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2.1: Discovery of pathogens and pathogenicity Island 

Cholera is a sometimes fatal disease caused by infection with the bacteria Vibrio cholerae 

(Ryan 2004) which is transmitted through contaminated water. Prior to the discovery of an 

infectious cause, the symptoms of cholera were thought to be caused by an excess of bile in 

the patient. The disease Cholera gets its name from the Greek word choler meaning bile. 

This was consistent with medical thought at the time, which held that four liquids or humors 

controlled health, and lead to such medical practices as bloodletting as a method of curing 

illnesses. The bacterium was first reported in 1849 by M. Gabriel Pouchet, who discovered 

it in stools from patients with Cholera. But he did not appreciate its significance (William 

1979). The first scientist to understand the significance of Vibrio cholerae was an Italian 

anatomist Filippo Pacini, who published detailed drawings of the organism in 

"Microscopical observations and pathological deductions on cholera" in 1854. He would go 

onto publish additional papers in 1866, 1871, 1876 and 1880, all of which were ignored by 

the scientific community. He correctly described how the bacteria caused diarrhea, and 

developed treatments that were found to be effective (Bentivoglio & Pacini 1995). But his 

findings did not influence medical opinion. In 1874, scientific representatives from 21 

countries voted unanimously to resolve that Cholera was caused by environmental toxins 

from miasmatas, or clouds of unhealthy substances which float in the air (Howard-Jones N 

1984). 

Reports of pathogenic E. coli appear in medical literature as early as 194 7 (Ruchman & 

Dodd 194 7) Publications regarding variants of E. coli which cause disease appeared 

regularly in medical journals throughout the 1950s, 60s, and 70s, (Macqueen 1954; Mc

Clure 1955; Gronroos 1957; Cowart & Thomason 1965; Linde et at., 1966) with fatalities 

being reported in humans and infants starting in the 1970s (Glantz 1970; Drucker et at., 
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1970; Smith & Gyles 1970). Infection with the bacteria Helicobacter pyoli is the cause of 

most stomach ulcers. The discovery is generally credited to Australian gastroenterologists 

Dr. Barry Marshall and Dr. J Robin Warren, who published their findings in 1983. The pair 

received the Nobel Prize in 2005 for their work. Before this, nobody really knew what 

caused stomach ulcers, though a popular belief was that the "stress" played a role. Some 

researchers suggested that ulcers were a psychosomatic illness (Paulley 1975; Kellner 1975; 

Aitken & Cay 1975). Besides, a number of food borne pathogens causing bacteria like 

Salmonella (non-typhoidal), Listeria monocytogenes, Campylobacter, (Mead eta/., 1999) 

were discovered. Genomic islands may contain large blocks of virulence determinants 

(adhesins, invasins, toxins, protein secretion systems, antibiotic resistance mechanisms, etc) 

and thus are referred to as pathogenicity islands. Pathogenicity islands were first described 

in pathogenic species of E coli, but have since been found in the genomes of numerous 

bacterial pathogens of humans, animals, and plants (Salmonella, Vibrio, Shigella, Yersinia, 

Listeria, S aureus, etc) (Garcia eta!., 1999; Lindsay et al., 1998). Pathogenicity islands are 

believed to have been acquired as a block by horizontal gene transfer because of their G+C 

content is significantly different from that of the genomes of the host micro-organism and 

they are often flanked by direct repeats. Many scientists are currently beginning to acquire 

understanding of the molecular mechanisms involved in the action of toxins. The good news 

is that there are a limited number of major toxin families that display common structural and 

biochemical motifs which may be exploited for future therapeutic development and these 

may be effective against multiple organisms. 

2.2: Genetics of food pathogen 

In 1906 the term "genetics" is introduced. Various techniques like mutations, deletion 

mapping, cloning vectors etc. have facilitated the identification of genes associated with 

food pathogen. The first genome of a food-borne bacterium to be sequenced was that of C. 
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jejuni and it led to the discovery of important new aspects of the biology of this organism 

(Parkhill et a!., 2000). PAls were first discovered in pathogenic E. coli. Pathogenicity 

islands of various pathogens are cag (H. pylori), SPII-5 (Salmonella spp) VPI (v. cholerae) 

etc are responsible for different diseases (Hentschel & Hacker 2001). Kim eta/., design a 

method for the Microarray detection of food-borne pathogens using specific probes 

prepared by comparative genornics (Kim et al., 2008) 

2.3: Research trends in food pathogen bacteria (FPB) 

The discovery of pathogenic organisms throughout the globe, studies concerning their gene 

products as well as the development of molecular biology helped FPB research enter a new 

stage where basic research combined with latest techniques. Techniques such as immune 

magnetic separation (IMS) and polymerase chain reaction (PCR) have paved the way for 

rapid and sensitive detection of foodborne pathogens, and advances in nanobiotechnology 

have allowed for miniaturization of devices. Collaborations between workers in the fields of 

engineering, nanotechnology and food science have introduced new lab-on-a-chip 

technologies permitting development of portable, hand-held biosensors for food pathogen 

detection. Despite the recent advances in food pathogen detection, there still exist many 

challenges and opportunities to improve the current technology. 

2.4: Beginning of interdisciplinary research and dawn ofbioinformatics 

It was in the year 1986 that the Department of Energy (DOE), USA and National Institutes 

of Health (NIH) started the Human Genome Project (HGP) and became one of the most 

happening experiments in the late 20'h century. The objective of the project was to identify 

all of the genes in humans and craft a database containing the information (Ideker et al., 

2001 ). A number of other genome projects also started in major industrialized countries of 

Europe and Japan. The scientists were at first skeptical about the HGP, since huge amount 

of money had to be spent that would hamper basic research and as the project moved 
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scientists worried about the massive amount of data and its interpretation (Bloom, 2001) In 

the year 2000, Prof. Collins of the National Human Genome Research Institute and Prof. 

Craig Venter of Celera Genomics appeared in a press conference and stated that they had 

achieved what was thought impossible and published the draft sequence of human genome 

(Wade 2000). That was the beginning and it opened the flood-gates for other genome 

sequencing projects. Gradually sequences of mouse, rat, worms and yeast were completed 

(Miller et al., 2004). Kyrpides (1999) reported that in the end of the 20th century, there 

were 24 complete genomes that included 16 bacterial, 6 archaeal, and 2 eukaryotic genomes 

and currently there are more than two thousand genomes available in public databases 

(Kyrpides 1999). The large numbers of genomes resulted in the generation of huge amount 

of information concerning the genetic nature of biological organisms spanning different 

kingdoms, groups and lineages etc. Bloom proposed that the greatest problem appeared to 

be the interpretation of underlying information from genomes leading to materialization of 

the new science of bioinformatics. Bioinformatics revolutionized the science of biology and 

directed it towards a more holistic approach compared to the reductionism visible in 

molecular biology research in the late 20th century (Bloom 2001). Now an organism is 

viewed as a system comprising of the information associated with genes and proteins that 

are responsible for maintaining day to day functions and networks of regulations that spell 

out how gene expression occur (Ideker et al., 2001). In 1995, the publication of the 

complete genome of Haemophilus injluenzae marked the beginning of another revolution in 

the field of bioinformatics (Fleischmann et a/., 1995). Currently there are about two 

thousand bacterial and archaeal genomes in the public domain. The publication of huge 

amount of sequence data helped in the development of high end computers, smart 

computing tools, for large-scale annotation, functional classification of the proteins (Searls 

2000) and development of specific databases (Birney et a/., 2002) for availability to the 
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broad scientific community. As the science of bioinforrnatics developed, computation 

became cheaper and cheaper and was duly complemented with the growth of Internet since 

the late 90s (Perez-Iratxeta et al., 2006). High throughput tools greatly developed in the 

beginning of the 21" century as genetic data became a gold mine for researchers (Perez

Iratxeta et al., 2006). New software started developing for more efficient and 

comprehensive analysis of the genornes, proteomes and proteins. The stage was set and 

bioinforrnatics had become the leading science of the 21 '1 century. 

2.5: Post genomic era and FPB 

The amalgamation of the knowledge of physiology, biochemistry, genetics and molecular 

biology gave idea about the understanding of the mechanism of host-pathogen interaction in 

pre-genomic era. The completion of the genomes of Salmonella enterica (McClelland et al., 

2001), Helicobacter pylori Strain G27 (Baltrus et al., 2009) and sequences for a number of 

pathogenic bacteria. Pathogenicity islands were first described in pathogenic species of E 

coli, but have since been found in the genomes of numerous bacterial pathogens of humans, 

animals, and plants (Salmonella, Vibrio, Shigella, Yersinia, Listeria, S aureus, etc) (Garcia 

et al., 1999; Lindsay et al., 1998). The first genome of a food-borne bacterium to be 

sequenced was that of C. jejuni and it led to the discovery of important new aspects of the 

biology (Parkhill et al., 2000). The studies on the genomes exposed new evidences 

pertaining to evolution and structure, interactions between host-pathogen interactions. 

The research on functional genomics and proteomics for the food pathogenic bacteria is of 

great significance in the 21 '1 century. It has become necessary to focus much on the 

comparative codon usage patterns, whole proteome analysis and molecular phylogeny using 

bioinforrnatics tools. Comparative genomics particularly focusing codon usage using 

different parameters is expected to provide insight into the inherent molecular nature of the 

genomes of food pathogenic bacteria. 
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2.6: Previous works on codon usage patterns 

In the post genomic era increasing number of genomes put forth a concept among 

computational biologists that each and every genome has its own story. Since the time when 

the first nucleic acid sequences were obtained a number of hypothesis on the evolution of 

genomes have been put forward. The genetic code has been one of the most interesting 

aspects of biological science. The code is degenerate with multiple codons coding for a 

particular amino acid. Groups of codons coding for a particular amino acid are synonymous 

ones. It has been reported that these synonymous codons are somewhat conserved across 

species (Peden 1999). The increase in sequence information albeit partial in the 1980's 

facilitated the studies concerning the usage of synonymous codons of organisms. Majority 

of work on codon usage patterns at that period focused upon E. coli (Peden 1999). Gradually 

the techniques for codon usage were applied upon mammalian, bacterial, bacteriophage, 

viral and mitochondrial genes (Grantham et al., 1980a; Grantham et at., 1981; Grantham et 

a/., 1980b ). On the basis of studies conducted on mRNAs from a number of prokaryotic and 

eukaryotic species, Grantham et al. (1980a) proposed the "Genome Hypothesis" which 

hypothesized that codon usage pattern of a particular genome was an explicit attribute of 

that organism. Grantham et al., (1981) reported that difference in codon usage pattern might 

be associated with the tRNA content. More work on the codon usage patterns (Gouy & 

Gautier, 1982) in E. coli regarding codon usage and !RNA abundance led to the conclusion 

that highly expressed genes exhibited non-random codon usage and used a small set of 

codons that corresponded to abundant tRNAs. However, it was not clear why specific 

synonymous codons were used preferably. Grosjean & Fiers (1982) opined that optimal 

codon choice is the outcome of the necessity imposed by interaction between codon and 

cognate tRNA. Ikemura (1981) defined optimal codon as one that was translated by the 

most abundant cognate !RNA which he later amended (lkemura, 1985). These optimal 
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codons are under the influence of translational efficiency. Kurland ( 1991) reported that 

translational efficiency is shaped by highest turnover of ribosomes, effectiveness of 

aminoacyl-tRNA harmonizing and ternary complex conditions. Sharp eta/. (1993) reported 

that the preference of some synonymous co dons were the outcome of translational selection 

i.e., for increasing efficiency and accuracy a codon is used that is translated by the abundant 

tRNA species. Rocha (2004) correlated codon usage bias from the tRNA point of view. He 

proposed that co-evolution of tRNA gene composition and codon bias in genomes from 

tRNA's point of view concur with the selection-mutation-drift theory. A number of studies 

(Sharp eta/., 1993; Carbone eta/., 2005) revealed that codon bias is influenced by effective 

population size, translational selection, mutational pressure, compositional bias and genetic 

drift. Chen et a/., (2004) postulated that codon bias is first and foremost influenced by 

mutational pressure and then translational selection. Studies on translational selection 

helped in the detection of highly expressed genes in genomes (Karlin & Mrazek, 2000). 

Majority of the highly expressed genes are associated with cell growth and cell division. It 

has been found that evaluating translational selection in quite difficult in genomes with a 

high or low G+C content owing to the consequence of intense levels of G+C content on 

codon usage. Medigue eta/., (1991) applied the principles of codon usage, cluster analysis 

and correspondence analysis to study horizontal gene transfer mechanisms. A number of 

workers have suggested that codon usage and amino acid usage (Goldman & Yang 1994; 

Nesti et a!. 1995; Pouwels & Leunissen 1994; Schmidt 1995) helps in determining the 

phylogenetic relationships between organisms. Besides, codon usage amino acid usage has 

also been studied at large (Peden 1999). Ikemura (1981) was instrumental in reporting good 

correlation between amino acid composition and codon bias. Hydrophobicity, aromaticity 

and amino acid charges are testified to be influencing amino acid usage (Lobry & Gautier, 

1994). The prediction of open reading frames has been performed utilizing the information 
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of codon usage (Krogh et al. 1994; Borodovsky et al. 1995). Peden (1999) provided some 

classic examples of the utilization of GeneMark prediction programme (Borodovsky et al., 

1994) for identification of coding sequences from shotgun genome sequencing projects. 

Sharp and Li (1987) were the pioneers in developing the Codon Adaptation Index (CAl) to 

assess the similarity amid the synonymous codon usage of a gene to that of the reference set. 

This particular index has been commonly used as a parameter for predicting the highly 

expressed genes in an organism. Besides CAl, a number of indices are regularly used to 

investigate codon usage patterns in a number of organisms. Peden (1999) opined that two 

types of indices one evaluating on the whole deviation of codon usage from the expected set 

and the other determining bias towards a specific subset of optimal codons are used. Indices 

such as GC content, GC3 content (Peden 1999) effective number of codons (Nc) (Wright 

1990), relative synonymous codon usage (RSCU) (Sharp et al., 1986) scaled chi-square and 

G statistic, P2 index (Gouy & Gautier, 1982) measuring the codon-anticodon interaction, 

codon bias index (CBI) (Bennetzen & Hall, 1982), Fop (frequency of optimal codons) 

(Ikemura, 1985) and codon adaptation index are very significant in studies concerning 

codon usage patterns. Besides these indices, correspondence analysis (Benzecri, 1992) a 

type of multivariate statistical analysis are commonly used to find out the degree of 

associations between different genes and amino acids. It is a technique that explores non 

random synonymous c.odon usage. 

This important field of study starved for good software in the 1980's. The basic problem 

was the integration of different indices into one program that would serve the researchers 

well. The foremost software was CODONS (Lloyd & Sharp, 1992). The GCG package 

(GCG, 1994) consisted of programs for analysis codon usage. CORRESPOND was used for 

performing multivariate statistical analysis (Peden 1999). NetMul (Thioulouse et al., 1995) 

was designed as a subset of ADE software for studying of codon usage and multivariate 
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statistical analysis. CODON W (Peden 1999) took over the stage and became very popu!ar 

because of its robust nature and error free analysis. INCA (Supek & Vlahovicek, 2004) is 

also being used by researchers. Software was also developed for codon usage optimization. 

This involved alteration of rare codons in target genes so as to imitate the codon usage of 

host with no modification of the amino acid sequence of encoded proteins (Gustafsson eta!., 

2004). GeneDesign (Richardson et a/., 2006), Synthetic Gene Designer (Wu et a/., 2006), 

Gene Designer (Villalobos et a/., 2006) are some of the software providing a platform for 

synthetic gene design and codon optimization. For estimation of the highly expressed genes 

using CAl there has been a number of software. CODON W (Peden 1999), JCAT (Grote et 

a!., 2005), CAl CALCULATOR (Wu eta!., 2005), ACUA (Umashankar eta/., 2007) and e 

CAl server (Puigbo et a!., 2008) are commonly used. However, the e CAl server (Puigbo et 

a/., 2008) has proved to be the most powerful and efficient tool for estimation of expression 

levels of the genes. 

Although a lot of work has been performed and is going on in codon usage of different 

microorganisms but very little work performed on codon usage of food pathogenic bacteria. 

The first species in which codon usage was examined in detail, the bacterium Escherichia 

coli (Post & Nomura 1980; Ikemura 1981) and the yeast Saccharomyces cerevisiae 

(Ikemura 1982; Bennetzen & Hall 1982), were both found to show strong evidence of 

natural selection on codon usage. All these are just very little and a comprehensive work 

with focus on lifestyle patterns are the need of the hour. 

2.7: Phylogenetic studies on FPB 

Nothing in biology makes sense without evolution. This also applies for food pathogenic 

bacteria. To establish the differentially evolved genes Eswarappa et a!., compared the 

phylogeny of the nine potential differentially evolved genes with phylogeny of the S. 
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eneterica species and with the phylogeny of the five pathogenecity island of Salmosella 

(SPI-1 to SPI-5)( Eswarappa et al., 2008). This also applies for other pathogenic bacteria. 

2.8: Structural bioinformatics of food pathogenic bacteria 

High throughput sequencing of a number of eukaryotes and a number of bacteria has 

developed the science of structural bioinformatics. Structural bioinformatics is expected to 

give rise to a large number of protein structures. The technological benefits of this field are 

already yielding results and have a substantial impact on structural biology research for 

prokaryotes (Burley & Bonnano, 2002).Metropolis et a!., introduced the Monte-Carlo 

technique to the solving of physical equations. It described the idea of using random 

numbers to project a representative subset of conformational space, whilst using the 

exponent of the energy as a probability filter (Metropolis et a/., 1953). Levitt and Warshe1 

simulated the folding of the Bovine Pancreatic Trypsin Inhibtor (Levitt & Warshel 1975). 

Case and Karplus work on "Dynamics of ligand binding to heme protein" in 1979. This is 

arguably the first simulation of ligand moving through the protein. At this early stage in the 

game, they could either fix the protein and watch the oxygen bounce around, or let 

individual sidechains get hit by the oxygen. Each oxygen atom were simulated for 3. 75 ps. 

For these pioneers it was a surprise to see that the oxygen bounces around the inside of the 

myoglobin, without getting too far. Nevetheless, they identified 2 different pathways for the 

oxygen to travel into the binding site( Case & Karplus 1979). Umbrella sampling is the most 

popular method of exploring large conformational changes in MD. In 19982Notthru p et a! 

show "Dynamical theory of activated processes in globular proteins". In this paper, Karplus 

and friends modeled a rather more modest conformational change: the swinging of an 

aromatic residue sidechain. From the simulations, they generated a free-energy surface, 

from which they calculated a sidechain flipping rate. This paper is important not just for 

simulating the first sidechain flip but also for introducing proteins to "umbrella 
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sampling" (Northrup et al., 1982). First application of normal modes to identifY low

frequency oscillations using the energy minimum of the molecular mechanics force-field of 

a protein deseribe by (Brooks & Karp Ius 1983 ). This is the basic technique to identifY 

domain-level motions in a protein. First simulation of a protein in explicit waters was done 

by Levitt & Sharon (Levitt & Sharon 1988). Suddenly, acceptable computer resources got a 

whole lot more expensive. Guilbert et al gave first description of the RMSD potential, a 

powerful method for identifYing low-energy pathways in the neighborhood of a given static 

structure (Guilbert et al., 1995). Israelachvili & Wennerstrom shows that water molecules 

can have structuring effects of several Angstroms. Flags the importance of using explicit 

water molecules (Israelachvili & Wennerstrom 1996). The first reported 1 microsecond MD 

simulation, it was a mamoth effort for the late 90's, really pushing the technology of parallel 

clusters, a technology which we all pretty much take for granted now. They tried to fold a 

tiny protein, the villin headpiece subdoarnin, and got some of the way (Duan & 

Kollman 1998). Berneche and Roux uses umbrella sampling to identifY all the positions of 

the K+ ion along the KcsA K+ membrane charmel. They show that the charmel forK+ is 

virtually barrierless, hence it is a diffusion controlled process but more impressively, they 

identifY two K + sites just outside the channel, which was subsequently identified by 

electron density in a high-resolution structure (Berneche & Raux 2001 ). 

Rapid developments of technological know how in proteomics coupled with the 

improvement of bioinformatics tools have resulted in a deluge of structural information that 

guarantees acceleration in research. In silica identification of potential therapeutic targets in 

Clostridium botulinum by the approach subtractive genomics carried out Koteswara et al., 

(20 1 0). Evolutionarily related proteins have similar sequences and naturally occurring 

homologous proteins have similar protein structure. It has been shown that three-
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dimensional protein structure is evolutionarily more conserved than expected due to 

sequence conservation (Kaczanowski 201 0). 

Proteins fulfill several crucial functions, having catalytic, structural and regulatory roles in 

all organisms. Knowledge of the three dimentional structure of proteins is a basic 

prerequisite for understanding their function. It provides a basis for studies of substrate or 

ligand interactions with a particular enzyme or protein. Three dimensional structures of 

proteins are determined by X -ray crystallography and NMR spectroscopy. By 1" June 2007, 

more than 40000 sets of atomic coordinates for proteins have been deposited in the Protein 

Databank (Berman 2008). 

The first modeling studies, carried out in the late 1960s ans early 1970s, wire based upon 

the construction of wire or plastic models. The later study are performed using interactive 

computer graphics. Browne et a!. published the first report on homology modeling (Browne 

eta/., 1969). The model bovine a-lactalbumine on the known 3D structure of hen egg white 

lysozyme. Later on Warme et a!. produced a model for a-lactalbumine on the basis of the 

crystal structure of lysozyme (Warme et al., 1974). These model were constructed by taking 

the existing coordinates of the known structure, and mutating side chains not identical in the 

protein to be modeled. This approach to protein modeling is still employed today with 

considerable success, especially when the proteins are similar (May & Blundell 1994 ). 

McLachlan and Shotton modeled a-lytic proteinase of the fungus Myxobacter 495 on the 

basis of the structures of the mammalian chymotrypsin and elastase (McLachlan & Shotton 

1971). The modeling was a difficult task because the sequence identity between the protein 

to be modeled and the known structures was of the order of 18%. Subsequently, determined 

the crystal structure of a-lytic proteinase and compared the X -ray structure with the 

homology model. They found that although segment of both domains of the model were 

built correctly, misalignment of the sequence led to local errors. 
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Greer introduced the modeling of variable regions in proteins on the basis of equivalent 

region from homology proteins of known structures. In order to construct the homology 

models of a number of different serine pro teases, he superimposed the structures of trypsin, 

chymotrypsin and elastase and found many equivalent Cu atoms within 1.0 A of one 

another (Greer 1980, 1981). The regions comprised of the amino acids of these Ca atoms 

were described as structurally conserved regions (SCRs ). All of the remaining positions 

corresponded to structurally variable or loop regions (VR) where the insertions/deletions 

were located. The main chain of both structurally conserved (SCR) and variable regions 

(VR) was built from the fragments of known serine proteases. The side chains were 

modeled according to the conformation found at the equivalent positions for those identical 

side chains in the known structures. 

Among the aspartic proteinases the first models were constructed for rennin and rennin 

inhibitor complexes using the 3D structure of the distantly related fungal proteinases ( 1985; 

Akahane et a/., 1985). Later on, the homology models for rennin were built using the 

structures of mammalian aspartic proteases, pepsin and chymosin ( Fragao et al., 1994; 

Hutchins and Greer 1991 ). Comparison of the rennin models constructed from fungal and 

mammalian enzyme revealed that errors in the models arose from the difference in the 

arrangement of helices and strands between the mammalian and fungal aspartic proteinases, 

as well as the rather different variable regions. Nevertheless, the active of rennin was 

modeled reasonably correctly. 

In the early eightes, manual homology modeling was facilitated by manipulation of protein 

molecules on the graphics terminal that was made possible by computer programs such as 

FRO DO (Jones 1978). Since the mid 1980s, a large number of homology models of proteins 

with different folds and functions have been reported in the literature (Johnson et al., 1994; 

Sali 1995). 
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The sequence alignment and template structure are then used to produce a structural model 

of the target. Because protein structures are more conserved than DNA sequences, 

detectable levels of sequence similarity usually imply significant structural similarity 

(Marti-Renom et al., 2000). 

The quality of the homology model is dependent on the quality of the sequence alignment 

and template structure. The approach can be complicated by the presence of alignment gaps 

(commonly called indels) that indicate a structural region present in the target but not in the 

template, and by structure gaps in the template that arise from poor resolution in the 

experimental procedure (usually X-ray crystallography) used to solve the structure. Model 

quality declines with decreasing sequence identity; a typical model has ~ 1-2 A root mean 

square deviation between the matched C" atoms at 70% sequence identity but only 2-4 A 

agreement at 25% sequence identity. However, the errors are significantly higher in the loop 

regions, where the amino acid sequences of the target and template proteins may be 

completely different. 

Homology modeling can produce high-quality structural models when the target and 

template are closely related, which has inspired the formation of a structural genomics 

consortium dedicated to the production of representative experimental structures for all 

classes of protein folds (Williamson 2000). Like other methods of structure prediction, 

current practice in homology modeling is assessed in a biannual large-scale experiment 

known as the Critical Assessment of Techniques for Protein Structure Prediction, or CASP. 

2.9: Future prospects 

Food pathogenic bacteria research presents a completely new outlook in the post genomic 

era. The wealth of information obtained from the genome projects needs to be mined. As 

newer and newer toxins genes are discovered and sequenced novel insights are being gained. 

Bioinformatics in combination with metagenomics as well as metaproteomics approaches 
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has the potential to give a more detailed picture that underlies pathogenicity as well as 

diseases. In absence of crysllographic or NMR structure Homology modeling will enlighten 

us about three dimensional structure and molecular dynamics simulation opening newer 

possibilities for exploring the molecular mechanism and activity of that toxin. At the end of 

the day scientific perception will continue to play a vital role in creating models that clarify 

the functions of pathogens in improved manner. 
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