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About T

he Department of Biotechnology, Govt of India initiated the Biotechnology
Information System in 1986 and over the years the system has spread into a
vibrant and active network spread across the country. The need for a newsletter for
this Bioinformatics community has been growing. Biobytes hopes to fill the niche.

Biobytes

Biobytes apart from providing edible sized bites to chew upon also is meant to serve
as a medium of update of ideas and information. Hence the articles that come into
the newsletter also serve as a blog item that can be expanded by members. The
newsletter is made available online. The format has been kept variable to provide
more flexibility.
The newsletter will provide news, views and information regarding the current
scenario in the areas related to bioinformatics both at the international and
national level. The newsletter will also seek to highlight the research, training
and facilities available through the BTIS network. It will hopefully also be a
platform for budding enthusiasts and students to get motivated to contribute in
the vast area that bioinformatics touches upon, as for example, genomics,
proteomics, pharmainformatics, pharmacogenomics, structural genomics,
systems biology and biodiversity.

Interface between
Biology and Chemistry
It is now widely accepted that combining and integrating approaches in biology and
chemistry is crucial towards understanding the molecular mechanisms of the drugs.
But, these are likely to improve the chances of success in many stages of drug
discovery process, from identification of novel targets to elucidation of their functions
to the discovery and development of lead compounds with desired properties. In
biology informatics techniques were used mainly to facilitate processing and analysis
of large amounts of genomic sequences data. The advent of combinatorial approaches
makes it easier to employ informatics tools to guide the synthesis of novel libraries
and of equal importance in the management of rapidly growing compound
collections. Currently after the success in large scale human genome sequencing
projects, this technology has moved from the genome to the proteomic level. The
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proteomics approach is focused to understand the cellular
expression, posttranslational modifications, family

relationships, structure and functions of proteins, as well as to evaluate their potential
as drug targets. The science of biology is intimately linked to the concepts of time.
Molecular evolution; the process of evolution at the scale of DNA, RNA & proteins,
is very important as molecular evolutionists are trying to understand the evolutionary
histories by means of molecular phylogenetics. Natural products are the major
sources of drugs and play a significant role in today's drug discovery programs. In
silicoapproaches have gained immense popularity and have become an integral part
of the industrial and academic research, directing drug designing and discovery.
Advances in the biological sciences are allowing pharmaceutical companies to meet
the health care crisis with drugs that are more suitable for treatment.
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Biochemical database
as resources for
lead discovery

A

ny chemical compound naturally
occurring in living organisms can be
called a 'biochemical compound' or a
Santhosh J. Eapen, A. Shamina, A. Riju,
natural
product.
Natural products are the major
R. Sangeetha & Rosana O. Babu
sources for drugs and continue to play a
Indian Institute of Spices Research,
significant role in today's drug discovery
Calicut 673012, Kerala
programs. It is estimated that about 50% of the
Email: disc@iisr.org
drugs available in the market during the last 20
years are derived directly or indirectly from
natural products. Apart from plants, molecules from microbes, marine organisms, mammalian sources etc. have
been tested for their efficacy in certain disease or conditions and have been submitted or deposited in databases
for the public access. Lead developers using the high throughput screening (HTS) elucidate the biological
activities of various chemical compounds and their usefulness to different diseases.
Biochemical compounds can be classified according to their structure, physico-chemical properties or
biological function. Most biologists conveniently divide all biochemical compounds into 'biopolymers', which
consist of macromolecules, and the rest, as 'small molecules'. Small molecules play a fundamental role in organic
chemistry and biology. They can be used as combinatorial building blocks for chemical synthesis, as molecular
probes in chemical genomics and systems biology, and for the screening and discovery of new drugs and other
useful compounds (Murray-Rust, 2008).
Chemical databases
Although small molecules appear to be less complex entity than macromolecules, its naming, citation and
representation in databases is not a trivial task. Biosciences now require large amounts of detailed chemical
information, examples of which include the occurrence and role of small-molecules in biological processes; the
mechanism of biochemical reactions and interactions; the structure and properties of biomolecules; reagents,
protocols and classification tools for performing bioscience experiments; chemistry of the ecosphere. Such
informations are only available in a dispersed manner in the primary literature. Data in published articles can
include references to chemical compounds (often in free text), details of their synthesisin ( vivoand in vitro
),
proof of their structure (spectra and analytical data), methods and reagents in bioscience protocols, the physical
and biological properties and reaction of compounds both in enzymes and enzyme-free systems.
Conventional chemists continue to rely on manually curated secondary publications which are incomplete in
time, and coverage of informations. Moreover the data would be of consistently higher quality than manually rekeyed data. Open access data banks, currently is not happening in the discipline of chemistry, where information
is manually extracted from the primary literature, jealously guarded and sold back to the community.
The web is almost the complete and comprehensive source of free data. Researchers today no longer look to
traditional sources of information, but to search engines such as Google. However the Concept of Open Access
(Data, Source, Access, Standards) are changing the changing the prevailing method of acquiring the scientific
informations and discipline of chemistry is slowly catching up. Chemistry, often thought of as a conservative
discipline, is making important contributions to the nascent field of e-science (Murray-Rust et al.,2005).
Biological databases have become an important tool in assisting scientists to understand and explain a host of
4
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biological phenomena from the structure of biomolecules and their interactions, to the whole metabolism of
organisms and in understanding the evolution of species. Biological knowledge is distributed amongst many
different general and specialized databases. This sometimes makes it difficult to ensure the consistency of
information. Biological databases cross-reference other databases with accession numbers as one way of linking
their related knowledge together. The development of chemoinformatics has been hampered by the lack of large,
publicly available, comprehensive repositories of molecules, in particular of small molecules particularly small
molecules.
An important resource for finding biological databases is a special yearly issue of the journal Nucleic Acids
Research (NAR). The database issue of NAR is freely available ( http://nar.oxfordjournals.org/
), and categorizes
many of the publicly available online databases related to biology and bioinformatics. Oxford publishing group
has launched a new journal in 2009 for database namely DATABASE: The Journal of Biological Databases and
Curation (http://www.oxfordjournals.org/our_journals/databa
). These two major database issues and many article
in various publishers provides a plethora of biological databases information around the world. Some of the
important online resources are given in Table 1.
Table 1. List of some important chemical databases and tools
1.

BindingDB:The Binding Database http://www.bindingdb.org/bind/index.jsp

2.

Biological Macromolecule Crystallization Database, BMCD: http://xpdb.nist.gov:8060/BMCD4/index.faces

3.

BOND: http://bond.unleashedinformatics.com/

4.

Bordwell pKa Table
(University of Wisconsin): http://www.chem.wisc.edu/areas/reich/pkatable/

5.

BRENDA, The Comprehensive Enzyme Information System: http://www.brenda-enzymes.org/

6.

Calculation of Molecular Properties and Drug-Likeness: http://www.molinspiration.com/cgi
bin/properties

7.

CATH: http://www.cathdb.info/

8.

CAZy, Carbohydrate-Active enZymes:
http://www.cazy.org/

9.

CCOHS: http://ccinfoweb.ccohs.ca/

10. ChEBI, Chemical Entities of Biological Interest: http://www.ebi.ac.uk/chebi/userManualForward.do?
printerFriendlyView=true
11. ChemBank:http://chembank.broad.harvard.edu/
12. ChemExper Chemical Directory:
http://www.chemexper.com/
13. ChemFinder:http://www.cambridgesoft.com/databases/login/?serviceid=128
14. Chemical Abstracts Service:
http://www.cas.org/
15. Chemical Structure Lookup Service (CSLS):
http://cactus.nci.nih.gov/cgi-bin/lookup/search
16. ChemIDplus:http://chem.sis.nlm.nih.gov/chemidplus/
17. ChemMine:http://bioweb.ucr.edu/ChemMineV2/
http://chirbase.u-3mrs.fr/
18. Chirbase, a molecular databse for chiral Chromatography:
19. ChemSpider:http://www.chemspider.com/
20. Crystallography Open Database:
http://www.crystallography.net/
21. Cytochrome P450 Drug Interaction table:
http://www.drug-interactions.com/
22. DIP: http://dip.doe-mbi.ucla.edu/
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http://www.ars-grin.gov/duke/
23. Dr. Duke's Phytochemical and Ethnobotanical Databases:
24. DrugBank:http://redpoll.pharmacy.ualberta.ca/drugbank/
http://www.emolecules.com/
25. eMolecules (formerly Chmoogle):
26. Enhanced NCI Database Browser:
http://129.43.27.140/ncidb2/
http://www.hmdb.ca/
27. Human Metabolome Database:
Human Protein Reference Database:
http://www.hprd.org/
I-ChemiSt, Intelligent Chemical Structural Database:
http://zal.sdsu.edu/i-chemist/
IntAct (Protein Interaction Database): http://www.ebi.ac.uk/intact/index.jsp
Joint Expert Speciation System, JESS:
http://jess.murdoch.edu.au/jess/ jess_home.htm
KEGG Ligand Database:
http://www.genome.jp/ligand/
KEGG pathway: http://www.genome.jp/kegg/pathway.html
http://kinetics.nist.gov/kinetics/index.jsp
34. NIST Chemical Kinetics Database:
35. Metlin Metabolite Database:
http://metlin.scripps.edu/
http://www.fda.gov/cder/ndc/
36. National Drug Code Directory:
37. Nucleic Acids Database:
http://ndbserver.rutgers.edu/
http://www.rcsb.org/pdb/
38. PDB, Protein Data Bank:
28.
29.
30.
31.
32.
33.

39. PDSP Ki Database:
http://kidb.bioc.cwru.edu/pdsp.php
40. PreADMET: http://preadmet.bmdrc.org/
41. PubChem:http://pubchem.ncbi.nlm.nih.gov/
42. Query Chemhttp://llama.med.harvard.edu/~jklekota/QueryChem.html

Fig. 1. Home page of PASSCOM, a database on chemical compounds in spices
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http://xin.cz3.nus.edu.sg/group/cjttd/ttd.asp
43. Therapeutic Target Database:
http://toxnet.nlm.nih.gov/
44. TOXNET, Toxicology Data Network:
45. ZINC: http://blaster.docking.org/zinc/
Spices as a case study
Spices and herbs not only add flavour to food, but are loaded with a number of phytochemicals. A wide range
of chemical compounds including alkaloids, coumarins, flavonoids, benzofurans, terpenoids, steroids have been
isolated from spices extracts and metabolites which have been found to posses various pharmacological,
nematicidal and insecticidal activities. We have developed a repository of spice compounds, namely PASSCOM,
which has more than 700 compounds and their analogs representing allspice (135), black pepper (142), cardamom
(145), cinnamon (157), clove (130), garcinia (11), ginger (127), nutmeg and mace (140) andturmeric (212)
(Fig.1).It includes the molecular properties, structural display application, spectrum of predicted biological
activities as well as reported biological activity of each compounds, ADME/T (Adsorption, Distribution,
Metabolism, Excretion and Toxicity) properties and drug-likeness reports based on Lipinski's rule of 5 (Lipinski
et al.
, 1997) and WDI rule (Brown et al.,2001). This resource is being used as the starting point to look for
biological activities of various compounds such as antioxidant, anti-inflammatory, antibacterial, nematicidal,
antifungal compounds for various agricultural and pharmaceutical implications. New compounds and novel
biological activities are being added to the database.
Docking studies against different therapeutic targets are also being taken up. The results of such studies
showed that there is a number of promising lead compounds in spices yet to be discovered. Docking studies of
phytochemicals against VacA, the vacuolating toxin of Helicobacter pylori
reported best docking score for
compounds like 1,8-cineole, eugenol and 6-gingerol. The nematicidal activities of some of these phytochemicals
were tested against glutathione-S-transferase(s) (GST) of Brugia malayi,
a lymphatic filariasis causing nematode.
GST enzyme from B. malayi
has been exploited as a target in lymphatic filariasis therapeutics, whose inhibition
leads to the reduction in worm motility. About 53 compounds from ten selected plants showed relatively high
nematicidal activity. Docking studies using Molegro Virtual Docker
(Thomsen and Christensen, 2006) revealed
that among the selected compounds, curcumin, brucine-N-oxide, beta-colubrine, brucine, genostrychnine and
strychnine showed more hydrogen bond interactions and high MolDockscores than the others. Hence they can be
exploited as potential drugs for fighting against filarial nematode as well as other nematodes. On comparing these
chemicals with the existing GST inhibitors, these phytochemicals possessed MolDockscore much higher than
that of the best GST inhibitor (butylated hydroxylanisole), currently available. Subsequent wet lab experiments
are to be done to validate these observations.
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Linking Open Data (LOD) Towards Making Online
Biological and Chemical
Data Machine
Understandable

A

dvances in the biological sciences
facilitates pharmaceutical companies
C.Nilavamuthan and P.Shanmughavel*
in discovering drugs that are more
suitable
for treatment of various diseases, i.e.
Department of Bioinformatics, Bharathiar University,
having greater efficacy and reduced side
Coimbatore – 641 046
effects. Huge and growing amounts of
*Email: shanvel_99@yahoo.com
biological and chemical data are available
reside in various online repositories. The goal
of the Linking Open Data (LOD) is to facilitate the integration of online data sources onto the Web of Linked
Data.
In the LOD, data sources about drugs, traditional Chinese medicine, clinical trials, diseases and
pharmaceutical companies were added to the Linked Data cloud. This selection of datasets allows strong
connections to existing Linked Data resources, while providing novel data of interest to the pharmaceutical
industry and patients. This paper discusses the Linking Open Data (LOD) - Towards Making Online Biological
and chemical Data Machine Understandable.
Key wordsLinked
:
data; Web-scale database; applications.

Introduction
Huge amounts of biological and chemical data are available online. To obtain needed information, biologists
and chemists sometimes have to traverse different Web sources and combine their data manually. We introduce a
system that can automatically interpret the structures of heterogeneous Web pages, extract useful information
from them, and also transform them to machine-understandable pages for the Semantic Web, so that a Semantic
Web agent can automatically find the information of interest.
Most of the online repositories only focus on some specific areas or will only allow limited types of user
queries. Sometimes to get an information, the information a user needs to spans multiple sources. A system that
search in only one source may not answer user queries completely. A system that can automatically retrieve,
understand and extract online biological data by traversing multiple sources is needed. While linked Open Data
(LOD) has gained much attention in the recent years, requirements and the challenges concerning its usage from a
database perspective are lacking.
The development of new therapies for diseases requires the integration of
large amounts of biomedical data from many different sources. The goal of the Linking Open Data (LOD) is to
facilitate this integration by bringing these data sources onto the Web of Linked Data.

Linked Open Data
The Web of Data, more specifically Linked Open Data [1] (LOD), has gained tremendous momentum over
the last couple of years. A significant number of large-scale datasets have been published, adhering to the Linked
Data principles [2]:

8
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1.
2.
3.
4.

All items in a dataset should be identified using Universal Resource Identifiers (URIs);
All URIs should be dereferenceable: using HTTP URIs [3] allows looking up an item identified though an
URI;
When looking up an URI, it leads to more data (typically represented in RDF [4]);
Links to URIs in other datasets should be included in order to enable the discovery of more data.

The Linking Open Data community project was kicked off in 2007 and has at the time of writing this article
produced over 100 data sets, providing over 6.7 billion RDF triples, interlinked by approximately 160 million
RDF links [5]
In contrast to the full-fledged Semantic Web vision, Linked Data is mainly about publishing structured data in
RDF using HTTP URIs, hence lowering the entry barrier for data providers and data consumers. As much as the
current Web (of documents) is mainly targeting human users, a particular strength of Linked Data is that
applications can use it straightforward. Essentially, one can understand the LOD cloud as a single data-space, or
simply put, as a single, Web-scale database.
Given that an increasing number of applications uses LOD [6], one has to wonder what it takes to migrate
(parts of) the relational database to the LOD setup. We hence argue that a database perspective for LOD is
required to ensure its acceptance and realize a low-barrier adoption process. Although research into mapping
relational data to RDF [7] and distributed query processing over the Web of Data [8] is known, a systematic
analysis of LOD from a database perspective is, to the best of our knowledge, not available. Our main
contributions are: (i) to provide a comparison of relational databases and LOD from an application perspective,

Fig 1. Linking Open Data cloud diagram giving an overview of published data sets and their
Interlinkage relationships.

(ii) to highlight challenges in understanding LOD as a database and (iii) to identify the requirements needed for
specialized architectures for LOD, that would adhere to the essential principles of relational database management
systems (RDBMS) as well as having its own distinct features. Eventually, we want to motivate both the database
research community and the Linked Data research community to mutually benefit from the issues we raise here
and potentially use them as a starting point for further, joint research and development.
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Figure 1.Linking Open Data cloud diagram giving an overview of published data sets and their interlinkage
relationships. The arcs in Figure 1indicate that links exist between items in the two connected data sets heavier
arcs roughly correspond to a greater number of links between two data sets, while bidirectional arcs indicate the
outward links to the other exist in each data set. The content of the cloud is diverse in nature, comprising data
about geographic locations, people, companies, books [9], scientific publications[10], films[11], music, television
and radio programmes [12], genes, proteins, drugs and clinical trials [13], online communities, statistical data,
census results, and reviews [14].
Calculating the exact size of the Web of Data is challenging due to the fact that much of the data is being
generated by wrappers around existing relational databases or APIs and therefore first need to be crawled before it
can be counted or analyzed [15]. Alternatively, the size of the Web of Data can be estimated based on the data set
statistics that are collected by the LOD community in the ESW wiki. According to these statistics, the Web of
Data currently consists of 4.7 billion RDF triples, which are interlinked by around 142 million RDF
(http://esw.w3.org/topic/Task
Forces/CommunityProjects/LinkingOpenData/DataSets/LinkStatistics
and http:
//esw.w3.org/topic/TaskForces/CommunityProjects/LinkingOpenData /DataSets/
Statistics)
links (May
2009).
DBpedia
As Figure 1shows, certain data sets serve as linking hubs in the Web of Data. For example, the
data set [16] consists of RDF triples extracted from the "infoboxes" commonly seen on the right hand side of
Wikipedia articles, while Geonames(http://www.geonames.org/ontology/)
provides RDF descriptions of millions
of geographical locations worldwide. As these two data sets provide URIs and RDF descriptions for many
common entities or concepts, they are frequently referenced in other more specialised data sets and have therefore
developed into hubs to which an increasing number of other data sets are connected.

From chemical documentation to Chemo informatics: 50 years of Chemical information
science
Chemistry is, and has been for many years, one of the most information-rich academic disciplines. The very
first journal devoted to chemistry was Chemisches Journal, which was published during the years 1778–84 and
then, under the name of Chemische Annalen, till 1803. The growth in the chemical literature during the nineteenth
century led to a recognition of the need for comprehensive abstracting and indexing services for the chemical
sciences. The Chemical Abstracts Service (CAS), which was established in 1907, is the principal service, that acts
as the central repository for the world's published chemical (and, increasingly, life- sciences) information. The
size of this repository is impressive: at the end of its first year of operations, the CAS database contained ca
12,000 abstracts; by the end of 2006, this had grown to ca 25 million abstracts with ca 1 million being added each
year. The structural and properties related information of the chemical substances are the vital part of any
chemical literature. The CAS Registry System was started in 1965 to provide access to substance information,
initially registering just small organic and inorganic molecules but now also registering biological sequences . At
the end of 1965 there were 222,000 substances in the System; and by the end of 2006 this had grown to ca 89
million substances, of which ca one-third were small molecules the remaining are the biological sequences, with
ca 1.5 million being added each year. There are also many additional molecular structures in public databases
such as the Beilstein Database, and in-house database developed by major pharmaceutical, agrochemical and
biotechnology companies.
The information regarding chemical structures requires many computational techniques to be used which are
quite different from those who extracts conventional textual information. These specialized techniques now
referred to by the name of 'Chemoinformatics'– have developed steadily over the span of 50 years the
establishment of the Institute of Information Scientists in 1958. The focus is on the representation and searching
of small molecules in the Linked Open Data for the processing of textual chemical information and of biological
sequence information.
10
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Snake anti-venom: virtual
screening of plant
derived molecules
nake bite is a serious medical, social and

S

economic problem in many countries,
especially in the tropical and subtropical
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countries including India. Snakes are
Biotechnology & Bioinformatics Division,
cosmopolitan in distribution except in high
Saraswathy Thangavelu Centre,
altitudes, certain islands and Polar Regions.
Tropical Botanic Garden and Research institute
According to World Health Organisation
Puthenthope, Thiruvananthapuram – 695 586
(WHO), poisonous snakes are responsible for at
*Email: drsreekumar@rediffmail.com
least 5 million human fatalities annually
(Chippaux, 1998). The largest number of fatal
snake bites occurs in South East Asia (Aubert,
1996). Based on the hospital records David (2005) estimated that annually ~50000 people die due to snake
envenomation in India. Many cases were unreported as most of the victims, particularly in rural areas, still relay
on traditional medicines and such data are not available. Of the ~3000 species of snakes distributed world over,
about 500 are venomous. In India 52 species of poisonous snakes were reported, however, high mortality is
caused by five species viz., Ophiophagus hannah Cantor
(King Cobra), Naja naja L.(common Cobra), Daboia
rusellii Shaw & Nodder
(Russell's Viper), Bungarus caeruleus Schneider
(Krait) and Echis carinatus Schneider
(Saw-scaled Viper).
Snake venom is a veritable gold mine of bioactive molecules, which comprises proteins, nucleotides and
inorganic ions. However, almost all venoms are composed of approximately 90% of proteins which can be
categorized into enzymatic proteins and non-enzymatic toxins. More than 20 types of toxic enzymes found in
snake venom throughout the world, out of these 12 are present in all types of snake venom (Raweerith, 2004).
They include Phospholipase A2, L- Amino acid oxidase, Phosphodiesterase,
5'-Nucleotidase,
Phosphomonoesterase, Deoxyribonuclease, Ribonuclease, Adenosine triphosphatase, Hyaluronidase, NADNucleosidase, Arylamidase and Peptidase. The non enzymatic toxin can be categorised into cytotoxins,
hemotoxins, neurotoxins and myotoxins. Some toxins have multiple effects. For example, Crotoxin, isolated from
Crotalus durissus terrificus
possess both neurotoxic and cytotoxic activity (Koh et al., 2006). The makeup of
these toxins varies widely from species to species, habitat and age of the snake. This complexity accounts for the
varying effects of snake bite. The function of some components present in the venom is still a mystery. For
example, "nerve growth factor" was isolated from cobra venom. This protein, discovered by Rita LeviMontalcini and Stanley Cohen (Nobel Prize 1986), plays a major role in the growth of nerve tissue, yet why this
molecule is present at high concentration in venom remains an open question. Possibly it promotes the absorption
of venom by releasing various mediators from mastocytes. Perusal of the literature indicates that snake venom
have a very broad field of potential use since time immemorial.
A well known example can be traced from the ancient Greek where, their God of medicine was symbolized
with a stick entwined with a snake, the symbol that is still used to represent the guilds of medicine and pharmacy.
Today several medicinal properties of snake toxins such as antibacterial applications, cell growth inhibition, nerve
stimulation, blood thinning and clotting have been confirmed through scientific approach. Their effects are also
being tested for the treatment of Alzheimer's disease and HIV. A list of compounds isolated from snake venom
and their pharmacological activities are depicted in table 1
.
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Sl.No

Snak e species

1

Ph armaco lo gical
activity

R eference

Ac anthophis sp. Acantox in IVa

Inhib itio n of
n ACh R* (neurotox ic)

Wickramaratn a JC, et al., 2 004 .
B iochem. Pha rmaco
. 15l :6 8(2 ):38 33 94.

2

Agk istrodon
ac utus

Ag kisacutacin

Antithromb otic,
th romb olytic

L i S, et al. 200 0. Gen.
P ha rma co
35l.:179.

3

Agk istrodon
ac utus

Ag glucetin

GPIb * ag onist

Wang WJ, et al., 2001 . Thromb.
H aem ost.
8 6:107 7–1 086.

4

Agk istrodon
bilineatus

Bilinexin

GPIb * ag onist

Du XY, et al., 2 001 . Thromb.
H aem ost.
8 6:127 7–1 283.

5

Agk istrodon
c ontortrix

Fib ro lase

Fibrinog en olysis

E gen N B, et al., 1 987. Toxicon .
2 5:11 89.

6

Agk istrodon
c ontortrix
c ontortrix

Conto rtrostatin Disin teg rin

Bin ds to integ rins
anti-an giogenic,
antitumo r
– ( B rain
cancer 1,Human
o varian cancer 2 )

1 Pyrk

7

Agk istrodon
haly s

Halysin (Kistrin)

Disintegrin Inhib itio n of platelet
adh esio n

Huang T F., et al., 1 991 . Biochem.
P ha rma co42:1
l. 209-121 9.

8

Agk istrodon
haly s

Mamush igin

GPIb * ag onist

Saku rai Y, et al., 19 98. Th romb.
H aem ost.
7 9:119 9–1 207.

9

Agk istrodon
rhodostoma

Kistrin

Inhib itio n of platelet
agg regation

Dennis MS, et al., 1 989 . Pro c. Nati.
A cad. S ci.
87: 247 1-2 475 .

10

Agk istrodon
haly s

Salmo sin

Inhib ito r of p latelet
agg regation

Sh in J , et al., 200 3. B io ch emistry.
4 2:14 408– 1441 5.

11

Bitis arietans

Bitan

Inhib itio n of platelet
agg regation

Dennis MS, et al., 1 989 . Pro c. Nati.
A cad. S ci.
87: 247 1.

12

Bitis arietans

Bitiscetin

VWF*-d ep en dent
p latelet agglu tin ation

M ats ui T , et al., 20 10. To xins.2: 102 3.

13

Boiga
de ndrophila

Boigatox in-A

Neurotoxic

L umsd en NG, et al., 200 5. Toxicon.
4 5: 329 –334 .

14

Bothopus
jararaca

Yo sho to bin
(jararaca GPIb -BP)

GPIb * ag onist

Fu jim ura Y, et al., 1995 . Thro mb .
H aem ost.
7 4:743 –75 0.

15

Bothrops atox
m ooje ni

Batrox obin

Defibrino genic

Kim JS, et al., 20 01. Cerebrova sc.
Dis. 1 1:251 .

16

Bothrops
jararaca

Jararh ag in
(Haemo rrhagins)

Cu tan eo us an d
su bcutaneous
b leeding

C hem2. 67:22 869 -22 876 .

17

Bothrops
jararaca

Bradyk inin

Antihy pertensive

Hayashi MA, et al., 200 5.
4 5(8):1 163-117 0.

18

Bothrops
jararaca

Botrocetin

VWF*-d ep en dent
p latelet agglu tin ation

M ats ui T , et al., 20 10. To xins
. 2: 102 3.
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Comp oun d
isolated fro m
snake ven om

o P, et al., 2005 . J Neuro surg
.
1 03:5 26–5 37. 2Swenso n S., et al.,
2 005 P atho physiol. Haemo st. Thro mb .
3 4:16 9–17 6.

Toxicon.
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Sl.N o

Snak e species

Co mpou nd
iso lated from
sn ak e veno m

Pharmacolo gical
activi ty

Reference

19

B othro ps
n eu w ied i

Ph ospho lipase A 2

A ntitumo ur

D an iele JJ , et a l.,1 997. Tox ico n .
35 :1 205 .

20

B ung arus
c an didus

Z -b an garoto xin

N euro muscular
tran sitio n

Chang CC, 1999 . J. Bio med. S .ci
6:36 8–3 75.

21

B ung arus
flav ic ep s

[-flav itoxin ([-Fv t)

N euro toxic

Chiapp anelli VA , et a l.,1996 .
T ox ico. n
3 4(1 1-1 2):1 243 -12 56.

22

B ung arus
m ultic inc tus

N euro toxic

Chiapp anelli VA , et a l.,1996 .
T ox ico. n
3 4(1 1-1 2):1 243 -12 56.

23

Ca llo selasm a
rh odo stom a

[-bu ngarotoxin ([Bg t), [2-Bgt, [3Bg t
K istomin

In hibitor of platelet
aggregatio n

H su C, et a l.,2 007 . M ol. Ph arm acol.
72 (4): 9 84-992 .

24

Ca llo selasm a
rh odo stom a
Ca llo selasm a
rh odo stom a
Na ja sp.

A grettin - Integrin

A ngio genic

A ncord

D efibrinog en ic

Z -n eu roto xins

Bind s w ith
A cetylcholin e
receptors

Chu ng C, et a .,l 2003 . Blo od.
10 3(6 ):21 05-211 3.
K im JS, et al, 2001 Cerebrovasc.
D is.1 1:251 .
Ts etlin V , 199 9. E ur. J. B iochem
.
26 4: 2 81– 286.

Cro talus
a dam ante us

Crotalas e

D efibrinog en ic

Pal SK, et al., 200 2. Indian J. E xp .
Bio l.40:1 353-135 5 .

Cro talus atro x

A tro xase

Fibrin ogeno lysis

W illis D E , et al., 1988 B ioc he mistry .
27 :4 769 .

28

Cro talus atro x

A tro co llastatin

D isintegrin In hibition o f platelet
adhesion

Zh ou Q , et al. 19 95. B iochem. J.307
(Pt 2):411 -41 7.

29

Cro talus atro x

H t–a, H t-b, Ht-c,
H t-d and H t-e
(H aemorrh ag ins)

Cu taneou s and
su bcutan eo us
bleeding

Bjamas on JB, et al., 197 8.
Bio ch em istry
. 17 :3395 -34 04.

30

Cro talus
Co nvu lx in
d urissus te rrific us

G PVI-bin ding
protein

Mu rakami M T , et al., 20 03.
Bio ch em . B ioph ys. Res. Com
. m un
31 0:478 –482 .

31

Cro talus rub er
ru be r

HT –2
(H aemorrh ag ins)

Cu taneou s and
su bcutan eo us
bleeding

Takeya H, et al., 1 990 .
10 8:711 -71 9.

J. Biochem.

32

Cro talus rub er
ru be r

H 2- p roteinase
(H aemorrh ag ins)

Cu taneou s and
su bcutan eo us
bleeding

Takeya H, et al., 1 989 .
10 6:151 -15 7.

J. Biochem.

33

D abo ia acutus

A gk icetin-C

G PIb * ago nist

X u G , et al., 2 005. T ox ic on
. 45 :
56 1–57 0.

34

D abo ia russellii
sia me nsis

D abocetin

G PIb * ago nist

Zh ong SR, et al., 20 06.
47 :1 04– 112.

35

D endro aspis
a ngu stic e ps

M uscarinic to xins

M uscarininc A Ch Rs*

Potter LT , 20 01. Life. Sci. 6 8:
25 41–2 547 .

36

D endro aspis
a ngu stic e ps.

Fascicu lin

A cetylcholin esterase

Karlsson E , et al., 198 4.
79 :2 32– 240.

25
26

27

14

To x ic on .

J. Ph ysiol.
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Sl.No

Snake species

Compound
isolated from
snake venom

Pharmacological
activity

Reference

37

Dendroaspis
ja meso nii

Dendroapsin

Integrin á

McDowell RS, et al. , 1992.
Biochemi stry.
31 :4766–4772.

38

Dendroaspis
pol ylepis
pol ylepis
Echis
ca rin atu s

Calciseptine & FS2
toxin

L-type Calcium
channels

Yasuda O, et al., 1994. Ar ter y.
21:2 87 –
302.

Echist at in

Di sint egrin -Inhibition
of platelet adhesion

Gan ZR, et al., 1988. J. Biol. C hem.
263:19827-19832. Dennis MS,
et al.,
1989. Proc. N ati . Acad. Sci.
87: 2471.

40

Echis
ca rin atu s

Schistatin

Inhibitor of pl at elet
aggregati on

Bilgram i S, et al., 2004. J. M ol. Biol.
341: 829–837.

41

Hemachatus
Equimolecular
h aema cha tus mixture of Hemextin
A and Hem exti n B
N aja naja atra Cardi otoxins

Anticoagulant (Factor
V IIa)

Banerjee Y, et al., 2005. Pathophysiol.
Haemost. Thromb.
34:184–187.

P hospholipids and
glycospingolipids

Kum ar TKS, et al., 1997. J. Biomol.
Struct. Dyn.15 :431–463.

43

N aja naja
ka ou thi an a

Kaouthi agin

Inhibitor of pl at elet
aggregati on

Ito M, et al., 2001. Biochemistry
.
40:4503–4511.

44

N aja
n ig ricolli s

Cytotoxic P4

C ytotoxic effect on
W ehi -B leukem ia cell

Chaim-Matyas A,
In .t 24:415.

45

N ajasp .

Natrahagi n

F ibrinogenolysis

Zhu ZG, et al., 1999. Zhongguo Y ao Li
Xue Bao. 20:944.

46

N ajasp.

Crude venom

Anticancer (Breast
cancer)

Muhammad Shai kh D & Jokhio R,
2006. Pak. J. Physiol. 2(1).

47

Ophiophagus
h an na h

Hannahpep

F ibrinolysis

Gom es A, et al., 1999. Biochemic.
Biophys. Res. C omm
. 266:491.

48

Ophiophagus
h an na h

â-cardiotoxin

Rajagopalan N, et al., 2007. Faseb J.
21:3685–3695.

49

Ophiophagus
h an na h

Hadit oxin

Exogenous â-blocker,
decreases heart beat
rate
Antagonist of nAC hR *

50

Trimeresurus
a lb ola bri s

Alboaggregin-B

Peng M, et al., 1992. B io chem istr y.
30:11529–11536.

51

Trimeresurus
a lb ola bri s

Crude venom

GP Ib* agonist, platelet
agglutination and
aggregati on
Decreases platelets

52

Trimeresurus
fl avoviridis

Hr 1 B
(Haem orrhagins)

C ut aneous and
subcutaneous bl eeding

Takeya H, et al
., 1990. J. Biol. C hem.
265:16068-16073.

53

Trimeresurus
fl avovir idis

Flavocetin A

GP Ib*-bi nding protei n

Fukuda, J, et al., 1999. Acta
Crystallogr. D. Biol. Crystall ogr.
55:1911–1913.

39

42
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et al., 1991. Biochem

Roy A, et al., 2010. J. Biol. Chem.285:
99921.

Soogarun S, et al
., 2006. Onl ine J
Health All ied Scs.
3:5.
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Sl.No Snake species

Compound
isolated from
snake venom

Pharmacological
activity

Reference

Trigramin

Inhibitor of platelet
aggregation

Huang TF, et al., 1987. J. Biol. Chem.
262:16157–16163.

55

Trimeresurus
gramineus

56

Trimeresurus Mucetin
mucrosquamatus

GPIb* agonist

Lu Q, et al., 2004. Thromb. Haemost.
91:1168–1176.

57

Trimeresurus Mucrocetin
mucrosquamatus

GPIb* agonist

Huang K F, et al., 2004. Biochem. J.
378:399–407.

58

Trimeresurus
tokarensi s

Tokraracetin

GPIb* agonist

Kawasaki T, et al., 1995. Biochem. J.
308 (Pt 3): 947–953.

59

Trimeresurus
gramineus

Trigramin

Inhibition of platelet
aggregation

Dennis MS, et al., 1989. Proc. Nati.
Acad. Sci.87: 2471.

60

Vipera lebetina Vipera lebetina
fibrogenase (VIF)
Vipera lebetina Lebetase

Thrombolysis

Gasmi A, et al., 1997. Thromb.
86:233.

Fibrinogenolysis

Vipera lebetina Snake Venom Toxins
turanica
(SVT)

Induction of apoptosis
(Human Prostrate
Cancer)

Gasmi A, et al., 1991.Toxicon.
29:827.
Ju Son D, et al., 2007. Mol. Cancer
Ther.6:2.

61
62

*nAChR - nicotinic Acetyl Choline Receptor (ligand-gated ion channels in the plasmamembranes )
* AChRs - Acetyl Choline Receptors
*GPIb - GlycoProtein Ib (component of the GPIb-V-IX complex on platelets)
*VWF - von Willebrand factor (glycoprotein involved in hemostasis)
The diversity of biologically and pharmacologically active molecules in snake venom is attributed by its
evolutionary origins. All components of venom are not derived from saliva proteins. Many of them are mutated
body proteins, which play a crucial role in physiological processes such as the regulation of blood pressure,
conduction of nerve impulses, immune responses, regulation of cardiac rhythm, and others. Such mutated
proteins are derived from non-toxic genes that are recruited to express in venom glands, the special organs that
started developing before snakes, phylogenetically branched out from lizards (Fry, et al., 2006). For example,
snake venom serine proteases (SVSPs) are from tissue kallikrein, SVMPs/disintegrins are from a disintegrin and
metalloproteinase (ADAM) proteins and a prothrombin activator, is from clotting factor X (Reza, et al., 2007).
Subsequently, these genes acquired toxic properties following a process known as accelerated evolution
(Nakashima, et al., 1995). After gene duplications and high rates of non-synonymous base substitutions in coding
regions, a wide variety of novel functions emerged, greatly expanding the arrays of susceptible prey with
enormous geographical and seasonal variations.
Currently, several drugs/clinical diagnostic kits derived from snake venom are commercialised and some of
such drugs details are depicted in table 2.
In modern medicine anti-venom therapy discovered by Calmette in 1894 remains as antidote for snake venom
poisoning with little modifications in the method of anti-venom preparation. First venom is milked from the snake
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Drug/trade name®
Captopril; enalapril

Target and function/treatment

Source

ACE inhibitor/high blood pressureBothrops jaracusa (Brazilian
arrowhead viper)

Integrilin (eptifibatide)
Platelet aggregation inhibitor/acute
Sisturus miliarus barbouri (southcoronary syndrome
eastern pigmy rattlesnake)
Aggrastat (tirofiban) GPIIb-IIIa inhibitor/myocardial infarct,
Echis carinatus (African sawrefractory ischaemia
scaled viper)
Ancrod (Viprinex)

Fibrinogen inhibitor/stroke

Agkistrodon rhodostoma (Malayan
pit viper)

Defibrase

Thrombin and protrhombin
Bothrops moojeni
inhibitor/acute cerebral infarction,
unspecific angina pectoris

Hem ocoagulase

Thrombin-like effect and thromboplastin
Bothrops atrox
activity/prevention and treatment of
haemo rrhage

Protac/protein C
activator

Protein C activator/clinical diagnosis
Agkistrodon
of
contortix contortix
haemostatic disorder
(American copperhead)

Reptilase

Diagnosis of blood coagulation disorder
Bothrops jaraca (South American
lance adder)

Ecarin

Prothrombin activator/diagnostic E. carinatus

Exanta; ximelagatran Blood thinner/anti-coagulant, thrombin
Cobra
inhibito r
Source: Koh et al 2006. Cell mol. Life. Sci. 63:3030-3041
by mechanical pressure on the venom gland, then diluted and injected into a horse or goat for immunizing the
animal. As the animal build up immunity to the venom, the dosage is increased for creating antibodies rich blood.
Ten to fifty injections during 3-15 months is necessary for valid immunization of the animal. The immunized
animal serum is tested, isolated, purified and preserved for further use. The anti-venom therapy has several
limitations such as side-effects to human body, high cost, non-availability, lack of storage facility in developing
countries and difficulty in identifying the snakes. The traditional practitioners claim that herbal medicines have no
side effects or fewer side effects when compared to the anti-venom therapy, cost effective and need not require
sophisticated storage system.
Plants are used either single or in combination as antidotes for snake envenomation by rural populations in
India and in many parts of the world since time immemorable. Plants are reputed to neutralize the action of snake
venom, with a plethora of plants claimed to be antidotes for snake bites in folk medicine (Kirtikar and Basu,
1975). A review of the literature indicates that about 600 species of higher plants from some 100 families are
used as snake bite antidotes (Morton, 1981; Duke, 1985; Houghton, and Osibogun, 1993; Leung, and Foster,
1996; Mors, W. B. et al., 1989; Coe and Anderson, 1996, 1997, 1999). More than 100 plants that grow in India
have been reported as snake venom antidotes (Chopra, et al
., 1956; Usher, 1974; Kirtikar, and Basu, 1975;
Nadkarni, 1976; Lewis, and Elvin-Lewis, 1977; Alam and Gomes, 2003). But, in most cases the efficacy of these
traditional treatment regimes is unproven. Therefore, the study of herbal antidotes against snake venom gained
greater importance in the management of snake bite. To date, only few plant species have been scientifically
investigated with their active components isolated and characterized both structurally and functionally (Samy, et
al., 2008). Several phytochemicals are being used as antidotes to snake venom but its inhibitory action to snake
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venom proteins are seldom studied. Scientific validation each crude drug derived from plants by experimental
methods is a gargantuan task and most of the results in this line may be sporadic due to presence of plethora of
unstable and unpredictable bioactive and other chemical components in the crude drug.
History of drug discovery revealed that most of the drugs discovered by serendipity rather than a rational
approach. It is quite natural that when a new drug is discovered for infectious lethal diseases by serendipity that
drug will be immediately administered to the patients before in-depth study about its long term side-effects to the
human body. Recent advances in the computational biology and protein crystallography facilitates rational
approaches in drug discovery to some extend. Computational tools, which delineate the strength of interaction
between a variety of ligands and targets in combination with good three-dimensional graphic visualization are
emerging as important technologies to pick up lead molecules from databases and improve upon significantly in
terms of generating new and efficacious molecules (Alvarez and Shoichet, 2006). In fact computations does not
replace the experimental research it has been very clear that an effective interplay between the experimental and
computational approaches is noticeably important to guide the prospective experimentalists in the synthesis and
screening of compounds in a more rational way (Smith, 2002). Amalgamation of random screening and rational
design has shown dramatic changes in the drug discovery process. There are several drugs discovered through this
novel approach and widely used all over the world. Dorzolamid (trade name Trusopt marketed by Merck since
1995), a carbonic anhydrase inhibitor used for the treatment of glaucoma was the first drug discovered from a
program involving structure-based rational design. A second example, Captopril, is a drug that lowers blood
pressure and whose lead structure was based on a natural substance that inhibits Angiotension Converting
Enzyme (ACE). Enalapril, another effective ACE inhibitor, is a further development of Captopril. More recent
examples are the HIV protease inhibitors Saquinavir and Ritonavir (Norvir) from Roche and Abbott respectively;
the tyrosine kinase inhibitor Gleeve from Novartis that is used successfully in leukaemia patients and
neuraminidase inhibitors Tamiflu from Roche and Relenza from GlaxoSmithKhline.
Todayin silicoapproaches have gained immense popularity and have become an integral part of the
industrial and academic research, directing drug designing and discovery. But plant medicine in any traditional
system has seldom subject to such analysis using bioinformatics tools, particularly to find out anti-venom from
phytochemicals. However, recently a few efforts in this line have been reported; for example, Pithayanukal, et al.,
(2009) made an attempt for in vitroand molecular docking studies for revealing the anti-snake venom activity of
seed kernel extract of Mangifera indica
L. cv. 'Fahlum' (Thai mango). However, such type of investigations are
not so far reported anywhere from India. In this backdrop, TBGRI has initiated virtual screening of plant derived
drugs used as antidotes for snake envenomation of five species of poisonous snakes commonly distributed in
India.
Phospholipase A2, a hemolytic protein which is found in the venom of all the five common poisonous snake
species in India was selected as a target protein and plant derived molecules such as 2-dihydroxy 4-methoxy
indicusR. Br. and 5-hydroxy 7,8-dimethoxy flavon from Andrographis
benzoic acid from Hemidesmus
paniculata
(Burm. f.) Wallich ex Nees
were selected as the ligand molecules and docking of these molecules were
done using the tool Autodock 1.5.4.
The results indicate that both the plant derived compound have significant
H.indicuswas reported to have anti-viper
inhibitory effect. It is noteworthy to note that the crude root drug of
venom activity (Alam, et al
. 1996) but the docking results between Phospholipase A2 isolated from the five
different snake species [O. hannah Cantor
(King Cobra) - PDB ID : 1GP7, N. naja L.(Indian Cobra) - PDB ID :
1A3D, D. rusellii Shaw & Nodder
(Russell's Viper) - PDB ID : 1Q7A, B. caeruleus Schneider
(Krait) - PDB ID
: 1DPY and E. carinatus Schneider
(Saw-scaled Viper) - PDB ID : 1OZ6]with 2-hydroxy –4-methoxy benzoic
acid, the active compound from H. indicus
revealed that the compound has more inhibitory effect to Indian Cobra
venom. These investigations indicate the possibility of the discovery of novel lead molecules through virtual
screening of plant derived drug molecules.
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Comparative Modeling
for protein structure
prediction

C

omputers have influenced all aspects of
our daily life and science is no
exception. Recent advancement in
computer hardware, its accessibility and the
Rossy Scaria* and R.Keshavachandran
explosive development of its software base,
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have made computers vital research tools. The
computer graphic tools can generate molecular
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models from rough sketches, display molecular
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surfaces and charges, inspect these models, and
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manipulate them in three dimensions.
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Functional characterization of a protein
sequence is one of the most frequent problems
in biology. This task is usually facilitated by accurate three dimensional structure of the studied protein. In the
absence of an experimentally determined structure, comparative or homology modeling can provide a useful three
dimensional model for the protein.
Comparative modeling allows to build a three dimensional model for a protein of known amino acid sequence,
but unknown structure, using another protein of known sequence and structure as a template. Comparative modeling
relies on the identification of one or more known protein structures likely to resemble the structure of the query
sequence and on the production of an alignment that maps residues in the query sequence to residues in the template
sequence. Model building by homology is a multi step process and the method of comparative modeling can be
divided into two main divisions, viz the study of large molecules such as proteins, enzymes, polymers etc. and the
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study of small molecules such as water, drugs etc. The first step in the modeling of protein or enzyme is the
identification of similar sequences (templates). A template is a homologous protein with known experimental protein
structure. The first parameter to pay attention to in template identification is the percentage of sequence identity
between target protein and the template. Evolutionarily related proteins have similar sequences and naturally
occurring homologous proteins have similar protein structure. It has been shown that three dimensional protein
structure is evolutionarily more conserved than expected due to sequence conservation. Comparative protein
modeling requires at least one sequence of known three dimensional structure (template) with significant similarity to
the target sequence. The accuracy of the predictions by comparative modeling depends on the degree of sequence
similarity. If the target and the template sequence have similarity more than 50% of their sequences, predictions are
reliable of very good to high quality and have been shown to be as accurate as low-resolution X-ray predictions. For
30–50% sequence identity, more than 80% of the C alpha-atoms can be expected to be within RMSD 3.5 A ° of their
true positions, while for less than 30% sequence identity, the prediction is likely to contain significant errors. In
general, 30% sequence identity is required to generate a useful model. When a template is found, the alignment of
target sequence with template sequence is performed to know the degree of similarity between target protein and the
template.The quality of the homology model will depends on the quality of the sequence alignment and template
structure. If there is enough similarity between the target and template then, then homology model building can be
carried out. Comparative model building includes either sequential or simultaneous modeling of the core of the
protein, loops, and side-chains. Finally the analysis of the homology model, can be done because a detailed
verification is essential when trying to derive new information from the model, either to interpret or predict
experimental results or plan new experiments.

Modeling of isozyme Lactate dehydrogenase Solanum tuberosum
Oxygen is indispensable to plants for metabolism and growth. Plants can be subject to oxygen deficiency
soon after a strong rainfall, since the soil usually becomes flooded for a short or longer period. In order to tolerate
hypoxic stress, plants may further undergo biochemical and metabolic changes. Under oxygen deficiency,
glycolysis and fermentation can exceed the aerobic metabolic rate and become the only pathway for energy
production. The main products produced by plants under O2 deficiency are ethanol, lactate and alanin, all
originating from pyruvate. The formation of ethanol and lactate enable the regeneration of reduced coenzymes
and the generation of ATP. Lactate formation is correlated with acidification of the cytoplasm, which is a
characteristic feature of the response of many plant tissues to oxygen deprivation. Lactate Dehydrogenase
isozyme (LDH) catalyses the interconversion of pyruvate to lactate. Thus the possibility of excessive production
of lactic acid is controlled by the response of Lactate dehydrogenase to ATP. LDH occurs in all green plants
ranging from flowering plants to mosses. In higher plants the enzyme has been found in achlorophyllous tissues
Solanum tuberosum
such as potato tubers. The presence of this enzyme in the tubers of
is well known but the
structure is not available for further study. The protein model of LDH of Solanum tuberosum
which was
constructed from its amino acid sequence by comparative modeling method using Accelrys
Discovery Studio,
which is an automated tool for comparative protein structure modelling. (Fig 1)
Modeled protein can be visualized in a variety of ways to explore the structural features like secondary structures, (Fig 2), back bone conformations, intermolecular interactions like hydrogen bonds, disulphide bonds, ligand
binding domains etc. The image below displays the predicted secondary structural elements of the modeled LDH.
This model provides further insight into the structural features for the functional attributes. Structure
validation tests were carried out using the PROCHECK modalities. Calculated values were referenced with
respect to the reported mean standard values.
Molecular modeling is one of many new tools that are contributing to protein structure prediction studies.
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Fig 1. The modeled structure of LDH from Solanum tuberosum

Modeling not only saves time but also helps detailed insilico study of macromolecule structures and provides an
effective means of exploring the conformational space available to a target sequence. It helps to visualize and to
predict the structure, properties, interactions and reaction mechanisms of the molecule. Model build by Homology
modeling can provide the molecular biologists and biochemists with "low-resolution" structures, as it contain
sufficient information about the spatial arrangement of important residues in the protein. Homology modeling in

Fig 2:Secondary structure elements are shown. (Alpha helix shown in red color and beta sheets in blue color)

its way of predicting the structure and thus the function, revolutionize the fields such as medicine, molecular
biology and agriculture.
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Micro RNAs:
Are they driving
evolution?

T

he science of biology is intimately linked
to the concepts of time. Biologists
believe that the great diversity of life on
earth, with vast diverse amount of life forms
such as bacteria, algae, plants, animals etc are
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time. It is believed that life first originated on
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the earth some 4 billion years ago. So we can
see that there has been a long journey from the
first life form to the Homo sapiens, the most
intelligent creature on earth now. This long journey of life, which caused the man to evolve to the most modern
creature on earth, is what we call as evolution which had occurred in different pace in different group of
organisms, during different time. The fossil records are the evidences will provide us with an evidence for this
variability in the pace of evolution and evolutionists are very much interested in the factors that account for it.
The concept of evolution has been well explained by Charles Darwin's natural selection theory. According to
the theory adaptation resulting from the evolutionary changes increases the likelihood of survival and
reproduction by an organism in a particular environment. In essence Darwin's explanation of evolution, shows
that, adaptation by natural selection, is responsible for evolutionary changes within a species (micro evolution)
and the accumulation of these changes leads to the development of new species (macro evolution).
Molecular evolution; the process of evolution at the scale of DNA, RNA & proteins, is gathering much
importance, as molecular evolutionists are trying to construct the evolutionary histories of genes and organisms
by means of molecular phylogenetics. This is of very much importance in the study of molecular evolution, as
phylogenetics information is essential for determining the order of changes in molecular characters and their
causes. Molecular evolution has been well studied with the help of molecular clock, which is a technique which
uses fossil constraints and rates of molecular change to deduce the time in geologic history when two species or
other taxa diverged. The molecular data used for estimating the time of occurrence of events is usually nucleotide
sequences for DNA or amino acid sequences for proteins.
We can evidently see that the earth's flora and fauna has undergone changes in an unfathomed manner
starting from an essentially static system billions of years ago to the one what we find today, a dynamic and
amazingly complex system. Within this time period, enormous changes has happened on our earth, including
flourishing of diverse life forms starting from the single-celled bacteria to the most advanced and complex
creature, the human beings. The earliest forms of life have had a very few organized nucleic acid sequences and
as we believe that all living organisms arose from a single ancestor, the many thousands of different functional
genes in modern organisms must have arisen from these few ancestral genes. Then arises the question, “how this
could have happened”? The possible answer for this question would be “gene duplication”. Gene duplication may
involve part of a gene, or single gene, part of a chromosome, or an entire chromosome or the whole genome. The
two identical copies of a gene produced by gene duplication may retain their original function, and as a result, the
organism produces larger quantities of their RNA or protein products. Alternatively, one copy may become
inactive by the accumulation of deleterious mutations and become a functionless pseudo gene. These pseudo
VOL 6

DECEMBER 2010

23

BIOBYTES
genes, when got accumulated, forms the so called junk DNA, which includes most of the sequences, within the
introns and most intergenic DNA. But recent studies have shown that, these junk DNA is not actually junk and
have various regulatory roles, regulating the gene expression. Thus major leaps in evolution can be explained by
genes acquiring new functions rapidly in a relatively short span of time. Genetic material once dismissed as mere
junk might have effected the evolution of simple invertebrates into more complex organisms.
Meanwhile, another idea viz. is gaining momentum- namely changes in gene regulation rather than in gene
themselves, have driven some of the major evolutionary leaps is gaining momentum. Recent studies suggests that
even though genome duplication is important for creating new genes on an ongoing basis, large structural/
functional developments also require major regulatory changes that affect whole gene network.
A recent study shows that there are at least 3 crucial drivers of genomic evolution. Micro RNAs (miRNAs)
are thought to be one among these 3. The first drivers are protein encoding genes themselves and are said to be at
the heart of evolutionary progress, as evolution has created organisms with radically different appearances and
functional components. The second drivers are micro RNAs which play crucial role in regulating gene expression
by regulating the activity of mRNAs. The third one are the other non-coding regions of genome, that make up the
so called cis-regulatory network, which controls the production of mRNA and thereby, production of proteins.
But how these 3 mechanisms interacts, is not fully known. However some of the basic principles concerning
the role of miRNA in regulating the production of mRNA and proteins have been brought to light. Many studies
have highlighted the importance of miRNAs in turning on/ off a particular pathway. The implications of this is
that, the emergence of miRNA coupled with cis-regulatory elements has introduced a more effective mechanism
for managing and co-ordinating pathways, which in turn allowed more complex systems and structures to evolve.
Micro RNAs are non-coding RNAs seen in the intergenic and intronic regions of the genome of almost all
organisms, except in prokaryotes. Scientists have long wondered when these tiny snippets of molecules first arose
during evolution. First discovered in 1993 in Caenorhabditis elegans, they are strands of RNA that are 21- 25
nucleotides in length, that mutes the gene expression by tapping the mRNA before it can turn the cellular crank
that translates a gene into a protein. MicroRNAs are affecting majority of the protein-coding genes either at the
functional level or at the evolutionary level. The ability of the microRNAs to repress the gene expression may
have evolved from a more ancient defense against viruses, bacteria and other genetic elements that can alter the
host DNA.
Studies have found that miRNAs were available to regulate and shape gene expression as far as we can go back
in evolution, i.e., they were found to be present in animal species, whose last common ancestors were present on
earth about 1 billion years ago. Scientists had already found microRNAs in sponges (the most primitive organisms
having radial symmetry) and also in bilaterians (having bilateral symmetry). Thus it becomes clear that all the
species, from the human beings (the most advanced eukaryotes) to the sponges (the most primitive eukaryotes) have
microRNAs. It could be imagined that if a simple cell like sponge acquires microRNAs, this additional mode of gene
regulation increases the possibility of evolving into something more complex.
Researchers explain how the gene expression buffering function could be a more likely explanation for the
emergence and persistence of miRNAs through out evolution, as they act in stabilizing the entire transcriptome,
rather than fine-tuning mean gene expression here and there. An alternative explanation is that, the complexity of
the modern organisms, were brought out due to the control of gene expression rather than bulk addition of new
ones, which simply means, redeploying the existing personnel in new and ground- breaking ways. Another
explanation is that, miRNAs probably began life through a process known as exaptation, where by regions of noncoding DNA acquire function by interacting with trans- acting factors, within the genome. (A trans-acting factor is
a DNA sequence normally containing a gene which codes for RNA/ protein that in turn acts on another part of the
genome).
24
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Many recent studies compare the gene regulation of miRNAs between insects and vertebrates and thus allow
insights into the importance and function of miRNAs across huge evolutionary scales, suggesting their role in
shaping the diversity of life. These studies also point out that the presence or absence of miRNA doesn't merely
generate a novel phenotype, but it simply tweaks what other genes do- and also without miRNA, some genes'
expression becomes sloppy. The evolution of higher organisms therefore must have required the generation of
new gene expression networks, particularly involved in functional development. MicroRNAs and cis- regulatory
elements may well be the regulatory partners, involved in these developments employing non- functional, noncoding regions of the genome as the raw material. If that is the case, then there is plenty of scope for further
evolution, as most of the genome in higher organisms is made up of non-coding DNA- the so called “junk DNA”.
So it may be emphasized that, it is not just the gene that matters, but how it was manipulated decides the
difference between the species. Since miRNAs plays a key role in turning on/off the genes, they play a crucial
role in the evolution. Further research needs to be done, to establish whether miRNAs enabled major evolutionary
leaps, but there is growing evidence that they at least, played a significant part in driving the evolutionary process,
by keeping its reputation as DNA's faithful sidekick.

References:
1.

Grimson, A., Srivastava, M., Fahey, B., Woodcroft, B. J., Chiang H. R.., King, N., Degnan, B. M., Rokhsar
D. S., Bartel, D. P. 2008. The early origins and evolution of microRNAs and piRNAs in animals. Nature.455:
1193-1197

2.

Heimberg, A.M., Sempere, L. F., Moy, V. N., Donoghue, P. C., Peterson, K. J. 2008.MicroRNAs and the
advent of vertebrate morphological complexity. Proceedingsof the National Academyof Science.
DOI:10.1073
/pnas.0712259105.

3.

Farh, K. K. H., Grimson, A., Jan, C., Lewis, B. P., Johnston, W. K., Lim, L. P., Burge, C. B., Bartel, D. P.
310:
2005. The widespread impact of mammalian microRNas on mRNA repression and evolution. Science.
1817-1821.

4.

Hunter, P. 2008. The great leap forward. EMBO reports,
Vol 9: No. 7.

5.

Furnham, N., de Bahher, P.I.W., Gore, S., Burke, D.F. and Blundell, T.L.2008.Comparative modelling by
restraint – based conformational sampling. BMC Structural Biology,
8:7

VOL 6

DECEMBER 2010

25

BIOBYTES

From

Here &
There

J Chemical Sciences
122, 97–107 (2010)

Emerging trends at the interface of Chemistry and Biology:
Applications to the design of human therapeutics
SANTANU BHATTACHARYA AND RAGHAVAN VARADARAJAN
sb@orgchem.iisc.ernet.in varadar@mbu.iisc.ernet.in
This article describes recent developments in the design and implementation of various strategies towards the
development of novel therapeutics using first principles from biology and chemistry. Strategies for multi-target
therapeutics and network analysis with a focus on cancer and HIV are discussed. Methods for gene and siRNA
delivery are presented along with challenges and opportunities for siRNA therapeutics. Advances in protein
design methodology and screening are described, with a focus on their application to the design of antibody based
therapeutics. Future advances in this area relevant to vaccine design are also mentioned.
Science in School,
11, 70-76 (2009)

Biological crystals: at the interface between physics, chemistry and biology
DOMINIQUE CORNUÉJOLS
www.scienceinschool.org
'Crystal' is not a word that immediately comes to mind when thinking about biology. Crystals are better known as
magnificent representatives of the mineral world. Gemstones, the shining stars of the underground world, have
fascinated us since time immemorial, and the most famous of them, the diamond, has become the symbol of both
hardness and eternity.On the contrary, most biological tissues are soft, and everyone knows that life is not eternal.
However, it is possible to isolate the molecules of life, such as proteins, and grow biological crystals from them in
the lab. The study of such artificially grown biocrystals has driven – and is still driving – an entire discipline
known as macromolecular crystallography.
Pure Appl. Chem.,
Vol. 79
, No. 12, 2263–2268, (2007)

Science at the interface of chemistry and biology:
Discoveries ofa-glucosidase inhibitors and antiglycation agents
ATTA-UR-RAHMAN, M. IQBAL CHOUDHARY, FATIMA Z. BASHA, GHULAM ABBAS,
SHAMSUN NAHAR KHAN, AND S. ADNAN ALI SHAH
Diseases are manifestations of complex biological processes in living systems. Through the applications of
molecular biology and genetics, many diseases are now understood at the molecular level. This has provided
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researchers opportunities to develop lead molecules with the capacity of blocking a particular disease mechanism.
Diabetes is a complex metabolic disorder, characterized by hyperglycemia. The first objective of antidiabetic
chemotherapy is to achieve normal glycemic index. Recently, major discoveries have been made to understand
how the disease progresses and manifests its complications. We have used this growing understanding to work
toward discovery of effective á-glucosidase inhibitors and antiglycation agents of natural and synthetic origins.
Reliable bench-top biochemical assays were employed, and several new molecular entities were studied with
reference to their structure–activity relationships.
Nature Chemical Biology
2, 288 - 292 (2006)

A century at the chemistry-biology interface
JENNIFER J KOHLER
jjkohler@stanford.edu
The field of chemical biology is now hitting its stride. Chemical biologists have developed essential tools that are
being used to illuminate complex cellular events. The application of chemical principles to biological phenomena
has revealed new opportunities for drug discovery.
Trends in Cell Biology,
9, M24-M28, (1999)

Opportunities at the interface of chemistry and biology
ANDREW B MARTIN AND PETER G SCHULTZ
The combination of the tools and principles of chemistry, together with the tools of modern molecular biology,
allow us to create complex synthetic and natural molecules, and processes with novel biological, chemical and
physical properties. This article illustrates the tremendous pportunity that lies at this interface of chemistry and
biology by describing a number of examples, ranging from efforts to expand the genetic code of living organisms
to the use of combinatorial methods to generate biologically active synthetic molecules.
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24th November, 2010

Dear Coordinator,
As you all are kindly aware that the initiatives of Bioinformatics in India will be of 25th
years in 2011. To mark this special and splendid occasion the Department of Biotechnology is
organising a symposium followed by the BTISnet Coordinators meeting during 02nd to 04th
February, 2010 at Pondicherry University, Pondicherry. I would also like to mention here that
as decided earlier in the previous Coordinators Meeting the venue of Coordinators Meeting
has been shifted from Goa to Pondicherry due to unavoidable reasons and the Bioinformatics
Centre at Pondicherry University, Pondicherry has gracefully accepted to organise this
meetings. The Symposium will be organised on 2nd February, 2011. The intimation regarding
the Symposium and agenda of the meeting would be circulated shortly.
You are requested to make it convenient to participate in the meeting and also to be a
part of these events to make them successful and memorable. The expenditure incurred for
your travel for this meeting to be met out from the budget released by DBT to your Centre.
Please also note that you have to travel as per your entitlement and if you are travelling by air
you may have to avail lowest economy class fares available for your travel only by Air India as
per the Govt. instructions.
Similar to previous years a proceeding of the meeting would also be brought out for
which you are requested to send a two page write up stating important activities of your
Centre during the year 2010-11 and also mention the proposed activities of 2011-2012. These
inputs are to be sent directly to Prof. P. P. Mathur, Coordinator, Bioinformatics Centre,
Pondicherry University, R. Venkataraman Nagar, Kalapet, Pondicherry – 605 014
(pondiuniv.btisnet@nic.in) Phone: 91-413-2655212 latest by 10th January, 2011. The Contact
details are given below for your reference.
Prof. P.P.Mathur,
Coordinator, Bioinformatics Centre,
School of Life Sciences,
Pondicherry University, Pondicherry – 605011
e-mail: pondiuniv.btisnet@nic.in
Contact :91-413-2655212, 0944336811
Fax : 91-413-2655211/2655265

Mannu Jayakanthan,
School of Life Sciences,
Pondicherry University,
Pondicherry – 605014
Contact: 91-413-2655212, (M)09843696114
Fax: 91-413-26655211/2655265

Please acknowledge the receipt of this mail. If any clarification please feel free to interact
with us.
Yours Sincerely
(Dr. Gulshan Wadhwa)
Copy to all Coordinators BTISnet
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