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Development of Dengue Knowledge Base

A web resource cum database on Dengue viral disease
Delhi Technological University, Delhi, India

ABSTRACT

With the advent of technology an exponential growth in biological information has been
observed. Bioinformatics has played a significant role in integrating, storing and analyzing the
biological information. In the era of modern science when scientific research became highly
interdisciplinary and collaborative, the researchers seek for Internet resources that would allow
them to find and useful information in fast and efficient manner. And databases lie at the core of
data management and offer scientists the opportunity to access information efficiently.

Dengue Knowledge Base is a web resource cum database on Dengue Viral Disease that
provides a comprehensive and unified access to information regarding various aspects of the
Dengue virus and the disease in a user-friendly way. It is developed using SQL (database
development technology) and Dot net framework (web resource development technology).

Dengue infection is a burgeoning menace that ails tropical and sub-tropical countries and India is
one of the top rankers in the list! The global prevalence of Dengue has grown dramatically over
the last decades in tropical and sub-tropical regions around the world.

Features:
e To make the access more user-friendly and comprehensive, the Search section provides
the integrative links to navigate through the entire database driven website.
The Advanced Query section allows to access the quick and relevant information on the
protein’s attributes as molar extinction co-efficient, isoelectric point, charged , acidic,
basic, polar and hydrophobic amino acid profile.

Moreover, it is a repository of relevant information (taking into account all four serotypes of
virus) as:

» Virus morphology, severity, pathogenesis, disease manifestations and its control and
management.
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» Genome wise gene prediction in all reading frames.

» Protein Sequence Computational Analysis Data including :

Primary structural details(amino acid composition, molar extinction co-efficient, isoelectric
point, charged , acidic, basic, polar and hydrophobic amino acid profile etc.).

Secondary structural details(Residue wise probability of alpha, beta and turns regions,
Surface Probability, Antigenic Index, Flexible Regions, Alpha and Beta, Amphipathic
Regions etc.), Titration Curves

Conserved regions

Epitopes

> Literature reviewed host-virus protein- protein interactions
» Crystallographic protein structures deposited in PDB
» Drug targets.

> Plants metabolites acting as anti viral agents.

All the data are linked with Genbank (NCBI) files, the Protein Data Bank (PDB), the Kyoto
Encyclopaedia of Genes and Genomes (KEGG), the primary literature, such as publications
found in PubMed or other sequence or structure servers for references.

In a nutshell, useful information on Dengue Viral disease can be retrieved from the Dengue
Knowledge Base and its development provides an opportunity to have insights into various
aspects of Dengue viral disease on one platform in an organized and user-friendly manner. Till
now, there does not exist any database or web resource that unifies such vast information on the
same.




INTRODUCTION
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OBJECTIVE : Development of Dengue Knowledge Base-A web resource cum
database on Dengue viral disease

With a vision to develop a database driven web-resource on Dengue viral disease that includes
literature reviewed data on various aspects of dengue viral disease as well as computational
analysis of DENV (taking into account all serotypes) genome and protein sequences, DENGUE
KNOWLEDGE BASE has been developed.

“Computational biology is part of a larger revolution that will affect how all of science is conducted. This
larger revolution is being driven by the generation and use of information in all forms and in enormous
guantities and requires the development of intelligent systems for gathering, storing and accessing
information. -

In the last two decades as a consequence of development of rapid DNA sequencing techniques,
the concomitant progress in computer based technologies has enabled molecular biologists in
general and bioinformaticians in particular to cope with this information deluge. The emergence
of bioinformatics is a phenomenon that promises to revolutionize people’s lives through
breakthroughs such as facilitating the creation of new drugs to treat diseases. The field of
bioinformatics represents the convergence of biological data and computer technology that is
necessary for the acquisition, management, and analysis of large-scale biological data. Most
definitions of bioinformatics are similar to that offered: “Bioinformatics is the use of

computational techniques for the consolidation and analysis of experimental data in biology.”
(Moody and Glyn ,2004)

TOPIC OF DATABASE DEVELOPMENT-DENGUE VIRAL DISEASE

The Dengue virus is a member of the virus family Flaviviridae. The virus is transmitted to
humans by the mosquitoes Aedes Aegypti and Aedes Albopictus. The incidence of dengue fever
(DF), dengue hemorrhagic fever (DHF), and dengue shock syndrome (DSS) are rapidly
increasing, and more than 2.5 billion people live in regions endemic for the disease. Presently
approximately 50-100 million cases of DF occur yearly with more than 500,000 resulting in
severe and potentially fatal forms of the disease (DHF & DSS) (Halstead et al, 2007).

Several factors contribute to the threat posed by dengue. Most significant are lack of cross-
reactive immunity for the four DEN serotypes (DEN-1, DEN-2, DEN-3, and DEN-4), hyper
endemic circulation of the four different serotypes in the same geographical area, frequent
worldwide travel, high population density, and lack of effective mosquito control programs.
Other socioeconomic factors only amplify the challenge of dengue control(Harris et al, 2000).

Dengue virus is now believed to be the most common arthropod-borne disease in the world. DHF
(Dengue hemorrhagic fever) and DSS (Dengue shock syndrome) are severe forms of dengue
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virus infection leading to morbidity and mortality. Dengue virus are enveloped and contain a
single, positive sense RNA genome of about 11kb that encodes a large polyprotiens precursor.
Co- and post- transcriptional processing gives rise to 3 tructural and 7 non structural proteins,
encoded by genes in order (from 5’ to 3°) .

THE DENGUE KNOWLEDGE BASE:

The Dengue Knowledge Base is a biological data consortium on Dengue virus and based on the
collection of concepts related to it as its morphology, pathogenesis, manifestations, control and
management, treatment etc. As well as, a detailed insight into its proteins is encompassed.

The primary literature, such as publications found in PubMed and published by researchers and
clinicians in the field of biology, biotechnology, biochemistry, bioinformatics, proteomics,
genomics etc forms the base of the Dengue Knowledge Base. There is a large volume of related
articles published daily from which relevant text has been captured effectively allowing the user
to have a unified access.The Genome sequences and the structural and non-structural proteins
sequences of all serotypes of Dengue (retrieved from NCBI) were analyzed for their properties
mentioned aforesaid. It aims to provide a structured collection of information about Dengue virus
as:

Genome wise gene
Protein Sequence Analysis Data including prediction in all

readina frames
» Primary structural details(amino acid Virus morphology, severity,
composition, molar extinction coefficient, pathogenesis, disease manifestations
isoelectric point, charged , and its control and management

acidic, basic, polar and hydrophobic
amino acid profile etc.). Literature reviewed host-virus

protein- protein interactions

» Secondary structural details(Residue

wise probability of alpha, beta and turns Crystal structures of proteins
regions, Surface Probability, Antigenic deposited in PDB.

Index, Flexible Regions, Alpha and

Beta, Amphipathic Regions etc.),

Titration Curves Drug targets (Viral
proteins and host cellular

» Conserved regions enzymes) _ . _
Plants metabolites acting as anti

> Epitopes viral agents.
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Fig. 1 A peep-in view of features of Dengue Knowledge Base.

ORGANIZATION

The organization of the Dengue Knowledge Base can be summed up as:

Primary online published

literature  (based on
Analysis of the Genome scientific experimentati-
sequences and the on and high- throughput
structural and non- technology) associated to
structural proteins Dengue  virus  and
sequences of all infection. l
serotypes of Dengue

(retrieved from NCBI) . Relevgnt mformaugn
extraction, aggregation

and integration

DENGUE
KNOWLEDGE BASE

Fig.2 Structure of Dengue Knowledge Base
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F EATURES

A snapshot of what areas related to Dengue has been covered in the Dengue Knowledge Base is
summed up as under:

S.No. Feature in Description
Database

Dengue-paedia Can be termed as encyclopaedia of Dengue virus and
the infection caused by it. It covers topics as:

e Virus Morphology(Virus genome structure,
Replication of virus)

Virus Pathogenesis( Immune response
generated by humans upon infection)

Disease Manifestation (DHF,DF)
Organ pathology
Control and management of disease

Epidemiology of disease

Host-Virus It encompasses the known interactions between
Interaction host(human as well as mosquito) and the virus at
genetic level.

105 human-virus and 65 mosquito-virus interaction
has been illustrated.

The gene information can be retrieved from the
Genbank(link provided)

Herbal-Shot This feature puts forward all the literature reviewed
plant metabolites that are known to be anti-Dengue.

Plants acting as viral-inhibitors as well as larvacidal
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are described.

More information about the compound can be
retrieved from PubChem(link provided).

Plant information can also be retrieved from the Plant
database (link provided).

Predicted Genes The genome sequences of all serotypes of
virus(DENV-1, DENV-2, DENV-3 and DENV-4)
have been analyzed to predict genes in all six reading
frames and also their corresponding protein sequences.

Protein Analysis The Protein sequences of all serotypes of
virus(DENV-1, DENV-2, DENV-3 and DENV-4)
have been analyzed for:

e Primary structural  details(amino  acid
composition, molar extinction coefficient, iso-
electric point, charged ,acidic, basic, polar and
hydrophobic amino acid profile etc.).
Secondary structural details(Residue wise
probability of alpha, beta and turns regions,
Surface Probability, Antigenic Index, Flexible
Regions, Alpha and Beta, Amphipathic
Regions etc.),

Titration Curves,
Conserved regions,
Epitopes

Protein Structure ~ The Crystal structures of proteins can be accessed
PDB links. from here.

Titration curve Titration curve of each protein can be accessed
through this section.
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Search and
Advanced search

These sections provide an interface from where the
user can get options to retrieve desired information

and navigate through the entire database driven web-

resource.

COMPUTATIONAL RESOURCES USED:

The data collection, extracting information and analysis and interpretation employed a number of
computational tools. They are summed as under:

Table.2 List of computational resources used in present work

COMPUTATIONAL
RESOURCES

PURPOSE OF USE IN PRESENT WORK

NCBI (Gene, Genome, Protein)

(NCBI)PubMed

(NCBI) CDD (Conserved
Domain Database by NCBI)

Chemgenome 3.0

Protean (DNASTAR’s
Lasergene Core Suite version
10.1)

Protein Data Bank

Immune Epitope Database and
Analysis Resource

PubChem

Microsoft Visual Studio 2010
Microsoft SQL 2005
Tropicos

To retrieve Dengue virus genome and protein
sequences.

To access research papers to extract relevant
information on various aspects of Dengue virus
and infection as well as other associated
information

To predict conserved domains in of proteins
encoded by Dengue virus genome.

To produce and interpret structural annotations
for the viral genome of Dengue virus.

To predict and annotate the structural character
of proteins encoded by Dengue virus genome.

To access the known crystallographic structures
of proteins encoded by Dengue virus genome.

To predict B-cell and T-cell Epitopes.

To access chemical properties and structure of
compounds showing anti-Dengue activity.

To develop web resource.

To develop database.

To access information on plants acting as anti-
Dengue agents.




REVIEW OF LITERATURE
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chhaptexr— 1

1.1 DATABASES:

The history of computing in biology goes back to the 1920s when scientists were already
thinking of establishing biological laws solely from data analysis by induction. However, only
the development of powerful computers and the availability of experimental data that can be
readily treated by computation (for example, DNA or amino acid sequences and three-
dimensional structures of proteins) launched bioinformatics as an independent field. Today,
practical applications of bioinformatics are readily available through the World Wide Web, and
are widely used in biological and medical research (Waterman and Michael S.,1995). Three key
areas are

e The organization of knowledge in databases,

e Sequence analysis and

e Structural bioinformatics.

Computer systems Bioclogical systems

| BIOINFORMATICS

Fig.3 Bioinformatics schematics

1.2 BIOLOGICAL DATABASES
Biological databases are libraries of life sciences information, collected from scientific

experiments, published literature, high-throughput experiment technology, and computational
analyses. Biological knowledge is distributed amongst many different general and specialized
databases. This sometimes makes it difficult to ensure the consistency of information. Integrative
bioinformatics is one field attempting to tackle this problem by providing unified access.
Biological database design, development, and long-term management is a core area of the
discipline of bioinformatics (Johnson et al, 2004). Data contents include gene sequences, textual
descriptions, attributes and ontology classifications, citations, and tabular data. These are often
described as semi-structured data, and can be represented as tables, key delimited records, and
XML structures. Biological raw data are stored in public databanks (such as Genbank or EMBL
for primary DNA sequences). The data can be submitted and accessed via the World Wide Web.
Protein sequence databanks like trEMBL provide the most likely translation of all coding



http://en.wikipedia.org/wiki/Integrative_bioinformatics
http://en.wikipedia.org/wiki/Integrative_bioinformatics
http://en.wikipedia.org/wiki/Bioinformatics
http://en.wikipedia.org/wiki/Ontology_(information_science)
http://en.wikipedia.org/wiki/Structured_data
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sequences in the EMBL databank. Sequence data are prominent, but also other data are stored,
e. g. yeast two-hybrid screens, expression arrays, systematic gene-knock-out experiments, and
metabolic pathways.

1.3 FUNCTIONALITY OF DATABASES:

The stored data need to be accessed in a meaningful way, and often contents of several
databanks or databases have to be accessed simultaneously and correlated with each other.
Special languages have been developed to facilitate this task (such as the Sequence Retrieval
System (SRS) and the Entrez system). An unsolved problem is the optimal design of inter-
operating database systems. Databases provide additional functionality such as access to
sequence homology searches and links to other databases and analysis results. For example,
SWISSPROT contains verified protein sequences and more annotations describing the function
of a protein. Protein 3D structures are stored in specific databases (for example, the Protein Data
Bank, now primarily curated and developed by the Research Collaborators for Structural
Bioinformatics). Organism specific databases have been developed (such as ACEDB, the A C.
Elegans DataBase for the C. elegans genome, FLYBASE for D. melanogaster etc). A major
problem are errors in databanks and databases (mostly errors in annotation), in particular since
errors propagate easily through links.
Also databases of scientific literature (such as PUBMED, MEDLINE) provide additional
functionality, e.g. they can search for similar articles based on word-usage analysis. Text
recognition systems are being developed that extract automatically knowledge about protein
function from the abstracts of scientific articles, notably on protein-protein interactions.
Information from various sources explicitly presented in the form of biological databases is
generally maintained by many institutions. They vary widely in their content, format and access
method (Kihler2004). Biological data are being deposited in a database and the need for data
analysis has made molecular biology databases vital tools for research. Although several
databases are reported in literature, many researchers are not aware of their availability and these
databases were not effectively utilized.

Interfaces to Molecular Biology databases aim at overcoming the following obstacles: Limited
data awareness, complex data retrieval, limited data analysis tools availability, limited literature
reference availability.

I,

User Web server Database server

web page '

Fig.4 Schematics of Biological databases: Biological databases often have web interfaces, which
allow users to send queries to the databases
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Chapter-2

2.1 DENGUE VIRUS

Dengue virus is the most widespread vector borne viral disease of humans. DHF (Dengue
hemorrhagic fever) and DSS (Dengue shock syndrome) are severe forms of dengue virus
infection leading to morbidity and mortality (Sittisombut et al, 1997).

Four dengue virus serotype exists, and DHF/DSS occur almost in patients who are re-infected
with a different virus serotype. Globally it is estimated that approximate 50 to 100 million
dengue virus infections occur annually (Freedman DO et al, 2006). Among these there are
200,000 to 500,000 cases of potential life threatening DHF & DSS, characterized by
thrombocytopenia and increased vascular permeability. The death rate associated with more
severe forms DHF/DSS is approx 5% predominantly in children under the age of 15, and now in
adults also.

2.2 DENV CLASSIFICATION

DENV belongs to the family Flaviviridae, genus Flavivirus, and is transmitted through the
mosquito vector Aedesaegypti. Flaviviruses are enveloped, positive-stranded RNA viruses.
DENYV shares the Flaviviridae classification with eight other viruses with similarities in both
structural and non-structural (NS) proteins. Other family members include: Aroa virus, Japanese
encephalitis, Kolobera virus, West Nile virus, and Yellow fever virus. DENV also belongs to a
larger heterogeneous group of viruses transmitted by insect vectors, called arboviruses. For these
viruses, the transmission to vertebrate hosts is dependent on arthropod vectors, which for DENV
is Aedes aegypti. Currently about two thirds of the world population live in areas with Aedes
aegypti (Pinheiro and Corber, 1997).

2.3 EPIDEMIOLOGY OF DISEASE

The first cases of Dengue Fever (DF) were recorded In 1779 in Batavia, Indonesia, and Catro.
For the past 200 years, pandemics have been recorded. In tropical and subtropical climates at 10
to 30 year intervals. In 1944, Albert Sabin successfully isolated the virus that causes DF and
found that belonged to the Flaviviridae virus family.
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Fig.5 Dengue affected regions (courtesy: CDC, Health map)

Dengue virus infection is the most common arthropod-borne disease worldwide with an
increasing incidence in the tropical regions of Asia, Africa, and Central and South America.
There are four serotypes of the virus (Service, 1992).
The global prevalence of dengue has grown dramatically in recent decades. The disease is now
endemic in more than 100 countries in Africa, the Americas, the Eastern Mediterranean, South-
east Asia and the Western Pacific. South-East Asia and the Western Pacific are most seriously
affected. Some 2,500 million people - two fifths of the world's population - are now at risk from
dengue. It is estimated that there may be 50 million cases of dengue infection worldwide every
year (Guha et al 2006).

Ethnicity is nonspecific, but the disease's distribution is geographically determined. Fewer cases
have been reported in the black population than in other races

Significant outbreaks of dengue fever tend to occur every five or six years. The cyclicity in
numbers of dengue cases is thought to be the result of seasonal cycles interacting with a short-
lived cross-immunity for all four strains, in people who have had dengue (Weaver SC and Reisen
WK, 2010). When the cross-immunity wears off, the population is then more susceptible to
transmission whenever the next seasonal peak occurs. Thus in the longer term of several years,
there tend to remain large numbers of susceptible people in the population despite previous
outbreaks because there are four different strains of the dengue virus and because of new
susceptible individuals entering the target population, either through childbirth or immigration.

On the basis of disease occurrence and severity, countries have been categorised into:

+ CATEGORY-A (Indonesia, Myanmar and Thailand)
CATEGORY-B (India, Bangladesh, Maldives and Sri-Lanka)
CATEGORY-C (Bhutan and Nepal)

CTEGORY-D (Korea)
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2.4 DENGUE IN INDIA

DF has been recognized for many years m India, since the outbreak of dengue occurred in 1912
In Kolkata (Kennedy, 1912), the proportion of DHF or DF cases with hemorrhagic
manifestations has Increased In the last 5-6 years, all the states of the country have reported
outbreaks The onset of the disease occurs immediately after the monsoon season which varies in
duration from state to state, between July and November. The attack rates in the outbreaks
ranged from 20% to 80% of the population. In affected localities, all age-groups have been
affected by DF, and all the four serotypes of the virus have been isolated and are in circulation in
the country: more than one serotypes are commonly present during many of the outbreaks in
urban areas. The sero-positivity of localities affected by dengue can be quite high ranging from

8% to 91%(Victor et. al.. 2002).
Risk factors:

*Construction
activities

* Water storage
practice

*Population
movement

*Heavy rainfall

*VVector abundance

Fig. 6(a)Overview of Dengue effected areas in India and associated risk actors.

The first outbreak of dengue fever in India was recorded in 1812 (Jatanasen S and Thongcharoen
P,1993). In spite of preventive measures taken by the respective governments since then,
recurrent outbreaks have occurred, and over the last 10 to 15 years DF has been the major cause
of hospitalization and mortality after acute respiratory and diarrhoeal infections among children.
New Delhi, the capital of India located in the northern region of the country, experienced seven
major outbreaks between 1967 and 2003 (Broor et al, 1997, Gupta et al, 2005). Then in 2006
another major outbreak occurred with more than 11,000 reported cases and 165 reported fatal
cases. Data obtained from the World Health Organization (WHQO) exhibits the number of DF
cases reported in India from 1991 to 2008 as well as the annual reported fatality rate during this
period.
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Fig 6(b) DF reported cases and deaths in India from 1991 till 2010.

2.5 A. aegypti VECTOR FOR DISEASE

The primitive enzootic transmission cycle of dengue viruses involves canopy dwelling Aedes
mosquitoes and lower primates in the rain forests of Asia and Africa. Current evidence suggests
that these viruses do not regularly move out of the forest to urban areas (Rico-Hesse, 1990). An
epidemic transmission cycle may occur in villages or islands, where the human population is
small (Kittigui et al, 2007). Introduced viruses quickly infect the majority of susceptible
individuals in these areas, and increasing herd immunity causes the virus to disappear from the
population. A number of Aedes spp. may act as a vector in these situations, depending on the
geographic area, including A, aegypti and A, albopictus.

Fig.7 Aedes Aegypti mosquito- Vector for Dengue viral manifestation

The viruses are maintained in an A. Aegypti-human-A. Aegvpti cycle with periodic epidemics.
Often, multiple virus serotypes co circulate in the same city (hyperendemicity) (Service, 1992).
The vectors, A, aegypti and A. Albopictns, are widespread in India and their local densities can
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be quite high; however, the role of A. Albopictus has not yet been established (Victor et al.,
2002). Most of the DF and DHF outbreaks have occurred in localities where the larval house
index was more than 20%. There is no regular vector surveillance and control programme in
India.

Mosquito feeds / Mosquito refeeds /
acquires virus transmits virus

l.q— ExXtrinsic ——jp | oe=Ntrinsic ———je.
incubation incubation

) ) period period ) ]
Viremia Viremia
v

0 4 5 ag 20 = 24 aza’
\ Hiness —/ k lHiness /

Human #1 Human #2
Fig. 8 Transmission of disease.

2.6 DENV GENE EXPRESSION:

The virion RNA is infectious and serves as both the genome and the viral messenger RNA. The
whole genome is translated into a polyprotein, which is processed co- and post-translationally by
host and viral proteases. Dengue virus are enveloped and contain a single, positive sense RNA
genome of about 11kb that encodes a large polyprotiens precursor. Co- and post- transcriptional
processing gives rise to 3 structural and 7 non structural proteins, encoded by genes in order
(from 5’ to 3°)

Structural proteins: Non-structural proteins:
C (capsid), NS1,NS2a, NS2b, NS3,
preM (premembrane), NS4b and NS5
E(envelope)

Genomic polyprotein

i}

; ]NSI o

Fig 9 DENV genomic polyprotein(courtesy:PDB)
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2.7 PATHOGENESIS OF DENGUE DISEASE:

1.

Upon inoculation of DENV into the dermis, Langerhans cells and keratinocytes will
primarily be infected.

. The virus subsequently spreads via the blood (primary viremia) and infects tissue

macrophages in several organs, especially the macrophages in the spleen. The
replication efficiency of DENV in DC, monocytes, and macrophages, as well as its
tropism for and replication efficiency in EC, bone marrow stromal cells, and liver
cells, collectively determine the viral load measured in blood.

This viral load represents an important risk factor for development of severe
disease. Essentially, infection of macrophages, hepatocytes, and EC influences the
hemostatic and the immune responses to DENV.

Infected cells die predominantly through apoptosis and to a lesser extent through
necrosis.

Necrosis results in release of toxic products, which activate the coagulation and
fibrinolytic systems. Depending on the extent of infection of bone marrow stromal
cells and the levels of IL-6, IL-8, IL-10, and IL-18, hemopoiesis is suppressed,
resulting in decreased blood thrombogenicity.

Platelets interact closely with EC, and a normal number of functioning platelets is
necessary to maintain vascular stability.

. A high viral load in blood and possibly viral tropism for EC, severe

thrombocytopenia, and platelet dysfunction may result in increased capillary
fragility, clinically manifested as petechiae, easy bruising, and gastrointestinal
mucosal bleeding, which is characteristic of DHF.

. At the same time, infection stimulates development of specific antibody and cellular

immune responses to DENV. When IgM antibodies that crossreact with EC, platelets,
and plasmin are produced, the loop that results in increased vascular permeability
and coagulopathy is amplified.

In addition, enhancing IgG antibodies bind heterologous virus during secondary
infection and enhance infection of APCs, thereby contributing to the increased viral
load that is seen during secondary viremia in some patients.

.Furthermore, a high viral load overstimulates both low- and high-avidity cross-

reactive T cells. In the context of certain HLA haplotypes, cross-reactive T cells delay
virus clearance, while producing high levels of proinflammatory cytokines and other
mediators.

. Ultimately, these high levels of soluble factors, many of which still remain to be

identified, induce changes in EC leading to the coagulopathy and plasma leakage
characteristic of DSS.
(Whitehorn J et al, 2011)



http://www.ncbi.nlm.nih.gov/pubmed?term=Whitehorn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21781999
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2.8 CLINICAL MANIFESTATIONS OF DENGUE VIRAL DISAESE:

There are actually four dengue clinical syndromes: (WHO, 2007)

1. Undifferentiated (lassic dengue Dengue hemorrhagic Dengue shock syndrome
fever fever fever or DHF or DSS

— ~

Clinical Case Definition for Dengue Fever

Classical Dengue fever or Break bone fever is an acute febrile viral disease frequently
presenting with headaches, bone or joint pain, muscular pains, rash and leucopenia. (Guilarde et
al, 2008)

Clinical Case Definition for Denque Hemorrhagic Fever

4 Necessary Criteria:
1. Fever, or recent history of acute fever 2. Hemorrhagic manifestations
e Low platelet count (100,000/mm3 or less) 4. Objective evidence of ‘leaky
capillaries’

Clinical Case Definition for Dengue Shock Syndrome

4 criteria for DHF + Evidence of circulatory failure manifested indirectly by all of the
following:

Rapid and weak pulse, Narrow pulse pressure (< 20 mm Hg) or hypotension for age, Cold,
clammy skin and altered mental status(Noisakran S et al,2008).

Frank shock is direct evidence of circulatory failure

Aldlarm Signals:
= Severe abdominal pain
[ - - 1 = Prolonged vomiting
Four Criteria for DHF: = Abrupt change from fever
= Fever . . ) - to hypothermia
= Hemorrhagic manifestations - Change in level of
= Excessive capillary permeability consciousness (irritability

| = = 100,000/mm* platelets or somnolence)

Initial Warning Signals:
= Disappearance of fever
- Drop in platelets

= Increase in hematocrit

WWhen Patients Develop DSS:
- 3 to 6 days after onset of
symptoms
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Fig.10 Warning signs and signals of DENV infection

2.9 DIAGONOSIS:

Diagnosis of dengue falls into two stages:
e stage I, fever and viraemia accompanied by NSI antigens in blood; and
e stage I, the early post-febrile period lasting a few weeks when IgM and 1gG antibodies
are in higher levels (Halstead. 2007).

Viraemia

, Virus isolation
| f—
|

i
i RMA, NS, other antigens
I

Antibody titre

Primary infection Secondary infection
Onset of symptoms Time

Fig.11 Dengue diagonostics

During primary infection, viraemia more or less coincides with fever. However, during a
secondary infection; the duration of viraemia can he 2 or 3 days. Whereas presence of NS |
antigens in blood lasts somewhat longer. Serological diagnosis will not be positive until
defervescence. In individuals with DHF and DSS. vascular permeability is recognized usually at
defervescence. at which time the IgM-capture serological test should he positive but tests to
detect virions, dengue RNA. or dengue proteins could be negative(Singh et al., 2006).
Commercial dengue serological tests in most countries are not subjected to quality control
(Blacksell et al, 2006).

3.2.10 THE HUNT FOR DENGUE CURE

Although there are no ideal vaccines or therapy for the prevention and treatment of DHF, the
understanding of the life cycle of dengue virus has made great progress over the past few years,
and all the life cycle stages can represent potential targets for antiviral drug discovery (Rui-feng
Qi et al, 2009).

High-throughput screening method have been used to identify mosquito and human proteins that
physically interact with dengue proteins and are conserved across serotypes,moving us closer to
a complete host — dengue protein interactome. These data should be useful for understanding the
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interplay between dengue and its hosts and may provide candidates for drug targets and vector
control strategies.( Mairiang D et al, 2013)

A dengue vaccine has proven difficult to develop, in part because there are four major subtypes
of dengue virus, each with slightly different viral proteins. Many researchers currently believe
that the deadly dengue hemorrhagic disease is caused when a person is infected with one
subtype, and then infected later by a second subtype (Halstead, 1993). The antibodies, and
immunity, gained from the first infection appear to assist with the infection by the second
subtype, instead of providing a general immunity to all subtypes. This means that an effective
vaccine will have to stimulate protective antibodies against all four types at once, a feat that has
not yet been achieved.

A primary infection with any one of the four serotypes by means of a mosquito bite leads to
lifelong immunity to that serotype. Secondary infection requires productive infection by a
different DENV serotype, heterologous from the primary infecting serotype, and leads to 90% of
all severe cases, increasing the risk of DHF by 15-80 fold. Thus, one antibody type only provides
partial short-term protection against other DENV serotypes (Sabin, 1952). A challenge for any
vaccine under development is protection against DHF. Furthermore, immunizing against a single
serotype, or incomplete vaccination against any single serotype, may lead to increased risk of a
move severe infection (Rothman, 2004).

A large number of diverse dengue vaccine candidates are in preclinical development. These
preclinical candidates ensure a continued influx of innovation into the vaccine pipeline, which is
critical for maximizing the chances of success for dengue vaccine development. One possible
scenario is that a first generation of licensed dengue vaccines will arise from candidates currently
in clinical development, while some of the current preclinical stage candidates could become
next generation dengue vaccines licensed at a later stage. Next generation dengue vaccines could
serve to complement existing vaccines.(Julia, 2011)

Careful planning and a coordinated approach to safety assessment are recommended to ensure
adequate long-term evaluation of dengue vaccines that will support their introduction and
continued use.(Bentsi-Enchill AD et al, 2013).



http://www.ncbi.nlm.nih.gov/pubmed?term=Bentsi-Enchill%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=23570986
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chapter-3

3.1 WEB RESOURCE DEVELOPMENT TECHNOLOGY:VISUAL STUDIO 2010

Microsoft Visual Studio is an integrated development environment (IDE) from Microsoft.

It is used to develop console and graphical user interface applications along with Windows
Forms or WPF applications, web sites, web applications, and web services in both native
code together with managed code for all platforms supported by Microsoft Windows, Windows
Mobile, Windows CE, .NET Framework, .NET Compact Framework and Microsoft Silverlight.

Visual Studio supports different programming languages by means of language services, which
allow the code editor and debugger to support (to varying degrees) nearly any programming
language, provided a language-specific  service  exists.  Built-in  languages
include C/C++ (via Visual C++), VB.NET(via Visual Basic .NET), C# (via Visual C#),
and F# (as of Visual Studio 2010). Support for other languages such as M, Python,
and Ruby among others is available via language services installed separately. It also supports
XML/XSLT, HTML/XHTML, JavaScript and CSS. Individual language-specific versions of
Visual Studio also exist which provide more limited language services to the user: Microsoft
Visual Basic, Visual J#, Visual C#, and Visual C++.

FEATURES:

Some of the numerous features of visual studio 2010 are:
Code editor:
e Supports syntax highlighting and code completion using IntelliSense

As code is being written, Visual Studio compiles it in the background in order to provide
feedback about syntax and compilation errors, which are flagged with a red wavy
underline. Warnings are marked with a green underline

Debugger:
e A computer program used to test and debug other programs

Designer:
e Visual Studio includes a host of visual designers to aid in the development of applications
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https://en.wikipedia.org/wiki/Windows_Presentation_Foundation
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https://en.wikipedia.org/wiki/Web_service
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https://en.wikipedia.org/wiki/Windows_Mobile
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https://en.wikipedia.org/wiki/Autocomplete
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https://en.wikipedia.org/wiki/Software_testing
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e Visual Studio includes a web-site editor and designer that allows web pages to be
authored by dragging and dropping widgets.

Solution Explorer:

e The Solution Explorer is used to manage and browse the files in a solution
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Fig. 12 Designer page in Visual studio 2010
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Fig.13 Source code page in Visual studio 2010

3.2 DATABASE DEVELOPMENT TECHNOLOGY:SQL

A database is a computer system involved in data storage and retrieval, most often focused on
the relational model. The relational model is based on tables for data storage and relationships
between those tables. SQL (structured query language) is the primary language used to
communicate with relational databases.
SQL (Structured Query Language) is a special-purpose programming language designed for
managing data held in a relational database management system (RDBMS).
SQL became a standard of the American National Standards Institute (ANSI) in 1986, and of
the International Organization for Standards (ISO) in 1987.
SQL:

Allow users to access data in relational database management systems.

Allow users to describe the data.

Allow users to define the data in database and manipulate that data.

Allow to embed within other languages using SQL modules, libraries & pre-compilers.

Allow users to create and drop databases and tables.

Allow users to create view, stored procedure, functions in a database.

Allow users to set permissions on tables, procedures, and views



http://en.wikipedia.org/wiki/Special-purpose_programming_language
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http://en.wikipedia.org/wiki/Technical_standard
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DENGUE GENOME
AND PROTEIN
SEQUENCE ANALYSIS

LITERATURE SURVEY

ON DENGUE

DATA COLLECTION

4

EXTRACTION OF SUITABLE
INFORMATION

4

INFORMATION AGGREGATION AND
INTEGRATION

4

DATABASE DEVELOPMENT ON DEVELOPMENT OF WEBPAGES FOR
SQL USER-VISUALIZATION

4 4

DATABASE INTEGRATION WITH
WEB RESOURCE.

4

DENGUE KNOWLEDGE BASE

Fig. 14 Methodology adopted in the development of the Dengue Knowledge Base
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The Dengue Knowledge base is a library of information on Dengue,
collected from scientific experiments, published literature, high-throughput
experiment technology, and computational analyses.

Two types of data were collected for the purpose of its development:
1. Literature reviewed data on Dengue
2. Data obtained after Genome sequence analysis

3. Data obtained after Protein sequence analysis

11 COLLECTION OF LITERATURE REVIEWED DATA ON DENGUE:

More than 50 years of research on dengue has resulted in a host of literature. This
plethora of literature was reviewed through non-sequence based information
resource, PubMed.

PubMedis a free database accessing primarily the MEDLINE database of
references and abstracts on life sciences and biomedical topics.

Hundreds of research papers were reviewed to extract relevant information on
various aspects of Dengue virus and infection as well as other associated
information as:

. Virus Morphology(Virus genome structure, Replication of virus)

. Virus Pathogenesis( Immune response generated by humans upon infection)
Disease Manifestation (DHF,DF)

. Organ pathology

. Control and management of disease
Epidemiology of disease
Host-virus interactions

Plants metabolites showing anti-Dengue activities

While representing the data in the database, every research finding has been
linked to its corresponding PMID so that user can access the whole record.



http://en.wikipedia.org/wiki/MEDLINE
http://en.wikipedia.org/wiki/Bibliographic_database
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[A PMID (PubMed identifier or PubMed unique identifier) is a unique
number assigned to each PubMed record.]

References section in the database includes the references of all the accessed
research papers.

1.2 COLLECTION OF GENOME STRUCTURAL ANNOTATION DATA

STEPS INVOLVED IN GENOME STRUCTURAL ANNOTATION: TO IDENTIFY
GENES AND PREDICT THEIR CORRESPONDING PROTEINS:

In the present study, Chemgenome 3.0, (the SCFBio tool) has been used to produce and interpret
structural annotations for the viral genome of Dengue virus.

Whole genome sequences of all serotypes of Dengue virus( DENV-1, DENV-2, DENV-3,
DENV-4) were retrieved from NCBI.

S.No Dengue virus type NCBI
RefSeq

1. DENV-1 NC_001477.1
2. DENV-2 NC_001474.2
3. DENV-3 NC_001475.2
4. DENV-4 NC_002640.1

[Table 3. List of NCBI RefSeq Dengue Genome sequences ]

4

Gene are then predicted in all six reading frames (5’-3")and(3’-5") which are
then translated into protein sequences using Chemgenome 3.0

4

Tabular summaries of the obtained data were organized for inclusion in the
database.

Fig.15 Steps involved in Dengue Genome structural annotation
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1.3 COLLECTION OF PROTEIN SEQUENCE COMPUTATIONAL ANALYSIS
DATA

Protein sequence computational analysis was done to obtain information on the following
areas:

1) Prediction and annotation of the structural character

Primary structural details (Amino acid composition, molar extinction co-efficient,
isoelectric point, charged , acidic, basic, polar and hydrophobic amino acid profile

etc.).

Secondary structural details (Residue wise probability of alpha, beta and turns
regions, Surface Probability, Antigenic Index, Flexible Regions, Alpha and Beta,
Amphipathic Regions etc.) and Titration Curves

2) T-cell and B-cell Epitope Prediction
3) Conserved Domain Prediction

4) Obtaining Titration curve for each protein

PROTEIN SEQUENCE RETREIVAL :

Co- and post- transcriptional processing of virus polyprotein gives rise to
3 structural and 7 non structural proteins, encoded by genes in order
(from 5’ to 3°).

Protein sequences of all serotypes of Dengue virus( DENV-1, DENV-2,
DENV-3, DENV-4) were retrieved from NCBI.

Protein name DENV-1 DENV-2 DENV-3 DENV-4

Capsid protein C NP_059433.1 | NP_056776.2 | YP_001621843.1 | NP_073286.1

Membrane glycoprotein NP_722459.2 | NP_739592.2 | YP_001531167.1 | NP_740316.1

Envelope NP_722460.2 | NP_739583.2 | YP_001531168.2 | NP_740317.1



http://www.ncbi.nlm.nih.gov/protein/9626686
http://www.ncbi.nlm.nih.gov/protein/159024209
http://www.ncbi.nlm.nih.gov/protein/163644369
http://www.ncbi.nlm.nih.gov/protein/12084823
http://www.ncbi.nlm.nih.gov/protein/158828122
http://www.ncbi.nlm.nih.gov/protein/159024811
http://www.ncbi.nlm.nih.gov/protein/158828127
http://www.ncbi.nlm.nih.gov/protein/73671170
http://www.ncbi.nlm.nih.gov/protein/158828123
http://www.ncbi.nlm.nih.gov/protein/159024812
http://www.ncbi.nlm.nih.gov/protein/164654853
http://www.ncbi.nlm.nih.gov/protein/73671171
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Nonstructural protein NS1

NP_722461.1

NP_739584.2

YP_001531169.2

NP_740318.1

Nonstructural protein NS2a

NP_733808.1

NP_739585.2

YP_001531170.2

NP_740319.1

Nonstructural protein NS2b

NP_733809.1

NP_739586.2

YP_001531171.3

NP_740320.1

Nonstructural protein NS3

NP_722463.1

NP_739587.2

YP_001531172.2

NP_740321.1

Nonstructural protein NS4a

NP_733810.1

NP_739588.2

YP_001531173.2

NP_740322.1

Nonstructural protein NS4b

NP_733811.1

NP_739589.2

YP_001531175.2

NP_740324.1

10

Nonstructural protein NS5

NP_722465.1

NP_739590.2

YP_001531176.2

NP_740325.1

[Table 4: list of retrieved Protein sequences (accession no.)]

A. STEPS INVOLVED IN PROTEIN STRUCTURAL ANNOTATION

Computational resource used: PROTEAN from DNASTAR’s Lasergene Core Suite version 10.1

Prediction and annotation of the structural character of all above

mentioned protein sequences was done to obtain:

Primary structural details (Amino acid composition, molar
extinction co-efficient, isoelectric point, charged , acidic, basic,
polar and hydrophobic amino acid profile etc.).
Secondary structural details (Residue wise probability of alpha,
beta and turns regions, Surface Probability, Antigenic Index,
Flexible Regions, Alpha and Beta, Amphipathic Regions etc.) and
Titration Curves,

s

The graphical display and tabular summaries of sequence composition
and other data were organized for inclusion in the database.

Fig. 16 Steps involved in Dengue Protein structural annotation
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B. STEPS INVOLVED IN PREDICTION OF PROTEIN CONSERVED
DOMAINS

Computational resource used: CDD (Conserved Domain Database by NCBI)

The retrieved protein sequences were searched for conserved
domains through CDD (Conserved Domain Database by NCBI)

Ll

Tabular summaries of domain information and other data were
organized for inclusion in the database.

Fig.17 Steps involved in prediction of DENV protein conserved regions

C. STEPS INVOLVED INPROTEIN T-CELL AND B-CELL EPITOPE
PREDICTION

Computational resource used: Immune Epitope Database and Analysis resource(IEDB).

T-cell and B-cell epitope prediction analysis was done for the
retrieved protein sequences

Ll

Tabular summaries of epitope sequences were organized for inclusion
in the database.

Fig.18 Steps involved in epitope prediction for DENV proteins
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D. STEPS INVOLVED TO OBTAIN PROTEIN TITRATION CURVE

Computational resource used: PROTEAN from DNASTAR’s Lasergene Core Suite version 10.1

Titration curves were obtained for the retrieved protein
sequences using Protean.

Ll

Graphical summaries of titration curves were organized for inclusion in
the database.

Fig.19 Steps to obtain Titration curves for DENV proteins
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The data was managed in tables using SQL as follows:

rosoft SOL Server Management Stu Express
Fille Edit Wiew Query Tools Window Community Help
Dmewouery [y |3 | S et ld @ | B & BB
10 =2 Y master ~ | ¥ Execute m 3D
_/IBRI\..\Desktop'dkb.sql |
ﬁreate datsbase DEBase
uzse DEBase
create table PROTEIN BASIC DETAILS
{

[Protein_neme (Serotype)] verchar (50) primary key,
Accesion_No varchar (15),

W% 5" Oy

Holar_extinction_coefficient varchar (10,

Isoelectric_point int,

[Predicted Structural Class_of_ Protein] wvarcharill),

[charge at pH=7] int

1

select * from PROTEIN BASIC DETAILS

gelect[Protein name (Serotype)] as 'Protein Nawe' from PROTEIN BASIC DETAILS

VALUES {'inchored Capsid[01]', 'NP_722457.2','S50045',12.8, 'Llpha',22.9);
VALUES (' Anchored Capsid[02]', 'NP_739581.2','550045%',12.71, 'Alpha',23.3];
VALUES (' Anchored Capsid[03]','YP_O01S31165.2','S625+53',12.34, 'Alpha' ,21.87);
VALUES (' Anchored Capsid[04] ', 'NP_740314.1', ' S625+5%',12.46, 'Llpha',22.9):
VALUES (' Capsid[01]','NF_722456.2','550045%',12.8, 'Alpha' , 22.9):
VALUES |'Capsid[0Z]','NF_739591.2','S50045%',12.71, 'Alpha',23.9):
VALUES ('Capsid[03] TF_001531164.2', '5625£5%',12.34, 'Llpha'  21.87):
VALUES |'Capsic[04]','NF_740313.1', ' S50045%',12.63, ' Alpha',22.9):
VAILUES | 'menbrane glycoprotein precursor M[O1]', 'NP_733807.2', ' 31230:5%',6.59, 'Llpha',-1.25):
VALUES | 'menbrans glycoproteln precursor M{O2]','NP_T730552.2','32720+5%',6.55, 'Alpha',-1.08);
VALUES | 'menbrane glycoprotein precursor M[OF]','¥P_001531166.1','32720+5%',6.59, 'Alpha', -1.26];
VALUES | 'menbrane glycoprotein precursor M[04]','NP_740315.1','3421045%',6.59, ' Alpha', -0.75);
VALUES (' membrane glycoprotein M[01]','NP_722459.2','16500+5%',8.75, 'Alpha',1.42);
VALUES (' membrane glycoprotein M[0Z]','NP_739592.2','17990+5%',8.88, 'Llpha',1.58):
VALUES | 'membrane glycoprotein MN[03] YP_001S31167.1','1799045% ', &.77, ' Alpha' ,1.41);
VALUES (' menbrane glycoprotein M[04] ', 'NP_740316.1',' 1948045%',8.78, 'Alpha',1.25):
VALUES (' enmvelope protein E[01]','NF_722460.2','6854545% ' ,7.68,'R',3.5):
VALUES (' emvelope protein E[02]','NF_735583.2','6542045%',7.75,'R',3.59)
|

%}f Connected IERINSOLEXPRESS [9.0RTHM)  |IERIMwser13[51] 00:00:00
Ready

B Microsoft SQL Server Management Studio Express

File Edi View Query Tools Window Community  Help
ovew query | [Ty | [y | 5 ¥ o bl [
90 3 37 | OkBase c| B Execue o W 35 o2 | 25| 37 Ua B

_IBRI\..\Desktop',dkb.sql |
VALUES (' nonstructural protein NS1[03]','YP_0O01531165.2','111350+5%',6.98, ' Alpha',-0.08)

INSERT INTO PROTEIN_BASIC_DETATLS ([Protein nsme{Serotype)], Accesion No,Molar sxtinction_coefficient, Isoelectric_point,
[Predicted Structural Class_of Protein], [charge at pH=7])
VALUES ' nonstrustural protein NS1[04]', 'MP_740318.1','9741045%',6.79, ' Alpha' ,-0.92);

[Protein name (Serotype)] wvarchar (50) references PROTEIN BASIC DETAILS [[Protein name (Serotype)]),
[Charged_swino_acids (REHYCDE]]int, B B -
[Basic_smino_scids (KRI] int,

[kcidic_amino_acids{DE)] int,

[Polar smino_acids (NCQSTY)] int,

[Hydrophobic_swino_acids (AILFUV]] int

)3

select * from AMINO_ACID_PROFILE u

y o

3 Results | 2y Messages |

Protein_namelSerotype) [ Charged_amino_acids{RKHYCDE) | Basic_amino_acids(KR] | Acidic_amino_acids(DE) | Polar_amino_acids[NCASTY) | Hydiophobic_amine_acids/&ILFy +

; Anchored Capsid[01] i 24 1 44

‘Anchored Capsid02] 2

Anchared Capsid[3] 2

Anchored Capsid04] F3

Capsidi01] 24

Capsid[02] 26

Capsid[03] 73

Capsidi02] 2

Capsid[04] 25

membrane glycopratein precursar M[0] 16

|Lﬂ |m|\‘ |m |m|h |M|N|4

=]

@ Query executed successhull. IBRMSOLEXPRESS (R0 RTM] BRIz 3(51) ‘DKEase ‘UU 00:01 |43 Tows
Ready Ln&s Col 1 chi

£ 7start % E _I @
Fig. 20 Use of SQL for database development.
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o .
OGP Vistal Studio 2010
Express

TOOL USED: MICROSOFT VISUAL STUDIO 2010

Microsoft Visual Studio 2010 offers many new features for development of ASP.NET web
applications.

Using .NET Framework 4 tools and technologies in Microsoft Visual Studio 2010, all the above
mentioned data (i.e. data collected in Step-1) were represented on Webpages. Around 300
webpages were developed.

90 Start Page - Microoft Visua Studio 1 [ e W 0 W 0 S e S

File | Edit View Debug Team Data Tools Architecture Test Analyze Window Help
New » | 5] Project.. Ctrl+Shift+N ~| | A G A e B B -
Open > | @ Website.. Shift+Alt+N . O

Close i3 Team Project...
1 File.. Ctrl+N
Ctrl+S Project From Existing Code...

ems
Save All Ctrl+Shift+S .
Export Template BGet Started = Guidance and Resources LaWgst News
Export T :

Source Control elcome Windows Web Cloud Office ShareMyint Data
Page Setup..
- What's New in Visual Studio 2014

Recent Files Learn about the new features included in

Recent Projects and Solutions - SR L 2

Bt Alt+F4 i =
%% Tmarproject p

2 WebSit 4 0 final project - Micros fisual Studio - =N

% WebSitel4 = project - Microsoft Visual S (E=0ar

dkb File Edit View Website Build Debug Tesm Data Format Table Tools Architecture Test Analyze Window Help

P -G d| 8 B[00 -8-5 (P [peg (B8] I e P - R

i | Automatic ~| a7/ % | [None)  ~|[(DefaultFont) ~||(Defauit -|| B £ U | A | .

od WebSitel3

A WebSited (2)

[¥] Close page after project load MasterPage.master X [NED Y ep.aspx epitopes.aspx memb.aspx membR.aspx 3 Solution Explorer

I AaldalzEme

| 3 solution final project' L proj: +
4 (P C\.\final project\ ]

= 31ep

3 15EC

3 2P

£ 25EC

[ 3 prime utrs.

FE:]

[ 35EC

(3 4€P

3 4SEC

(23 5 prime utrs

= App_Data

@ Bin

(3 celluler trans

[ dent

{ HOME (3 patho fig

[¥] Show page on startup

X0q|00] . i

REFINED SEARCH 3 slydshw
(3 virl trans

ccanri

LR —

Fig. 21 Use of visual studio 2010 for website development.
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For interfacing the database(backend) built on SQL with the web(front-end), ASP.NET
technology was used.

a).

oo)dkb (2) - Micrasoft Visual Studio | (T T M . ol St e . T o O )

File Edit View Website Build Debug Team XML Data Tools Architecture Test Analyze Window Help

P S A # B 9-e-E-E | b [pebug - % R G ER e BIE -

Pl A | DR A Z20PB3aEa3.

v ETT R REFINED aspx.cs replication.aspx REFINED.aspx QUERY .aspx home.aspx
<?xml version="1.0"?>

ElaE o)

[ ns5-4.aspx

Iﬁ organ‘aspx
http://go.microsoft.com/fwlink/?LinkId=169433 fjmmnynﬂ&mm
5| PDB.aspx
">. . il polyprop.jpg
T <C0n‘Flgur‘at10n> =] predictedgenes.aspx
-] <connectionStrings> il PROT jpg

" 1 4 : n . . " ] protanalys.aspx
<add name="ApplicationServices" connectionString="data source= ] QUERV.aspx

</connectionStrings> & rcpng
] REFINED.aspx
<system.web> =

=] replication.aspx
<compilation debug="true" targetFramework="4.8"/> secndarystraspx
<authentication mode="Forms"> gjzﬁfird“ij I
<forms loginUrl="~/Account/Login.aspx" timeout="2880"/> i TedBackgroundijpg |_
</authentication> [B] TITRATION.aspx

. “=| virus morpho.aspx
<membership> -

%

<l -- -
nsS.aspx
For more information on how to configure your ASP.NET applicatic{‘ :

[T
&3 Solut... EZ Class...

INS

29 dkb 2) - Microsoft Visual Studic e S e S TR ) )

File Edit View Refactor Website Build Debug Team Data Tools Architecture Test Analyze Window Help
Pl G629 -5 b g ][] -] | & 5 G B e BB - .
IOk afEl=s2 20686 B85

Web.config REFINED.aspx.cs > el TR0 REFINED.aspx QUERY .aspx home.aspx

“t¢ Defaultd ~ | 2% Page_Load(object sender, Eventirgs )
ng System.Data;

ng System.Configuration;

X0g|00] 3.

-1lic partial class Default4 : System.Web.UI.Page

SglConnection con = new SqlConnection(ConfigurationManager.ConnectionStrings["Applics
-] protected void Page_Load(object sender, EventArgs e))
{
if (!Page.IsPostBack)
{
SglDataAdapter da = new SglDataAdapter("Select [Protein_name(Serotype)] fron
DataTable dt = new DataTable();
da.Fill(dt);
if (dt.Rows.Count > @)

n

Fig. 22 Snapshots of codes for integrating database into web resource.
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/ 1) Dengue Knowledge Base x '\, =

C [ localhost: bk

HOME
ADVANCED SEARCH

SEARCH

DENGUE-PEDIA

HOST-VIRUS INTERACTION b
HERBAL SHOT >
PREDICTED GENES

PROTEIN ANALYSIS A GLOBAL PANDEMIC

PDB LINKS

WELCOME TO DENGUE KNOWLEDGE BASE !!!

"Dengue is one of the neglected diseases that has now become the most important tropical
disease and has tremendous socio-economic imapet.”
-Duane Gubler

DRUG TARGETS
TITRATION CURVES
DOWNLOADS
REGRERCES 'he glo revalence of Dengue g ically over the las

= g ecades in tropical and sub-tropical regions around the world and has
[ Nesr || scFsio [ BLAST { A ecome a major international concern.

Dengue is a vector-born infection caus single stranded RNA-
engue virus(Flavivirus).

[Expasy | S ! ENV-4) and are transmitted through the bites of infected female
edes mosquitoes causing Dengue fever(DF) and Dengue Haemorrhagic
ever(DHF). No cure has been found for the disease till now.

DENGUE INFO PORTAL B

DENGUE KNOWLEDGE BASE. ...

Dengue Knowledge Base is a repository of information available on Dengue Viral Disease.
It is an endeavour to integrate every aspect of the virus and the disease on a platform, as :

® virus morphology and severi
L
® host-virus Er‘o+zin Er‘o"‘zin interaction
—

® current treatment measures
*

\ditionally, the virus genome and proteins analysis data is a feather to the Knc
satabase currently holds information on all the structural and non-structural
serotypes of the virus.

OF THE KNOWLEDGE BASE. ...

{Ciick the red colored text to explore the info.)

ADVANCED SEARCH and SEARCH

The Advanced Query section is an interface to access the
quick and relevant information on the protein’s atiributes as
molar extinction co-efficient, isoelectric point, charged ,
acidic, basic, polar and hydrophobic amino acid profile.

The Search section provides an interface through which the user ‘
can navigate to any of the topic of his/her interest.

DENGUE-PAEDIA
HOST-VIRUS INTERACTION
HERBAL SHOT

PREDICTED GENES

PROTEIN ANALY SIS

DRUG TARGETS

Dengue Knowledge Base ©2013

Fig 23. Home Page of Dengue Knowledge Base
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Access to

L T L BTN Senome Structure basic
FPathogenesis * | Replication

| Virus Morphology :enifesfaﬁons features of
rgan Pathology Dengue

and the
Menifestations disease

Virus Morphol
Organ Pathology : e Pathoganesis caused by
Menifestations Antibody Response Dengue
©Organ Pathology | T-cell Response .

Soluble Factors | VIrus.

HOME N——
SEARCH . -
DENGUE-PEDIA Z Human-DENV Interaction
HOST-VIRUS INTERACTION} Mosquito-DENV Interaction
HERBAL SHOT }
PREDICTED GENE

PROTEIN ANALYSIS,

PDB LINKS

DRUG TARGETS

TITRATION CURVI

Pathogenesiz P

Access to names
and details of host-
virus interaction at
genetic level

Access to structures
Viral Tnhibitors and details of plant
compounds that show

Larvacial against Mosquitoes anti-viral activity.

Access to
PDB links of Structural

DENV protein
structures

annotations of the
viral genome of
- Access to Dengue virus

Host-cellular proteins information on _
DENV proteins i structural analysis of

\/\2 proteins of Dengue

Access to information about
the host and viral proteins
that can act as targets for
drug development.

Fig.24 Overview of menu and its subdivisions to navigate through the database
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ADVANCED SEARCH:

e The Advanced Query section is an interface to access the quick and relevant information
on the protein’s attributes as molar extinction co-efficient, isoelectric point, charged,
acidic, basic, polar and hydrophobic amino acid profile.

C=mmam X

)_-' | Dengue Knowledge Base x
- C | [ localhost1033/dkb/REFINED.aspx I =

WELCOME TO THE INTEGRATIVE BIOLOGICAL RESOURCE ON DENE -

HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA

HOST-VIRUS INTERACTION ¢

HERBAL SHOT 3

PREDICTED GENES Malar extincnttion co-efficient ]
PROTEIN ANALYSIS

PDB LINKS Isoelectric Point [ Basic_amino_acids (KR} |
DRUG TARGETS
TITRATION CURVES
DOWNLOADS
REFRENCES

ADVANCED SEARCHII

Select PROTEIN NAME I5 IN THE FORM [PROTEIN NAME(SEROTYPE)]

[ Charged_amina_acids (RKHYCDE]|

Charge at pH=7 [ Acidic_amino_acids(DE) ]

Predicted Structural Class ] [ F'olar_aminu_acids[NCQSTY]

| NeBr || scrio] | BLAST/]

[ Hydraphabic_amino_acids{AILFWWV)|

As an example, the molar extinction coefficient of
selected protein is shown to be 5500+£5%. Likewise,
any of the given properties can be accessed.

Select PROTEIN NAME I5 IN THE FORM [PROTEIN NAME(SEROTYPE)

Select -
Anchored Capsid[01

sid[02]
i::z:s:gg g:E:j{gj} ficient [ Charged_aming_acids (RKHYCDE]| Basic_amino_acids (KR)
Capsid[01]
Capsid[02] - -
Capsid[03] \Fasic_amino_acids (KR) Charge at pH=7 Acidic_amino_acids(DE)
Capsid[04]
envelope protein E[01]

iope e £ - -

E:LEEEZ E;gé::} E{UB} :] Acwdm_amm [ Predicted Structural Class ] [ F‘nlar_ammn_aclds(NCQSTYj
envelope protein E[04]
membrang glycoprotein M[01] = =
membrane glycoprotein M[02] Class ] [ Polar_amlnu_acwds(NCQSTYi I Hydruphub\c_ammU_amds(AILFWV}I
membrang glycoprotein M[03]
membrane glycoprotein M[04]
membrane glycoprotein precursor M[01] [ Hydrophobic_amino_acids(AILFWY) iGN aS e T Wesita 2 1
membrane glycoprotein precursor M[02]

membrane glycoprotein precursor M[03] - 5500=5%

Fig.25  Web page of DKB showing ADVANCED SEARCH.
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SEARCH:

e To make the access more user-friendly and comprehensive, the Search section provides
the integrative links to navigate through the entire database.

HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA »

HOST-VIRUS INTERACTIONY  Amino Acid Composition Click me please!
»

HERBAL SHOT =
Secondary structural Details(Residue wise probability

SmRaTEE Eal s of alpha, beta and turns regions,Surface Probability, Antigenic Click me please!

PROTEIN ANALYSIS Index, Flexible Regions, Alpha and Beta, Amphipathic Regions)

PDB LINKS Epitopes [ Click me please!l |
»

DRUG TARGETS

LG oo Conserved Domains Click me please!

~ 4
TLITRA TLUIN WURY e

DOWNLOADS PDB links Click me please!
REFREMNCES Titration Curves Click me please!

[ Neer || scrsiol [ BLAST |

[ Main Reading Frame(5-3') ]

[ Complimentary Reading Frame (3'—5'}]

DENGUE INFO PORTAL |Z|

DENV proteins Click me please!

Host(human) cellular proteins Click me please!

Human-Dengue protein protein interaction Click me please!

Mosquite-Dengue protein protein interaction Click me please!

Plants as anti-Dengue Agents Click me pleass!
Plants as Mosquito Larvacidal Agents Click me pleasel
DHF Click me please!
DF Click me please!

Dengue Replication Cycle Click me please!

Dengue Pathogenesis Click me please!

Dengune Knowledge Base ©2013

Fig.26  Web page of DKB showing SEARCH options.
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DENGUE-PAEDIA:

e The information on virus morphology, replication, pathogenesis, host-infection,
manifestations, organ pathology, control and management and treatment that could be
accessed through Dengue-paedia (encylopaedia of Dengue) feature of Dengue
Knowledge Base.

Navigation to genome structure:
DENGUE-PAEDIA ---> virus morphology --—->genome structure

HOME
ADVANCED SEARCH

SEARCH = .
Classification

DENGUE-PELIA 3 =
HOST-VIRUS INTERACTION)  POsitive strand ss-RNA
Family: Flaviviridae

HERBAL SHOT » vir
PREDICTED GENES Genus : Flavivirus
PROTEIN ANALYSIS
PDB LINKS

DRUG TARGETS »
TITRATION CURVES
DOWNLOADS
REFRENCES

Species: Dengue Virus

¢ Morphologically, DENV is a spherical particle of approximately 50 nm in diameter,
containing a nucleocapsid of 30 nm surrounded by a lipid envelope
The dengue virion contains a positive single-stranded genomic RNA, which is
encapsulated within the nucleocapsid and enveloped in a glycoprotein-embedded lipid
bilayer.

® The viral genome is a positive pelarity ssRNA of approximately 11 kb.
Expasy, * RNA contains a type I cap structure (m76pp-pAmpN2), located at its 5 end, and lacks =

| Neer || screio | BLAST |

Fig. 27 Web page of DKB showing information on genome structure.

Navigation to virus replication:
DENGUE-PAEDIA ---> virus morphology --->replication

HOME

ADVANCED SEARCH

SEARCH

e * The Dengue Virus replication consists of:

HOST-VIRUS INTERACTION b

HERBAL SHOT 4 The positive-polarity RNA is copied to an RNA of negative polarity.

PREDICTED GENES This RNA serves as a template for the synthesis of multiple strands of RNAs of
PROTEIN ANALYSIS positive polarity.

PDB LINKS The positive-polarity RNA can then be used for translation, for further rounds of
DRUG TARGETS synthesis of RNA of negative polarity, or can become associated with structural
TITRATION CURVES proteins C, E and M to form the viral progeny.

DOWNLOADS

REFRENCES

[ NcBI J |5CFBi°J [ BLAST ] Immature virus particles travel in vesicles to the Golgi apparatus where they undergo |-
Fig.28 Web page of DKB showing information on genome replication.
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Navigation through pathogenesis:
DENGUE-PAEDIA ---> pathogenesis --->Antibody response
=>» T-cell response
=>» Soluble factors released during pathogenesis

BROWSE AND EXPLORE !l

HOME
ADVANCED SEARCH

SEARCH
DENGUE-PEDIA , Antibody response during primary infection

A

HOST-VIRUS INTERACTION M
HERBAL SHOT >
PREDICTED GENES

PROTEIN ANALYSIS

PDB LINKS

DRUG TARGETS

TITRATION CURVES
DOWNLOADS

REFRENCES

¢ Humans who experience a primary dengue virus (DENV) infection develop antibodies -
preferentially neutralize the homologous serotype responsible for infection.
A primary dengue infection is characterized by a slow and low titer antibody response. IgM antit
is the first immunoglobulin isotype to appear.
Following a primary DENV infection, DENV-specific IgM antibodies appear 4-5 days after onse
fever and are measurable for up to 3 months. IgG antibodies first appear about a week after onse
fever.
The Ig6 response peaks several weeks after infection and then declines to lower levels that per

for decades if not longer.
NERIV infortinn mainhs indirse TaBl and TaBR eaihrlacese af antihady indisatina a Thi hinesd imn~
i B

HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA 4
HOST-VIRUS INTERACTION )
HERBAL SHOT 4
PREDICTED GENES

PROTEIN ANALYSIS

PDB LINKS

DRUG TARGETS
TTTDATTANI /1 IDVEG

¢ Cell mediated immunity is comprised of two major subsets of the T cells, CD4 and CD8.
o (CD4+ T cells exert functions as helpers for other T cells and B cells, whereas CD8+ exerts cytotox
function.
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c)

SEARCH

DENGUE-PEDIA ’ Soluble factor . Associated
.no. Desrciption

HOST-VIRUS INTERACTION released Pathway

HERBAL SHOT 3
PREDICTED GENES ® Thrombin i< thought to act near

PROTEIN ANALYSIS the site at which it is produced.
PDB LINKS Thrembin converts circulating The details of the
DRUG TARGETS fibrinogen to fibrin and

TITRATION CURVES triggers platelet activation,
DOWNLOADS which results in platelet explored through
REFRENCES aggregation.

indicated can be

the links provided
Thrombin activates EC and
increases EC permeability,
leading to plasma

tion. Thrombin is

chemotactic for monocytes and

DENGUE INFO PORTAL H is mitogenic for lymphocytes

. and mesenchymal cells.
1. Thrombin Thrombin activity

[ Neer |[screiol [ BLAST | with them.

® Activated platelets release 3

a | [ k

Fig 29  ab,c. Webpages of DKB showing information on Antibody response, T-cell response and
Soluble factors released during pathogenesis respevtively.

Navigation to clinical manifestations:
DENGUE-PAEDIA --= manifestations

HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA ’

HOST-VIRUS INTERACTION » D F
HERBAL SHOT ’

PREDICTED GENES

PROTEIN ANALYSIS Dengue virus infection

PDB LINKS

DRUG TARGETS
TITRATION CURVES
DOWNLOADS

REFRENCES Dengue Hemorrhag

Undifferentiated fever Dengue Fever (DF) (plasma leak syndrd
(viral syndrome)

DENGUE ILLNESS AND ITS MANIFESTATION

Asymptomatic

| NeBr || scrio] | BLAST |

DENGUE INFO PORTAL H Without hemorrhage With hemorrhage No shock

Fig. 30 Webpages showing information on manifestations of dengue illness.
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Navigation to organ pathology

DENGUE-PAEDIA ---> organ pathology
- _________________________|
WELCOME TO THE INTEGRATIVE BIOLOGICAL RESOURCE OM

HOME :
ADVANCED SEARCH b 3 Organ Patholog
SEARCH

DENGUE-PEDIA » Organ system
HOST-VIRUS INTERACTION affected
HERBAL SHOT 8

PREDICTED GENES

PROTEIN ANALYSIS

PDB LINKS

DRUG TARGETS

TITRATION CURVES

DOWNLOADS

REFRENCES APTT is prolonged while PA increases. Both
) coagulation and fibrinolysis are activated and this
_ NCBL || SCFBio|| BLAST | 1 Vascular Ib:ggssdmms- activation is much more severe in DHF/DSS than i

Coagulopathy DF patients.

Effect Description

¢ During acute dengue virus infection, coagulation
parameters such as platelet counts, activated part
thromboplastin time (APTT) as well as fibrinolytic
parameters of tPA and PAI-1 are altered.

| IEDB || Exposy |

¢ After ranunlecronce ricoe in the PAT-1 leuel and

Fig. 31 Webpages showing information on organ pathology during dengue illness.
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HOST-VIRUS INTERACTION:
e The host-virus interaction section in the resource emphasized on interactions between the
host(including humans and Aedes mosquito) and virus at genetic level.
Navigation through host-virus interaction
HOST-VIRUS INTERACTION ---> human-virus interaction
--—>mosquito-virus interaction

f Information on Dengue.

HOME

ADVANCED SEARCH ‘Human-Virus Interaction
SEARCH

DENGUE-PEDIA »
HOST-VIRUS INTERACTION »
HERBAL SHOT 4
PREDICTED GENES

PROTEIN ANALYSIS

PDB LINKS

SEESAReE o Histone 4 PMID:21700306
TITRATION CURVES

DOWNLOADS

REFRENCES

DYNLT1 DYNLT1 dynein, light chain, PMID:21767858
Tctex-type 1

Ribosomal protein L5, mRNA PMID:21358811

NCBI | [ scFBio| | BLAST |

The information about the genes and the associated
research could be accessed through links directed to
NCBI Gene information and PubMed portal.

HOME

ADVANCED SEARCH ¥ @8 Mosqui’o-Virus Interaction
SEARCH

DENGUE-PEDIA >
HOST-VIRUS INTERACTION ¢
HERBAL SHOT >
PREDICTED GENES

PROTEIN ANALYSIS AAEJ015681  Histone 2B PMID: 700306
PDB LINKS

DRUG TARGETS

TITRATION CURVES

DOWNLOADS AAELO15390 Histone 2A PMID:21700306

REFRENCES

Gene description

PMID:21909430

PMID:21909430

l NCB‘-J l SCFI l BLAi AAELOO3863 Histone 4 PMID:21700306

—— - PMID:21909430

ralhnet N2 Al h frncmuir asny

Fig.32 Web page of DKB for HOST-VIRUS INTERACTIONS
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HERBAL SHOT:

e The Herbal Shot feature ensembles information on the plants whose compounds show
anti-viral or larvacidal activity.
Navigation through herbal shot
HERBAL SHOT --- viral inhibitors
--—>larvacidal against mosquitoes.

HOME

ADVAMCED SEARCH
SEARCH
DENGUE-PEDIA
HOST-VIRUS INTERACTION ¥
HERBAL SHOT 3
PREDICTED GENES

PROTEIN ANALYSIS

PDB LINKS

DRUG TARGETS

TITRATION CURVES
DOWNLOADS

REFRENCES

, Virus-entry inhibitors.

Inhibitory
compound

Gastrodia
elata Blume

W5545

Plants as anti-Dengue agents

Inhibitory activity Refrences

Sulfated
derivative of an
alpha-D-glucan

WS545 exerted
potent inhibitery
effect on DV2
through interfering
with the

PMID: 20418898

intferaction
between viruses
and targeted cells.

| N€BI || ScFBio|| BLAST |

\

ChonXrus
crispu:

[ eve ][ Expasy | Sulfated
polysaccharides
containing linear

chains of

Interference
in dengue virus
adsorption and
uncoating

Tota-

carrageenany MID:21325483

DENGUE INFO PORTAL H

PMID:20973722

The structure of compound deposited in PubChem ,the
information of plants from plant database Tropicos
and research work from PubMed could be accessed
through links provided to their portal.

HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA >
HOST-VIRUS INTERACTION b
HERBAL SHOT 3
PREDICTED GEMNES

PROTEIN ANALYSIS

PDB LINKS

DRUG TARGETS

TITRATION CURVES
DOWNLOADS

REFRENCES

Plants as Larvacidal Agen

Plant Inhibitory Refere¢nces

compound prese

Inhibitory activity

Acalypha Leaf extracts PMID:2p271569

alnitolia

larvacidal activity
PMID:22200954

PMID:21748350

N.elata Leaf and seed larvacidal activity ~ PMID:22231265

Fig.33 Web page of DKB for HERBAL-SHOT
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PREDICTED GENES:

e The Predicted Genes section puts forward the structural annotations for the viral genome
of Dengue virus(as retrieved from NCBI). The prediction of genes was done through
computational resource Chemgenome 3.0 in all six reading frames (5’-3")and(3’-5’)
which are then translated into protein sequences.

Navigation to predicted genes ---PREDICTED GENES

IOME

DVANCED SEARCH
EARCH

ENGUE-PEDIA »
05T-VIRUS INTERACTION »

REDICTED GENES Tabular View Tabular View
ROTEIN ANALYSIS

DB LINKS

RUG TARGETS

ITRATION CURVES Eraphical View &raphical View
OWNLOADS Second Third Second Third
EFRENCES

predicted from DENV genome

DENV-1  NC 001477.1 First, Second Third First  Second Third

abular View Tabular View

DENV-2  NC 001474.2 irs i Second Third

NeBI | | scFBio| | BLAST |

IEDB Expasv

I AN AL R e e e

]

! Click on the links provides the graphical and tabular view of genes as predicted by
|

|

Chemgenome3.0.

First Main Reading Frame

ChemGenome3.0

W 1ion Genz Region M Gene Region Ganes preciced in First Mein Frame of the sequence submited
0 300 400 500 Downlosd all Gene Sequences

Download all Protein Sequences

Download both Gene and Protein Sequences

Strand

+

Fig.34 Web page of DKB for PREDICTED GENES
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PROTEIN ANALYSIS:

e The protein Analysis section portrays annotation of the structural character three
structural and seven non structural proteins(as retrieved from NCBI), encoded by genes
in order (from 5’ to 3”) of all the serotypes of virus.

Navigation to protein analysis ---PROTEIN ANALYSIS

HOME

ADVANCED SEARCH L
SEARCH The unique long open reading frame of DENV genome is translated into a pocI?/pr'o'rein tha
DENGUE-PEDIA » processed co- and post-translationally, by cellular and viral proteases, to produce ten mat
HOST-VIRUS INTERACTION» Viral proteins:

HERBAL SHOT O
PREDICTED GENES
PROTEIN ANALYSIS
PDB LINKS

DRUG TARGETS
TITRATION CURVES (Capsid] [ M ] [Envelope ] [ NS1 [ NS2a ] [Ns2b] [ NS3 [ NS4a ][ NsS4b [ NS5 |
DOWNLOADS
REFRENCES

three structural proteins

2. seven non-structural proteins

correct NS1 + Unknown function
processing of Prable asaon
peotiseig potyprotein P ‘

l_ Binds ac 1 * Required for + Proteolytic
virsl antagonist

+ RNAholcase
+ Nucleoside

. Ne—
| 1E0B || Expesy | / — lwwh’EMI

[ Nesr || scrio] | BLAST |

corroct NS3

UNCHON membeane

DENGUE INFO PORTAL modulaton

Capsid
STRUCTURAL PROTEINS.. Membrane Glycoprotein

Envelope

navigation «—
to pages of

respective

proteins can

be achieved

through

these

buttons or Nen-Structural protein-1
Nen-Structural protein-2a

Non-Structural protein-2b

NON-STRUCTURAL

PROTEINS Non-Structural protein-3

Nen-Structural protein-4a

Non-Structural protein-4b

Non-Structural protein-5

Fig.35 Web page of DKB for PROTEIN ANALYSIS.
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HOME
ADVANCED SEARCH
SEARCH The unique long open reading frame of DENV genome is translated into a polyprotein tha
DENGUE-PEDIA » processed co- and post-translationally, by cellular and viral proteases, to produce ten mat
HOST-VIRUS INTERACTIONS Viral protfeins:
HERBAL SHOT > 1 three structural proteins
PREDICTED GENES
PROTEIN ANALYSIS
PDB LINKS
DRUG TARGETS
TITRATION CURVES [Capsid | | (Envelope ] [ NS1 ][ Ns2a ] [(Ns2b] [ NS3 |[ NsS4a | nNs4b ][ NS5 |
DOWNLOADS ~
3 * Requred for b

REFRENCES comrect NS1 e Bk SOERI Scion

procassng of + Possile intarferon

polyprotein antagonist

* RNAholicase

2. seven non-structural proteins

[ Nesr || scrio] | BLAST |

| zedB || Expasy | proein | |, 2 A :  ENApomersse
o intsacellulas

DENGUE INFO PORTAL H

HOME
ADVAMNCED SEARCH
SEARCH

- DENV1 MEMBRANE PROTEIN PROFILE As Click on
Click on any of the protein : _ M”encrypted
[ Primary Structural Details ] button naVi ates tO
name encrypted bUttonS I Secondary Structural Details J g
navigates to other page [ Epitopes ] other_p'c_1ge
describing the | Conserved Domains | deSCI’IbIng the

characteristics of

DENV MEMBRANE PROTEIN PROFILE

4

characteristics of A
proteins(of all serotypes) DENVZ2 MEMBRANE PROTEIN PROFILE “M” proteins(of all

and its mini review. DENV3 MEMBRANE PROTEIN PROFILE serotypes) and its

DENV4 MEMBRANE PROTEIN PROFILE mini review.

MINI REVIEW OF MEMBRANE PROTEIN

Length 166 aa
Mol .wt. 261 kba

® Precurser of membrane (prM) is directed inte the ER by the C-termina
hydrephebic residues of the capsid pretein.
prM is associated with the E pretein in its dimer form in immature virions and i
thought to stabilize the E protein and prevent its conformational changes during

intracellular transpert of immature virions though acidic compartments of the

trans-gelgi netwerk.

Membrane protein iz synthesized as a precursor prM (~165 amino acids) in the
lumen of the ER. Together with E, ¢ and the viral genome, they form the

Description immature viral particle which containe 60 spikes on the surface.

Each spike comprises a trimer of prM-E heterodimer. The three prM protein:
hide the fusion peptides on the surface of the virion, preventing E frem fusine
with hest membrane.

When the immature virien i= transperted to the trans-Gelgi netwerk (TGN
compartment, the acidic pH of the TGN allows a conformational change of pr¥

mnd Aavmaman ibe Eimin alasvans mida Eumin alanvans ad mmdd namilde in me samdiads

Fig.36 Web page of DKB for PROTEIN ANALYSIS.
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HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDLA 3
HOST-VIRUS INTERACTION b
HERBAL SHOT 3
PREDICTED GENES

PROTEIN ANALYSIS

PBB LINKS | Secondary Structural Details ‘
DRUG TARGETS |
TITRATION CURVES

DOWNLOADS

REFRENCES

MEMBRANE PROTEIN PROFILE

DENV1I MEMBRANE PROTEIN PROFILE

|IPrimary Structural Details |

Epitopes |

| Conserved Domains |

[ Neer || scFBio] [ BLAST

IEDB Expasy

DE 2 MEMBRANE PROTEIN PROFILE

DEMIV3I MEMBRANE PROTEIN PROFILE

DERV4 MEMBRANE PROTEINM PROFILE

DEMNGUE INFO PORTAL H

Further click on “primary str.
details”, redirects to the page
containing links to primary
structural details of each
protein.

HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA b
HOST-VIRUS INTERACTION
HERBAL SHOT b
PREDICTED GENES

PROTEIN ANALYSIS

PDB LINKS

DRUG TARGETS

TITRATION CURVES
DOWNLOADS

REFRENCES

omposition of DENV proteins

Protein name DENVA DENV-2 DENV-3 DENV-4

Capsid Clicktoview — Clickfoview ~ Clickoview ~ Click %o view
Further click on links given on
“primary str. details” page,
redirects to the page

containing primary structural

Merbrane Glyceprotein Clicktoview ~ CTdkdoview  Clicktoview  Click o view

Envelope Clicktoview ~ Click 1o

mmmmmmmmm:

Non-structural {

Non-structural 20

HOME

ALVANGCED SEARSH

SEARCH

DENSUE-FEITA L3
HOST-VIRVE INTERASTION
HEEAL EHOT »
FRELICTED GEMNEE

FROTEDN ANALYSIS

Click to view

Click to view
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C.

HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDTIA >
HOST-VIRUS INTERACTION b
HERBAL SHOT >
PREDICTED GENES | Prl'/'na ry Structural Details |
PROTEIN ANALYSIS
PDB LINKS | Secondary Structural Details |
DRUG TARGETS |
TITRATION CURVES

DOWNLOADS | Conserved Domains |
REFRENCES

MEMBRANE PROTEIN PROFILE

DENV1 MEMBRANE PROTEIN PROFILE

Epitopes |

| meBr |[scrBiol [ BLAST

DENVZ IMEMBRANE PROTEIN PROFILE

e ) (] DENVI MEMBRANE PROTEIN PROFILE

Further click on “secondary
KOlkE str. details”, redirects to the
ADVANCED SEARCH page containing links to
SEARCH A | GHONDARY STRUCTVRAL DETALLS | secondary structural details of
PR } Protein name DENV-{ DENV-2 DENV-3 DENV-4 each protein.
HOST-VIRUS INTERACTION ---

HERBAL SHOT }
PREDICTED GENES CAPSID click here click here click here ¢lick here

FROTEIN ANALYSLS

POB LINKS MEMBRANE ¢lick here click here click here ¢lick here

DRUG TARGETS

TITRATION CURVES : . . : Further click on links given on

T ENVELOPE ¢lick here ¢lick here ¢lick here ek here “secondary str. details” page,

REFRENCES redirects to the pdf page
- NSt ¢lick here click he dlick here ¢lick here containing secondary
uu structural details of selected

\:/ NS2a click here dlick here "y protein.

N$2b ¢lick here ¢lie

RENZLIE TRIEA PADTAI H
SECONDARY STRUCTURAL INSIGHTS INTO DENV1 MEMBRANE PROTEIN

GRAPHICAL VIEW:
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D.

E INTEGRATIVE BIOLOGICAL RESOURCE ON DENGUE VIRAL DISEASE! BROWSE AND EXPLORE !

HOME
ADVAMNCED SEARCH

SEARCH

DEMGUE-PEDTA 3
HOST-VIRUS INTERACTION b
HERBAL SHOT 3
= | Primary Structural Details |
PROTEIN AMNALYSIS
PDB LINKS | Secondary Structural Details |
DRUG TARGETS |/
TITRATION CURVES

DOWNLOADS | Conserved Domains |
REFREMNCES

MEMBRANE PROTEIN PROFILE

- DENV1 MEMBRANE PROTEINMN PROFILE

Epitopes |

| Neer |[scrBio][ BLAST

DENVZ MEMBRANE JROTEIN PROFILE

(== == DENV3 MEMBRANF PROTEIN PROFILE

Further click on “epitopes.
details”, redirects to the page
containing links to epitope
HOME T T details of each protein.

ADVANCED SEARCH b AN A

SEARCH

DENGUE-PEDTA b

HOST-VIRUS INTERACTIONH

HERBAL SHOT b CAPSID dickhere  clikbere  clikbere  clickbere

PREDICTED GENES
FROTEN ANALS32 NENBRANE ikhere — cliokhere  clikbere  clickhere Fur’Fher click on links given on
OB LINKS “epitopes details” page,

RV TARGETS } - . . . redirects to the pdf page

ENVELOPE clikbere — clickhere here  clckhere containing epitope regions of
selected protein.

Protet nane DENIK DENV- DENV-3 DENV-4

TITRATION CURVES

DOWNLOADS
REFRENES NG| dickhere — clik he/
@ @ \@ N-la dickhere  elicky

GRAPHICAL VIEW:
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HOME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA »
HOST-VIRUS INTERACTION M
HERBAL SHOT »

DENV MEMBRANE PROTEIN PROFILE

DENV1 MEMBRANE PROTEIN PROFILE

PREDICTEDR GEMNES

[ Primary Structural Details l

PROTEIMN AMALYSIS

PDB LINKS

Secondary Structural Details ]

DRUG TARGETS
TITRATION CURVES
DOWNLOADS
REFRENCES

[ NeeT |[scrBio|[ BLAST

Expasy

]

I Conserved Domains ]

L/

Epitopes

DENVZ2 MEMBRANE PROTEIN PROFILE

DENV3 MEMBRANE PROTEIN PROFILE

Further click on “conserved
domains”, redirects to the page

WELCOME TO TH

HoME

ADVANCED SEARCH

SEARCH

DENGUE-PEDIA J
HOST-VIRUS INTERACTIONY
HERBAL SHOT J

CONSERVED DOMAING OF

containing links to conserved

DENY PROTEINS domains of each protein.

PREDICTED GENES
PROTEIN ANALYSLS
POB LINKS

Congerved
domein(DENV-2)

Conserved
domein(DENV-1)

Conserved
domein(DENV-4)

Conserved
domain(DENV-3)

DRUG TARGETS

TITRATION CURVES C0CP0!

Capsid protein (beeo2

“conserved domains” page,
redirects to the CDD tool

CDepO3 (Depod

DOWNLOADS

REFRENCES Membrane protein | COPRHOY (OPri02

CLPrMo4

ﬁw\

of selected protein.

COERO!

Envelope protein

COERQ2 /

(DN&102

CONS10t

Non strugturel

Fig.37 A, B, C, D, E — Insights into
webpages of DKB exhibiting Protein

Analysis details

[Tl NewSearch Structure Home 30 Macromolecular Structures

membrane glycoprotein precursor [Dengue virus 1]
Graphical summary show options »
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e
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Further click on links given on
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DRUG TARGETS:

The Drug Target feature includes the information on viral and host(human) cellular parts that can

act as targets for drug development.

Navigation to drug targets

DRUG TARGETS ---> viral proteins
--—>human cellular proteins.

A)

HOME
ADVAMCED SEARCH

PROTEINS AS DRUG TARGETS

SEARCH DESCRIPTION

REFERENCES

DENGUE-PEDIA
HOST-VIRUS INTERACTION P Mature virion
HERBAL SHOT »
PREDICTED GENES

PROTEIN ANALYSIS

PMID:14528291

PDB LINKS
DRUG TARGETS Mature virus particle
TITRATION CURVES
DOWNLOADS

PMID:14528291

REFRENCES

Immature virus particle

PDB LINKS .Tn.:t-r.'.ge‘r '

PMID:14528291

DRUG TARGETS Eorinis imvolved inTh
urin is involved in the
LSRR BLITEE Cellular maturation of the M
DOWNLOADS proteases protein fromits
REFRENCES precursor prM encoded in
the dengue polyprotein

PMID:
19008392

NCBI | SCFBio| BLAST initiate further dengue
Signal signal polyprotein processing

eptidases eptidases befare N52b/NS3
LEEE By pep pep protease takes over and
maturates the whole NS
enzymes

DENGUE INFO PORTAL

PMID:
19008392

Several DENV proteins
glucosidases | beta- (prM, E, and NS1) are
glucosidases decorated by
glycosylation upon
travelling through the

ER. They are further
maturated upon de-
glycosylation by cellular
glucesidases L and IT,
which leaves a single
carbohydrate unit at
their surface

Fig. 38 webpage of DKB for Drug Targets.

PMID:
19008392

PMID:
23578725
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TITRATION CURVES:

e The Titration curve section provides the titration curve of each DENV protein.

HOME
ADVANCED SEARCH

SEARCH

DENGUE-PEDIA 3
HOST-VIRUS INTERACTION ¥
HERBAL SHOT »
PREDICTED GENES

PROTEIN ANALYSIS DENV-1 Click Please
PDB LINKS

DRUG TARGETS
TITRATION CURVES

DOWNLOADS .
REFRENCES DENV-3 Click Please

[EiNcerT [Boreil FBLASTY DENV-4 Click Please

Click on the link redirects
to pdf page containing
titration curve.

TITRATION CURVES OF DENV PROTEINS

Virus type Titration curve

DENV-2 lick Please

Membrane Glvcoprotein:

1410,
13 5|

o
electrc Pont

Fig.39 webpage of DKB for titration curve
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PDB LINKS

o This feature assembles the known-protein crystal structures deposited in PDB and provides a link
to access the respective structure.

SARCH
SNGUE-PEDIA

»

0ST-VIRUS INTERACTIONP

ERBAL SHOT
EDICTED GENES
YOTEIN ANALYSIS
)B LINKS

WE TARGETS
[TRATION CURVES
IWNLOADS
SFRENCES

»

SNGUE INFO PORTAL

The pseudo-atomic structure of dengue immature virus /

/

Membrane
glycoprotein

Complex Organization of Dengue Virus Membrane Proteins as Revealed by £.5
Angstrom Cryo-EM reconstruction Solution Structure of Dengue Virus Copsid
Protein Reveals a New Fold.

Crystal structure of the precursor membrane protein- envelope protefn

heterodimer from the dengue 2 virus at neutral pH
The pseudo-atomic structure of dengue immature virus /

[==1
[
[l

[=—
PROTEIN DATA BANK

Click on the

structure.

B l-AEth-o rProfifEs’

pdb id navigates to
the pdb page containing
information on the protein

t MyPDB

Login to your &ccount
Register a New Account
MyPDE Help Page

Hide
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News & Publications
Usage/Reference Policies
Dreposition Policies
Website FAGQ
Dreposition FAQ
Contact Us

About Us

Careers

External Links
Sitemap

New Website Features

Hide

Association of the pr peptides with dengue virus blocks membfane fusion at acidic

— T e e BORLIQ molecule name, author

\

sious Results

& mgmeer or Tre & PEPEE | @ EMDacBanl
An Information Portal to Hiological Macromolecular Structure
As of Tuesday Jun 25, 2013 at 5 PM PDT thefe are 91761 Structures | PDB Statistics

by B @ &=

=

Author Macromolecule Sequence Ligand

|
1

I =] Display Files =
p-atomic structure of dengue 3C6 D % Download Files ~
_AIrus Share this Page ~

DO0I:10.2210/pdb3c6ed/pdb EMDataBank &:5102

. £

The flavivirus precursor brane lop
structure and maturation.

protein c

Li, L.~, Lok, S.M.~, Yu, I.M.~, Zhang, ¥Y.~, Kuhn, R.J.2, Chen,
3.2, Rossmann, M.G_0

Journal: (2008) Science 319: 1830-1834

PubMed: 18369147 (&
DOI: 10.1126/science.1153263
Search Related Articles in PubMed 0l

PubMed Abstract:

Many viruses go through a maturation step in the final stages of
assembly before being transmitted to another host. The maturation

Fig.40 webpage of DKB for PDB links




DISCUSSION




2013 | MAJOR PROJECT

A challenge for the computational biology field arising from the new opportunities is to expand
training and educational opportunities at the interface of biology with computer and information
science, bioengineering, and the physical sciences. Computational science is now poised to be a
partner in the armament of biological tools, maintaining an essential triangle of theory,
computation, and experimentation in scientific areas.

There is a plethora of online published research papers presenting scientific experiments, high-
throughput experiment technology and computational analyses on Dengue virus and the viral
disease manifestations as DF and DHF. But very less web resources have been developed
exclusively for Dengue virus that consolidates the available information in a user friendly
manner on one platform.

There exist few databases that provide information regarding the virus, but comparatively more
information is provided in Dengue Knowledge Base where curation of most features of the virus
and the infection is done to produce searchable and comprehensive review.

Dengue Knowledge Base is such an endeavour to integrate various facets of online available
information on Dengue viral disease. It is developed to provide a comprehensive web-based
biological resource to the scientific community and act as a repository of information on Dengue
viral disease. The intended audience(user) for the database are researchers, academicians and
students.

And to an extent covers most of the features of dengue virus and provides an insight into its
genetic and protein profile. The current version of Dengue Knowledge Base

» Supports literature reviewed information on virus morphology, replication, pathogenesis,
host-infection, manifestations, organ pathology, control and management,treatment,
interactions between the host(including humans and Aedes mosquito) and virus at genetic
level, natural compounds(derived from plants) that show anti-viral or larvacidal activity,
vaccine initiatives taken so far and viral and host cellular targets for drug development.

Besides, it holds information on structural annotations for the viral genome of Dengue
virus( 4 genome sequences) and protein sequences(40 proteins) that was done using
computational resources.

The information retrieved from the database could be useful for comparative analysis studies,
drug and vaccine development and structural and functional analysis studies.
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However, there is always a room for improvement. The database is expected to continue to grow
and improve by allowing curation of more viral genes and proteins that are submitted online.
Additional research is also needed, as there are a number of drug and vaccine trials in progress.

A continuous updating of information is required.




CONCLUSION
AND

FUTURE PROSPECTIVE
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This project was undertaken to create a database for Dengue viral disease to provide a
comprehensive web-based biological resource to the scientific community. The database is
named “Dengue Knowledge Base- A repository of information on Dengue viral disease”.

The SQL(Database development technology) and Visual studio 2010(Website development
technology) have been used to

> Integrate the collected information.

» Construct a user-friendly web interface for Dengue Knowledge Base.

The virus is transmitted to humans by the mosquitoes Aedes aegyptii and Ae. albopictus. The
incidence of dengue fever (DF), dengue hemorrhagic fever (DHF), and dengue shock syndrome
(DSS) are rapidly increasing, and more than 2.5 billion people live in regions endemic for the
disease. Presently approximately 50-100 million cases of DF occur yearly with more than
500,000 resulting in severe and potentially fatal forms of the disease (DHF & DSS). Several
factors contribute to the threat posed by dengue. Most significant are lack of cross-reactive
immunity for the four DEN serotypes (DEN-1, DEN-2, DEN-3, and DEN-4), hyperendemic
circulation of the four different serotypes in the same geographical area, frequent worldwide
travel, high population density, and lack of effective mosquito control programs. Other
socioeconomic factors only amplify the challenge of dengue control.

From the present work following conclusions can be drawn:

e There exist few databases that provide information regarding the virus, but comparatively
more information is provided in Dengue Knowledge Base where curation of most
features of the virus and the infection is done to produce searchable and comprehensive
review.

Literature reviewed data and the data obtained after analysis of Dengue genome and
proteins(taking into account all the serotypes) have been coupled to produce the
repository of information.

The plethora of literature was reviewed through non-sequence based information
resource, PubMed, to access and assemble the information on virus morphology,
replication, pathogenesis, host-infection, manifestations, organ pathology, control and
management and treatment that could be accessed through Dengue-pedia (encylopaedia
of Dengue) feature of Dengue Knowledge Base.

The host-virus interaction section in the resource emphasized on interactions between the
host(including humans and Aedes mosquito) and virus at genetic level. The information
about the genes and the associated research could be accessed through links directed to
NCBI Gene information and PubMed portal.

The Herbal Shot feature ensemble information on the plants whose compounds show
anti-viral or larvacidal activity. The structure of compound deposited in PubChem ,the
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information of plants from plant database Tropicos and research work from PubMed
could be accessed through links provided to their portal.

The Predicted Genes section put forward the structural annotations for the viral genome
of Dengue virus(as retrieved from NCBI). The prediction of genes was done through
computational resource Chemgenome 3.0 in all six reading frames (5’-3)and(3’-5)
which are then translated into protein sequence.

The protein Analysis section portrayed annotation of the structural character three
structural and seven non structural proteins(as retrieved from NCBI), encoded by genes
in order (from 5’ to 3”) of all the serotypes of virus. The protein sequence analysis was
accomplished using computational resources Protean (Dnastar lasergene coresuite
version10.1), Immune Epitope analysis resource and Database(IEDB) and NCBI
Conseved Domain Database(CDD). The analysis included:

» Primary structural details (Amino acid composition( number count, % by weight,

% by frequency), molar extinction co-efficient, isoelectric point, charged , acidic,
basic, polar and hydrophobic amino acid profile etc.).
Secondary structural details (Residue wise probability of alpha, beta and turns
regions, Surface Probability, Antigenic Index, Flexible Regions, Alpha and Beta,
Amphipathic Regions etc).

» T-cell and B-cell Epitope.

» Conserved Domains.
» _Titration curve for each protein.

The Drug Target feature has included the information on viral and host(human) cellular
parts that can act as targets for drug development.

The Titration curve section has provided the titration curve of each DENV protein.

The PDB links feature has provided access to all the known crystal structures of protein
deposited at PDB.

The Downloads section contains the genome, gene and protein sequences used in the
analysis part.

To make the access more user-friendly and comprehensive, the Search section has
provided the integrative links to navigate through the entire database.

The Advanced Query section is an interface to access the quick and relevant information
on the protein’s attributes as molar extinction co-efficient, isoelectric point, charged ,
acidic, basic, polar and hydrophobic amino acid profile.

The provision of links to online bioinformatics resources like NCBI, Expasy, SCFBio
(supercomputing facility) etc allows user to associate more to the search.
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The information on Dengue Virus is now just a click away with Dengue Knowledge base!

FUTURE PROSPECTIVES:
However, there is always a room for improvement. The database is expected to continue to grow

and improve by allowing curation of more viral genes and proteins that are submitted online.
Additional research is also needed, as there are a number of drug and vaccine trials in progress.
A continuous updating of information will be required.
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