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ABSTRACT

SE clan of serine proteases have Lysine, Serine and Tyrosine residues as catalytic triad in their
active site which 1s an exception to all other serine proteases having conserved residues Serine,
Asgpartic acid and Histidine in their active sites. The aim of this study was to explore the structural
distinctiveness of different 512 family (D-Ala-D-Ala carboxypeptidase B family) serine peptidases
from diverse groups of species belonging to SE clan, using molecular modeling techniques. Amino
acid sequences of those proteases from each group of organisms, 1.e., archean, protozoan, fungal,
plant and human were taken from the MEROPS database in FASTA format. Homology and
threading modeling approach were used to construct all the structures by SWISS MODEL and
LOOPP server respectively. Structural quality assessing validation programs (PROCHECK,
MODELYN, MOLFROBITY and PROSA) of the final model have demonstrated its reliability for
further studies. A full structural database was constructed starting from bacteria up to human,
focusing on the catalytic triad of the proteases. MODELYN study showed statistically that the
region of the catalytic triad is highly conserved from bacteria to human. Phylogenetic analysis also
supports their evolutionary connection. MOLMOL study showed that the catalytic sites of all the
SE Clan proteases exhibit acidic regions in the surface electrostatic potential maps but a few of
them contain both large patches of positive and neutral potentials. Hence some of the proteases
with predeminant positive and neutral regions around the catalytic site can be used as potential
drug target against bacterial and protozoan pathogens.

Key words: SKE clan, MEROPS, homology modeling, threading, electrostatic potential, catalytic
triad

INTRODUCTION

Proteases (proteinases, peptidases or proteolytic enzymes) are enzymes that can split a protein
into peptides and break peptide bonds between amino acids of proteins. Proteases work by lowering
the activation barrier for peptide hydrolysis (Barrett et al., 2003; Rawlings and Barrett, 1993). The
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activated state is usually a tetrahedral intermediate. The process 1s called proteclytic cleavage, a
common mechanism of activation or inactivation of enzymes especially involved in blood
coagulation or digestion. Peptidases and their natural, protein inhibitors are of great relevance to
biology, medicine and biotechnology (Perona and Craik, 1995; Esmon, 2000).

A clan contains all the modern-day peptidases (Barrett ef al., 2001) that have arisen from a
single evolutionary origin of peptidases. It represents one or more families that show evidence of
their evolutionary relationship by their similar tertiary structures, or when structures are not
available, by the order of catalytic-site residues in the polypeptide chain. The MEROPS database
{(Rawlings et al., 2008) aims to fulfill the need for an integrated source of information about the
proteins. The organizational principle of the database is a hierarchical classification in which
homologous sets of proteins of interest are grouped into families and the homologous families are
grouped in clans. There are different clans like, PA/SA, 5B, 5C and SE clans.

In this study, SE clan i1s considered that contains peptidases which have specialized for roles
in bacterial cell wall metabolism, for the structure prediction and analysis using advanced molecular
modeling techniques. The homology of the three families 511 (Englebert et al., 1994), 512
(Kelly ef al., 1985) and S13 (Sauvage et al., 2005) of SE clan is supported by similarities in their
sequence, protein fold, catalytic mechanism and biological functions. For this study, attention was
focused mainly to the members of the 812 Family/D-Ala-D-Ala carboxypeptidase B family, contains
serine-type D-Ala-D-Ala carboxypeptidases (Silvaggi ef al., 2003). The active site residues Ser and
Lys form the catalytic dyad and are found in the motif Ser-Xaa-Thr-Lys. There is a catalytic Tyr
residue further toward the C-terminus in a conserved Tyr-Xaa-Asn motif. The tyrosine is replaced
by serine in other families of SE clan. The aim of this study was to explore the structural
characteristics of different 512 family serine peptidases belongs to SE clan from diverse groups of
the living kingdom using molecular modeling techniques. Huge availability of protein sequences
and computational approaches for identifying target proteins/ genes has been a great support, for
further experimental work (Shakyawar et al., 2011).

Conserved residues in serine proteases (Rawlings and Barrett, 1994; Krem and Cera, 2001)
with a wide evolutionary span (Rawlings and Barrett, 1993) ranging from bacteria to mammals on
the catalytic sites and their interactions are mainly highlighted for evolutionary insight and
structure based drug designing (Anand et al., 2003; Turk, 2006; Tambunan and Parikesit, 2010).
The present study aims at exploring the structural uniqueness of different 512 family (D-Ala-D-Ala
carboxypeptidase B family) serine peptidases from different species belonging to SE clan which
have specialized roles in bacterial cell wall metabolism, using molecular modeling techniques.

MATERIALS AND METHODS
Computational tools: In this study, the computational studies were performed using the
following software packages. The study materials were collected from MEROPS database which
aims to fulfill the need for an integrated source of information about the peptidases. The database
contains a hierarchical classification of peptidases in which homologous sets of proteins of interest,
are grouped into clans and families among kingdoms of organisms, giving concise text annotations
for each peptidase family. Homology (Floudas, 2007) and threading modeling were carried out
using SWISS-MODEL server (Schwede ef al., 2003) and LOOPP server (Meller and Elber, 2001)
on PC,

SWISS-MODEL, PROSITE, LOOPP, CLUSTALW, MOLPROBITY and MOLMOL were used

from the respective weh-servers available through Internet at sites:
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«  http:/lswissmodel.expasy.org/SWISS-MODEL. html
+  http://lwww.expasy.org/prosite

«  http:/lcbsuapps.te.cornell.edufloopp . aspx

«  http:/fwww.ebi.ac.uk/clustalw/ and

«  http://molprobity bicchem.duke.edu

Model construction and refinement: Amino acid sequence of 5K clan-serine protease from each
of the groups of archea (Pyrococcus abyssi, No MERO26262), protozoan (Dictyostellium discoideum,
MERQ0O35017), fungal (Neurospora crassa, MER033421), plant (Arabidopsis thaliana, No.
MERC004158) and human (Homo sapiens, MERO17071) were taken from the MEROPS database.
The amino acid sequences of the three proteases were subjected to NCBI PSI BLAST
{Altschul et af., 1997) search in the Protein Structure Database (PDB) for selection of suitable
template for comparative modeling. The challenge of template based modeling lies in the recognition
of correct templates and generation of accurate sequence-template alignments. When suitable
template was found to be absent in the protein BLAST search result, the initial models of the
proteases were predicted using two web-based molecular modeling servers e.g. SWISS-MODEL
server and LOOPF v4.0 and v3.0 server. Actually, protein modeling 1s the only way to obtain
structural information if experimental techniques fail (Prajapat ef al., 2010). The sequences of all
the predicted structures both hemologous and non hemolegous were aligned using the multiple
alignment server, CLUSTALW and the structures were aligned using ABGEN (Mandal ef al., 1996)
to select the core structure of the stating scaffold of the target protein for subsequent refinement.
The starting structure was refined using the Insight II 2005 of Accelrys (San Diego, CA) equipped
with DISCOVER as the energy minimization and molecular dynamics module. Structural
optimization involved energy minimization (100 steps each of steepest descent and conjugate
gradient methods) using ¢ff91 force-field followed by dynamics simulations. A typical dynamics run
consisted of 10000 steps of one femto-second (10 picoseconds) after 1000 steps of equilibration with
a conformational sampling of 1 in 10 steps at 300 K. However, dynamics simulation of 100
picoseconds was also applied to certain bigger loops for proper regularization. At the end of the
dynamies simulation, the conformation with lowest potential energy was picked for the next cycle
of refinement using the ANALYSIS module of Insight II. This combination of minimization and
dynamies were repeated until satisfactory conformational parameters were obtained. Kach loop was
separately regularized applying position constraints to the rest of the atoms of the protein which
were two amino acids away from the desired loop by energy minimization and molecular dynamics
followed by evaluation of the structural parameters. SCWRL 3.0 (Canutescu et al., 2003) was used
to regenerate the sidechains (Summers and Karplus, 1991) of the modeled protein. The final
structure was energy minimized 100 steps each with steepest descent and conjugate gradient
methods keeping all the atoms of the protein free.

Structure validation: Structural parameters and quality of the final 3D structures were
determined using PROCHECK (Laskowski et af., 1993; Amir ef af., 2011), MOLPROBITY
{(Davis et al., 2004), PROSA (Wiederstein and Sippl, 2007) and MODELYN (Mandal, 1998; Indian
Copyright No. 9/98).

3D structure analysis: The ribbon structure and electrostatic potential surface of the model were
determined by MOLMOL (Koradi ef al., 1996).
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Multiple sequence alignment and phylogenetic analysis of serine proteases: Amino acid
sequences of serine proteases of archea (Pyrococcus abyssi, No. MER0O26262), protozoan
(Dictvostellium discoideum, MERO035017), fungal (Neurospora crassa, MER033421), plant
(Arabidopsis thaliana, No MER0O04158) and human (Homeo sapiens, MER017071) were taken from
the MEROPS database in FASTA format and subjected to multiple sequence alignment, using
CLUSTALW (Thompson et al.,, 1994). Phylogenetic Analysis was also done by PHYLIP 3.5 program
package while distance matrix was computed using PROTDIST with 100 BOOTSTRAP analysis.
Phylegeny tree searching was performed by KITSH program (Chatterjee ef ., 2011;
Tambunan et al., 2008).

RESULTS

Model construction: There were X-ray structures of bacterial peptidases for this 512 of SE clan
was present in the PDEB; one of the X-ray structures, 10NH.pdbh (MERCC0463) was downloaded for
structural analysis. For the rest of the groups 1.e. archea, protozoa, fungi, plant and animal, no
experimentally determined structures were available. Hence we selected one sequence from each
group from the MEROPS database to predict their structures by molecular modeling techniques.

The sequences of the proteases were looked for significant sequence identity (>30%) suitable
for homology based structure prediction, finds and compares regions of local similarity between
sequences of proteins and calculates the statistical significance of matches. Homology moedeling is
based on the fact that a structure of a protein can be reliably modeled when its sequence is
sufficiently similar to a protein sequence with known 3D structure. As the 3D structure models of
target proteins are built upon its alignment to the template, IKVM.pdb and 1CEG.pdb were
considered as templates for homology modeling of archean and plant proteases respectively. Initial
models were developed using SWISS-MODEL server which is a fully automated protein structure
homology-modeling web server (Fig. 1). The purpose of this server is to make protein modeling
accessible to all biochemists and molecular biologists worldwide,

The species of protozoa, fungi and animal as those have <30% sequence identity were
considered for threading based modeling. Sequences from protozoan (Dictyostellium discotdeum,
MERQO35017), fungal (Neurospora crassa, MER033421) human (Homo sapiens, MER017071)
proteases were submitted to the LOOPP server for threading based structure prediction and the
search results for secondary structures of the target sequence has the best match with the X-ray
structure PDB [Ds: 1RGZ, 1SDE and 1CI9, respectively. The percent sequence identities of the
templates are 18.96, 25.15 and 18.29%, respectively which shows that they are fit for threading
models. The template modeling match scores and the extent of sequence coverage are given in
Table 1. Template modeling match score is a measure of similarity between two protein structures,
i.e., the modeled structure and the experimentally determined structure (X-ray structure) and they
are independent of protein lengths. Here, all the match scores are above 0.5 which interprets that
they have roughly assumed the same fold with template proteins. 3D structures of Dictvostellium
discoideum, Neurospora crassa and Homo sapiens based on 1RGZ.pdb, 1SDE.pdb and 1CI9.pdb
respectively were chosen as initial models.

Refinement of the modeled structures: Quality of the backbone of the modeled structure was
assessed with PROCHECK for reliability. PROCHECK is widely used to scan a model for unlikely
bonds, angles and dihedral values. It was observed that although most of the @-V pairs were
distributed in the most favored and additional allowed regions of the Kamachandran’s plot, the
backbone conformation of some of the Amino Acids (AA) were in the generously allowed and
disallowed regions as shown in Fig. 2 a and b and values are given in Table 2. For a model to
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Table 1: The match scares, percentage sequence identity and the extent of sequence coverage of protozoan (Dictvestellium discotdeum),

fungal (Neurospora crassa) and animal (Homo sapiens) proteases using LOOPP server

Initial sequence PDB ID Score Sequence identity (%) Length (%)
Dietyostellium discoideum MER035017 1RGZ 3.786 18.96 92.45
INeurospora crassae MER033421 18DE 2.787 2515 88.30
Homo sapiens MERO17071 1CI9 4.226 18.29 96.62
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Fig. 1. Pairwise alignment of the amino acid sequences of the target with those of known
structures/templates: Predicted secondary structures, s for f-sheets and h for «-helices, are
also shown for each sequence. Columns containing highly conserved AA are marked with
" and partially conserved sequences are marked with '." along the alignments with the color
blue and green

be validated based on quality, a good quality protein model should have >80% or more residues in
the most favered regions of quadrangle in the Ramachandran’s plot. In the cases of archean and
plant protease models, 81.8 and 88.8% of residues respectively fall in the most favored regions after
refinement. Initially, there were some residues which didn’t fall under the most favored region in
Ramachandran’s plot. Then using CHARMmM module of Insight 11, the dihedral angles (p-¥) of all
residues were fixed so that they fall under the most favored region. The same protocol was followed
for each residue and for each model. The percentage residues of other models of protozoan, fungal
and human proteases are very close to 80% which fall in the most favored region in the
Ramachandran’s plot (Table 2). These were grouped into different segments of the structure and
refined by energy minimization and molecular dynamics until all the backbone conformations fell
in the desired regions. The right panels of Fig. 2 show the Ramachandran’s plot of the refined
model.

Validation of the structure: The side chains of the modeled structure were regenerated using

SCRWL and the overall structure was energy minimized to get the refined homology model as well
as threading models of the proteases from SE clan of different species. Overall atom clashscores and
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Fig. 2 (a-h); Ramachandran’s plot of the ¢-¥ dihedral angles of the modeled structure of the
protease from Homo sapiens (No MERC17071) (a) before and (b) after refinement. of
the backbone. Residues whose @-W pairs fell outside the desired most favorable and
additional allowed zones are marked in red. Plot for a single species 1s shown for
brewity

rotamer outliers were measured using MOLPROBITY. For structure validation and error correction
purposes, the clash overlaps are very much dominant issue. It is considered that a serious clash to
occur where two incompatible atoms overlap by 0.4 A or more. The overall clashscore of a structure
is the number of serious clashes per 1000 atoms (Gu and Bourne, 2009). It is seen from the listed
values in the Table 3 that the all atom clashscore of predicted models of SE clan proteases of
archean, animal and plant are quite close to the X-ray structures. Again, for X-ray targets, the
target rotamer set consists of all residues for which a valid rotamer name could be assigned. If that
score is = 1%, it assigns the name of the local rotamer peak and if = 1%, it declares an outlier. In
this work, except for the fungal and animal proteases, all the calculated rotamer outliers for
archean, plant and protozoan proteases are very close to their X-ray templates. The other structural
parameters like deviation of bond lengths and bond angles from standard values were measured
using MODELYN and Z score of the model were measured using PROSA (Fig. 3). These values
were also compared with the relevant x-ray structures of the modeled structures used in homology
modeling and threading modeling as shown in Table 3. It may be ncoted that these structural
parameters are comparable to those of the X-ray structure indicating that our modeled structure
has good general structural parameters.

Analysis of secondary structure and electrostatic potential surface of the protease of
the SE clan: Most of the members of this clan exhibit extensive ordered secondary structures of
¢-helix and B-sheet except for fungal protease from Neurospora crassa and plant protease from
Arabidopsis thaliana. The lack of extensive ordered secondary structures is probably due to less
sequence coverage in the modeled structures of these proteases. All the structures of the proteases
of this clan, experimental or modeled, contained two catalytic triad residues, Ser and Lys, are
present on a single a-helical segment as they are present in a short and highly conserved motif,
characteristics of this clan. But, the third catalytic triad residue is either tyrosine or serine and is
well separated from the other two showing large variation in sequence and structures around it.
The Ca atom RMSD of the triad residues of the modeled protease are within 1 A which is found
among serine proteases.
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Table 3: Results of structural validity tests in terms of clashscores (overlaps =0.4 f\) and rotamer outliers (first two y angles by >20° from
its nearest associated rotamer) calculated using MOLPROBITY and root mean square deviations from standard bond lengths

and bond angles, measured using MODELYN

PROSA Z Scare
All atom clashscore Rotamer RMSD of bond RMSD of bond overall model
S. No. Structural model (No/1000 atoms) outliers (%) length (A) angle (degree) quality
Al X-ray structure with PDP 1D 1KVIM 3.50 262 0.015 2.60 -
A2 Homology maodel of Pyrococcus abyssi protease 8.00 1.46 0.015 2.64 -5.03
B1 X-ray structure with PDP 1D 1SDE 3.76 2.40 0.018 2459 -
B2 Homology model of Arabidopsis thaliana
protease 3.25 1.13 0.029 2.94 -7.41
C1 X-ray structure with PDB ID 1RGZ 6.56 251 0.016 2.86 -
c2 Threading model of Dictyestellium discotdeum
protease 6.57 3.65 0.025 3.52 -5.27
D1 X-ray structure with PDP 1D 1SDE 7.78 1.77 0.018 2459 -
D2 Threading model of Neurospora crassa
protease 10.10 4.96 0.017 3.24 -2.86
E1l X-ray structure with PDB ID 1CI9 11.00 6.12 0.014 2.56 -
E2 Threading model of Home sapiens protease 11.30 351 0.021 3.83 -3.54
3 -
X-ray (b) Window size 10
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Fig. 3 (a-b): (a) Overall model quality (4 score) and (b) local model quality (residue interaction
energy profile) of Homo sapiens (No, MERO17071) after refinement of the backbone
are determined using PROSA. Plot for a single species 1s shown for brevity

The Electrostatic Surface Potential (ESP) of the X-ray structure (FDB ID: 10NH) of the
bacterial protease of the SE clan showed that the electrostatic potential surface around the catalytic
serine residue 1s mostly neutral along with patches of an intense positive regions.

The ESP of the archean protease from Pyrococeus abyssi of the SE clan (homology modeled
structure) showed that the surface electrostatic potentials of this protein around the catalytic triad
are mostly positive with a patch of neutral potentials. There is a highly intense negatively charged
region near the catalytic triad.

ESP of the threading-modeled structure of the protein from Dictvostellium discoideum like the
first two members of this clan showed the surface electrostatic potentials around the catalytic site
are mostly neutral mixed with a patch of positive potentials. Thus, it has very different electrostatic
environment around the catalytic site making it useful as a target for drug design (Fig. 4).
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Fig. 4 (a-d): Secondary structure (left panel) and surface electrostatic potentials (right panel) of
the X-ray structure of (a) plant protease from Arabidopsis thaliana of the SE clan
(MEROF No. MER004158), (¢) protozoan protease from Dictvostellium
diseotdeum{MEROP No, MER035017) of the SE clan. In secondary structures f-sheets
are shown in light blue with an arrow pointing to C-terminus, ¢-helices are shown in
red and yellow, turnfloops are shown in gray and side-chains of catalytic triad residues
are shown in green sticks. In surface electrostatic potentials (right panel) of
Arabidopsis thaliana, (b) and Dictyostellium diseoideum and (d) red, blue and white
colors represent negative, positive and neutral charges respectively. Both the figures
are generated in the same orientation using MOLMOL. Plots for only two species are
shown for brevity

In the same way, KSP of the threading model of the fungal protease from Neurospora crassa
was constructed. The surface electrostatic potentials around the catalytic site are a combination of
negative, positive and neutral regions which is different from the other proteases of this SE clan.

The ESF of the homology model of the plant protease from Arabidopsis thaliana showed that
the catalytic triad residues Ser-16 and Tyr-102 are present in the negative electrostatic potentials
and Liys-19 is in a positive zone (Fig. 4).

Secondary structure (left panel) and surface electrostatic potential map (right panel) of the
threading model of the human (Homeo sapiens) protease of the SE clan were also prepared. The
surface electrostatic potentials around the catalytic site are a combination of negative, pasitive and
neutral regions. In many human proteases the surface electrostatic potential is highly negative but
in this bacterial serine protease is very different and may be useful in drug design.

Analysis of the core structure and active site geometry of the modeled structures of the
proteases of the SE clan in reference to the experimental structures: In order to analyze
the structural environment of the modeled structures and to compare them with those of the
experimental structures, the distances between the Ca atoms of catalytic triad residues Ser to Lys,
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Livs to Tyr {/Ser) and Tyr (/Ser) to Ser in the refined structures were measured using MODELYN.
The mean values of distances between the Cg atoms of Ser to Liys, Livs to Tyr and Tyr to Ser of the
triads in the modeled structures are 5.7+0.07, 11.520.06 and 10.640.07, respectively. The deviations
of values from mean distances between the Ca atoms of the triad residues are much smaller than
those of the X-ray structures (Table 4). This is because of the fact that all the triad residues are the
same (1.e., the third residue 1s Tyr and not Ser).

The 3-D structures of the selected proteases of the SE clan were superpose with the
representative x-ray structure (10NH) of the bacterial protease with respect to a selected set of
Cea atoms in order to examine the deviations of the core of the structures of the modeled proteins
of the SE clan. It is found that 14 te 37% of the Cu atoms superposed with an RMS deviation below
1 A. while only 2 to 7% of Ca atoms of the X-ray structures of the bacterial proteases of this clan
superposed with an RMS deviation below 2 A

Phylogenetic analysis: The consensus phylogenetic tree of all the five 812 family members of
our interest is shown in Fig. 5. Although, the core remained relatively conserved some segments
of the proteases varied alot during evolution.

Table 4: Analysis of the core structure and active site geometry of the modeled structures of the proteases of the SE clan in reference to
the experimental structures. All the modeled structures were superposed on the x-ray structure (10NH) of the bacterial proteasze

with respect to a selected set of Ci atoms

Active site residues Cu distance of triad (13\)

MEROP No. Group Species Peptidase unit S K Y (5-K) (K-T) (Y-8)
MER000463  Bacteria FEnterobacter cloaeae 30-381 84 87 170 5.5 11.3 10.7
MERO026262  Archea Pyrococcus abysst 4-353 59 62 160 5.4 11.2 10.4
MEROO4158 Plant Arabidopsis thaliana 2-208 17 20 103 5.6 11.4 10.8
MERO035017  Protozoa Dictyostellium discoideum — 48-444 111 114 217 5.8 11.9 10.2
MER033421  Fungi INeurospora crassae 9-302 118 121 179 5.4 11.3 10.7
MERO017071 Animal Homo sapiens 102-547 164 167 323 6.1 11.5 109
Mean+SD of the Ca distances between the triad residues— 5.7+£0.07 11.5+0.06 10.6+0.07

. Nec MER033421
4---99.0 ——-
=== 74.0 ___{ | I Db MER035017
|
|

|
|
4--100.0 -——-

Ec MER000463

Hs MERO017071

Pa MER026262

At MER004158

Fig. 5. Phylogenetic Analysis of SE clan proteases, One from each of the groups of bactera
(Knterobacter cloacae No MERQO00463), archea (Pyrococcus abvssi, No MER026262),
protozoan (Dictyostellium discoideum, MERO35017), fungal (Neurospora crassa,
MER033421), plant (Arabidopsis thaliana, No MER004158) and human (Homo sapiens,
MERO017071) were carried out using Phylip web server
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DISCUSSION

Conceptually, there are three basic approaches to protein structure prediction, e.g., homology
modeling, threading and ab initio or template free methods. Comparative modeling alone or in
conjunction with fold recognition analysis provides relatively accurate structures when the target
sequence of a protein is evolutionarily related to a template which has an experimentally
determined structure in the Protein Data Bank (FDB). (Chatterjee ef @l., 2011). In this study,
serine proteases from the diverse groups were selected of the living kingdom based on MEROP
classification of the SE clan for 3-D structural moedeling. Five structures of only bacterial proteases
of this clan have been determined by experimental method; we have included them as
representative of structures of the proteases of this clan for comparison with our predicted
structures of proteases from other groups. Most of the studies in this context has predicted a 3D
model of a protein and established it by further refinement and validation. There are ample
numbers of literatures which have predicted 3D structures of different proteins (Rajesh et al., 2008;
Prabhavathi et al., 2011; Ginalski and Rychlewski, 2003). Majority of the studies have been
reported about the 1dentification of drug targets by experimental as well as in silico methods as
targeting proteases is going to be very useful in drug design; especially the non-homelogous
proteins are very effective (Smith, 2004; Chong ef al., 2006, Suthar et «l., 2009; Shakyawar et al.,
2011; Singh et al., 2006) but till date, no studies have been reported on computer-based 3D
modeling of SK clan serine proteases. The prepared models of this clan using experimental data
available in the literature are also submitted to PDB. From that point of view, the present study
is unique and much more virgin in nature as this has covered a wide arena of model prediction to
evolutionary analysis.

CONCLUSION

In the present study 512 family of serine peptidases of SKE clan were chosen for structural
study. No 3D structures of the serine proteases of SK clan were available in databases except only
the X-ray structures of bacteria, as Sk clan 1s a lower species belonging clan. Therefore, 3D models
for the archea, protozoa, fungi, plant and human were built using comparative modeling
techniques. The models were evaluated and validated using Discovery Studio visualizer (Accelrys)
and PROCHECK. Further refinement and validation were done by Ramachandran plot analysis.

The structural models, both experimental and predicted, are used to analyze various structural
properties of the serine proteases of the 5K clan mainly focusing on the common core harboring the
catalytic site of this very important class of enzymes which have been used and hold high potential
in the structure based rational drug design. Examination of the geometry of the triad residues
reveal that the modeled enzyme can catalyze the peptide hydrolyzing activity. In general, the
catalytic site of all the proteases exhibit acidic regions in the surface electrostatic potential maps but
a few of them contain both large patches of positive and neutral potentials. Hence some of the
proteases with predominant positive and neutral regions around the catalytic site can be used as
drug target against bacterial and protozoan pathogenic organisms as the interactions of inhibitors
are strongly influenced by the nature of electrostatic potential surface near the substratefinhibitor
binding sites.

However, the essence of this study has not only prediction of the 3D structures of the serine
proteases; but also the establishment an evolutionary relationship between them. The residues of

the catalytictriad in all the proteases remain same but they differ in their position in each case. The
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kinship amongst the proteases, though belonging in different species inspite of having big
phylogenetic distances have been established by phylogenetic analysis; that's why they belong to
a single "clan",

Most of the studies in this context has predicted a 3D model of a protein and established it by
further refinement and validation. From that point of view, the present study is unique and much
more virgin in nature as this has covered a wide arena of model prediction to evolutionary analysis.
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