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ABSTRACT 

Shigellosis is an endemic disease prevalent in developing and 

poor countries due to fecal-oral transmission resulting a 

significant morbidity and mortality rate. Emergence of multi-

drug resistant (MDR) in Shigella sp. reveals the inefficacy 

towards the first line antibiotics like quinolones, co-

trimoxazole and ampicillin against it. There is continuous 

need to monitor the characteristics and antibiotic resistance 

patterns of this pathogen regarding the identification of new 

potential therapeutic drug   targets. Availability of complete 

protein of different Shigella species viz flexneri, body, 

dysentery and son has made it possible to carry out the In-

silico analysis of its protein for the identification of potential 

vaccine and drug targets. Subtractive proteomics approach is 

being used to mine the list of proteins present in different 

Shigella species which are non-homologous to human and 

essential for the survival of the pathogen. The metabolic 

chokepoint analysis also enriches the list of essential protein 

and adds those proteins in the list which are uniquely found in 

pathogenic pathway, catalyzed by single enzyme and involved 

in multi pathways. Screening of essential proteins against 

human gut flora and approved drug targets revealed the 

targets which are non-homologous to human gut flora and 

homologous to the approved drug targets. Broad spectrum 

drug targets screening revealed a list of highly conserved 

proteins of various pathogens including different Shigella 

species. Probably the drug developed against these targets 

may be useful in treating multiple diseases or diseases which 

results due to co-infection of different pathogens. Subcellular 

localization prediction revealed a list protein, which could be 

potential vaccine targets in different Shigella species. Virtual 

screening against these identified targets might be useful in 

the discovery of novel Drug against MDR Shigella species. 
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1. INTRODUCTION 
Shigellosis, an enteric infectious disease, affects 

approximately 164.7 million patients and causes 1.1 million 

deaths each year globally which includes about 60% children 

of less than 5 years of age. The causative agent of Shigellosis 

is Shigella spp which includes S. flexneri, S.boydii, S. 

dysentriae and S. soneii. It is highly frequent in developing 

countries with S. flexneri (60%) as the most common 

pathogen, and rare in industrialized countries with Shigella 

soneii as the main pathogen (77%) [1][2][3]. Shigellosis was 

ranked 6th on the basis of morbidity caused by infectious 

disease in China [4]. Since last decade, Shigella species 

resistance have gradually increased to most of the widely used 

antimicrobial agents and thus resulting in reduced efficacy of 

antimicrobial therapies [5][6]. Ampicillin, co-trimoxazole, 

chloramphenicol and nalidixic acid were the most commonly 

used antibiotics for the treatment of Shigellosis worldwide. 

Since antimicrobial resistance among Shigella spp. varies 

from region to region, thus, WHO has recommended 

ciprofloxacin as the first line antibiotic for the treatment of 

Shigellosis. Recently various ciprofloxacin resistant isolates 

were also reported from different parts of India [7]. Therefore, 

limited options are left for the treatment of the shigellosis. 

Presently, cephalosporin is widely used in the case of multi 

resistant Shigella infection (especially in pediatric cases). But 

due to possibility of emergence of extended spectrum beta 

lactamase (ESBL) producing Shigella species, thus, there is 

continuous need to monitor the characteristics and antibiotic 

resistance patterns of this pathogen and to identify new 

potential therapeutic drug targets [8][9]. Drug target 

identification and validation in In vitro conditions involve 

whole cell or animal experiments, gene knockouts or site-

directed mutagenesis experiments. Thus, traditionally 

identification and characterization of drug is time consuming, 

expensive and requires lots of manual efforts. In silico 

methods are widely accepted for systematic and large scale 

validation of targets as it has advantage of speed and cost 

effectiveness [10]. 

Availability of complete proteome of different Shigella 

species viz flexneri, boydii, dysentriae and soneii has made it 

possible to carry out the in silico analysis of its proteome for 

the identification of potential vaccine and drug targets. 
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The current study on different Shigella species makes use of 

substractive proteomics approach to mine potential and 

putative drug targets which are non-homologous to human 

and essential for the survival of pathogen. Further, this study 

also incorporates in finding out the targets; those are unique to 

the pathogen, non-homologous to human gut flora and can act 

as broad spectrum drug targets. 

2. MATERIAL AND METHOD 
The essential protein in Shigella spp. were first identified 

using  substractive proteomics  approach  and further analyzed 

for identification of potential drug targets. 

2.1 Retrieval of Host and pathogen 

Proteome 
The complete proteome of S. flexneri (n= 4456) (strain: 

2002017), S. boydii (n= 3938)     (strain: Sb227), S. soneii (n= 

4068) (strain: strain Ss046) and S. dysentriae (n= 3897)      

(strain: Sd197) were downloaded from HAMAP project 

housed at Expasy and complete proteome of Homo sapiens 

(n=74390) was downloaded from National center for 

biotechnological information. The proteins with less than 50 

AA residues and any protein which have non-amino-acid 

characters are removed [11][12]. 

2.2 Identification of close homologs in the 

human proteome 
The complete proteome of S. flexneri, S. boydii, S. soneii and 

S. dysentriae were purged at 60% using CD-HIT [13] to 

identify the paralogs or duplicate proteins within the proteome 

of each of these Shigella species. The paralogs were excluded 

and the remaining set of protein was subjected to Blast P [14] 

against complete proteome of Homo sapiens with the 

expectation value (E-value) cut off score of 10-5. The 

resultant dataset obtained had no significant similarity or less 

than 30% similar with proteome of Homo sapiens. An in-

house developed PERL script was used to parse BlastP result.  

2.3 Identification of Essential protein in 

Shigella species 
Non-homologous protein sequences of each of these Shigella 

species were subjected to BLASTP against the Database of 

Essential Gene (DEG) with E-value 10-8, 60% sequence 

identity and Bits score greater than 100 [15].  

Further Metabolic chokepoint analysis is done using BioCyc 

webserver to identify Essential protein using the criteria: 

Exclude reactions found in human, exclude reaction catalyzed 

by more than one enzyme and limit to the reaction found in 

multiple pathways [16][17]. 

Chokepoint reaction is defined as a reaction that either 

consumes a unique substrate or produces a unique product. A 

chokepoint analysis provides a systematic method of 

identifying novel potential drug targets. Thus, the list of the 

targets obtained after metabolic choke point analysis is further 

compared with the non-homologous sets of protein and only 

those are retained which are found in both the sets. 

Finally the targets screened with these two methods were 

merged into one file and thus it constitutes the final list of the 

Essential targets. 

2.4 Further Analysis of short listed targets 
The short-listed targets were subjected to further analysis, to 

retain only those proteins that are highly targetable. 

2.4.1 Druggability Analysis  
To identify the druggable protein from a list of essential 

protein all approved target sequences from drug bank have 

been downloaded [18]. The drug binding domain sequences of 

these proteins were used to identify the corresponding CDD 

(Conserved Domain database) domain of NCBI and a dataset 

of 1030 protein is compiled. Similarly, CDD domain of each 

of the essential protein has been retrieved. Comparison of 

identified drug binding domain with the domain of essential 

protein is carried out [19]. 

2.4.2 Broad Spectrum Drug Targets  
To identify Broad spectrum targets complete list of 

prokaryotic proteome (organism wise) have been downloaded 

from DEG.  CDD domain of these Essential proteins has been 

retrieved from NCBI CDD. Similarly, CDD domain of each 

of the essential protein has been retrieved. Domains which are 

common to at least 3 of the Shigella species including S. 

Flexneri are further retained. This retained dataset is 

compared to the compiled domain of Essential proteins 

retrieved from DEG and if it is present in at least 15 species 

than it is considered as Broad spectrum targets. 

2.4.3 Subcellular Localization Prediction 
Sub-cellular localization analysis of the essential proteins has 

been done by psortb to identify the surface membrane proteins 

which could be probable vaccine targets. 

2.4.4 Non-homologous to gut flora 
Essential proteins are subjected to BlastP against complete 

proteome of gutflora with the expectation value (E-value) cut 

off score of 10-5. The resultant dataset obtained had less than 

30% of sequence similarity or no significant similarity with 

proteome of Human gutflora. Gutflora protein is retrieved 

from NCBI database using complex search criteria. 

3. RESULT AND DISCUSSION 
Shigella flexneri comprises of 4456 protein sequences in their 

proteome while S. dysentriae, S soneii and S. boydii have 

3897, 4068 and 3938 proteins in their proteome respectively 

[20]. Different filter criteria used against each of these species 

are listed (table 1, figure 1). After initial dataset preparation of 

Shigella species including removal of the proteins having non 

aa character and the proteins which is less than 50 aa residue, 

the resultant dataset contains 4319 residue in case of S. 

flexneri while S. dysentriae, S soneii and S. boydii have 3856, 

4030 and 3904 respectively. The resultant dataset is further 

converted to non-redundant dataset by using CD-HIT program 

at 60% identity [21]. Thus the non-redundant dataset have 

3898 proteins in case of S. flexneri while 3393, 3740 and 3506 

respectively in case of S. dysentriae, S soneii and S. boydii. 

Non-redundant dataset is further filtered and only those 

proteins which either have sequence similarity less than 30% 

or do not have any significant similarity reported by BlastP 

against human proteome is carried out. Therefore, out of 3898 

proteins 3191 found to be non-homologous to human in case 

of S. flexneri while 2735 out of 3393, 3002 out of 3740 and 

2817 out of 3506 respectively were found to be non-

homologous with human proteome. Further these non-

homologous sets to human were subjected to BLASTP against 

prokaryotic DEG with E-value cutoff score of 10-8, 60% 

identity and bit value greater than 100. 

This set comprise of Essential protein which are crucial for 

the survival of the pathogen. Thus, 624 proteins were 

identified as Essential protein in case of S. flexneri while 598, 
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641 and 610 in case of S. dysentriae, S soneii and S. boydii 

respectively. Metabolic chokepoint analysis is done using 

BioCyc database to identify Essential protein using the 

criteria: Exclude reactions found in human, exclude reaction 

catalyzed by more than one enzyme and limit to the reaction 

found in multiple pathways. This results in identification of 

the targets which are not only essential but also unique to the 

pathogen pathway. In case of S. flexneri 58 targets were 

identified as metabolic chokepoints while 4, 55 and 57 in case 

of S. Dysentriae, S soneii and S. boydii respectively. Out of 

these 58 targets 34 are non-homologous to human in case of 

S. flexneri while 31, 34 and 4 in case of S. boydii, S. soneii 

and S. dysentriae respectively.  

Merging these datasets yields a new dataset which constitute 

the final list of the Essential targets. Thus, the final Essential 

datasets contains 644 in case of S. flexneri while S. dysentriae, 

S soneii and S. boydii constitutes 599, 660 and 625 

respectively.  

Analyzing the result obtained from BioCyc for each of these 

species gain an insight into a list of specific proteins which 

are found in multiple pathways hence targeting any of these 

proteins may lead to non-functioning of various pathways. 

These enzymes are crucial for survival of pathogen as these 

proteins are integral part of the reaction which produces or 

consumes unique substrates, uniquely found in pathogen and 

involved in multiple pathways. A detail list of each of these 

pathways as well as the function associated with it is given in 

table 1. Some of the pathways obtained from the BioCyc 

result are discussed below:  

Acid resistance systems help various commensal pathogens 

including Shigella to survive in the acidic environment of 

stomach and intestine of the host by neutralizing intracellular 

acidic fermentation products. Three targets are identified to be 

the part of acid resistance system in case of S. boydii while 

one each in case S. flexneri and S. soneii 

[22][23][24].       

Glyoxalate cycle enzymes may be considered as valuable 

targets for the development of antimicrobial drugs because 

this pathway is absent in mammalian host. Since Mammals 

require sugar as their carbon source; therefore, Glyoxalate 

cycle is not needed and thus drug targeted to Glyoxalate 

enzymes would be more specific and less toxic than the drugs 

that inhibits more conserved processes. Moreover, they might 

be effective against a wide range of pathogens. Two targets 

are identified to be the part of Glyoxalate cycle in case of S. 

boydii while 1 each in case of S. flexneri and S. soneii 

[25][26]. Lipopolysaccharides (LPS) and peptidoglycans are 

the main components of the outer cell wall of gram negative 

bacteria and play a crucial role in pathogenesis. The enzymes 

involved in the pathways are unique to bacteria and does not 

exist in mammalian host. Four enzymes are predicted to be 

drug targets as they are involved in Lipopolysaccharides 

(LPS) and peptidoglycans biosynthesis in case of S. soneii 

while three each in case of S. flexneri and S. boydii. Reactive 

oxygen species is primarily used by host defense system 

against pathogens as it damages numerous biomolecules 

within cell and thus disrupts many cellular processes [27]. 

Pathogen cope up with this stress by activating principal 

oxidative stress defense mechanisms which includes enzymes 

that either repair damage caused by ROS or neutralize the 

damaging ROS [28][29][30]. One each in case of S. flexnerri 

and S. dysentriae are associated with SoxR gene which is 

activated against oxidative stress of the host. Thus, these 

enzymes can be potential targets as targeting these enzymes 

can disrupt the defense mechanism of pathogen against host. 

Further analysis of shortlisted essential targets revealed sets of 

proteins which may be used as targets depending on different 

filter applied during the analysis. Druggability analysis 

revealed that 76 proteins of S. Flexneri have similar domain 

as the approved drug targets while 71, 74 and 77 proteins in 

case of S. dysentriae, S. boydii and S. Soneii. Since these 

identified drug targets have identical domain with the proteins 

which are already approved as drug targets thus, targeting 

these proteins may results in better selection of target which 

passes the filter of drug designing process. Broad spectrum 

drug target analysis revealed a set of proteins whose domains 

are found in at least 3 of the Shigella species including S. 

Flexneri and must be found in at least 15 of the other 

pathogen enlisted in DEG. Thus, 150 proteins are identified to 

be broad spectrum drug targets in case S. flexneri while 148, 

151 and 148 in case of S. dysentriae, S. soneii and S. boydii. 

Due to increasing cases of co-infection it is highly 

recommended to use the drugs which may be effective on a 

broad range of pathogens. Further subcellular localization 

prediction through psortb [31] is done to identify those 

proteins which are either extracellular or periplasmic. In case 

of S. flexneri and S. dysentriae 7 and 9 proteins are found to 

be extracellular while 14 and 16 are periplasmic respectively 

while in case of S. soneii 7 and 17 while in case of S. boydii 8 

and 13 proteins are extracellular and periplasmic respectively. 

These proteins can be potential vaccine targets. 

Lastly, the Essential protein is subjected to BlastP with human 

gutflora proteome to find those targets which are non-

homologous to human gut flora. This step is done to retrieve 

the list of drug targets non-homologous to human gut flora so 

that the drug administered against the targets do not bind 

unintentionally to the proteins of the gut flora. Inhibition of 

gut flora may result in adverse effect to the host by promoting 

pathogenic colonization of the gut [32]. Also unintentional 

inhibition of gut flora protein causes idiosyncratic drug 

toxicity and reduced bio-availability of the drug [32][33][34]. 

Thus 16 of the targets were identified to be non-homologous 

to human gut flora in case of S. flexneri while 7, 6 and 18 in 

case of S. boydii, S. dysentriae and S. soneii. 

Thus, in order to establish the reliability of data further in vivo 

or in vitro assessment of the predicted proteins is needed. The 

complete list of the proteins identified via this in silico 

approach is available as supplementary data. 

4. CONCLUSION 
With the availability of completely sequenced genomic and 

proteomic data in the public domain, the Insilico analysis 

tools have reduced the cost and time factor and also the vast 

data present in different databases can be used in meaningful 

way. With the availability of DEG, the identification and 

exploration of most relevant and essential targets in the 

pathogen is very convenient and efficient than the 

conventional method. The present study not only helped to 

identify a list of targets essential for the survival of pathogen 

but also it includes the targets which are less or non-toxic to 

host and organisms of gut flora. Also those targets which is 

similar to various pathogen involved in pathogenesis of 

disease may provide us valuable information regarding the 

targets which can be chosen as a broad spectrum targets to get 

rid of various pathogens especially in the case of co-infection 

where treatment is difficult. Since the number of essential 

genes (Exclude reactions found in human, exclude reaction 

catalyzed by more than one enzyme and limit to the reaction 

found in multiple pathways) are small in each of these 

species, so it can be accessed for further analysis and their 

role in survival of the bacteria can be verified. Also the lists of 
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targets which are extracellular or periplasmic in origin can be 

tested in vitro as potential vaccines. Targets which are similar 

to already approved targets are most prominent targets for 

drug discovery as they have potential to sustain in the drug 

delivery process. Virtual screening against these novel targets 

might prove new insight in the discovery of novel therapeutic 

compounds against Shigella Species. 
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Fig 1: Proteome analysis graph of Shigella dysenteriae 
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Table 1.   Detail list of pathways and functions 
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