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INTRODUCTION 

Heat shock proteins are conserved molecules 

found in all organism. Under normal conditions 

HSPs mediate nascent protein folding and 

assembly, translocate proteins through 

membranes into organelles and assist 

degradation of structurally aberrant proteins. 

HSP families are named according to molecular 

mass (kDa), amino acid sequence and function 

[1]. HSP90 is conserved among all living 

organisms, from bacteria to human. It has two 

isoforms, HSP90 alpha and HSP90 beta, which 

are encoded by separate genes and are present 

as homodimers [2]. The molecular chaperone 

HSP90 mediates many fundamental cellular 

pathways involved in cell proliferation, cell 

survival, and cellular stress response. HSP90 is 

responsible for the correct conformational 

development, stability and function in crowed 

cell environment [3]. Over expression during 

cellular stress makes them an important part of 

immune system recognition as surface receptor 

or as immune-dominant antigens. 

 

MATERIALS AND METHODS 

Sequence retrieval 

The sequence for HSP90 AA was retrieved from 

UniProt (www.uniprot.org/) having accession 

number P07900. The protein is 732aa long and 
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its structure was unavailable in (RSCB 

www.rcsb.org/). The sequence of protein is 

shown in Fig.1. 

 
Fig. 1: Sequence of Protein in FASTA format 

 

Physiochemical characterization 

Physiochemical characterization including total 

number of positively and negatively charged 

amino acids, Isoelectric point of protein, 

Extinction coefficient, Aliphatic index and 

hydropathy value i.e GRAVY were computed 

using PROTPARAM (web.expasy.org/ 

protparam/). 

Functional Characteristics 

Domain, Motifs and secondary structure 

analysis were performed for the protein using 

CDD-NCBI (www.ncbi.nlm.nih.gov/Structure 

/cdd/cdd.shtml), GORIV [4] and STRIDE 

(web.clu.bio.wzw. tum.de/stride/). 

Template selection 

To get the 3D model of protein sequence 

template analysis was performed using PSI-

BLAST tool [5] for three iterations 

(www.ncbi.nlm.nih.gov/blast/) choosing data 

set as PDB.Number of templates was found. To 

select the best template, template’s quality has 

been studied from statistical quality of target-

template alignment. 

Protein modelling and Model Evaluation 

On the basis of template selected, model was 

constructed using MODELLER 9.13 

(https://salilab.org/modeller/release.html). 

Modeller is based on spatial restraints and can  

perform many additional tasks too [6]. After 

generating the 3D model, energy minimization  

 

was performed by GROMOS96 force field using 

Swiss PDB Viewer. The predicted model was 

accessed using QMEAN server (swissmodel. 

expasy.org/qmean/). In QMEAN server [7], 

QMEAN score is the global score of whole 

model reflecting the predicted model reliability 

should be between 0 to 1. The QMEAN Z-score 

provides an estimate of the absolute quality of 

a model by relating it to reference structures 

solved by X-ray crystallography. The QMEAN Z-

score is an estimate of the "degree of 

nativeness" of the structural features observed 

in a model by describing the likelihood that a 

model is of comparable quality to high-

resolution experimental structures.  

3D Model visualization 

The 3D model was visualized using PyMol 

(www.pymol.org/). 

 

RESULTS AND DISCUSSION 

From Table 1 below we can analyse various 

physio-chemical properties from protein 

primary sequence. 

Parameters calculated by PROTPARAM includes 

(i) pI is a pH in which net charge of protein is 

zero. The knowledge of pI allows to match 

proper environment before experiment starts. 

The computed isoelectric point helps in 

developing buffer system for purification by 

isoelectric focusing method. (ii) –R and +R 

http://www.ncbi.nlm.nih.gov/Structure
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indicates total number of positively and 

negatively charged amino acids in protein 

sequence i.e. 151 and 110 respectively. (iii) 

Extinction coefficient indicates how much light 

a protein will absorb in water at 280nm. The 

protein sequence will absorb 59625 M-1cm-1 of 

light with an assumption that all airs of cys 

residues form cystines.(iv) The instability index 

provides an estimate of the stability of your 

protein in a test tube. (v) A statistical analysis 

shows that the aliphatic index, which is defined 

as the relative volume of a protein occupied by 

aliphatic side chains (alanine, valine, isoleucine, 

and leucine). The index may be regarded as a 

positive factor for the increase of 

thermostability of globular proteins [8] (vi) 

Grand Average of Hydropathy (GRAVY) is 

calculated by hydropathy values of all amino 

acids divided by numbers of residues in the 

sequences. 

 

 

         Table 1: Physio-chemical properties as predicted by PROTPARAM 

Length  
(aa) 

Mol Wt 
 

pI -R +R Extinction  
Coefficient 
(M-1cm-1 ) 

Instability 
Index  

Aliphatic 
Index  

GRAVY 

732 84659.7 4.94 151 110 59625 41.94 79.37 -0.750 

 

Functional Characterization: CDD predicted 

two domains using primary protein sequence. 

One is HATPase_c from 42-190aa which is 

Histidine kinase –like ATPase including several 

ATP-binding protein and HSP90 domain from 

196-732aa respectively as shown in Fig. 2. 

The secondary structure of HSP90 alpha was 

predicted using STRIDE and GOR IV. It has 

been noticed that 51.50% were alpha helices, 

13.66% were beta turns and 34.84% were 

random coils as shown in Fig. 3(a,b). 

 

 

 

Fig. 2. Domains of HSP90 alpha 
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                                      Fig. 3a                                         Fig. 3b 

Fig. 3a: Secondary Structure prediction by STRIDE and 3b: GOR IV 

The secondary structure of the protein was predicted using STRIDE web server shown in Fig. 3a and 
statistically data is predicted by GOR IV in Fig. 3b. 

 

Homology Modelling 

Out of 102 BLAST hits, the template with 

highest quality score i.e. 2CG9_A with 61% 

identity and 93% query coverage has been 

selected for modelling by MODELLER 9.13. The  

 

 

 

target-template alignment is shown in Fig. 4. 

The predicted 3D structure of protein is 

visualized using PyMol. The model is viewed in 

cartoon format as shown in Fig. 5.  

 

 

 
                   Fig. 5: Structure of modelled protein

Fig. 4: Target-Template alignment

 

Evaluation 

The 3-D model of HSP90 alpha was evaluated 

using QMEAN server which gave Total QMEAN  

score 0.528 and Z score -2.60 which shows that 

model is good as shown in Table 2 . 

 

The modelled protein is further validated by 

Ramachandran Plot generated by PROCHECK  

Fig. 6. The plot value was found to be 83.3% 

with 564 residues in favoured region. 13.4% of 

the residues lie in additional allowed region and 
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1.6% in generously allowed region. Only about 

1.6% of the total residues were located in 

disallowed region. Number of glycine and 

proline were 32 and 21 respectively. 

 

                      

      Table 2: Score generated by QMEAN 

C_beta interaction energy  -293.28 (Z-score: 0.64) 

All-atom pairwise energy: -17834.83 (Z-score: 0.17) 
Solvation energy  -75.37 (Z-score: 0.42) 
Torsion angle energy  -39.68 (Z-score: -3.48) 
Secondary structure 
agreement 

79.8% (Z-score: 0.20) 

Solvent accessibility 
agreement 

72.5% (Z-score: -1.56) 

Total QMEAN-score 0.528(Z-score:-2.60) 
(estimated model reliability between 0-1) 

 

 

Fig. 6: Ramachandran plot generated by PROCHECK 

Submission 

The 3D structure generated for HSP90 alpha 

was successfully submitted to PMDB [9] via  

 

 

 

PMID and information regarding the sequence, 

method used for modelling was provided. The 
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structure of the protein can be downloaded 

using ID PM0079824. 

 

CONCLUSION 

In the present work the structure analysis was 

done by using different bioinformatics tools and 

server. Based on findings, it can be concluded 

that the structure can aid in drug designing 

studies. 
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