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ABSTRACT

The importance of homology modeling is that, for a set of given proteins that are hypothesized to be homologous, their three-
dimensional structures are conserved to a greater extent than their primary structures. This observation has been used to generate
protein models from homologues with very low sequence similarities. Thus, we attempted to model human genome receptor
protein using MODELLER, SWISS-MODEL SERVER and ESYPRED-3D TOOLS. Comparison of the three Insilco tools for modeling the
same protein showed that MODELLER outperformed SWISS-MODEL SERVER and ESYPRED-3D.
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INTRODUCTION

omology modeling prognosticates the three-

dimensional (3D) structure of a given protein of

unknown structure (target) dependent primarily
on its alignment to one or more proteins of known
structure (templates).” Two prerequisites must be met
to build a useful model. First, the congruity between the
target sequence and the template structure must be
detectable. Second, a considerably correct alignment
between the target sequence and the template structures
must be calculated. Homology modeling is possible
because small changes in the protein sequence usually
result in small changes in its 3D structure.® Although
substantial progress has been made in ab initio protein
structure prediction’, Homology modeling remains the
most reliable prediction method. The overall accuracy of
homology models spans a wide range, from low
resolution models with only a correct fold to more
accurate reliable models comparable to medium
resolution structures determined by crystallography or
nuclear magnetic resonance (NMR) spectroscopy”. Even
low resolution models can be useful in biology because
some attributes of function can sometimes be predicted
only from the coarse structural features characteristics of
a model.

The 3D structures of proteins in a family are more
conserved than their sequencess. Therefore, if
homogeneity between two proteins is recognized at the
sequence level, structural similarity can usually be
understood. Moreover, even proteins that have non
detectable sequence similarity can have similar
structures. It has been estimated that approximately one
third of all sequences are distinguishably related to at
least one known protein structure.®™ Because the
number of known protein sequences is approximately
500,000™, homology modeling could in principle be
applied to more than 150,000 proteins. This number can
be compared to approximately 10,000 protein structures

determined by experiment.®'® The usefulness of

homology modeling is steadily increasing because the
number of unique structural folds that proteins adopt is
restricted”’ and because the number of experimentally
determined new structures are increasing exponentially™.
It is possible that in less than 10 years at least one
example of most structural folds will be known, making
homology modeling applicable to most protein
sequences.18 The beta-1 adrenergic receptor (B1
adrenoreceptor), also known as ADRB1, is a beta
adrenergic receptor, and also denotes the human gene
encoding it'. It is a G-protein coupled receptor
associated with the Gs heterotrimeric G-protein and is
expressed predominantly in cardiac tissue.

All current homology modeling methods consist of four
sequential steps (Figure 1): fold assignment and template
selection, template—target alignment, model building,
and model evaluation. If the model is not satisfactory,
template selection, alignment, and model building can be
repeated until a satisfactory model is obtained. For each
of the steps in the modeling process, there are many
different methods, programs, and World Wide Web
servers (Table 1).

Table 1: Programs and World Wide Web servers useful in
comparative modeling

Program Website addres: Program description

Geno3d ttp:/pbil dbep &/ [Automatic modeling of protein thres-dimensiomal structurs

[http:/farww_expasy.org/swissmod/  |An automated knowledze-based protein modeling server;

SWISS-MODEL heml

Swrizs Model
fixst spproach and optimize

Http:/frarwr.cbs. dtu dk/services
(CPHmodels

CPHmeodels ‘Automated newral-network based protein modeling server

Modeller  |Bitp:/zalilab.org (& program for sutomated protein Homology Modsling

Similar package a5 CHARMm Developed by
Amber Ihttp://amber scripps edu/ N
Eollamax's group at UCSF

[Automatic Homology Modeling module. The software

Homolozy |http:/fwww aceelrys.com/ o
suite als0 ks Modsller, SeqFold modules, Quants

Wloop ittp://psb00.saw jussien friwloop’ | The Loop Homelogy Modeling Server

WhatIf st Farwrwcosbi kun ol v servers/
|V Friend's What-IF Homologzy Modeling Server
Server WIwWWI

[ittp-/Farww fandp.ac be/sciences/
EsypredsD | o ) . [ESyPred3D is a new automated homology modeling program.
biologie urbm/bioinfo/esypred,

SDSC1 http://cl.zdsc.edu'hm html SDSC Protein Structure Homology Modeling Server

&
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Modeller is used for homology or comparative modeling
of protein three-dimensional structures .The user
provides an alignment of a sequence to be modeled with
known related structures and Modeller automatically
calculates a model containing all non-hydrogen atoms.
Modeller models 3D structure of proteins. It is built in
FORTRAN. Modeller is most frequently used for homology
or comparative protein structure modeling. Modeller
models protein 3D structure keeping in the constraints of
spatial restraints. Swiss Model Server is a fully automated
protein structure Homology Modeling server. Swiss
Model however does not accept the sequences for
homology modelling when similarity is less than 25%.
ESyPred3D is a new automated homology modeling
program. The method gets benefit of the increased
alignment performances of a new alignhment strategy
using neural networks. Alignments are obtained by
combining, weighting and screening the results of several
multiple alignment programs.

COMPUTATIONAL TOOLS

All calculations were carried out in Maestro v9.2 installed
in Cadd-WS3 machine under 64-bit centos operating
system placed in CADD department, Institute of Life
Sciences. The machine was built up with:

A) 4 cores and 8 processers with Intel Xenon CPU E5620
@ 2.40GHZ

B) 16 GBRAM
C) NVidia Qudvo FX3800 Graphical Process Unit (GPU)

D) The PROCHECK analysis provides an idea of the
stereo chemical quality of all protein chains in a given
PDB structure. They highlight regions of the proteins
which appear to have unusual geometry and provide
an overall assessment of the structure as a whole.

E) Other Servers

1) Primary sequence of the beta-1 adrenergic
receptor Protein (Homo sapiens) was retrieved
from Swiss Prot (accession number NP_000675
and Gl number 4557265) from the ExPASy
(Expert Protein Analysis System) proteomics
serves of the Swiss Institute of Bioinformatics.

2) Homology search for Ras protein was carried
out using BLAST software.

F) The crystal structure for Ras protein (PDB ID: 2vt4)
was obtained from PDB database RCSB.

DATABASES
Database

A database is a collection of information that is organized
so that it can easily be accessed, managed, and updated.

Data mining

Data mining® or knowledge discovery is the computer-
oriented process of digging and analyzing large volumes
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of data and finally extracting the meaning of the data.
Applications of data mining to bioinformatics include
gene finding, protein function domain detection, function
motif detection, protein function inference, disease
diagnosis, disease prognosis, disease treatment
optimization, protein and gene interaction network
reconstruction, data cleansing, and protein sub-cellular
location prediction.

Swiss-Prot

Swiss-Prot was created in 1986 by Amos Bairoch and
developed by the Swiss Institute of Bioinformatics and
subsequently developed by Rolf Apweiler at the European
Bioinformatics Institute.” Swiss-Prot aimed to provide
reliable protein sequences associated with a high level of
annotation a minimal level of redundancy and high level
of integration with other databases.

Protein Data Bank

PDB consists of 3D (Three Dimensional) data of
experimentally determined structures of proteins and
nucleic acids® established at Brookhaven National
Laboratory.25 The archive is managed by the Worldwide
Protein Data Bank organization (wwPDB), whose mission
is to ensure that a single, global PDB data archive is and
will remain freely and publicly available.?®

TOOLS
Basic Local Alignment Search Tool (BLAST)

Nowadays Similarity searching, including sequence
comparison, is one of the principal techniques used by
computational biologists and has found widespread use
among biologists in general. The most popular tool for
this purpose is BLAST?” (Basic Local Alignment Search
Tool) which performs comparisons between pairs of
sequences, searching for regions of local similarity. NCBI
BLAST is available from the NCBI*® (National Center for
Biotechnology Information).

METHODOLOGY

Homology modeling was performed by using three tools:
Modeller, Swiss Model Server, and Esypred3D.

Known structuras
(tamplates)

Target
Terpiesoecmn | 4\
A
Alignment Slrucure evalaation and
template-targel assessmen

Struicturs modeling

Homology
modalis;

Figure 1. Four main steps of homology modeling of
protein i.e. template selection, target-template
Alignment, model building and model quality evaluation
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Homology modeling

The steps to creating a homology model are as follows:

o |dentify homologous proteins and determine the
extent of their sequence similarity with one
another and the unknown.

o  Align the sequences.

e |dentify structurally conserved and structurally
variable regions

e Generate coordinates for core (structurally
conserved) residues of the unknown structure
from those of the known Structure(s).

e Generate conformations for the loops
(structurally variable) in the unknown structure.

e Build the side-chain conformations.

¢ Refine and evaluate the unknown structure.

Table 2: Sequential steps of modeling in Modeller,

MODELLER

Retrieve the amino acid sequence of the target and template
in FASTA format from a suitable database.

Retrieve the pdb file of the template from PDB.

Prepare the alignment file of the target and the sequence in
PIR format and name it as Alignment.ali.

Open the script files named model-def ault.py and do
necessary corrections and save as model.py.

Open mod9v6 (Command prompt). Change the dir.
Run the MODELLER (by typing mod9v6 model.p y).

Choose the best model based on molecule pdf. The obtained
model was energy minimized to get stable conformation.

The energy minimized model was validated by analyzing
Ramachandran plot using SAVES server.

SWISS-MODEL SERVER

Open the home page of Swiss-Model server

Open the first approach mode in Swiss-Model server

Give the e-mail id and a title for the work

Paste the sequence of the target protein

Submit modeling request to the server

The model was obtained from server

The obtained model was energy minimized to get
stable conformation

ISSN 0976 — 044X

RESULTS AND DISCUSSION

#1 (4557285 |ref |Ne_000675,1| beta-1-adrenerqic receptor |Homo sapiens]
VOAGVLVLGASEPGNLSSAAPLPDGAATAARL LVPASPPASLLPPASE SPEPLSQUNTAGMGLLMALIVL
LIVAGNVLVIVATAKTPRLOTLTNLF IMLASADLVMGLLVVPFGATIVVWGRNE YGSFFCELWTSVOVL
CVTASTETLCVIALDRYLALTAPFRYSLLTRARARGLVCTVWAL SALVSFLPILMHWWRAE SDEARRCY
NDPKCCDFVTNRAYATASSVYFYVRLC IMAFVYLRVFREAQKQVKKIDSCERRFLGGRARPPSPSPERY
PAPAPPPGRPRPAAARATAPLANGRAGKRRPSRLVALREQKALKTLGIIMGVF TLCWLPFFLANVVEARH
RELVPDRLFVFFNWLGYANSAFNPTTYCRSPOFRKAFQGLLCCARRAARRRHATHADRPRASGCLARPGP
PPSPGAASDDDDDDVVGATPPARLLEPWAGCNGRAAADSDSSLDEPCRPGRASESKY

Sequence of target molecule in FASTA format

(1 [1979RR76R e | 274 (A Chain A, Turkey Retal Adrenerqir Receptar withi
tabiTizing Mutations And Bound Cyanopindolol
VGAELLSOQNEAGYSLLYALVVLLIVAGNVLVIAATGSTORLQTL TNLFITSLACADLVGLLVVPFGAT

| VURGTUI WGSFT CF1WTSI IV CVTASTETI CVTATORY! ATTSPERYQS! NTRARAKVTTCTVIATSA
LVSFLPIMMI ¥WRDEDPQALKCYQDPAC COFVTNRAYATASSTIFYIPLLINIFVALRYYREAKEQIRK
LORASKRKRVILMREAKALK [ LoL LMV [LUNLFFFLVNLVNVENRDLVEUNLFVAFNKLGY ANSANKE
TTYCREPOFRKAFKRLLARPRKADRRLHHHHHH

Sequence of template molecule in FASTA format

Swiss-Model Server and Esypred-3D

ESYPRED-3D

Open the home page of ESYPRED-3D Server
Give the e-mail id and a title for the work

Paste the sequence of the target protein

Submit model request to the server

The model was collected from mail which was sent
by the server

The obtained model was energy minimized to get
stable conformation

The energy minimized model was validated by
analyzing Ramachandran plot using SAVES server

The energy minimized model was validated by
analyzing Ramachandran plot using AVES server

Table 4: Comparative studies of Ramachandran plot analysis for Modeller, Swiss model server and Esypred 3D tools.

Residues of protein in various regions MODELLER SWISS-MODEL SERVER ESYPRED-3D
Residues in most favoured region (A, B, L) 95.2% 92.5% 90.7%
Residues in additional allowed region (a, b, I, p) 14.0% 63% 6.7%
Residues in generously allowed region (~a. ~b, ~I, ~p) 0.3% 0.7% 21%
Residues in disallowed region 0.5% 0.4% 0.5%
Number of non-glycine and non-proline residues 100.0% 100.0% 100.0%
Number of end residues (excl Gly and Pro) 2 2 7
Number of glycine residues (shown as triangles) 31 11 10
Number of proline residues 47 10 7
Total number of residues 476 291 218
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Ramachandran Plot
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Figure 2(a): Three dimensional Figure 2(b): Three-dimensional . .
. . Figure 2(c): Ramachandran plot for
structure model of template using  structure of model with lowest model
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Figure 4(a): Submission form for Figure 4(b):Three-dimensional Figure 4(c): Ramachandran plot for
Esypred 3D Server structure of model Esypred 3D
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Table 3: Summary of successfully produced models
through MODELLER

File name Mol pdf |
ABCD.B9999001.pdb 1886.91333
ABCD.B9999002.pdb 1940.59387
ABCD.B9999003.pdb 1891.17175
ABCD.B9999004.pdb 2049.98804
ABCD.B9999005.pdb 1903.56274
ABCD.B2998006 pdb 2003 80868
ABCD.B9999007 pdb 2101.79688
ABCD.B9999008 pdb 192920789
ABCD.B9999009.pbb 1959.43509
ABCD.B9999010.pdb 1970.66272

The sequence of target molecule in FASTA format was
retrieved from NCBI database. Then the sequence of
template molecule in FASTA format was generated using
BLAST. The 3D (Three Dimensional) structure of template
molecule was obtained from PDB (Protein Data Bank) and
viewed by using Pymol as shown in Figure 2(a). The
alignments of target and template sequences are
performed by the CLUSTALW. After the execution of
modeller the summary of modeller result is represented
as shown in Table 3. The model with lowest molecular
probability density function was obtained and its 3D
structure was viewed using Pymol as shown in Figure
2(b). The energy minimized values of the model are
analyzed by Rama chandran plot as shown in Figure
2(c).The SWISS MODEL Work space was opened in an
automated modeling model. FASTA format of the
template sequence (2vt4) was submitted and the result
page of SWISS MODEL server with the pdb file of the
model along with alignment file, 3D log, modeling log,
template selection log as shown in Figure 3(a). The 3D
structure of model was viewed using Pymol viewer in
Figure 3(b). The energy minimized values of the model
are analyzed by Rama chandran plot as shown in Figure
3(c). The Esypred3D web server was opened; data and
parameters as input are submitted. The sequence was
pasted and submitted to the server as shown in Figure
4(a). 3Dimensional structure of model was viewed using
Pymol viewer as shown in Figure 4(b). The energy
minimized values of the model are analyzed by
Ramachandran plot as shown in Figure 4(c).

CONCLUSION

The modeling accuracies of a molecular modeling
package, MODELLER is evaluated and compared against
SWISS — MODEL server and Esypred 3D server. The study
revealed that the MODELLER outperforms the similar
programs in almost all the parameters tested. However,
the study also revealed that although lagging behind in
accuracy, results from SWISS — MODEL server and
Esypred 3D server are biologically meaningful. This taken
together with the fact that SWISS — MODEL server and
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Esypred 3D server are offered in an intuitive, easy to use
graphical user interface, suggests that it can be employed
as an effective teaching tool to demonstrate molecular
modeling to beginners in this area. More research and
development of the various modeling and scoring
modules of SWISS — MODEL server and Esypred 3D server
should definitely make this software a more popular one
in educational circles.
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