
 1 

Protein structure prediction 
 

 

Protein structure prediction (PSP) is the prediction of the three-dimensional structure of a 

protein from its amino acid sequence i.e. the prediction of its tertiary structure from its 

primary structure. Protein structure prediction is one of the most important goals pursued 

by bioinformatics and theoretical chemistry as it is very important in the field of 

advanced biology and biotechnology. 

 

Primary Structure 

The primary structure of a protein is its linear sequence of amino acids and the location of 

any disulfide (-S-S-) bridges. 

 
Fig: Primary structure representation of protein 

 

Amino acids are the building blocks (monomers) of proteins. 20 different amino acids are 

used to synthesize proteins. The shape and other properties of each protein is dictated by 

the precise sequence of amino acids in it. 

Each amino acid consists of an alpha carbon atom to which is attached  

 a hydrogen atom  

 an amino group (hence "amino" acid)  

 a carboxyl group (-COOH). This gives up a proton and is thus an acid (hence 

amino "acid")  

 one of 20 different "R" groups. It is the structure of the R group that determines 

which of the 20 it is and its special properties. The amino acid shown here is 

Alanine.  

Secondary Structure 

Most proteins contain one or more stretches of amino acids that take on a characteristic 

structure in 3-D space. The most common of these are the alpha helix and the beta 

conformation. 

 

Alpha Helix 

 The R groups of the amino acids all extend to the outside.  

 The helix makes a complete turn every 3.6 amino acids.  

 The helix is right-handed; it twists in a clockwise direction.  
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 The carbonyl group (-C=O) of each peptide bond extends parallel to the axis of 

the helix and points directly at the -N-H group of the peptide bond 4 amino acids 

below it in the helix. A hydrogen bond forms between them  

 

Beta Conformation 

 consists of pairs of chains lying side-by-side and  

 stabilized by hydrogen bonds between the carbonyl oxygen atom on one chain 

and the -NH group on the adjacent chain.  

 The chains are often "anti-parallel"; the N-terminal to C-terminal direction of one 

being the reverse of the other. 

 
Tertiary Structure 

The above diagram represents the tertiary structure of the antigen-binding portion of an 

antibody molecule. Each circle represents an alpha carbon in one of the two polypeptide 

chains that make up this protein. (The filled circles at the top are amino acids that bind to 

the antigen.) Most of the secondary structure of this protein consists of beta conformation 

labelled as beta sheet 

 

 
Fig: Tertiary structure representation of protein 

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/H/HydrogenBonds.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/PrimaryStructure.html
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Why tertiary structure is important: 

The function of a protein (except as food) depends on its tertiary structure. If this is 

disrupted, the protein is said to be denatured and it loses its activity. For example: 

denatured enzymes lose their catalytic power, denatured antibodies can no longer 

bind antigen  

A mutation in the gene encoding a protein is a frequent cause of altered tertiary 

structure. 

Protein Domains 

The tertiary structure of many proteins is built from several domains. Often each domain 

has a separate function to perform for the protein, such as:  

 binding a small ligand  

 spanning the plasma membrane (transmembrane proteins)  

 containing the catalytic site (enzymes)  

 DNA-binding (in transcription factors)  

 providing a surface to bind specifically to another protein 

Quaternary Structure 

Complexes of 2 or more polypeptide chains held together by non-covalent forces 

(usually) but in precise ratios and with a precise 3-D configuration.The noncovalent 

association of a molecule of beta-2 microglobulin with the heavy chain of each class I 

histocompatibility molecule is an example. 

 
 

Fig:-A Quaternary representation of proteins 

 

Protein Identification and Characterization 

Many of the tools are protein identification and characterization are available at ExPASy 

(http://www.expasy.org/) . Some of these tools can be identified as unknown protein 

isolated through 2-D gel electrophoresis. Another set of tools can be help in predicting 

physical properties of unknown proteins.  

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/A/A.html#antibody
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/E/Enzymes.html#lysozyme
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/Proteomics.html#2._The_Yeast_Two-Hybrid_System
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/N/Noncovalent.html
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/Proteins.html#displays
http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/P/Proteins.html#displays
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Some of the ExPASy and other tools are discussed as follows: 

 

(a) AAComIdent: AAComIdent (http://us.expasy.org/tools/aacomp/) is an important tool 

to identify a protein by its amino acid composition. It uses the amino acid composition of 

an unknown protein to identify known proteins of the same composition. 

As the input to AAComIdent, it needs to give the following information: 

1. Amino acid composition of the protein to identify 

2. A name for this protein, so that we can recognize it later in the results. 

3. The pI and Mw of that protein (if known) 

4. The species or group of species for which we would like to perform the search 

(example: HOMO SAPIENS or MAMMALIA). This will produce the list of proteins 

from this species, as well as a list of proteins independently of species. We may also 

just specify ALL for all Swiss-Prot / TrEMBL entries; If in doubt about the search 

term to use, we can consult the Swiss-Prot list of species. 

5. For scan in Swiss-Prot only: the keyword for which we would like to perform the 

search (example: ZINC-FINGER). This will produce the list of proteins matching this 

keyword. We may also just specify ALL for all Swiss-Prot entries; If in doubt about 

the exact keyword to use, consult the list of keywords used in Swiss-Prot. 

6. Amino acid composition of a known protein, obtained in the same run as the amino 

acid composition of the unknown protein. This is for calibration; if you do not have a 

calibration protein, leave NULL. 

7. The Swiss-Prot identifier (ID) of the calibration protein (example: ALBU_HUMAN). 

8. The search results will be mailed back to the user automatically probably within 15 

minutes. 

 

(b) TagIdent (http://us.expasy.org/tools/tagident.html): It is a tool which generates 
 

1. a list of proteins close to a given isoelectric point(pI) and molecular weight (Mw),  

2. the identification of proteins by matching a short sequence tag of up to 6 amino 

acids against proteins in the UniProt Knowledgebase (Swiss-Prot and TrEMBL) 

databases close to a given pI and Mw,  

3. the identification of proteins by their mass, if this mass has been determined by 

mass spectrometric techniques  

(c) PeptIdent (http://www.expasy.org/tools/aldente/) is used to identify proteins with 

peptide mass fingerprinting data, pI and Mw. Experimentally measured, user-specified 

peptide masses are compared with the theoretical peptides calculated for all proteins in 

SWISS-PROT, making extensive use of database annotations. 

 

(d) MultiIdent (http://us.expasy.org/tools/multiident/multiident-doc.html) is a tool that 

allows the identification of proteins using pI, Mw, amino acid composition, sequence tag 

and peptide mass fingerprinting data. One or more species and a SWISS-PROT keyword 

can also be specified for the search. 

 

(e) PROPSEARCH (http://abcis.cbs.cnrs.fr/propsearch/Presentation.html) is a tool to find 

the putative protein family if querying a new sequence has failed using alignment 

http://us.expasy.org/tools/aacomp/
http://us.expasy.org/tools/tagident.html
http://www.expasy.org/tools/aldente/
http://us.expasy.org/tools/multiident/multiident-doc.html
http://abcis.cbs.cnrs.fr/propsearch/Presentation.html
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methods. PROPSEARCH uses the amino acid composition as input. In addition, other 

properties like molecular weight, content of bulky residues, content of small residues, 

average hydrophobicity, average charge and the content of selected dipeptide-groups are 

calculated from the sequence as well. 

 

 
 

(f) PepSea (http://vsites.unb.br/cbsp/paginiciais/pepseaseqtag.htm) is a tool for protein 

identification by peptide mapping or peptide sequencing. We can search the non 

redundant protein sequence database by: 1) A list of peptide masses, 

2) A peptide sequence tag,  3)Sequence only 

 

 
 

(g) PepMAPPER (http://www.nwsr.manchester.ac.uk/mapper/) takes peptide mass as the 

key input.  
 

 
(h) Mascot Search (http://www.matrixscience.com/search_form_select.html) can take the 

following inputs:  

http://vsites.unb.br/cbsp/paginiciais/pepseaseqtag.htm
http://www.nwsr.manchester.ac.uk/mapper/
http://www.matrixscience.com/search_form_select.html
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 Peptide Mass Fingerprint: The experimental data are a list of peptide mass values 

from an enzymatic digest of a protein.   

 Sequence Query: One or more peptide mass values associated with information 

such as partial or ambiguous sequence strings, amino acid composition 

information, MS/MS fragment ion masses, etc. A super-set of a sequence tag 

query.  

 MS/MS Ion Search: Identification based on raw MS/MS data from one or more 

peptides.  

 
 

 

(i) FindPeptFindPept (http://www.expasy.ch/tools/findpept.html) is an ExPASy tool. It 

can be used to identify peptides that result from unspecific cleavage of proteins from 

their experimental masses, taking into account artefactual chemical modifications, post-

translational modifications (PTM) and protease autolytic cleavage. The experimentally 

measured peptide masses are compared with the theoretical peptides calculated from a 

specified Swiss-Prot entry or from a user-entered sequence. 

  

 
 

 
Primary Structure Analysis and prediction 

 

There are various tools for predicting the physical properties using the sequence 

information. Some of the major ones are discussed below: 

http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=SQ
http://www.expasy.ch/tools/findpept.html
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(a) Compute pI/Mw: Compute pI/Mw (http://ca.expasy.org/tools/pi_tool.html) is a tool 

that calcultaes the isoelectric point and molecular weight of an input sequence. The 

sequence can be input in the FASTA format, the output is the pI and molecular weight for 

the entire length of the sequence. 

 

 

(b) PeptideMass (http://ca.expasy.org/tools/peptide-mass.html): It cleaves a protein 

sequence from the UniProt Knowledgebase (Swiss-Prot and TrEMBL) or a user-entered 

protein sequence with a chosen enzyme, and computes the masses of the generated 

peptides. The tool also returns theoretical isoelectric point and mass values for the 

protein of interest. If desired, PeptideMass can return the mass of peptides known to carry 

post-translational modifications, and can highlight peptides whose masses may be 

affected by database conflicts, polymorphisms or splice variants. 

 

 
 

© SAPS- Statistical Analysis of Protein Sequences: evaluates by statistical criteria a wide 

variety of protein sequence properties. Properties considered include compositional biases, 

clusters and runs of charge and other amino acid types, different kinds and extents of repetitive 

structures, locally periodic motifs, and anomalous spacing between identical residue types. The 

statistics are computed for any single (or appropriately concatenated) protein sequence input. 

(http://www.ebi.ac.uk/Tools/saps/)  

http://ca.expasy.org/tools/pi_tool.html
http://ca.expasy.org/tools/peptide-mass.html
http://www.ebi.ac.uk/Tools/saps/
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(d) ProtParam (http://www.expasy.ch/tools/protparam.html) is a tool which allows the 

computation of various physical and chemical parameters for a given protein stored in 

Swiss-Prot or TrEMBL or for a user entered sequence. The computed parameters include 

the molecular weight, theoretical pI, amino acid composition, atomic composition, 

extinction coefficient, estimated half-life, instability index, aliphatic index and grand 

average of hydropathicity. 

 
 

Secondary Structure Analysis and prediction 
 
 

There are several protein secondary structure prediction methods and the most important 

of these methods are: 
 

(a) Chou-Fasman method: The Chou-Fasman method was among the first secondary 

structure prediction algorithms developed and relies predominantly on probability 

parameters determined from relative frequencies of each amino acid's appearance in 

each type of secondary structure.  The original Chou-Fasman parameters, determined 

from the small sample of structures solved in the mid-1970s, produce poor results 

compared to modern methods, though the parameterization has been updated since it 

was first published. The Chou-Fasman method is roughly 50-60% accurate in 

predicting secondary structures. 

 

(b) GOR method: The GOR method, named for the three scientists who developed it - 

Garnier, Osguthorpe, and Robson - is an information theory-based method developed 

not long after Chou-Fasman that uses more powerful probabilistic techniques of 

Bayesian inference. The GOR method takes into account not only the probability of 

each amino acid having a particular secondary structure, but also the conditional 

probability of the amino acid assuming each structure given that its neighbors assume 

the same structure. This method is both more sensitive and more accurate because 

amino acid structural propensities are only strong for a small number of amino acids 

http://www.expasy.ch/tools/protparam.html
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such as proline and glycine. The original GOR method is roughly 65% accurate and is 

dramatically more successful in predicting alpha helices than beta sheets, which it 

frequently mispredicts as loops or disorganized regions. 

 

© GOR IV (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html) 

uses all possible pair frequencies within a window of 17 amino acid residues. One 

output gives the sequence and the predicted secondary structure in rows. H=helix, 

E=extended or beta strand and C=coil. The other output gives the probability values for 

each secondary structure at each amino acid composition. 

 

 
 

(d) Hidden Markov Methods (HMMs): HMMs method is used to predict the secondary 

structure of a protein of a given structural class (e.g. +) as used in the structural 

classification databases. Each HMM is trained with the sequences of the proteins in that 

structural class. The models are used with a query sequence to predict both the class and 

the secondary structure of the protein.  
 

 

(i) Pfam (http://www.sanger.ac.uk/Software/Pfam/search.shtml) uses the HMM approach. 

 
 

(f) Neural Networks: Most of the effective structure prediction models extract patterns 

from databases of known protein structures. Neural networks comprise a particular tool 

for protein recognition and classification. 

 

http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html
http://www.sanger.ac.uk/Software/Pfam/search.shtml
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(i) HNN (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_nn.html) is a 

Hierarchial Neural Network based program that gives a secondary structure prediction. 

 

 

 
 

(ii) nnPredict (http://www.cmpharm.ucsf.edu/~nomi/nnpredict.html) predicts the 

secondary structure type for each residue in an amino acid sequence. The basis of the 

prediction is a two layer, feed forward neural network. The predicted type will be either: 

‘H- a helix element, ‘E’-a beta strand element or ‘-‘, a turn element. nnPredict uses the 

tertiary class of a protein for prediction. 

 

 
 

(iii) PSA (http://bmerc-www.bu.edu/psa/request.htm): It is also a secondary structure 

prediction tool. It has 3 options for analysis:(i) Monomeric-Soluble Type-I analysis, (ii) 

Minimal Type-2 analysis, and WD-repeat analysis 

 

http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_nn.html
http://www.cmpharm.ucsf.edu/~nomi/nnpredict.html
http://bmerc-www.bu.edu/psa/request.htm
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(iv) PSIPRED (http://bioinf.cs.ucl.ac.uk/psipred/) PSIPRED Protein Structure Prediction 

Server aggregates several of our structure prediction methods into one location. Users can 

submit a protein sequence, perform the prediction of their choice and receive the results 

of the prediction via e-mail. It is a highly accurate method for protein secondary structure 

prediction 

 

MEMSAT and MEMSAT-SVM – Both are widely used transmembrane topology 

prediction method  

GenTHREADER,  pGenTHREADER and pDomTHREADER –These all are sequence 

profile based fold recognition methods. 

 

 
 

 

Multiple Alignment Based Self-Optimization Method 

http://bioinf.cs.ucl.ac.uk/psipred/
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(a) SOPMA: It is a secondary structure prediction program (Self-Optimized Prediction 

Method) that uses multiple alignments. SOPMA correctly predicts 69.5% of amino acids 

for a three-state description of the secondary structure (alpha-helix, beta-sheets and coil) 

in a whole database containing 126 chains of non-homologous proteins. The server is 

available at  

(http://npsapbil.ibcp.fr/cgibin/npsa_ automat.pl?page=/NPSA/npsa_sopma.html). 

 

 

 
 

Joint prediction with SOPMA and PHD correctly predicts 82.2% of residues for 74% of 

co-predicted amino acids.  

 

 

Tertiary Structure Analysis and prediction 

There are three methods for the tertiary structure prediction. 

(a) ab-initio approach 

(b) Fold Recoginition  

(c) Homology Modelling 

 

(a) Ab-initio approach: Ab initio- or de novo- It is a protein modelling methods seek to 

build three-dimensional protein models "from scratch", i.e., based on physical principles 

rather than (directly) on previously solved structures. The goal of the Ab-initio prediction 

is to build a model for a given sequence without using a template. Ab-initio prediction 

relies upon thermodynamic hypothesis of protein folding (Alfinsen hypothesis). The Ab-

initio prediction methods are based on the premise that are native structure of a protein 

sequence corresponds to its global free energy minimum state.  

The method for  ab-initio prediction are of the following: 
 

(i) Molecular Dynamics (MD) Simulations: MD Simulations are of proteins and protein-

substrate complexes. MD methods provides a detailed and dynamic picture of the nature 

of inter-atomic interactions with regards to protein structure and function. 
 

(ii) Monte Carlo (MC) Simulations:-These are methods that do not use forces but rather 

compare energies via the use of Boltzmann probabilities. 

 

(iii) Genetic Algorithms (GA) Simulations:-GA methods try to improve on the sampling  

http://npsapbil.ibcp.fr/cgibin/npsa_%20automat.pl?page=/NPSA/npsa_sopma.html


 13 

and the convergence of MC approaches. 
 
 

(iv) Lattice Models:-Lattice methods are based on using a crude/approximate fold 

representation (such as two residues per lattice) and then exploring all or large amounts 

of conformational space, given the crude representation. 
 

 

Insilico tools for abinitio protein structure prediction 
 

(1) QUARK and I-TASSER: Both the servers are developed at Zhang Lab of University of 

Michigan.  

 

I-TASSER is an internet service for protein structure and function predictions. 3D models 

are built based on multiple-threading alignments by LOMETS and iterative TASSER 

simulations; function inslights are then derived by matching the predicted models with 

protein function databases.  

 

QUARK is the computer algorithm for ab initio protein folding and protein structure 

prediction. It aims to construct the protein 3D structures from scratch using replica-

exchange Monte Carlo simulations under the guide of a knowledge-based atomic force 

field. QUARK movements include free atom relocation as well as rigid-body replacement 

of small fragments (1 to 20 residues long) excised from solved experimental structures. 

The server is therefore suitable for proteins which are considered without homologous 

templates. Protein sequences having length more than 200 residues are not preferable in 

QUARK so I-TASSER can be used. 

 
 

 
 

Fig-14: QUARK ab-initio  Protein  Structure Prediction Tool 

 



 14 

 
 

Fig-15: I-TASSER ab-initio Protein Structure Prediction Tool 

 
 

(2) BHAGEERATH: It is an energy based computer software suite developed at 

Supercomputing Facility for Bioinformatics & Computational Biology, IIT Delhi for 

narrowing down the search space of tertiary structures of small globular proteins. The 

protocol comprises eight different computational modules that form an automated 

pipeline. It combines physics based potentials with biophysical filters to arrive at 5 

plausible candidate structures starting from sequence and secondary structure information. 

The methodology has been validated here on 50 small globular proteins consisting of 2–3 

helices and strands with known tertiary structures. For each of these proteins, a structure 

within 3-6 Å. RMSD (root mean square deviation) of the native has been obtained in the 

10 lowest energy structures. 

 

 
 

Fig-15: BHAGEERATH: an energy based computer software suite for ab-initio Protein Structure 

Prediction Tool 
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(3) DTMM- Desktop Molecular Modeller: It is a simple-to-use molecular modelling 

program that enables you to perform powerful molecular synthesis, editing, energy 

minimizations, and display. The package, substantially enhanced from previous versions 

of DTMM, will run on any PC with Windows 95, 98, Me, 2000, NT, or XP. The 

webserver is available at the website (http://www.polyhedron.co.uk/MFSQMC33264)    

 

 
 
 

(b) Fold Recognition: Fold recognition and threading methods can be used to assign 

tertiary structures to protein sequences, even in the absence of clear homology. The 

ongoing development of such methods has had a significant impact on structural biology, 

providing us with an increasing ability to accurately model 3D protein structures using 

very evolutionary distant fold templates. Although fold recognition and threading 

techniques will not yield equivalent results as those from X-ray crystallography, they are 

comparatively fast and inexpensive way to build a close approximation of a structure 

from a sequence, without the time and costs of experimental procedures. Using fold 

recognition proteins with known structures that share common folds with the target 

sequences can be identified. The identified structures can be used as templates from 

which the folds of the target sequences are modeled. 
 

(1) PHYRE- Protein Homology/analogY Recognition Engine. The webserver is available 

at (http://www.sbg.bio.ic.ac.uk/~phyre/)  

 

 

http://www.polyhedron.co.uk/MFSQMC33264
http://www.sbg.bio.ic.ac.uk/~phyre/
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(2) 3DPSSM- A Fast, web-based method for protein Fold recognition using 1D and 3D 

sequence Profiles coupled with secondary structure and salvation potential information. 

(http://www.sbg.bio.ic.ac.uk/~3dpssm/index2.html)   

 

 
 

(c)  Homology Modelling: It is based on the reasonable assumption that two homologous 

proteins will share very similar structures. Because a protein's fold is more evolutionarily 

conserved than its amino acid sequence, a target sequence can be modeled with 

reasonable accuracy on a very distantly related template, provided that the relationship 

between target and template can be discerned through sequence alignment. It has been 

suggested that the primary bottleneck in comparative modelling arises from difficulties in 

alignment rather than from errors in structure prediction given a known-good 

alignment.Unsurprisingly, homology modelling is most accurate when the target and 

template have similar sequences. 

 

(1) 3D Structure Prediction of Target Protein by MODELLER 

 

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 implements comparative protein structure 

modeling by satisfaction of spatial restraints and can perform many additional tasks, 

including de novo modeling of loops in protein structures, optimization of various models 

of protein structure with respect to a flexibly defined objective function, multiple 

alignment of protein sequences and/or structures, clustering, searching of sequence 

databases, comparison of protein structures, etc. MODELLER is available for download 

for most Unix/Linux systems, Windows, and Mac. 

(http://www.salilab.org/modeller/download_installation.html) 

Method for comparative protein structure modeling by Modeller 

Modeller implements an automated approach to comparative protein structure modeling 

by satisfaction of spatial restraints [Sali & Blundell, 1993]. Briefly, the core modeling 

http://www.sbg.bio.ic.ac.uk/~3dpssm/index2.html
http://www.salilab.org/modeller/download_installation.html
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procedure begins with an alignment of the sequence to be modeled (target) with related 

known 3D structures (templates). This alignment is usually the input to the program. The 

output is a 3D model for the target sequence containing all main chain and side chain 

non-hydrogen atoms. Given an alignment, the model is obtained without any user 

intervention. First, many distance and dihedral angle restraints on the target sequence are 

calculated from its alignment with template 3D structures. The form of these restraints 

was obtained from a statistical analysis of the relationships between many pairs of 

homologous structures. This analysis relied on a database of 105 family alignments that 

included 416 proteins with known 3D structure [ˇSali & Overington, 1994]. By scanning 

the database, tables quantifying various correlations were obtained, such as the 

correlations between two equivalents C_ – C_ distances, or between equivalent main 

chain dihedral angles from two related proteins. These relationships were expressed as 

conditional probability density functions (pdf’s) and can be used directly as spatial 

restraints.  

For example, probabilities for different values of the main chain dihedral angles are 

calculated from the type of a residue considered, from main chain conformation of an 

equivalent residue, and from sequence similarity between the two proteins. Finally, the 

model is obtained. The optimization is carried out by the use of the variable target 

function method [Braun & Go, 1985] employing methods of conjugate gradients and 

molecular dynamics with simulated annealing (Figure 1.3). Several slightly different 

models can be calculated by varying the initial structure. The variability among these 

models can be used to estimate the errors in the corresponding regions of the fold. 

 

 

 

 
 

 



 18 

First, the known, template 3D structures are aligned with the target sequence to be 

modelled 

Second, spatial features, such as - distances, hydrogen bonds, and main chain and 

side chain dihedral angles, are transferred from the templates to the target. Thus, a 

number of spatial restraints on its structure are obtained.  

Third, the 3D model is obtained by satisfying all the restraints as well as possible.  

 

 
 

Steps to perform task: 

Modeller requires three different input files. Error  free  preparation of  the  following 

3  files costs  3 to 4 hour preparation for execution of your prepared Protein Model.    

The 3 files are:- 

        1.  Alignment file (*.ali)  

        2.  Atom file         (*.atm)  

        3.  Script file         (*.py)  

1. Preparing alignment file: Following are the steps to prepare an alignment file:  

(a) Take protein sequence  of your interest and search it in NCBI and save its fasta 

sequence as in following example 

Target 

>Q865F8|AHSP_BOVIN Alpha-hemoglobin-stabilizing protein - Bos taurus 

MALIQTNKDLISKGIKEFNILLNQQVFSDPAISEEAMVTVVNDWVSFYINY YK

KQLSGEQDEQDKALQEFRQELNTLSASFLDKYRNFLKSS  

 

(b) Copy your target protein  sequence and paste  in NCBI blast-p page by  choosing 

PDB database in BLASTP option.  
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(c) Get  the structural sequence based on degree of similarity and note down pdb  id 

basing on 3 parameters identity more than 40 %,x-ray crystallographic structure, 

resolution<3Angstrom,R-value<0.5,for this case the template is 1y01 

(d) Copy  the  sequence  which  shows  highest  similarity  with  your  target  protein  

      sequence and paste it in same note pad in which your target sequence was pasted  

      in first step.  The note pad should be like below.  

       

       >1y01 

LLKANKDLISAGLKEFSVLLNQQVFNDALVSEEDMVTVVEDWMNFYINY Y     

RQ   QVTGEPQERDKALQELRQELNTLANPFLAKYRDFLKS  

      

 >target 

MALIQTNKDLISKGIKEFNILLNQQVFSDPAISEEAMVTVVNDWVSFYINY YK

KQLSGEQDEQDKALQEFRQELNTLSASFLDKYRNFLKSS   

(e) Save the file where you wish to store then go to Clustalx          

(f) Open ClustalX software choose upload sequence and  load your file which you have      

     saved at step 5 on note pad.  

 

(g) After  uploading  click  alignment  button  then  click  output  format  options  where a  

     Sub-window displayed on your monitor and adjust the parameters.  

                 Select -parameter out – ON  

                 Select-PIR format- ON  

                 Remove Clustal W  format.  

    Then close the window.   

(h) Again click Alignment button and click “do complete alignment button”.  

(i)  Now  the output  files  will  be  created  in  your  folder 

(from  there  you  have     been uploaded your sequence file to Clustalx).   

(j) Open the out put file, which has * .pir extension.  Open that file through word pad  

and save as filename with ali extension (*.ali).   (* Indicates file name). File  should 

be saved within double quotes (“*.ali”)  

(k) Then do modifications in *.ali file by observing standard file, which is given below.    

.Ali File:   
>P1;1y01 
structureX:1y01:3    :A:91  : :ALPHA-HEMOGLOBIN STABILIZING PROTEIN:HOMO SAPIENS:2.80: 

0.273     
--LLKANKDLISAGLKEFSVLLNQQVFNDALVSEEDMVTVVEDWMNFYINYYRQQVTGEP 
QERDKALQELRQELNTLANPFLAKYRDFLKS- 
* 
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>P1;target 
sequence:target:1    : :102   : :Alpha-hemoglobin-stabilizing protein:Bos taurus: 2.80:0.273     
MALIQTNKDLISKGIKEFNILLNQQVFSDPAISEEAMVTVVNDWVSFYINYYKKQLSGEQ 
DEQDKALQEFRQELNTLSASFLDKYRNFLKSS 
* 

2. Preparing Atom file:  

(a) Take  the  pdb  id, which  has  got match with  your  target  protein,  submit  to  pdb  

database (Access at www.rcsb.org).  

(b) Structural  data  will  be  opened  and  choose  explore  button  then  download  and  

display option and choose pdb format in download options for downloading.  

(d) save the *.pdb file as *.atm.  

3. Preparing Script files:  

(a) Write the standard format of script file, which is given below in notepad.  

(b) Then fill   the fields required by the modeler.  

© Then save the file by giving the file name with the extension of *.py.  

(d) Copy all three (*.ali, *.py & *.atm) and paste it in C:\mod9v7\bin.  

(e) Then open DOS program go to specified path to be given here.  

       (C:\Program Files\Modeller9v7\bin)  

(f) Type command     “mod9v7  *.py (* indicates filename).  

(g)   Out put file will be given created automatically by Modeller in bin directory    

       approximately 3 min of analysis 

(h) Copy that output file and paste it in your folder then save the same file as *.pdb    

.Py File (script file):  
# Homology modeling by the automodel class 
from modeller import *              # Load standard Modeller classes 

from modeller.automodel import *    # Load the automodel class  
log.verbose()    # request verbose output 
env = environ()  # create a new MODELLER environment to build this 

model in  
# directories for input atom files 

env.io.atom_files_directory = './:../atom_files'  
a = automodel(env, 
              alnfile  = 'align.ali',     # alignment filename 
              knowns   = '1y01',              # codes of the templates 
              sequence = 'target')              # code of the target 
a.starting_model= 1                 # index of the first model 
a.ending_model  = 1                 # index of the last model 

http://www.rcsb.org/
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                                    # (determines how many models to 

calculate) 

a.make()                            # do the actual homology modeling  

(i) Visualize the 3D model created by you in Rasmol ,  Swiss PDB viewer 
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