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Abstract

Bioinformatics is a usage of information technology to help solve biological problems by designing novel and in-
cisive algorithms and methods of analyses. Bioinformatics becomes a discipline vital in the era of post-genom-
ics. In this review article, the application of bioinformatics in tropical medicine will be presented and dis-

cussed.
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What is bioinformatics'' ~* 2

Bioinformatics is the term which was first described
in 1988 by Lim H with the original definition as "a
collective term for data compilation, organisation,
analysis and dissemination. " It is a usage of infor-
mation technology to help solve biological problems
by designing novel and incisive algorithms and meth-
ods of analyses. It can help establish innovative soft-
ware and create new/maintain existing databases of
information , allowing open access to the records held

within them. " Why this new science is helpful at

Table 1 Progress in history of bioinformatics

present?" is an interesting query. The good answer
is that present data is collected from a variety of
sources and bioinformatics is a clue to allow the ef-
fortless transfer of information gathered and the inter-
rogation of databases across the global interface.
Therefore, bioinformatics becomes a discipline vital
in the era of post-genomics.

A brief history of progress of bioinformatics re-
turned back to genetics history which firstly began
when Mendel proved his laws of hereditary with vari-

eties of peas and flowers in 1865. The progress is
listed in Table 1.

Period

Important events

19 th century

1960 complete sequencing of an enzyme, ribonuclease at the first time”

1990
tes of Health"™™®

the invention of the compound microscope

-6

Human Genome Project (HGP) by the United States Department of Energy (DoE) and the National Institu-

1995 first complete genome ( Haemophilus influenzae ) ™’

An important jump is due to the HGP which is aimed
at identification all chemical base pairs and all genes
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that make up the 23 chromosome pairs found in hu-
man DNA” ™" This helps develop the next genera-
tion of methods for simulating cellular behaviour and
pathways and devise means to apply IT to the model-
ling of cellular functions as specified by the enor-
mous datasets” ). The HGP has brought to light

the limitations of traditional work and the necessity
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to incorporate original techniques to allow greater un-
derstanding of protein function, protein-protein in-
teractions and protein-DNA interactions. After pub-
lication of HGP, the “omic revolution” came'”®’.
Bioinformatics can help close the gap between the
data stored and its biological significance. At pres-
ent, bioinformatics has been split into various sub-

jects, several omics.

Application of data mining technology in tropical

medicine **°"

Data mining is the first step of bioinformatics
work*%).

clude various techniques in statistics such as min,
[8,9]

Passive techniques for data mining in-
max, SD, regression and correlation"""". The scien-
tists have a high workload to know and understand
how to use those statistical techniques and how to in-

terpret the result'®’’.

Active techniques are newly
developed to serve this proposed. Artificial Intelli-
gence (Al) is the hope for solving of data mining
problem. At present, many online databases are a-
vailable and help searching data for further manipu-
lation. The most well-known database, PubMed, is
the best example. With public available database
and data mining technology, applied researches in
tropical medicine can be performed. For example,
the complex microscopic findings of parasites egg can
be signalized, stored as Al and further manipulated

for discrimination or diagnosis.

Application of genomics technology in tropical
medicine

Genomics is an analysis of gene and transcript within

10,11 . . . .
HOT  Nycleic acid characterization and

the genome
recognizing coding sequences is the first step that
can be done by several methods based on the basic
principles that; a) all genes have certain regulatory
signals positioned in or about them, b) all genes by
definition contain specific code patterns, and ¢) and
many genes have already been sequenced and recog-
nized in other organisms''*~"?' | Therefore, locating
the position of genes in DNA can be done by
“searching by signal” | “searching by content” , and

[10-12]

“homology inference” , respectively At pres-
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ent many servers have been established and can help
with gene finding analyses. Most of those online
servers, such as Gene Feature Search ( http://
searchlauncher. bem. tme. edu/seq-search/gene-
search. html) and Gene Recognition ( hitp://www.
nslij-genetics. org/gene/ ) , apply methods as well as
consolidate the information and usually combine sig-
nal and content methods with homology inference in
order to ascertain exon locations. Gene searching is
applicable in studied on new identified pathogen in
cases of emerging diseases.

Apart from gene searching, comparative genom-
ics is also helpful in tropical medicine. Complete ge-
nomic sequences are now available for many model

3-8 Analyzing and comparing genetic

organisms
material from different species to study evolution,
gene function, and inherited disease can be easily
done. Comparison can be on gene location, gene
structure ( exon number, exon length, intron length
and sequence similarity ) and gene characteristics
( splice sites, codon usage and conserved synte-
ny) (37181,

application of system-wide experimental approaches

Functional genomics, development and

to assess gene function, can also be applica-
ble[19722]

with statistical or computational analysis of the re-

High-throughput methodologies combined

sults is widely used. Phylogenetic profile, fusion
method and Rosetta Stone model are the basic func-
tional genomics techniques that are widely used in
[19-22]

tropical medicine researches . The phylogenet-
ics analysis becomes a basic requirement test in
study of new pathogens in emerging infectious disea-
ses”"*?! This analysis help detect the origin of the
outbreak. Network creation is the high level that
help bridge the interrelationships in host-pathogen-
environment system and this is considered as a novel
applied functional genomics application.

Finally, structural genomics is the newest chal-
[24,25]

lenge in genomics technology Basically, pro-
teins comprise of various combinations of different a-
mino acids and the protein sequence assembled on
the ribosome during protein synthesis is known as the
primary structure. The sequence within primary
structure is considered a code or signal with can be
successfully manipulated by computational tech-

niques. Prediction of secondary structure, a string of

<73 .
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amino acids with specific folds into various ele-
ments, and tertiary structure, a specific packing of
secondary elements, can be done and is useful for
further application. The three dimensional pattern of
the protein can be directly linked to its function.
Knowledge on structural genomics can help access
the structural change in several conditions. For ex-
ample, the study of the structural change due to mu-
tation in tropical hemoglobinopathy was successfully
performed ” ~**. The better understand on the path-

ogenesis can be derived.

Application of proteomics technology in tropical
medicine "

Basically, proteins may be simple or conjugated.
Proteomics help better access the protein. Similar to
genomics, looking for homology by comparative pro-
teomics can be done and homology is defined as the
divergent evolution of two proteins from a common
ancestor. This can help track the evolution pathway
of focused species and help find new drugs. Solving
protein structure by structural proteomics adding to
current methods using NMR and X-ray crystallogra-
phy can be very helpful in assessment of interaction
between protein and new therapeutic agent design.
In addition, functional proteomics help better under-
stand protein function. Adding to classical tech-
niques, protein isolation and gel electrophoresis,
computational techniques can help in-depth study on
protein function. Gene Ontology is the good way.
Biological process, molecular function and cellular
component prediction by gene ontology can be ap-

[31,32]

plied for study on interaction of molecules In

silico mutation and hybridization can be tested ™.

Application of chemoinformatics technology in
tropical medicine'” ~**'

Chemoinformatics focus on the information resources
needed to optimize the properties of a molecular lig-
and with computational means. It is useful for and
vaccine drug discovery in medicine. Chemoinformat-
ics covers the scope on the design, creation, organi-
sation, management, retrieval, analysis, dissemina-

tion, visualization and use of chemical information.

.74 .

Structural prediction of new chemical can be per-
formed at presenting. In addition, substructure
search can also be done. Similarity in chemicals led
to successful adoption in pharmaceutical purpose.
Quantum Mechanics on the three dimensional struc-
ture of chemical can also helpful in study of reac-
tion. Calculate energy of a system as a function of
nuclear positions by molecular mechanics principle
“Energy = Stretching Energy + Bending Energy +
Torsion Energy + Non-Bonded Interactions Energy”
help understand the nature of reaction. Basically,
reaction favorability usually fit with classical thermo-
dynamics rule; reaction will proceed to thermody-
namic equilibrium, maintaining a steady state ratio
of products. " Total requirement energy = Energy
getting in — Energy giving out" is the fundamental
that can be applied in simulating of many reactions.
For example, the study of energy favorability in drug
and malarial interaction can help design new antima-

larial drug" ™",
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