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a  b  s  t  r  a  c  t

Determination  of  the  three  dimensional  (3D) structure  of  a protein  can  provide  important  details  about
its  biological  functions  and  mechanism  of  action.  However,  despite  their  significance,  the  precise three-
dimensional  structures  of  most  of the  proteins  are  not  fully  determined  till  date.  The  main  focus  of
the  current  review  article  is to gain  a  better understanding  of  the  structural  features  of the  proteins
using  computational  techniques,  and  their  relationship  with  function.  Protein  modeling  and  design  is
the  method  aimed  to fold  a primary  amino  acids  sequence  into  protein  structure  with  the  ultimate  goal
of  designing  novel  function  and  behavior.  Moreover,  proteins  can  also  be  designed  from  scratch  or  by
similarity  with  the  known  protein  structure.  In the  current  article  we have  tried  to  cover  various  computer
aided  protein  modeling  and  designing  via homology  and  ab  initio  modeling,  folding  study  using  Molecular
Dynamics  (MD)  methods  and  in silico  mutation  analysis.
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1. Introduction

Proteins are linear chains of amino acids that adopt a dis-
tinct three-dimensional (3D) structure in their native surroundings
medium. The native 3D structure allows the protein to carry out its
biochemical function [26]. It is important to know the mechanism
that how a sequence of amino acids can fold into its functional
3D structure. Protein folding is entirely a physical process that
depends on the precise amino acid sequence of the protein and
the surrounding solvent [25]. Moreover, the prediction method for
a protein structure remains complicated since even short amino
acid sequences can form an abundant number of geometrical struc-
tures. The protein structure with the least free energy values has
to be identified and optimised in order to get a functionally active
protein molecule [72].

A protein is composed of several stages of structure viz, pri-
mary, secondary and tertiary. The primary structure of a protein
is described by the specific amino acid sequence. The local bond-
ing between amino acids in the protein form secondary structure.
The two most common forms of pattern found in the secondary
structure are �-helices and �-sheets connected by loops [93]. The
tertiary structure i.e.,  3D structure is the final actively folded struc-
ture of protein. The availability of experimental protein structures
has inspired the development of methods for computational struc-
ture prediction that are knowledge-based rather than physics based
[12].

The goals of protein design are to engineer enzymes to perform
functions under a wider range of conditions, entirely new functions,
and find out the behavior protein folding in response to mutations
[156]. Currently, attention of the scientific community is focused
on redesigning portions of existing protein to increase stability and
improve function [123]. The mechanisms of the mutational effects
are useful to study the nature and stability of enzymes. For this
purpose, we have highlighted several stability and flexibility pre-
dictors in this current article to assess the relationship between
point mutation and enzyme stability [13]. Structure is major deter-
minate of function of a protein [44,46].

In silico protein modeling is helpful in predicting the 3D protein
models followed by the prediction of its active sites [45]. Moreover,
the presence of critically active residues in the structural frame-
work can be found by computational analysis [64,4]. The molecular
dynamics (MD) simulations can be further implemented to assess
the conformational preferences of protein [129,63,65]. The MD tra-
jectories at different temperatures can clearly reveal thermostable
nature of particular protein [42]. Additionally, a constant pH molec-
ular dynamics simulation at a wide pH range is helpful to establish
the optimum activity and stability profiles [41,55]. For this pur-
pose, the MD  simulations at fixed protonation states in an explicit
water environment can be carried out to evaluate the effect of the
physiological pH on particular protein. Further, the different sta-
bility and flexibility predictions are helpful to assess the relation of

point mutations and enzyme stabilities. The protein modeling and
design methods pave the way to engineer new and better ther-
mostable enzymes with desired properties. The overall work flow
of protein modeling research methodology have been depicted in
Fig. 1.

2. Structure prediction analysis

Structure of a protein can be predicted by using various algo-
rithms of “Homology modeling” and “ab initio” methods. The
aim of homology or comparative protein modeling is to con-
struct an appropriate 3D replica for the protein with an unknown
experimental structure (i.e., the target) by means of sequence sim-
ilarities to that of a known structure (i.e., the templates) present
in databases [56]. For reliable model building, two criteria must be
achieved. First, there must be a detectable likeness between the
structure of the template and the target of the protein sequence.
Secondly, a significant correct alignment between the structure of
the template and the target sequence must be computed.

The comparative or homology modeling of the protein 3D struc-
ture continues to be the most precise method in contrast to other
available methods [70]. The overall accuracy range achieved by
comparative models, are similar to nuclear magnetic resonance
(NMR) spectroscopy or X-ray crystallography techniques [114].
The structural similarity can typically be presumed, if the like-
nesses among the proteins are noticeable at their sequence level.
Furthermore, protein sequences with non-measurable similarities
show the presence of analogous structures. There is an assump-
tion that a fraction of all sequences submitted in the databases are
noticeably related to not less than one identified protein structure
[38]. Thus, homology modeling could potentially be applied to over
150,000 protein sequences among approximately 500,000 submit-
ted sequences [7] which matches up to about 10000 experimentally
determined protein 3D structures [10].

However, the importance of homology model prediction is grad-
ually growing as the quantity of distinctive structural folds that
proteins assumed are limited due to less number of experimentally
determined structures [50,33]. If the resulting model of the query is
not satisfactory because of the low sequence identity (<25%) with
the template structure, then ab initio structure prediction proto-
cols such as I-TASSER [108] and ROBETTA servers [66] are used.
The I-TASSER server is based on ab initio algorithms, originally pro-
duces 3D models from a manifold threading based alignment and
repeated structural compiling simulations. It also predicts the func-
tion of the query proteins by means of the structural comparisons
of 3D predicted models with other proteins of known structures
which generates the outputs that contain secondary structures as
well as full-length tertiary predictions, including Enzyme Commis-
sion (EC) numbers and ligand-binding sites [108]. Similarly, the
ROBETTA server [66] uses de novo or ab initio methods to calculate
the structural features of proteins which do not have any struc-
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