
INTRODUCTION two plasmids, pHCM1 and pHCM2, pHCM1 
Food borne infections are quite common and plasmid is involved in drug resistant. Recently in 
widely distributed worldwide. Typhoid  is one such bacterial genome sequence study, approximately 

45% of the genes of proteins have not assigned common disease by Salmonella enteric typhi . 
any function. The group of hypothetical genes of Salmonella typhi is gram negative, flagellated, rod 
proteins without any assigned functions is termed shaped and facultative anaerobic bacterium . 
as hypothetical proteins . Conserved hypothetical Salmonella enterica serovar Typhi is the causative 
proteins are great number of genes in sequence of agent of ty-phoid fever. S. Typhi does not have an 
organisms genome. The hypothetical proteins are animal reservoir and can be transmitted from a 

typhoid carrier only through contaminated water not described functionally .
or food . Its suppression seems doubtful due to 

In functional annotation of hypothetical proteins, latest emergency of multiple drug resistant strains .
Interproscan seems very helpful. Its purpose is to  
combine different proteins signature recognition The complete   genome for  Salmonella typhi has 
methods into one resource with look up of been sequenced. Salmonella typhi encodes for 
corresponding interPro and GO annotation. The 204 genes. Out of 204 genes, twenty seven (27) 
inter Pro database incorporates Prosite, Prints, are remnants of insert sequences, seventy five 
Pfam, ProDom, SMART, TIGRFAMs, PIR (75) are occupied in housekeeping function and 
superfamily, SUPERFAMILY, Gene3D and 46 of the genes mutation are involved in host 
PANTHER databases It is imperative that the interaction. Protein sequence-structure analysis 
framework built for managing the InterProScan (PSSA) is fundamental in a wide range of 
analyses is highly configurable, so that the biomedical research fields, especially in protein 
heterogeneous nature of the different applications structure prediction and modeling
can be represented appropriately, and the 
software can run in a multitude of computing The strain of Salmonella typhiCT18 has 4934 
environments .proteins. A large circular chromosome of 4.809, 

037bp which is nearly equal to 4.8Mb in length and
Naturally occurring  homologous proteins usually 
have similar stable tertiary structures .  The three 
dimensional structures of all proteins can be 
predicted by using bioinformatics methods such 
as ab-initio method, threading and homology 
method.Ab-intio can predict structure of proteins 
on the basis of physio-chemical principle. Ab-intio
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ABSTRACT
Background: Salmonella typhi is a gram negative, flagellated, rod shaped facultative, anaerobic bacterium belonging to family 
enterobacteriace. It is etiological agent of typhoid fever. It spreads through contamination of water and under cooked food. It has 
caused death in many countries where sanitation is poor. It has evolved the ability to spread in deeper tissues of human body..
Objective: To identify the function and  structure of hypothetical proteins of Salmonella typhi CT18 by using bioinformatic 
programs.
Material and Methods: The 3D structure of these proteins was carried out by the help of Bioinformatics programs such as CMR, 
Interproscan, BLAST, Modellor 9.10, Procheck and Prosa. Functional annotation was carried out by using Interproscan and  
structure analysis was carried by homology modeling using Modeller.
Results: It was found that there are 4934 proteins are present in Salmonella typhi out of which, 12.1 % were hypothetical proteins. 
Among hypothetical  proteins, results of 463 proteins were shown by interproscan,6.3% were functionally detected proteins, 2.6% 
were uncharacterized proteins and for rest no hits were found. For homology modeling, 5 proteins were selected. The three 
dimensional  structure of proteins was constructed by Modeller 9.10.
Conclusion: Structural bioinformatics is an effective method to find structure of hypothetical protein which provide good solution 
for drug discovery.
Keywords: Homology Modelling, Hypothetical proteins, Typhoid fever,Modellor, Structural Bioinformatics.
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is unreliable and unrealistic method for future 
Complete protein sequence of Salmonella use  
typhiCT18was downloaded from the databases of 
comprehensive microbial resource (CMR) (http; Threading which is also called as fold recognition 
cmr.jcvi.org).The comprehensive microbial is the method which is used for sequence with 
resource is a free website used to display sequence identity = 30. Template provides a base 
information on all of the publicly available, for the prediction of structure of the proteins by 
complete prokaryotic genome.Homology modeling.of proteins having sequence 

identity of about > 30%. Recently with the arrival of 
Salmonella typhi contains 4934 proteins. Amongst structural genomics, the importance of homology 
these 780 were hypothetical proteins. We modeling has been extremely increased. 
separated hypothetical proteins from total Homology modeling is reliable method for model 
genome and saved them in the word document building. The best homology models were 
format.selected according to Global Model Quality 

Estimation (GMQE) and QMEAN statistical 
The hypothetical proteins sequences were parameters. GMQE is a quality estimation which 
analyzed for function annotation for presence of combines properties from the target-template 
conserved enzymatic domain by interproscan.alignment. The quality estimate ranges between 0 

and 1 with higher values for better models
Interproscan is bioinformatics webtool which 
provides functional analysis of different proteins Homology modeling is a representation of the 
by classifying them into different families and similarity of environmental residues at 
predicting domains and important sites. topologically corresponding positions in the 
InterProScan tool, which combines different reference proteins. In the absence of 
protein signature recognition methods from experimental data, model building on the basis of 
InterPro consortium member databases into one a known 3D structure of a homologous protein is at 
resourcepresent the only reliable method to obtain the 

structural information .
After functional annotation of proteins, the three  
structures of proteins were modeled.Homology modeling can be completed in four 

steps .
Homology modeling of predicted functional 
proteins such as protein Transcriptional regulator 1. Template recognition of known protein 
(STY 4289),Crisper associated proteins (STY from PDB databank.
3065), Methyl transferases (STY 3264) 2. Sequence alignment of the query with that 
,Transcriptional regulator (STY2107), FeS cluster of the template.
protein (STY 1754)  was carried out using 3. Model building on the basis of this 
modeler.alignment.

4. Assessment and refinement of the newly 
Template plays a vi tal  role in model built model.
building.Template was searched by BLAST 
against PDB (protein data bank). The best Homology modeling has become a widespread 
template was selected which showed maximum technique for the construction of GPCR models 
identity, low E-value (less than 1), high querry intended to study the structurefunction 
coverage (=70%) with equivalent target protein.relationships of the receptors and aid the 
Target protein Model was built on the basis of discovery and development of ligands capable of 
target - template alignment file. Alignment of target modulating their activity  
and template was carried out by BLAST.

Main purpose of the study is to identify the function 
After the target template protein alignment file and structure of hypothetical proteins of 
construction, the three dimensional homology Salmonella typhi CT18 by using bioinformatic 
model of protein was constructed with the help of programs.
MODELLER 9.10 program. MODELLER 9.10 
automatically builds the models.
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The newly built models were visualized by Procheck helps to demonstrate if the structural 
Discovery Studio Viewer (DS viewer). features of the models are reliable or not.

During execution of modeler, ten models were The stability and energy of the target with that of 
constructed.Each model was evaluated the template was calculated by PROSA-web.
tocheckthe reliability of the models. The 
evaluation was carried out by Procheck and Energy and Z-score files were obtained as a result 
Prosa-web. of Prosa.
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RESULTS 

Table -1:Total proteins and their percentage

S. No Proteins Numbers Percentage

1

2

3

4

5

Total proteins   

Hypothetical proteins

Functionally detected

Uncharacterized proteins

No hits were found for remaining proteins

4934

600

362

120

118

100%

12.16 %

60.3%

20%

19.6%

Fig 1:
Graph representing different functional groups and number of hypothetical proteins in each group.

Figure -2:Three dimensional model of transcriptional regulator (STY 2107)
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Figure- 3: Ramachandran plot of transcriptional regulator ( STY2107) model using PROCHECK

Fig -4: Energy peaks of transcriptional regulator
STY 2107obtained through Prosa-web

Fig -5: Z-score scheme of transcriptional
regulator STY2107 obtained through Prosa-web

DISCUSSION homology modeling approach is a valuable 
The function and structure of hypothetical proteins approach for obtaining structural information 
can be accessible by conventional biological about carriers and ion channels .
methods but these methods require a lot of time 
and are costly. Therefore, homology modeling is During present study we predicted the function 
becoming important for obtaining three and structure of hypothetical proteins of 
dimensional structure of protein because genome Salmonella typhi strain CT18 by using 
project produces sequences at much higher rate bioinformatics tools. Salmonella typhi CT18 is the 
than we can solve three dimensional structure by most virulent among serotype of Salmonella typhi. 
NMR or X-Rays crystallography.  Ion channels Therefore, Salmonella typhi strain CT18 was 
and carriers are difficult to express and purify in preferred during present study. The entire protein 
amounts for X-ray crystallography and nuclear sequence of Salmonella typhi strain such as 
magnetic resonance (NMR) studies. The Salmonella typhi strain CT 18 is available at 
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Comprehensive Microbial Resource (CMR). The hypothetical protein STY2107 was constructed by 
sequences of all proteins were downloaded from homology modeling. The first and most important 
CMR. Total of 4934 proteins were found in step in homology modeling is the target and 
Salmonella typhi CT18. Out of these, 600 were template comparison. Template (crystal structure 
hypothetical proteins which were 12.16% of the of  E.coliYebc ,Pdb id 1KON) for target 

(transcriptional regulator) was retrieved by total protein . The functional prediction of 
BLAST.  As the name implies, BLAST performs hypothetical proteins of Salmonella typhi CT18 
“local” alignments. Most proteins are modular in was carried out by interproscan and structure was 
nature, with one or more functional domains predicted by modeller.
occurring within a protein . The same domains 

Function of hypothetical proteins was predicted by may also occur in proteins from different species. 
bioinformatic tool called Interproscan. Among 600 The BLAST algorithm is tuned to find these 
hypothetical proteins, 362 proteins (60.3% of total domains or shorter stretches of sequence 
hypothetical proteins ) were functionally detected similarity . 
and 120 (20%) hypothetical proteins were  
proteins of unknown function as shown in table It was selected because it has greater similarity 
3.3. No hits were also found for 118 proteins with the target sequences .The target and 
(19.6% of total hypothetical proteins) .  template has 98% identity and query coverage of 

100%. Identities comprises same amino acids in 
The functional ly predicted proteins were both sequences whereas positive residues mean 
categorized into particular groups on the basis of amino acids which are biochemically similar to 
specific conserved enzymatic domain. These each other. Alignment was done by BLAST 
groups are kinases, hydrolases, peptidases, .Modeller 9.10 was used for construction of model. 
ligases, redutases, synthetases, transferases, Ten models were constructed. These models 
l i g a s e s ,  c a r b o x y l a s e ,  p h o s p h a ta s e s  were evaluated by Procheck. Ten plots were 
transcriptional regulators etc. The proteins with generated  byProcheckfor each of the model in 
similar functions were placed in same group. which plot 1 is Ramachandran plot.Programmed 

Coral Draw was used for viewing these plots. 
During present study, homology modeling of Ramachandran plot is divided into four regions. 
predicted transcriptional regulator (STY2107), Favored region,Allowed region, generously 
methyl transferases( STY 3264) , crisper allowed region and disallowed region. Out  of 10 
associated protein (STY 3065) , transcriptional models ,one best model was selected. Selected 
regulator (STY4289)  and FeS cluster proteins model contains the greatest number of residues in 
(STY 1754) were carried out. These proteins were favored region while all other 9 models constitute 
selected for homology modeling as representative less number of residues in favored region. It 
group. shows that among 233 residues, 201 were 

present in favoredregion ,7residues were in 
Transcriptional regulators are regulatory proteins allowed regions, one was in generously allowed 
which activate transcription of DNA by binding region and one was in disallowed region 
near the promoter of DNA. Sites of DNA sequence constituting percentage 95.7%,3.3%,0.5% and 
where regulatory proteins bind are called 0.5% respectively .
enhancer sequences. The expression of 
eukaryotic genes is controlled primarily at the level Energy graph of target by Prosa showed  the 
of initiation of transcription. In prokaryotes such as overall quality of protein structure. The energy of 
Salmonella typhi, transcription regulator makes hypothetical protein transcriptional regulator 
the cell to quickly adopt to the different changes (2107) was estimated using PROSA.  Z-score 
occurring in external environment. Repressor bind scheme of transcriptional regulator (STY 2107) 
to the regions called operators which are located was obtained through Prosa-web . It showed 
downstream the promoter region and activators highly negative value (-8.5) which indicated that 
bind to the upstream portion of promoter. A model was highly stable.
combination of repressor and activator in 
Salmonella typhi helps to determine whether a 
gene is transcribed. By knowing the structure, drug can be 

manufactured to get rid of the disease. Since 
The three dimensional structure building of drugs interact with receptors that consist mainly of
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