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ABSTRACT

BACKGROUND
Homology modelling can be used to determine the 3D structure of proteins. It uses available high-resolution protein structures to
produce a model of a protein of similar, but unknown structure. Herein, the article describes the essential steps in the process and
discusses the circumstances in which homology modelling is likely to give a useful result. Homology modelling plays a valuable role
in drug designing. The article describes the drug designing concept using an example of anti-SARS inhibitors.
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According to New York Structural Genomics Research
Consortium, every new protein structure could be modelled
to many fold level without any prior structural
characterisation.8
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BACKGROUND
It is almost 50 years since the first protein crystal structure of
myoglobin was solved.1,2 With the advances in techniques of
experimental structural biology as well as in whole-genome
sequencing in the late decade of twentieth century, the
excitement of solving a single-crystal structure has been
replaced by determining protein structures on a large scale.
This was a start of new era in structural biology of
determining the protein structure.3-6 The Protein Data Bank
(PDB), which is an electronic repository for obtaining 3D
structures of proteins and nucleic acids is very popular tool to
know the structure of protein and now a days these
initiatives contribute very much to the newly structured
families of proteins.7
There are currently (5th January, 2017) 116511 protein
structures in the PDB (Table 1). Although, this number is
increasing rapidly, there remains a vast gap between the
number of available gene sequences and experimentally
solved protein structures by applying physical techniques.
Applied techniques carry on much more slowly than
genome sequencing; and since many more genome sequences
are in the pipeline, this gap must surely grow. Various
projects on structural genomics want to determine the 3D
model of the various proteins, this means that instead of
trying to characterise the structure of every protein
experimentally, it would be advantageous to start from
already available protein structures and employ various
computation techniques to determine the structure for the
related proteins. This method is known as homology
modelling.

X-ray diffraction 105028 1796
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Table 1. Number of Proteins/Nucleic Acid Complex
Structures Obtained by Various Experimental Methods,
Available in the PDB as on 5th January 2017
(Taken from www.rcsb.org/pdb)

Steps in Homology Modelling
Homology modelling employs to predict the 3D structure of a
protein based on its sequence similarity to one or more
proteins of known structure. The method relies on the
observation that the amino acid sequence of a protein is more
liable to be present in variable conformation than structural
conformation of a protein. Homology modelling can be
divided into four steps- 1. Template identification; 2.
Alignment; 3. Model building and Refinement and 4.
Validation (Figure 1). This can be done with various
computational tools (Table 2) available for each step.
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BLAST

Basic Local
alignment
search tool

www.ncbi.nlm.nih.gov/BLAST

FASTA

Fast-Al

www.ebi.ac.uk/fasta

Protein Data
PDB
www.rcsb.org/pdb
Bank
Protein
Pro-check
www.biochem.ucl.ac.uk/procheck
structure check
What IF

http://swift.cmbi.knu.nl/whatif

Table 2. The Short Form, Full Names and Web Addresses of
the Program and Web Servers in Alphabetical Order
Template Identification
The first step in molecular modelling is template
identification, which is a critical step of the process. It lays the
foundation by knowing the appropriate homologue(s) of a
given protein structure, known as template(s), which are
sufficiently similar to the target sequence that needs to be
modelled. A simple search submits the target sequence to
programs such as BLAST9 or FASTA.10
These methods often suggest many templates. Out of
these, the ideal template is that which has the highest
percentage identity to the target and has the highest
resolution and also has structures with (or without)
appropriate ligands and/or cofactors. It maybe that there is
no candidate template that is best according to all criteria; in
that case, the choice is a matter of judgment and perhaps of
trying different templates.

combines common sense, biological knowledge and results
from analytical tools. Some models will require further
refinement. There is a cycle between building-validatingrefining. At the last, most refinement involves adjusting the
alignment.
Advantages and Limitations of Homology
Modelling
The first and foremost advantage of Homology modelling for
obtaining 3D structure of proteins is that it is a relatively easy
technique and do not require complex infrastructure facility.
The method is user friendly and easy to understand than an
experiment. As already discussed, the technique does not
require any expensive experimental laboratory facility except
a computer. Therefore, without any high-resolution
experimental structures, homology modelling can be of high
value to determine the 3D structure of proteins.

Alignment
The second step in homology modelling of protein structure
involves creating an alignment of the target sequence with
the identified template structure(s). This is a vital step and
there are various ways to ensure high accuracy. The target
and template sequence can be generated from all relevant
sequences retrieved via BLAST.
Model Building and Refinement
Although, the theory behind building a protein homology
model is complicated, however, using the available programs,
it is relatively easy. Several modelling programs are available,
using different methods to construct the 3D structures. In
segment matching methods, the protein target is divided into
short segments and alignment is allowed over these segments
rather than over the entire protein.11 Satisfying spatial
restraints is the most common method. This method uses
distances or optimisation techniques to satisfy various spatial
restraints. The model building and refinement can be done
using the popular program such as WHAT IF.12 Web servers
such as Swiss Model and the Rosetta server make it even
easier to generate a model.
Validation
After building and refinement of model for 3D structure of
protein, the model needs to be validated. One of the most
important and thorough structure checking programs is
Whatcheck.13 Other programs such as Procheck, etc. are also
available for validation of the model.14 The best validation

As a part of limitation of the technique, it could be
understood that the quality and accuracy of the homology
model of the protein depend on various factors. This
technique
essentially
requires
a
high-resolution
experimental protein structure as a template, the accuracy of
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which directly affects the quality of the model in question.
Even more importantly, the quality of the model depends on
the degree of sequence, identity between the template and
protein to be modelled.8,15,16-18 When the sequence identity
is less than 30%, the possibility of alignment errors
increases rapidly and if it is having about 30% and 50%
sequence identity to the template, a medium accuracy
homology occurs. They can facilitate structure-based
prediction of target for 'drug ability', the design of
mutagenesis experiments and the construction of in vitro
test assays. Higher accuracy models are typically obtained
when the level of sequence identity is more than 50%. This
data can be used in the study of protein-legend interactions
such as the prediction of the preferred sites for the
metabolism of various small molecules, as well as structurebased drug designing.
The technique of Homology modelling for the membrane
protein requires special care.19 The available crystal
structures are limited and modelling methods are mainly
designed for water-soluble proteins. Another limitation of
homology modelling is the presence of loops and inserts as
they cannot be modelled without template data; however, it
is possible to estimate length, location and distance from the
active site if the target protein is an enzyme.
CONCLUSION
Homology modelling is very important tool of structural
genomics, which can be efficiently used for predicting the 3D
structure of protein without using very expensive resources.
Homology modelling can also become a very important step
in silico structural drug designing and drug discovery.
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