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In the present day, bioinformatics becomes the modern science with several advantages. Several
new “omics” sciences have been introduced for a few years and those sciences can be applied
in biomedical work. Here, the author will summarize and discuss on important applications of

omics studies in microbiology focusing on microbial pathogeny. It can be seen that genomics and

proteinomics can be well used in this area of biomedical studies.

1. Introduction

In the present day, the complete of genome project leads
to many new findings and applications in biomedical
societyl1-5.With the heap of data, the manipulation of
the information for medical usage becomes a challenging
thing. The answer for manipulating of numerous data is the
using of computational technology. With help of computer,
the process becomes simple and possible. Hence, it
can be seen that this approach is a real bridging among
sciences. This is the basic on the new science namely
“bioinformatics”[6.7]. In bioinformatics, three important
parts should be mentionedl7l. First, the basic biomedical
research within the basic biomedical laboratory using
basic biomedical techniques serves the data for further
manipulation. Second, the computational research leads
the new software and computational tool for manipulating
via computational engineering and informatics technique.
Third, this is an actual important point. The way to make
an interrelationship between biomedical and computational
technique for answering the complex biomedical question

is the critical process of bioinformatics. Bioinformatics
can be presently divided into many categories. In
general, it is usually divided into steps classified based
on the process from generation to protein expression in
genetics. Hence, many “omics” science are available
and those omics sciences can be useful in biomedical
study. Here, the author will summarize and discuss on
important applications of omics studies in microbiology.
Indeed, microbiology is a classical biomedical science.
In the past, the approach was usually on two important
concepts, in vitro and in vivo studies. For sure, those
classical old approaches take time and highly cost.
With implementation of new bioinformatics, the use of
computational application, in silico study, for answering
the research question is possiblel7l. This is an actual
advanced microbiology and the general practitioner
in microbiology must realize and know those new
technologies. As noted, bioinformatics can be well applied
for studying in microbiology. Here, a special focus is on
microbial pathogeny. It can be seen that genomics and
proteinomics can be well used in this area of biomedical

studies.
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2. Genomics for microbial pathogeny study

After the end of genome projects, emerging of the first
omics science occurred. That pioneer omics science is called
“genomics”. Simply, genomics is the specific omics science in
bioinformatics that deals with genome. At present, genomics
technique becomes widely used in biomedicine. As already
mentioned, the actual root of genomics is genetics, which is
important concern in microbiology. There is no doubt that
genomics can be applied in microbiology study. The use of
genomics technique for studying microbial pathogeny can be in
several ways as the followings:

2.1. Genomics database search

The database is an important tool in bioinformatics. Database
is a kind of tool collecting several data. Searching on database
is usually the first step in bioinformatics approachl7l. Many
databases are available at present and some can be applied for
medical microbiology study. The most basic and widely known
database is provided by PubMed. The practitioner can search for
gene and protein that corresponding to the pathogenesis of the
disease via access PubMed. In microbiology, the well-known
database for bacteria is Bacteriome.org. This is a resource for
the Escherichia coli interactomelsl. The tool helps identify and
visualize functional, evolutionary and structural relationships
between groups of focused interacting proteinsi8l. For fungi,
the reference database is e-Fungil9l. Generally, the e—Fungi
database posed data for more than 30 fungal genomes(91. Publicly
available genome data, functional annotations, and pathway
information could be searched from e—Fungil9l. The database
can be freely accessible via http://www.e—fungi.org.uki9l. Apart
from the group of pathogen, there are also some interesting
databases that are specific for specific pathogens. The examples
are coliBASE, ShiBASE and CandidaDBI10-12]. The coliBASE is
a specific database focusing on Escherichia coli, Shigella and
Salmonella comparative genomics[10l. Comparative data which
include the whole genome alignments and lists of putative
orthologous genes can be derived from searching coliBASE[10].
The ShiBASE is a specific database focusing on comparative
genomics of Shigellallll. Data on comparative analysis on DNA
sequences, gene orders, metabolic pathways and virulence
factors can be derived from searching shiBASEI11]. In addition,
ShiBASE also allow the alignment of any query sequence with
the reference sequences in the databasellll. For CandidaDB,
it is a specific database for Candida species and related
Saccharomycotinal12]. CandidaDB covers number of fully or
partially completed genome sequences of related fungal species
and can be used for further comparative genomics studyl121.

2.2. Comparative genomics

Comparative genomics is the use of computational technique
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to help compare among genomes. Basically, comparison
between genomes can imply the similarity and this is
widely used concept in microbiology. Starting to perform a
comparative genomics study, searching of the database is the
basic thing as already mentioned. Apart from those already
mentioned database, another important database that is useful
is xBASE2(13]. The xBASE2 is a genome database that help
manipulate the bacterial genome sequence data for further
comparative genomics workl13].

Based on the concept of comparative genomics, the
comparison becomes an important process in this omics
science. The simple concept is comparing the puzzled derived
genome with the standard referencing genomes, which are
usually collected in standard database. The comparison
will result in similarity. The similarity searching can be
very useful in microbiology. The similarity of genomes
usually means the similar genome function and further
subsequent proteins and biological processes. Similarity
usually occurs in the same or closely group of pathogen.
This helps classification of the new detected pathogens. For
example, the use of comparative genomics was applied to
clarify the nature of the newly emerging influenza virus in
2009141 The origin of the new swine flu virus was discovered
by the comparative genomics approachii4l. Finally, the virus
was found to be a new type generated by mixing between
human, swine and avian viruses[!4. One might imagine that
this kind of approach might be limitedly useful for taxonomy,
however, it is actually useful for realize of the new emerging
pathogen. Apart from the already mentioned case of new virus
n 2009, it can be applied in other situation. The best example
is the comparative genomics tools applied to bioterrorism
defencellsl.

In addition to phylogenetics usefulness, similarity of
the queried genome to reference virulent genome or drug
resistant genome might imply that the queries genome might
pose virulence or drug resistance properties. This data is
very important when one studies a new unknown microbial
genome. A recent interesting report on this application is the
use of comparative genomics to study the genome sequence of
Salmonella enterica that cause typhoid fever in Malaysia and
Papua New Guineall6.17]. Comparing between fatal and non—
fatal isolates genomes could show genetic clue of virulence of
the pathogenl18l. Further implication of the similarity data can
be used in searching of new drug. The homology search can
reveal drug target that can be safe to use in human beings.
The example of the study is the report on new drug searching
for Mycobacterium leprae by Wiwanitkitl18].

On the other hand, similarity search can also show the
difference. Indeed, the different genomes with significant
differences in sequences can be the sign of different species.
This is important for grouping. It should be noted that the
concept to assess the difference between genomes of species
has been used in biomedical science for years and it is called
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phylogenetics. There is no doubt that the phylogenics study
can make use of comparative genomics approach.

2.3. Phylogenomics

As already noted, the phylogenetics focuses on assessment
for difference among species. The specific application of
genomics on this area is called phylogenomics. There are
many computational tool to perform phylogenomics study.
The good example is BPhyOG, which is an interactive server
allowing genome—wide inference of bacterial phylogenies
based on overlapping genesl(191. BPhyOG uses two main
phylogenetic tree—reconstruction methods, Neighbor Joining
and Unweighted Pair—Group Method using Arithmetic averages
and it can be public available via http://cmb.bnu.edu.cn/
BPhyOGI191. The recent well-known report that used the
phylogenomics approach to study the pathogenesis of microbial
is on Microsporidia. Capella—Gutiérrez et al. found from their
phylogenomics work and proposed Microsporidia as the earliest
diverging clade of sequenced fungil20l.

2.4. Functional genomics

Functional genomics focuses the interest of the study on the
function of the genome. Basically, the function of gene is protein
creation. Therefore, functional genomics is strongly related to
the functional proteomics. For computational approach, ESTree
db is a good tooli21l. More discussion will be provided in the
next heading on functional proteomics.

3. Proteomics for microbial pathogeny study

In bioinformatics, there are two main important omics
sciences. One is the genomics that is already mentioned.
The other is proteomics, which is the specific omics science
focusing on the protein which is the product of the gene.
Conceptually, gene generates protein and protein expresses.
Gene shows genotype which is not overt while protein shows
phenotypes which is overt. Hence, the thing that we see or
determine in biomedical test is usually the phenotype.

Similar to genomics, proteomics is also very useful and can be
applicable in microbiology. Indeed, the classical microbiology
deals mostly on protein. The gene has just been known and
investigated for few decades. Tt is also no doubt that proteomics
can be applied in microbiology study. The use of genomics
technique for studying microbial pathogeny can be in several
ways as the followings:

3.1. Proteomics database search

As noted, database is basic requirement in bioinformatics.
Similar to genomics tool, PubMed is also the simple database for
searching on protein. Another well-known proteomics database
is Swiss—Prot protein knowledgebasel22l. Tt provides the way
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to search for the the function of proteins(22]. Recently, its new
presentation namely UniProt was created and it contained
data from Swiss—Prot, Translation of the EMBL nucleotide
sequence (TrEMBL), and the Protein Information Resource—
Protein Sequence Database (PIR-PSD)22]. Specifically to the
field of microbiology, there are also other interesting databases.
Of those, the 2Dbase is an interesting database for proteome of
E. colii23]. Tt contain data from two dimensional polyacrylamide
gel electrophoresis and mass spectrometry and it can be
accessed via http://2dbase.techfak.uni—bielefeld.del23]. Another
interesting database is MannDBI24]. The MannDB was created
to support searching of proteins to be targets for pathogen or
protein toxin detectionl24l.

3.2. Structural proteomics

Protein structure is very important when one studies in an
organism. Since protein is the actual thing that plays roles and
presents phenotype. Structural proteomics is the specific “omic”
science to clarify and predict structure of protein. Prediction of
the protein structure from the nucleic acid sequence is possible
and is the basic study in structural proteomics. Conceptually,
protein structure prediction can reveal the pathogenesis process
of the pathogen. The good example is the study on the structure
of influenza virus by Wiwanitkit(25]. According to this study, it
is concluded that “Structural aberration in HA associated with
adaptation of human influenza A H3N2 virus in embryonated
chicken eggs”1251. Finally, it should also be noted that the
advance technology helps generating predict protein structure
and it can further allow manipulation to interact with other
molecules. Hence, it can be used in studying effect of pathogen
on cells and interaction with drug. The good example is the
study Wiwanitkit on immune complex formation from dengue.
Prediction of the interacted molecule between dengue proteins
and immune protein was done in this work and further implied
for the pathogenesis of renal failurel26].

3.3. Comparative proteomics

As already noted, comparison between two things including
to proteins can imply the similarity and this is widely used
concept in microbiology. Comparative proteomics is the
use of computational technique to help compare among
proteomes. Searching of the database to get protein sequence
then comparing by computational tool is the basic thing in
comparative proteomics. The good examples on applied
comparative proteomics to study the pathogenesis of microbial
pathogens are the serial reports on non—structural proteins of
dengue and mechanism of bleeding by Wiwanitkit[27-29].

4. Conclusion

Based on the present advanced bioinformatics technique,
the use of “omics” science can be helpful in performing study
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in microbiology. The omics techniques can be used for
answering the question on microbial pathogeny. Using
genomics, comparison of the puzzled microbial genome to
standard genomes in database helps identify the similarity
and can predict the microbial properties such as virulence
and resistance. Using proteomics, structure clarification and
prediction can be done and this can be helpful in further
assessment on the pathogenesis process and prediction on
interaction with host cells and drugs.
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