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INTRODUCTION 

Neisseria gonorrhoeae is a Gram-negative diplococcus 

and obligate human pathogen that causes one of the 

most common sexually transmitted diseases, known as 

gonorrhea. Every year about sixty million cases of 

gonorrhea are reported globally (Gerbase et al., 1998). 

The disease is prevalent in under-developed countries 
and teenagers are most susceptible to the infection. This 

increases their subsequent susceptibility to HIV type-1 

(Workowski and Levine, 2002; Chen et al., 2003). 

Close sexual contact with an infected individual is the 

primary mode of N. gonorrhoeae transmission and 50 

to 73% transmission cases occur from infected men to 

women (Handsfield, 1990; Bolan et al., 1999; Lin et al., 

1994). Gonococcal cervicitis is generally asymptomatic, 

however, chronic complications are reported and nearly 

45% of infected women exhibit ascending gonococcal 

infection (Densen et al., 1982; Densen 1989; Knapp 
and Rice, 1995; Bolan et al., 1999; Sparling, 1999) that 

results in pelvic inflammatory disease (PID) (Sweet et 

al., 1986) which frequently causes infertility and 

ectopic pregnancy due to permanent blockage of 

fallopian tubes. Several virulence factors have been 

reported in N. gonorrhoeae and extensive research is in 

progress to develop effective therapeutics against 

gonococcal transmission and infection. But till date, 

there is no specific drug available. Therefore, N. 

gonorrhoeae transmission and infection is a global 

public health problem (Snyder et al., 2001).  

 

Based on the criteria, that a target gene is essential for a 

given pathogen and is non-homologous to human host 

(Allsop, 1998; Schmid, 1998), putative drug targets 

have been successfully identified in Pseudomonas 

aeruginosa (Sakharkar et al., 2004; Perumal et al., 

2007), Helicobacter pylori (Salama et al., 2004; Dutta 
et al., 2006), Burkholderia pseudomallei (Chong et al., 

2006), and in Aeromonas hydrophila (Sharma et al., 

2008). In the present study, similar in silico subtractive 

genomics approach has been carried out to identify 

non-human homolog essential membrane proteins of N. 

gonorrhoeae FA 1090. These targets could be potential 

candidates for effective anti-gonorrhoeae drug 

development. 

MATERIALS AND METHODS 

Genomes, Databases, and BLAST 

parameters for selection of essential genes 

The subtractive genomics approach was used as 

described by Sakharkar et al. (2004). Briefly, the 

complete genome and proteome of the N. gonorrhoeae 
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Abstract 
Gonorrhea is one of the most common sexually transmitted diseases all over the world caused by Neisseria 
gonorrhoeae. Till date only antibiotic treatment is recommended and no specific drug is available. The number 
of drug resistant stains is also increasing. In this study, using in silico subtractive genomics approach, membrane 
associated candidate drug targets have been identified in N. gonorrhoeae virulent strain FA 1090. The analysis 
revealed that out of 2002 protein coding sequences of the gonococcus, 217 essential genes are non-human 
homologs (putative drug targets) and subsequent analysis of these protein products has identified 63 membrane 

associated drug targets of which 13 are possibly surface proteins. Out of these 13 surface proteins, four proteins 
were identified, two from host-pathogen common and two from pathogen specific unique metabolic pathways. 
These four targets require further investigation. 
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FA 1090 was downloaded from the NCBI 

(ftp://ftp.ncbi.nlm.nih.gov/genomes/). Each functional 

gene and corresponding protein sequence of the 

bacteria were subjected to standard BLAST-X and 

BLAST-P, respectively against DEG (Zhang et al., 

2004) to screen for essential genes. Cut-off for E-value, 

bit score, and percentage of identity at amino acid level 

were considered <E-10, >100, and >35%, respectively. 

Matches of length <100 amino acids were not 
considered for further analysis.  

Selection of non-human homologue 

essential genes 

To identify genes that are essential but not homologous 

to the human genome, each identified essential gene 

sequence and corresponding protein sequence were 

subjected to human BLAST-X and BLAST-P in NCBI 

server. Sequences that did not show any similarity with 

any of the human sequences were selected.  

Identification of membrane localized 

candidate drug targets 

Sub-cellular localization of each identified non-human 

homologue essential genes was determined by Swiss-

prot protein database (http://us.expasy.org/sprot) and 

other prediction tools CELLO (Yu et al., 2004), 
PSLpred (Bhasin et al., 2005), PSORTb (Gardy et al., 

2005), and SOSUI-GramN (Imai et al., 2008).  

Mapping of candidate drug targets to 

pathways 

Lists of selected membrane proteins from various 

pathways were prepared based on essential non-human 

homologs those are involved in pathways common in 

both the host and the pathogen and from pathogen 

specific metabolic pathways by using the KEGG 

database (Ogata et al., 1999).  

RESULTS AND DISCUSSION 

Essential non-human homologs in N. 

gonorrhoeae genome  

Subtractive genomics based identification of essential 

genes and subsequent putative drug targets have been 

successfully adopted for a number of human bacterial 

pathogens. Based on the similar approach as mentioned 

in materials and methods, 217 essential genes in the N. 

gonorrhoeae FA 1090 genome are found to be non-

homologous to the human (candidate drug targets). 

This constitutes 10.84% of the gonococcus genome. 

These identified non-human homologs were then 
selected for further analysis to identify membrane 

associated drug targets as report suggests that 

membrane localized proteins represent largest group 

(70%) of effective drug targets in any organism 

(Lundstrom, 2007). 

Identification of membrane associated 

candidate drug targets 

Dutta et al., (2006) have reported identification of 

candidate drug targets in H. pylori using subtractive 

genomics and Swiss-prot protein database. In this study 

additional four sub-cellular localization prediction tools 

along with Swiss-prot were also used to identify the 

membrane localized proteins from the pool of identified 
non-human homologous essential genes of the 

gonococcus. It has been found that protein products of 

63 genes are localized to the cell membrane/wall. 

Therefore, in N. gonorrhoeae only 29% drug targets are 

membrane proteins. Among these proteins, 13 are 

probably expressed on the surface [cell wall (7), outer 

membrane (5) and fimbrium (1)] of the pathogen Table 

1 [Supplementary data]. In microorganisms, ATP-binding 

cassette (ABC) family of membrane transporters play 

an important role in conferring drug resistance (Mishra 

et al., 2007) and are reported as putative targets 
(Garmory and Titball, 2004). Five cell wall associated 

ABC transporters found in N. gonorrhoeae (Table 1). 

 

Proteic and lipidic cell wall precursors such as 

lipoglycopeptides and glycodepsipeptides are most 

potential drug targets in bacteria. Two such proteins 

Nga-33 (outer membrane) and D-alanine--D-alanine 

ligase (Ddl) (Cell wall) that are involved in 

peptidoglycan synthesis and turnover have also been 

identified as potential drug targets in this organism. 

Identified other outer membrane localized important 

drug targets are Thiamine biosynthesis protein 
(NGO1420), Transferrin-binding protein A (TbpA), 

and Hypothetical protein NGO1606 (Table 1). 

 

To identify metabolic pathway specific surface proteins, 

all 13 proteins were analyzed for their involvement in 

host-pathogen common and pathogen specific unique 

metabolic pathways by using similar approach as 

adopted to identify metabolic pathway targets in 

Aeromonas hydrophila (Sharma et al., 2008). The 

analysis shows that Ddl belonging to D- alanine 

metabolism pathway and type IV pilin protein (PilV) of 
type II secretion system are candidate drug targets in 

pathogen specific unique pathways that are expressed 

on cell wall and fimbrium, respectively. From host-

pathogen common metabolic pathways putative ABC 

transporter (NGO0446) and Competence lipoprotein 

(ComL) are identified from membrane transport and 

nitrogen assimilation pathways, respectively (Table 1).  

CONCLUSION 
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The surface localized Phospholipase-A (PldA) (Bos et 

al., 2005) and Transferrin-binding proteins (TbpA and 

TbpB) (Thomas et al., 2006; Price et al., 2005) are 

identified as candidate drug targets against N. 

gonorrhoeae. However, till date no effective drug is 

available. This study shows that PldA is not an 

essential gene for the organism and although TbpA is 

essential for the gonococcus, it is not involved in 

pathogen specific any unique metabolic pathway. We 
propose that Ddl and PilV might be better options for 

developing drugs against N. gonorrhoeae. However, 

PilV globular domain is reported to be immunosilent in 

mouse (Hansen et al., 2007). Homology and simulation 

modeling being used to identify the best candidate 

among these identified drug targets to develop an 

effective anti-gonorrheal drug.  
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