactions, main chain 
hydrogen bond energy, C-alpha chirality and over-all R factor. In the 
Ramachandran Plot analysis, the residues were classified according to 
its regions in the quadrangle. The red regions in the graph indicate the 
most allowed regions whereas the yellow regions represent allowed 
regions. Glycine is represented by triangles and other residues are 
represented by squares. The result revealed that the modeled structure 
for serine proteinase was 96.8% of residues in allowed region. The 
distribution of the main chain bond lengths and bond angles were 
found to be within the limits for these proteins. Such figures assigned by 
Ramachandran plot represent a good quality of the predicted models. 
The modeled structures of serine proteinase protein was also validated 
by other structure verification servers WHAT IF. Standard bond angles 
of the model were determined   by using WHAT IF. Results were shown 
in Table 5.The analysis revealed RMS Z-scores were almost equal to 1 

Serine 
proteinase 
Protein

Accession
Number

Sequence
Length M.wt pI -R +R EC II AI GRAVY

SP HM368165 380 40780.0 5.07 43 31 32430 38.09 83.18 -0.172
Table 1: Parameters computed using Expasy’s ProtParam tool. Theoretical 
isoelectric point (pI), Molecular weight, Total number of positive and negative 
residues, Extinction coefficient, Instability index, aliphatic index and Grand average 
hydropathy of Serine Protease was depicted in table 1.

No. N terminal transmembrane region C terminal type length
1 7 LWLGTVLLFVYVEGGVGPYCVSL 29 PRIMARY 23

Table 2: Transmembrane regions identified by SOSUI server. This amino acid 
sequence is of a MEMBRANE PROTEIN which have 1 transmembrane helix.

Name 
of  the 
Protein Accession

No Motif Found Profile Position
in the
protein

Description

Serine 
protease HM368165 VTAAHC TRYPSIN_HIS 157 - 162 Transmembrane 

protein

Table 3: Functional characterization of proteins of SP at Prosite.
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suggesting high model quality. The predicted structures conformed well 
to the stereochemistry indicating reasonably good quality. 

Protein structure validation

To validate the homology modeled serine proteinase structure, 
a Ramachandran plot was drawn and the structure was analyzed by 
PROCHECK, a well known protein structure checking program. It 
was found that the phi/psi angles of 90% of residues fell in the most 
favored regions, 6.8% residues fell in the additional allowed regions, 
and 3.2% fell in generously allowed regions; none of the residues fell in 
the disallowed conformations (Figure 2). The results of PROCHECK 
and WHAT IF analysis was shown in the Figure 3. These observations 
indicate that an increase in the number of bad dihedral angles of the 
modeled structure had occurred. This may be due to MD simulation 
causing an unfavorable dihedral angle, allowing the protein to overcome 
high energy barriers.

Conclusion
In this study prophenoloxidase activating factor serine proteinase 

was selected. Physicochemical characterization were performed by 
computing theoretical isoelectric point (pI), molecular weight, total 
number of positive and negative residues, extinction coefficient, 
instability index, aliphatic index and grand average hydropathy 
(GRAVY). Functional analysis of these proteins was performed by 
SOSUI server. For these proteins disulphide linkages, motifs and 
profiles were predicted. Secondary structure analysis revealed that 
random coils dominated among secondary structure elements followed 
by alpha helix, extended strand and beta turns for all sequences. 
The modelling of the three dimensional structure of the protein was 
performed by homology programs, Swiss model and Modeller. The 

Secondary structure SOPMA GOR

Alpha helix 19.27% 16.86%

310 helix 0.00% 0.00%
Pi helix 0.00% 0.00%
Beta bridge 0.00% 0.00%
Extended strand 18.35% 22.89%
Beta turn 3.21% 0.00%
Bend region 0.00% 0.00%
Random coil 59.17% 60.26%
Ambiguous states 0.00% 0.00%
Other  states 0.00% 0.00%
Sequence length 218 380

Table 4: Secondary structure of serine proteinase by SOPMA & GOR.

Figure 1: Structure of Serine Proteinase gene from Fenneropenaeus indicus 
modelled by modeller9v8 and the ribbon structure was visualized by YASARA. 
The protein serine proteinase was modelled using homology modelling based 
on the template obtained from PDB. The closest homologue with the highest 
sequence identity is 36%. 

 Sl. no Plot statitics values
1 Residues in most favoured regions [A,B,L] 96.8%
2 Residues in additional allowed regions [a,b,l,p] 3.2%
3 Number of non-glycine and non-proline residues 100.0%
4 Number of end-residues (excl. Gly and Pro) 2
5 Number of glycine residues (shown as triangles) 38
6 Number of proline residues 10

Table 5: RamachandranPlot calculation and comparative analysis of the models 
from Modeller computed with the PROCHECK program.

Figure 2: Ramachandran plot validation for the immune related protein Serine 
Protease from Fenneropenaeus indicus.

Figure 3: RMS Z-score for bond angles of modelled protein structure using WHAT 
IF.  The validation values of the Ramachandran plot is given below in the table 
 Based on an analysis of 118 structures of resolution of at least 2.0 Angstroms 
and R-factor no greater than 20%, a good quality model would be expected to 
have over 90% in the most favoured regions. 
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models were validated using protein structure checking tools Figure 2, 
Ramachandran’s map of serine proteinase. PROCHECK and WHAT IF. 
These structures will provide a good foundation for functional analysis 
of experimentally derived crystal structures.The refined model was 
analyzed by different protein analysis programs including PROCHECK 
for the evaluation of the Ramachandran plot quality, and WHATIF 
for the calculation of packing quality. The Verify 3D plot show the 
77.74% of residue had an average 3D-1D score. This structure for the 
corresponding coordinates in PDB format was found to be satisfactory 
based on the above results. The predicted 3-D model of the serine 
proteinase protein of Fenneropeaneaus indicus will be very useful in 
wet laboratory while studying the real structure of the protein. The total 
energy values of the predicted 3-D model were calculated as 96.8% of 
Ramachandran plot value in 30 and 40 steepest descent and conjugate 
gradient, respectively. The protein model has more beta-sheets with 
only three short a-helices. This transmembrane protein involved in the 
pattern recognition mechanism and signal transduction pathways.
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