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Introduction

Major problems faced for drug design and drug development
is the prediction of three dimensional structure of proteins
having its own sequences which has highest accuracy and is
comparable rapidly , in cost effective manner. As most of drugs
have these structural protein molecules as their target. Due to
the need of high specificity for drug target protein and its use for
drug discovery and structure based drug design is highly limited .
Henceforth, protein target sidentification and its verification are
one of the major aspects for drug discovery projects [1].

Experimental methods have been difficult to study in
elaborate about the protein structure ,its interaction and
molecular docking which is often used. This includes NMR and X-
ray crystallography of protein. NMR -nuclear magnetic
resonance spectroscopy which deals with molecular physics,
gives the information regarding the structure of proteins, nucleic
acids, and their related complexes using simplified methods of
molecular dynamics but the structures formed are often
distorted. Another method used is X-RAY crystallography which
includes an examination of protein structure in crystallized form.
These methods are basic and give the whole 3D structure that is
later required for new protein discovery or new drug
development [2].

But methods used have found to be more time-consuming in
terms of obtaining sufficient materials which include cloning,
expression, crystallization, and purification of protein and is
relatively more expensive. Also, this method has several
demerits and is not successful for larger proteins. Having
associated with these difficulties in coming modern world
protein X-ray crystallography and NMR method of analysis would
not be preferred.This brings our keen interest in protein
modeling using computer databases. A database usualy consists
of a template sequence that is of known 3D structure present in
the protein data bank, through which we can produce target
protein model by its alignment with the query sequence or an
unknown 3D structure of a protein. This is the basic principle
behind homology modelling [3].
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Model quality depends on the accuracy of sequence
alignment and structural quality of the template. Identification
of template sequence should be done explicitly. This technique
of modeling through homology or by comparison with known
structure (template), protein structure prediction helps in easy
identification of target proteins. However, the quality of
constructed protein model is linked with percentage similarity
between target and template. If the model is having 30- 50%of
accuracy, then it is apt for drug design. This method therefore
solves the problem of prediction of 3D structural proteins from
amino acid of its own [4].

Technique involve multistep process

1 Template fold recognition and alignment followed by
alignment correction

2 Backbone generation
3 Loop modeling

4 Side chain modeling
5 Model optimization
6 Model validations

Through this method we can calculate the protein free
energy , by using which we can find the global minimum.Protein
free energy is the ability of protein molecule to fold into their
highly structured functional state.lt can be calculated by Gibbs
free energy difference, which gives protein stability [5].

A total of 86063 of protein structure are being processed. This
analysis is done excluding large structures of protein sequences.

Basic aim of homology is to obtain greater knowledge about
the protein structures, solving the unsolved protein sequences
in order to know its functions and detecting errors .This
contributes to prediction of protein structure. It fastens the
details through visualization techniques and differential
properties of proteins can be discovered .It is a tool to modeling
ligand structural models, mutagenesis experiments and loop
structure prediction. This article gives knowledge of
understanding the role and reliability of homology modeling in
drug discovery and development process [6].

Template fold recogonition : Structure of protein of unknown
sequences is determined based on its alignment with known
sequence of proteins. On evolution structures have become
more stable and show very little changes with that of associated
sequences, such that sequences , which are similar would adopt
themselves into identical structures and those which are
distantly related would fold into similar structures [7].

The unknown sequence is compared with the known
sequences for alignment, present in protein data bank that can
be any of the programs specified . no: (eg: BLAST) .Depending on
percentage of sequence similarity known sequence should
completely match with that of unknown sequence and the
known sequence taken is the template strand [8].

The server used commonly ie; BLAST (Basic Local alignment
search Tool) is one of the popular servers and a search on it
gives a list of known sequence of proteins which is then
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compared with that of the query and alignment is made. This
known sequence is called template and the server finds
template only if the sequence identity is below 30% ie;
alignment made should be 47%-50% [9].

Errors on alignment should be corrected and can be the cause
for the deviation in comparative modelling even when correct
template is chosen. Numerous steps are involved in template
recognition and sequence alignment and these steps are
facilitated by structure databases and database scanning
software’s such as SAM, HMMER, CLUSTAL W or CLUSTAL X [10].

The protein comparison takes place based on two classes
which are useful methods for identification and fold recognition.

I. class include a comparison of target sequence with each of
sequences present in database independently using a pair wise
sequence-sequence identity.BLAST is frequently used programs
in this class ,this can also include FASTA and CDART. But this class
of method can give only half of evolutionary relationship having
a range of sequence identity of about 20%-30%.

Il.class -Using multiple sequence information a comparison
with the sequence is done by using profile analysis, profile-
profile comparisons and Hidden Markov Models and
Intermediate sequence search.Popularly used programs include
PSI-BLAST.

lll. Class- Threading or 3D template matching method. It
mainly includes a pair wise comparison of protein sequence with
protein of known structure. Even if target sequence is not known
it adopts any one of known 3D folds that has been already
optimized through scoring and it threads along with 3D folds i.e.;
independently for each sequence-structure pair. And commonly
used program is THREADER.

Different methods can be used for alignment process mostly
based on sequence relationship. Some of them include-

1. Pair wise sequence alignment which is basic in BLAST.
2. Sequence alignment profile as implemented in PSI-BLAST.

3. Pair wise sequence alignment based on matching with the
predicted local structure as in case of SEA Web Server.

4. Multiple sequence alignment as done in CLUSTALW.

Similarly different servers are programmed to implement
different methods to align the pair of sequences.

Commonly used servers are mentioned below

In case of BLAST method an e-value threshold of 100 was
used as minimum value for alignment and is based on this
accuracy, alignment is done. If not the pair of sequences were
ignored To get maximum number of pair wise alignments
obtained from BLAST programs we increase the e-value
threshold, to commonly used value ie; 10 raise to -4. Remaining
all other parameters were taken at their default values.

The two zones of sequence alignments that defines of
adopting similar structures (Figure 1-3 ).
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Figure 1. Two sequences are identical and fold into the same
structure in case if length and percentage of sequence identity
lies in region above the threshold, indicated with the ‘*’ icon
(the “safe” zone). The region below the threshold indicates the
zone where structural similarity cannot be made, itis difficult to
determine model and model building will not be possible.
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Figure 2. Typical blast output of a model-sequence run against
the PDB sequences. Where (Q) represents the model-sequence
with unknown structure and (S) is the sequence for the PDB
structure template.
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Figure 3 : Function of percentage sequence identity between
the structure and the model

A comparison of query sequence with sequences of known
structures is done using matrices: A residue exchange matrix
containing 20 amino acids is drawn out of which two of them
would align and alignment is based on physic -chemical
properties and each has its own score. Residues highly
conserved generally gets the highest score. The axes of this
matrix consist of two sequences that has to be aligned. During
the alignment process, a best path is found through this matrix.
This make sure that no residue is used twice, one must consider
to take at least one step to the right and one step down. Non
identical residues are indicated through gaps in a row.

The optimum path corresponding to the alignment on the
right side is shown in grey. Residues with properties which are
similar are marked with a ‘#' while the dashed line is marked as
an alternative alignment . Sequence which are highly similar will
have higher score and is suitable for alignment.
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In practice, template structures can be easily obtained by
putting the query sequence to one of the BLAST servers on the
web and is searched using the PDB as the database. The
template structure having the highest sequence identity is made
to run across the query sequence and percentage is identified
figure.

Use of parameters such as the present cofactors, multimeric
complexes or conformational states (active or inactive) or any
other molecules will give a greater impact on model building.
Also advances in programming and multiple software’s, made it
easier to select appropriate templates and build multiple models
which has helped the research analyst to choose best model for
further study. It is also easier now to combine multiple
templates into one structure that is used for modelling. The
online Swiss model and Robetta servers better use this
approach.

Alignment correction : Sequence identity plays major role to
obtain an accurate alignment. Alignments having sequence
identity of range less than 30% is most valid but have greater
chances of errors. Pair wise sequences aligned with this
sequence identity have only very few residues aligned correctly
remaining 20% of sequence residues are aligned incorrectly. In
some cases the pair of related proteins have no correct aligned
positions when aligned by sequence based alignment
methods.Alignment accuracy at the safe zone is very crucial for
wide applications, mainly in comparative protein structure
prediction. To get the accurate comparative model, it is
important to get at least one correctly aligned target with that of
the template. An incorrect alignment gives an inaccurate
model .Therefore alignments have to be optimized specifically
for comparative protein structure prediction.This is done by 13
profile-profile alignment protocol ie; it converts multiple
sequence alignment into profile or a matrix and a comparison is
done between the two profiles. Alignment sets are then tested
and alignment accuracy is measured. PSI-BLAST method is used
for sequence profile alignment with most significant e-value.

Calculation of sequence profile from multiple sequence
alignment is done by 3 methods:

Sequence weighting

Sequence profile

Profile -Profile substitution scores

Position--specific scoring matrices are called “profiles”

These are different algorithm method used to calculate the
accuracy of alignment. Alignments were randomly divided into
training and testing sets The training set of alighment optimizes
gap initiation and gap extension penalties, while the testing set
was used to assess the performance of all examined alignment
methods. The accuracy of the alignment was measured by
relying on aligned native structures derived from PDB.Alignment
methods were assessed by the percentage of alignment with the
structure overlap if it’s greater than 30%., Then the structure
pairs with maximum overlap. The results of these calculated
profile-profile alignments were then observed. In some cases
when two sequences are difficult to align at exact positions as
the percentage of sequence identity is comparatively
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low(Multiple sequence alignment). With the two sequence a
third sequence is used which easily align with the two sequence
and resolves the issue.

Materials and Methods

Many programs are available for aligning a large number of
related sequences. E.g. CLUSTALW.

Backbone generation: As the alignment is now ready for
modal building, the generation of backbone is the initial step for
this. Experimentally determined protein structures shows wide
range of errors such as poor electron density in X-ray diffraction,
due to this a large number structures present in PDB ie; about
50000 structures shows a wide range of errors which is double
of it. Due to this current X-ray and NMR structures are now re-
refined. Re-refinement before modeling is now more
appropriate. If there are two templates then both are combined
as done in multiple template modeling. And the template
chosen must be of least errors. Modal building starts through
backbone generation —This involves assembling of rigid bodies
from the aligned protein structures. Followed by natural
dissection of protein structures into conserved core bodies,
variable loops that connect them and side chains that decorate
the backbone.

Stepsinvolved.

1. On the selected and superposed template structures a
framework is calculated mainly the coordinates of Ca atoms.

2 Main atoms of a target are then obtained from the
framework the core segment of the superposed template whose
sequences are closer to that of the target.

3. Loops are generated and scanning is done such that
structurally variable regions fits the anchor core regions and are
scanned on databases to check the compatibility.

4. Sidechains are build based on conformations of both target
and the template.

5. Stereochemistry of the model is improved and refinement
is done.

The accuracy of this model build can be increased by using
multiple template structures to construct a framework. These
templates are then averaged corresponding to the sequence
similarity in the target sequence. Backbone generation is not
much important, its trivial. It’s just the transfer of coordinates of
template residues that is visible in the alignment with that of the
model sequence. The two aligned residues generally differ and
the backbone coordinates for N, Ca, C and O and often Cbeta are
also been copied. Even similar side chains can also be copied.
ROBETTA server is generally used which can build models of
complete sequences even without template.Scolnicks TASSER
also uses the same method but here it combines larger
fragments, threads them, and then folds into complete
structures. Different servers use several different algorithms to
predict the domains in the sequence.

Loop modeling: Loop modeling used in case of a problem in
protein structure production without using the parent chain. It is
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very essential to make an accurate protein structure because the
shape and its properties determine its function. The main
problem in homology is the tertiary structure of proteins where
it aligns to the parent chain or to the secondary sequence. So
they cannot be used for modeling with standard methods. The
sequence becomes less accurate as the number of amino acid is
increasing in the loop.

Sidechain loops: The most accurate loop for the loop
modeling technique is a short loop because it has less no of
amino acid.lt is said that short loops can be identified using
geometry alone by bond length and bond angle.

Loop prediction method can be done by:
1. Construction of a backbone

2. Length range

3. By addition of side chain

4. How many times the method is tested

Modeling of a protein has much application in the prediction
of structure and designing of molecules. This protein sidechain
makes a major step in the modeling method. Protein sidechain
usually exists in low energy rotamers. One of the important
method in homology is sidechain modeling.This method is
usually done by placing the side chain to the coordinates at the
backbone which is obtained from the parent chain. This type of
side chain is seen in chains which have low energy rotamers. In
the sidechain finding, the method rotamer is determined using
the sequence of protein structure and the coordinates of the
backbone. A group of rotamers is used to make side chains
having 5 -6 conformations in each. In the chain, the lowest
energy combination is identified and added to the backbone.
The higher the accuracy more appropriate for modeling the
protein structure.

Model Optimization: Sometimes the rotamers are expected to

support the incorrect backbone or incorrect prediction. Such
cases modeling programs either restrain the atom positions are
associated.
a) Quantum force field: Force fields are in quanta’s or proteins
that must be handled very fast and efficiently in larger quantity,
hence the energies expressed are at the position of atomic
nuclei as a function. Advanced computer programs make
guantum chemistry even easier. Though it often

gives accurate descriptions of charge distribution, it is difficult
to get characteristic approximations on quantum calculations.
Eg: Vanderwaal forces that are difficult to treat and are often
omitted, while accuracy is more achieved on the same as the
classical force field.

b) Self- parameterizing force fields: Force fields have a set of
parameters that is assigned to different atoms, chemical
bonds,and dihedral angles. These sets are empirical. This would
include distinct parameter values of atomic radii, van der waals
radius, and partial charge of each atom. These values can be
obtained from quantum chemical calculations mainly in quanta’s
and henceforth must follow the rules. By this way on applying
the forcefield to each of the proteins, one can assume that the
peptide chain is just the sum of individual amino acids. Similarly,
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one can set up a goal such as, at minimum energy used model
should be improved. This is done by letting the force field to
parameterize and optimize the model on itself. But this
procedure computationally is expensive and also requires
repeated inquiries on applied force fields such that on each
course the accuracy of the force field is increased. And hence to
extend the accuracy of the field.

Model validation: Each step used in modelling is based on
the previous processes. Therefore, mistakes ought to occur by
accident, introduced and propagated.

Therefore the model validation and evaluation of
macromolecule is essential for decoding them. The
macromolecule mannequin may be evaluated as whole in
addition as in character regions. Initially, fold of mannequin may
additionally be assessed by means of a excessive sequence
similarity with example. Its important to possess good
stereochemistry. For the assessment of made models an
assessment operate is necessary . The applications assess the
placement of each and every residue in model with reference to
the predicted environment as found inside the high-resolution X-
ray structure. Techniques would verify misreading in X-ray
structures and can also be used to decide alignment errors in
similar models.

Errors inside the mannequin are substantially common and most
attention is required closer to refinement and validation. Errors
in mannequin are commonly calculable by way of superposition
of mannequin onto native structure .

Mathematics and calculations important between matched
structures for the model as it scores to point out smart structural
similarity for development of a contrast operate which is capable
of discriminating true models.

Applied mathematics and high-quality strength features are
supported to the located homes of amino acids in well-known
structures. An unfold of applied mathematics standards are
derived for assorted properties like distributions of polar and
apolar residues within or backyard of macromolecule, thereby
knowing the misfolded models. Certain associations will locate
the native errors and entire misfolds; packing rules are enforced
for shape evaluation. A model which is alleged will be now valid
solely if some distortions present in atomic characters are
corrected. The Ramachandran plot is possibly the major
effective determinant of the difference in protein. Facet chain
torsion angles has indispensable atomic number, usually altered
in the course of the modelling method.

Conformational free energy distinguishes the native shape of
a macromolecule from other in degree. One of the benefit of
such physically derived functions is that they support well-
defined physical interactions, consequently it is difficult to attain
perception from their performance. Additionally, ab-initio
strategies confirmed success in recent CASP. One in all the
principal drawbacks of physical chemical description of the
folding free energy of a macromolecule is that the methods
typically comes at a large procedure and more expenditure .
Quick association models like the generalized born and a spread
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of simplified assessment schemes ought to have an effect and is
very beneficial .

Variety of freely available applications may affirm similarity
models, amongst them WHAT_CHECK solves normally
crystallographic problems. The validation programs are usually
of 2 types: (1) preliminary class (e.g. PROCHECK and WHATIF)
exams for correct macromolecule stereochemistry, like
symmetry checks, pure arithmetic exams (chirality, bond lengths,
bond angles, torsion angles models). Solvation and structural
packing is done and the 2d class (e.g.VERIFY3D and PROSAII)
checks the fitness of sequence to shape and assigns a rating for
each residue becoming its contemporary surroundings. GRASP2
is new mannequin evaluation package developed via Honig.As
an example, gaps and insertions may also be mapped to the
structures to verify that they create field geometrically. It’s
suggested that, guide scrutiny should be blended with current
applications to resolve other issues inside the model.

Results and Discussion

One of the main methods used for prediction of a
supermolecule is ab initio method .This methodology is generally
most admired for structure prediction as soon as there is no or
terribly low quantity of similarity for the supermolecule. It’s one
of the hardest established strategy having a random
conformation. The ab-initio methodology depends on the
natural philosophy hypothesis projected via Anfinsen, as per
that the native shape corresponds to the free energy minimum
(gibbs free) under a given set of conditions.There are many ab-
initio structure prediction procedures offered like ROSETTA,
TOUCHSTONE-II, and also the most commonly famous I-Tasser .
These methods supported the Monte-Carlo algorithmic rule. It’s
been known that I-Tasser outperforms the ROSETTA and
TOUCHSTONE-II tactics with a way lower mainframe value.The
ab-initio modelling is normally termed as de-novo modelling,
physics-based modelling, or free modelling. The quintessential
protocol accompanied by using the ab-initio approach of the
supermolecule structure prediction is evolved with the first
natural compound sequence that is probe with larger number of
conformations resulting in the prediction of native folds. When
the folds are diagnosed and foretold, the model assessment is
performed to verify the modest of the predicted structure.
ROSETTA and I-Tasser comply with the accelerated methodology
for ab-initio prediction of a supermolecule.

ROSETTA prediction starts with the identification of little
fragments (timers and nanomers) from the structure databases
that have consistency with native sequence preferences. After
that, all the fragments are assembled into models with world
residences accompanied by means of the assessment employing
a marking function from decoy population. The protocol
followed by using the I-Tasser includes threading collectively
with the ab-initio techniques. I-Tasser application is predicated
on the secondary-structure accelerated Profile-Profile threading
Alignment (PPA) and additionally reiterated followed by
implementation of the Threading Assembly Refinement
(TASSER) program.
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Homology modeling contains a big selection of applications
and therefore the importance is increasing day by day. Some of
them include:

1.Drug style

2 Mutation of proteins
3 Binding mechanism
4 Site identification

One of the main applications is drug discovery. This helps in
the invention of medicine quickly and through easy methods.
For modeling of proteins we'd like top quality models and these
methods provide more accurate and precise models. Recently
chemotherapeutical agents in cancer are often generated
through victimization similarity modeling-protein coupled
receptors and victimization similarity modeling is done. Another
application is the determination of ribonucleic acid enzyme.

Drug design : Drug style conjointly referred to as rational drug
design or rational design. It is a method of finding new
medications. Drug upcoming with this method is principally
done through laptops referred to as computer power-assisted
drug style.

Active site identification: Active site may be a region of
accelerator wherever the molecule bind it undergoes chemical
reactions. Usually, the associate accelerator has two active sites
which include the interaction between substrate and site which
is nonvalent.

Mutation of proteins: Homology modeling helps to search out
what percentage of amino acid sequence will alter the
macromolecule structure. Mutation of macromolecule structure
is a vital and main application of similarity modeling.

Conclusion

Structure-based drug design technique in most refined and
produce accurate models having characteristic amino acid
sequence and similarity protein structures Helps in building a
similarity model of the whole supermolecule. The aim of
homology modeling is to predict a structure from its sequence
with an accuracy that's almost like the results obtained through
an experiment. Homology modeling is efficient and provides the
various methodology to get models. Modeling studies are
mounted through mental image technique, and also differential
properties of the proteins may be discovered. The role and
dependableness of the homology model building can still grow
because of the variety through an experiment determined
structures will increase. Homology modeling may be a powerful
tool to counsel modeling of ligand-receptor interactions,
enzyme-substrate interactions, cause experiments, SAR data,
lead optimization and loop structure prediction. Homology
modeling powerfully depends on the virtual screening and
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thriving tying up results. It also gives information about protein
binding and accordingly new drug is developed from the existing
protein structures in a simplified manner. The use of protein
macromolecules from PDB has been more frequent and
similarity models are created which are most accurate and least
expensive in both processing and producing. Moreover, this
modeling also involves mathematical calculations and G-bbs free
energy changes for the selection processes , and matching is
done. This method also involves the re-correction of
complicated large protein molecules in the form of loops and
model validation is done by using macromolecule mannequin
and verified accordingly. The method is more simplified and
modifications are noted. These recent advances ought to
facilitate to enhance our data of understanding the role of
homology modeling in drug discovery method.
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