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Dengue is a mosquito-borne viral (arbovirus) disease that affects more human 

beings than any other arbovirus. Dengue virus (DENV) has been circulating 

globally for hundreds of years (Twiddy et al., 2003). Meanwhile, in recent 

years the frequency and severity of this disease have increased immensely 

(Gubler, 1998). Although the full global burden of the disease is uncertain, as 

per the report of WHO, the number of cases increased from 2.2 million in 

2010 to 3.2 million in 2015. This number clearly indicates that the incidence 

of dengue has grown significantly around the world in last decades. Another 

report on the prevalence of dengue, estimated 3.9 billion people are at risk of 

dengue viruses infection from 128 countries (Brady et al., 2012). Prior to 

1970, only 9 countries had experienced severe dengue epidemics but now 

endemic is in more than 100 countries, all around the world. Study on 

transmission cycle of DV took place in the early 1900s (Graham, 1903) and it 

was Bancroft (Bancroft, 1906) who first determined that DENV was 

mosquito-borne and identified the principal vector, respectively. Soon after, 

Ashburn and Craig isolated the etiological agent and by the 1930s many 

aspects of DENV transmission had been defined (Ashburn and Craig, 1907). 

DENV has been recognized to the modern world for over 100 years, even 

though the number of incidence and area all around the world increases. 

Dengue fever (DF), Dengue Shock Syndrome (DSS) and Dengue 

Haemorrhagic Fever (DHF) are the possible explanations for the global 

increase in the incidence. The increased severity of the disease is associated 

with many factors like the introduction of new serotypes into new populations, 

co-circulation of multiple DENV serotypes (Halstead, 1988), the global spread 

of the more virulent southeast Asian genotypes (Armstrong and Rico-Hesse, 

2001; Rico-Hesse et al., 1997). Apart from that, regional changes in the 

primary vector (Vazeille et al., 2003), global expansion of the primary vector, 

Aedes aegypti (Gubler, 1998), human population expansion and urbanization 

also play a significant role in the expansion and severity of this disease.  

DENV is a single-stranded positive-sense RNA virus of the family 

Flaviviridae, genus Flavivirus. This Flaviviridae family contains two other 

genera, Pest virus and Hepacivirus. Dengue is the wildest mosquito-borne 



Introduction 

 

 Page 2 
 

infectious disease affecting billions of people in tropical and sub-tropical 

regions of the world (Bhatt et al., 2013). In the Flavivirus genus, most of the 

viruses are arthropod-borne and they are transmitted by either mosquitoes or 

ticks. Medically important mosquito-borne viruses in this genus include West 

Nile virus (WNV), Saint Louis encephalitis virus (SLEV), as well as the type 

species yellow fever virus (YFV). Dengue viruses are roughly spherical 40-

60nm size envelope viruses with an approximately 11 kb RNA genome. 

There are four distant serotypes of DENV, each of which likely emerged 

separately from the sylvatic cycle (Vasilakis and Weaver, 2008) and 

manifested with similar symptoms. Based on 62-67% amino acid homology, 

the four serotypes of DENV could be considered four different viruses but 

originally the differences between the viruses were based on the serological 

analysis. So the viruses were assigned to the same antigenic complex and 

considered different serotypes instead of different viruses (Calisher et al., 

1989; Kyle and Harris, 2008). Viral envelope (lipid bilayer derived from the 

host) and nucleocapsid are the main components of dengue. The nucleocapsid 

is inside the virus, made of the viral genome and C proteins. Surrounded in the 

viral envelope are E and M proteins that cross through the lipid bilayer.  There 

are 180 indistinguishable copies of the envelope protein attached to the surface 

of the viral membrane by a short transmembrane segment. 

About 11000 bases of viral genome encode a single large polyprotein.  This 

polyprotein is subsequently digested into several three structural and seven 

non-structural mature peptides along with short non-coding regions on both 

the 5' and 3' ends. capsid (C) protein, envelope (E) glycoprotein and the 

membrane (M) protein are the three structural proteins, while NS1, NS2a, 

NS2b, NS3, NS4a, NS4b, NS5 deemed as nonstructural protein. The C, E and 

M protein derived by furine-mediated cleavage from a prM precursor. The E 

glycoprotein is responsible for virion attachment to the cell receptor and 

fusion of the virus with the target cell membrane. In addition, to bear the virus 

neutralization epitope by E glycoprotein, it has associated with a protective 

immunity along with NS1 protein.  NS3 is a protease and a helicase in 
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function, whereas NS5 is the RNA polymerase in charge of viral RNA 

replication. 

Life cycle of DENV undertakes with the attachment of DENV with specific 

receptors and the whole process is mediated through dengue envelope protein. 

Multiplication of DENV can occur in varieties of human cells including 

monocytes, hepatocytes, and dendritic cells (DCs) with possibly CD4, DC-

SIGN, mannose receptor receptors (Bartenschlager and Miller, 2008). After 

initial penetration, the viral particle is fused into acidic lysosomes through 

receptor-mediated endocytosis. Consequently, the viral particle becomes 

uncoated and the positive sense RNA is released in the host cell. Once inside 

the endosome, the E protein trimerizes due to conformational changes 

mediated by the acidic environment, causing fusion between the virion 

envelope and cellular membranes (Modis et al., 2004). Due to the above 

process, the viral genome is uncoated and released into the cytoplasm. Now, 

this positive sense RNA encodes the precursor polyprotein from 5 ’-CprM 

(M)-E-NS1-NS2ANS2B-NS3-NS4A-NS4B-NS5-3 gene that is cleaved to 

generate at least ten proteins. In a few hours of infection, thousands of copies 

of viral molecules are produced from a single virus, which leads to cell 

damage and in severe cases to death. 

Mosquitoes are extremely efficient vectors for transmission of so many human 

and animal pathogens and to understand the relationship between pathogen 

and vector is crucial in developing strategies to predict and prevent 

transmission. Dengue is transmitted by Aedes mosquitoes and the prevalence 

has grown dramatically with 50–100 million cases/year and 2.5 billion people 

at risk. The development of mosquito begins with eggs laid on or near water. 

Cell lines of appropriate mosquito hosts offer a relatively simple tool for 

investigation and C6/36 one of the cell line derived from larvae of Ae. 

albopictus in the mid-1960s. It is typical round in shape with diploid 

chromosome number. It is continuous cell line non-anchorage dependent and 

non- tumourigenic. This cell line can be maintained at 5% CO2; at 28°C and 

easily dislodged by mechanical agitation. Due to absences of functional RNAi 

response (Brackney DE. Et al., 2010), it is extremely susceptible to a wide 
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range of arbovirses. Currently, this cell line is widely used in isolation of 

arthropod-borne viruses and cell entry mechanism of DENV (Acosta EG et al., 

2011).   

Anti-sense oligonucleotides and ribozymes have been used for more than a 

decade to target specific RNAs for degradation. Although these methods 

worked satisfactorily in some simple experimental models, they have 

generally not delivered effective gene silencing in complex mammalian 

systems. siRNA were first discovered by David Baulcombe's group at the 

Sainsbury Laboratory in Norwich, England as a part of post-transcriptional 

gene silencing (PTGS) in plants. However, in the past few years, astonishing 

developments in the field of RNA interference (RNAi) have been seen. siRNA 

become the popular and  primary means by which most researchers attempt to 

target specific genes for silencing. RNAi was first discovered in 

Caenorhabditis elegans, when it was noted that introducing a double-stranded 

RNA (dsRNA) that was homologous to a specific gene resulted into post-

transcriptional gene silencing of that particular gene. In 2001, RNAi-mediated 

knockdown of individual mRNAs in mammalian cells was first described, 

allowing the transient depletion of individual proteins from target cells 

(Elbashir SM et al., 2001). siRNA are 21–23 nucleotide dsRNAs containing 2 

nt 3´ overhangs. One strand of the duplex is complementary to the target 

mRNA. This targeting (or guide) siRNA strand is incorporated into a 

multiprotein complex, termed the RNA-induced silencing complex (RISC). 

The RISC then uses the guide strand as a sequence-specific probe for targeting 

mRNAs for endonucleolytic cleavage by the RISC component protein 

Argonaute 2. The depletion of a specific mRNA leads to a temporary 

reduction (knockdown) of the levels of the mRNA-encoded protein in the cell. 

Exogenous dsRNAs are digested into 21-25 nt small interfering RNA by an 

RNase III-like enzyme called Dicer. Dengue is one of the first animal viruses 

that could be efficiently inhibited by RNAi (Haasnoot PC et al., 2003). siRNA 

can be a therapeutic drug against many diseases is now becoming acceptable. 

Currently since there are no effective therapies or vaccines against Dengue 

fever, the use of RNAi to suppress dengue virus replication and protect cells 
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from viral attacks will undutiful provide a new research strategy for the 

prevention and treatment of this disease. 

To the best of our knowledge, no published literature is available till date from 

India on silencing of dengue virus gene through siRNA. Therefore, this study 

can be helpful in formulating a strategy to develop siRNA against dengue 

virus, which can be a boon in Dengue virus treatment and control. 
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Aim: To study the role of siRNA in dengue virus replication. 

Objectives:-  

1. To determine the designing of effective siRNA sequence against 

different  proteins of DENV 

2. To determine the effects of siRNA on cell survival and viral load 

reduction of DENV in cell line. 
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Dengue past and present  

As per the year 2008 report of the National Institute of Allergy and Infectious 

Diseases (NIH), dengue is the foremost re-emerging disease in current 

scenario that trouble more than 50-100 million individuals with around 22,000 

deaths annually. Dengue Virus (DENV) is an arbovirus that was first 

described as early as 992 A.D. in China (Kyle and Harris, 2008). The most 

primitive descriptions of dengue-like disease are encrypted in medical 

encyclopaedias from the Chinese Chin dynasty (265-420 AD) (“Etymologia of 

dengue,” 2006). Graham, 1903 and Bancroft, 1906 were the first to conclude 

that DENV was mosquito-borne and identified their principal vector with their 

transmission cycle. In 1930s first time isolated the DENV and their 

transmission had been defined by Ashburn and Craig, 1930. In the meantime, 

different investigators reported different aspects of dengue like identification 

of secondary vectors (Simmons et al., 1930b; Snijders et al., 1931), 

determination of the extrinsic (Schule, 1928; Simmons et al., 1930a) and 

intrinsic incubation period (Lumley, 1943), seasonality and duration of Aedes 

aegypti mosquito infection, (Blanc and Caminopetros, 1929) and human 

DENV symptomology (Sabin and Schlesinger, 1945).  

Contemporary studies suggested that DENV is affecting more humans than 

any other arbovirus today and it has been circulating globally for hundreds of 

years (Twiddy et al., 2003). The rate of recurrence and severity of this disease 

has increased tremendously in recent years (Gubler, 1998). As per the Centers 

for Disease Control (CDC), dengue fever is a self-limiting disease lasting 

approximately 7 to 10 days and fever is the most common manifestation, but 

rarely it may progress into DHF or DSS. These more serious forms of the 

disease lead to vascular permeability, plasma leakage, and shock (WHO, 

1997). 

DENV Taxonomy 

DENV belongs to genus Flavivirus, family Flaviviridae. The genus Flavivirus 

also includes Pestivirus and Hepacivirus. Most of the viruses within the genus, 
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Flavivirus are arthropod-borne and they are transmitted by either mosquitoes 

or ticks.  The family Flaviviridae includes other pathogenic mosquito-borne 

viruses like yellow fever virus (YFV), West Nile virus (WNV), Japanese 

encephalitis virus (JEV) and St. Louis encephalitis virus (SLEV). Further, 

these DENV emerged separately into four serotypes from the sylvatic cycle 

(Vasilakis and Weaver, 2008). Based on 62-67% amino acid homology of all 

the four serotypes of DENV, it could be considered different viruses.  The 

differences between all the four serotyped viruses were originally based on 

serologic investigation and the viruses were assigned to the same antigenic 

complex and considered as different serotypes instead of different viruses 

(Calisher et al., 1989; Kyle and Harris, 2008). 

Molecular structure of DENV 

Dengue viruses are 40-60 nm sized enveloped viruses with single-stranded 

positive-sense RNA. It has a genome of approximately 11 kb size. Non-

segmented genome of DENV has a 5’ 7-methylguanosine cap and no 

polyadenylic acid tail (Chambers et al., 1990; Wengler, 1981). The genome 

has a single open reading frame that contains 3 structural and 7 non-structural 

protein genes.  Capsid (C), premembrane (prM), envelope(E) come under the 

structural portion of the gene while  NS1, NS2A, NS2B, NS3, NS4A, NS4B, 

and  NS5 (NS ; Non-structural)  are non-structural  (Henchal and Putnak, 

1990) (Figure 1& table 1). The structural proteins are associated with the core 

and envelope of the dengue virion. The C protein is involved in virion 

assembly and it can be found in the cytoplasm of dengue-infected cells (Wang 

et al., 2002). Apart from that it is one of the main machinery of the viral core 

along with the viral genomic RNA. The viral envelope consists of a host 

derived lipid membrane and the prM and E proteins. The prM protein prevents 

E protein associated fusion, and when it is cleaved, it forms the M protein 

(Guirakhoo et al., 1992; Heinz et al., 1994; Allison et al., 1995), which is one 

of the most abundant protein on the viral envelope. It (Allison et al., 1995) is 

associated in cell attachment and fusion along with E protein (Heinz, 1986). 

The non-structural proteins help in viral replication. The function of NS1 is 
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unknown but it may have a role in RNA replication (Lindenbach and Rice, 

1999; Mackenzie et al., 1996; Westaway et al., 1997) and in pathogenesis 

(Chen et al., 2009). NS2A is hypothesized to engage RNA templates in 

membrane associated replication complexes and has been found to bind to 

NS3, NS5 and the 3’UTR (Chambers et al., 1989; Mackenzie et al., 1998, 

1996) and it blocks host IFN α/β response (Munoz-Jordan et al., 2003). NS3 

with NS2B acts as a cofactor and has a proteolytic processing activity (viral 

serine protease) (Falgout et al., 1991.  It cleaves the viral polypeptide at the 

NS2A/NS2B, NS2B/NS3, NS3/NS4A and NS4B/NS5 junctions, along with 

processing of NS2A, NS3, NS4A, and C (Westaway et al., 1997). NS3 has 

NTPase and helicase activity (Cui et al., 1998; Kapoor et al., 1995), which 

play an important role in viral RNA replication. NS4B is associated with NS3 

and has been demonstrated to improve NS3 helicase activity (Umareddy et al., 

2006) along with blocking interferon α/β (Munoz-Jordan et al., 2003). At the 

site of RNA replication, NS4A and NS4B are localized but overall function is 

unknown (Lindenbach and Rice, 1999; Zou et al., 2015b). On the other hand, 

the co-localization of NS3 and NS4B is requisite for efficient viral replication 

(Zou et al., 2015a). The NS5 protein viz., viral RNA-directed RNA 

polymerase (RDRP) has methyltransferase activity and involved in 

methylation of the 5’ cap. The 5’ and 3’ untranslated regions (UTR) have 

conserved sequences that initiate negative strand synthesis (Zeng et al., 1998) 

and the 3’ UTR is involved in translational efficiency (Wei et al., 2009). 

Secondary structure in the coding regions also directs the translational start 

sites and influences replication efficiency (Clyde and Harris, 2006).  
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 Fig 1: Schematic representation of Dengue virus genome organization and 

polyprotein processing. Adapted from Sampath A, Padmanabhan R. 2009 

(Antiviral Research Journal) 

Table1: Dengue virus polyprotein 

Protein  M.wt 

(K.Da) 

Localization Known 

Modifcation 

Roles  References 

Structural 

Capsid 

12 Lipid droplets, 

Cytoplasm, 

Nucleus 

None Virion assembly; 

 Forms nucleocapsid with + 

sense RNA 

Sangiambut et al., 

2008 

Structural 

Membrane  

11 ER membrane Glycosylatio

n 

Conformational changes in the 

E protein; generation of M 

protein and maturation of virus 

particle. 

 

Prevents fusion by E during 

maturation 

Allison et al., 2003 

 

 

 

Li et al., 2008b 

Structural 

Envelop 

54 ER membrane Glycosylatio

n 

Virus-cell binding and fusion 

with pH change 

Nayak et al., 2009 

 

NS1 

(NS= Non 

Structural) 

46 ER lumen, 

Plasma 

membrane 

secreted 

glycosylatio

n, 

GPI anchor 

unknown but it may have a role 

in RNA replication in 

pathogenesis  

Lindenbach and 

Rice, 1999; 

Mackenzie et al., 

1996; Westaway et 

al., 1997) 

Chen et al., 2009 

NS2a 22 ER membrane None Bind to NS3, NS5 and the 

3’UTR and it blocks host IFN 

α/β response (Munoz-Jordan et 

al., 2003) 

Chambers et al., 

1989; Mackenzie et 

al., 1998, 1996 

NS2b 14 ER membrane None  Proteolytic processing  

 

(Falgout et al., 

1991) 

(Amberg et al., 

1994) 

NS3 69 Cytoplasm None Cleaves the viral polypeptide  

 

NS3 has NTPase and helicase 

activity  

Westaway et al., 

1997 

Cui et al., 1998; 

Kapoor et al., 1995 
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NS4a 16 ER membrane None Membrane rearrangement; 

anchors replication complex 

block interferon α/β  

interacts with NS1  

Miller et al., 2007; 

Munoz-Jordan et 

al., 2003; 

Lindenbach and 

Rice, 1999 

NS4b 27 ER membrane None Regulator of  replication 

complex  

Mackenzie et al., 

1998 

 

NS5 104 Cytoplasm, 

Nucleus 

Phopshorylat

ion 

N-terminal methyltransferase  

RNA-directed RNA 

polymerase (RDRP) 

Egloff et al., 

2007;Yap et al., 

2007 

 

 

Replication of DENV:  

DENV replicates in a variety of cells in the human host including monocytes, 

hepatocytes, and dendritic cells. It is hypothesized that replication cycle is 

initiated with virus entrance through receptor-mediated endocytosis (Acosta et 

al., 2009, 2008; Hung et al., 1999; Mosso et al., 2008) and by clathrin 

mediated endocytosis (Acosta et al., 2011, 2008; Kuadkitkan et al., 2010; 

Mosso et al., 2008). But there are exceptions to this belief that show a 

discrepancy by virus serotype and host cell type (Acosta et al., 2009, 2008; 

Bielefeldt-Ohmann et al., 2001). 

After entry, the virus is encapsulated in an endosome, the envelope protein of 

DENV trimerizes due to conformational changes mediated by the acidic 

environment, causing fusion between the virion envelope and cellular 

membranes (Modis et al., 2004). This entire mechanism leads to the release of 

the viral genomic RNA into the cytoplasm. After translation, viral RNA 

synthesis occurs in viral replication complexes that are composed of vesicles 

derived from cellular membranes (Bartenschlager, 2013). Primary, negative 

strand RNA is generated using non-structural proteins translated from the 

genomic RNA, which serves as template for positive strand genomic RNA. 

There newly synthesized genomic RNA associates with C protein resulting 

into a complex that buds into the endoplasmic reticulum (ER) at which point it 

acquires its envelope consisting of ER originated lipid bilayer and E and prM 

proteins. The prM protein is cleaved after passing trans-Golgi, resulting in 

conformational changes in the E protein (Allison et al., 2003; Li, L et al., 
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2008), generation of M protein and maturation of the virus particle. The E 

protein in immature virions is prevented from premature-fusion by developing 

heterodimer with prM protein. Processing of prM mediated by furin results 

into formation of mature virions carrying E homodimers. Now virions are 

internalized by receptor-mediated endocytosis. A decline in the pH in late 

endosomes induces the formation of E-homotrimers triggering membrane 

fusion and release of nucleocapsid into cytoplasm starting a new round of 

infection.  

A mosquito may become infected after taking a blood meal from a viremic 

primate thereby initiating the extrinsic incubation period of the DENV. Before 

transmission to another primate, the virus has to append to the mosquito 

midgut, replicate and escape from the midgut, circulate to the mosquito 

salivary glands, and finally transmitted to a primate in a subsequent blood feed 

(Woodring and Higgs, 1996). 

DENV natural cycle 

Dengue is an arthropod-borne virus and has two transmission cycles viz., 

urban cycle and sylvatic cycle. The urban cycle of DENV consists of the 

transmission of the virus between humans by anthropophilic mosquitoes and 

in the sylvatic cycle transmission in between nonhuman primates occurs by 

Aedes mosquitoes. Humans are periodically infected by sylvatic strains of 

DENV but the virus does not require a sylvatic cycle for maintenance because 

of high viremic titer (10
5
– 10

6
 infectious units per ml) found in the human host 

(Cardosa et al., 2009). The urban cycle of DENV exists in the neotropical 

regions of the world (Central and South America, including the southern part 

of Mexico and the Caribbean) and a sylvatic cycle in Aedes aegypti is the 

main vector of urban dengue and this anthropophagic mosquito very well 

adapted to flourish in major urban areas throughout the tropics. Ae. Aegypti 

lay eggs (breeding site) usually in the stagnant water around houses and 

frequently and almost exclusively feed on humans. Due to this natural 
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behavior they are very effective disease causing vectors in densely populated 

urban areas (Getis et al., 2003; Harrington et al., 2001).  

In humans DENV have 5-7 days incubation period, after that a high viremia 

develops that lasts up to 12 days (McBride and Bielefeldt-Ohmann, 2000). 

During this viremic condition, mosquitoes biting on an infected person will 

possibly become infected unless the mosquito is resistant to virus infection 

and dissemination (Bennett et al., 2005; Bennett et al., 2002). The infected 

mosquito is competent of infecting another human host and the cycle 

continues after 8-12 days extrinsic incubation period (Black et al., 2002). 

Apart from Ae. Aegypti, a secondary vector for DENV transmission is Aedes 

albopictus that spread from Southeast Asia to all over the world through tire 

shipments (Moore et al., 1988). 

Structure and Assembly of DENV particles 

Dengue virus is around 50nm in diameter, having an electron-dense central 

nucleocapsid. This nucleocapsid is approximately 30 nm in size and enveloped 

by a lipid bilayer (Kuhn, R. J et al., 2002). It is composed of multiple copies of 

highly basic capsid protein with a single copy of DENV genome. The E 

protein in immature virions is prevented from premature-fusion by developing 

heterodimer with prM protein. Processing of prM mediated by furin results 

into formation of mature virions carrying E homodimers.  
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Fig.2 The schematic structure of DENV virions. Nucleocapsid having single copy of 

positive sense genomic RNA encapsulated inside the multiple copies of C protein. This  

whole nucleocapsid surrounded by lipid bilayer carrying the E and M proteins. Adapted 

from Bartenschlager & Miller, 2008 

    Dengue epidemiology  

DENV has four serotypes (1-4) that have a tropical and sub-tropical 

distribution. The epidemic cycle is thought to have arisen from the sylvatic 

cycle within the last 1,000 to 2,000 years (RicoHesse, 2003).  

The extrinsic incubation period of the virus is influenced by environmental 

factors, such as temperature (Watts et al., 1987) and vector and virus 

genetics. In Urban cycles the primary vector of DENV is Ae. Aegpyti, 

commonly known as yellow fever mosquito and Ae. Albopictus (Asian 

tiger mosquito) is regarded as a secondary vector. Both the mosquitoes 

have tropical and sub-tropical distributions and their eggs are oviposited in 

containers where the larvae develop. Aedes aegypti subspecies aegypti is 

commonly dispersed in man-made artificial containers, while Aedes aegypti 

subspecies formos us is commonly found in natural containers such as tree 

holes, husks or coconuts and other fruits and nuts, or rock pools, and adults 

largely feed outdoors in sylvatic habitats (Tabachnick, 2013).  

 



Review of Literature 

 

 Page 15 
 

Global burden of dengue 

Dengue is prevalent all over the tropical zone. This geographical zone is in 

between tropic of cancer in the northern hemisphere at 23.43° N and the 

tropic of Capricorn in the southern hemisphere at 23.43° S from the 

Equator (0°). The given below picture of the world map showing tropical 

zone illustrating the prevalence area of Dengue.  

 

 

    Fig 3: Dengue Prevalence zone on world scenario highlighted with 

crimson colour 

In recent decades all around the world, the incidence of dengue has grown 

significantly and is greatly influenced by rainfall, temperature and unplanned 

rapid urbanization. The first incidence of the severe form of Dengue (DHF) 

was first recognized in the 1950s in Philippines and Thailand. However, in the 

current scenario, the severe form of dengue affects most Asian and Latin 

American countries. Although infection by one serotype provides lifelong 

immunity against that particular serotype, still DV has been a leading cause of 

hospitalization and death among children and adults in these regions as per 

WHO report. Based on official data of WHO, only 9 countries had 

experienced severe dengue epidemics before 1970. But now its severity 

reaches up to more than 100 countries including regions of Africa, USA, 

Eastern Mediterranean, South-East Asia and the Western Pacific of which, 

America, South-East Asia and Western Pacific regions are most severely 

affected. Based on official data submitted by Member States of WHO, cases 
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across the Americas, South-East Asia and Western Pacific exceeded 1.2 

million in 2008 and over 3.2 million in 2015.  In America, 2.35 million cases 

of dengue were reported in the year 2015, out of that 10,200 cases were 

diagnosed with the severe form of dengue resulting 1181 mortality (WHO 

report, 2015). 

Global incidence of dengue over past six decades have seen dramatic increase 

in the number of DENV infections and the geographical spread of disease as 

shown in figure 3 

 

 

 

 

 

 

Fig.4 The global incidence of dengue over past six decades. The average number of 

dengue cases reported to WHO over different decades is depicted by blue bars and 

the number of countries reporting dengue indicated by brown line. 

(http://www.who.int/csr/disease/dengue/impact/en/index.html) 

 

The actual figures of dengue cases are underreported and numerous cases are 

misclassified (Fig 4). Using cartographic approaches by Bhatt S et al., 2013, 

estimated 390 million dengue infections occur annually, of which 96 million 

manifested apparently (any level of clinical or sub-clinical severity) in the year 

2010 and this number is three times more than that estimated by the WHO. 

Continent-wise the estimated burden of dengue in 2010 (Bhatt S et al., 2013) 

is shown below in the table 2.  

 

 

 

http://www.who.int/csr/disease/dengue/impact/en/index.html
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Table 2: Continent-wise the estimated burden of dengue. 

Continent Apparent cases in 

Millions 

(credible interval) 

Inapparent cases in Millions 

(credible interval) 

Africa 15.7 (10.5 - 22.5) 48.4 (34.3 - 65.2) 

Asia 66.8 (47.0 – 94.4) 204.4 (151.8 – 273.0) 

Americas 13.3 (9.5 - 18.5) 40.5 (30.5 - 53.3) 

Oceania 0.18 (0.11 - 0.28) 0.55 (0.35 - 0.82) 

Global 96 (67.1 - 135.6) 293.9 (217.0 – 392.3) 

 

From 2.2 million in 2010 to 3.2 million in 2015, the number of cases of 

dengue incidence increased stupendously but still the global burden of the 

disease is uncertain. Not only has the number of incidence of dengue increased 

annually but is also emerging in new areas that resulted in explosive 

outbreaks. In 2014, trends specify significant increases in the number of 

incidence of dengue in China, the Cook Islands, Fiji, Malaysia, and Vanuatu. 

On the other hand, the Dengue Serotype 3 affecting the Pacific Island 

countries after a lapse of over 10 years. It was noticed that dengue is the 

second most diagnosed cause of fever after malaria among travelers returning 

from low- and middle-income countries. New Delhi, recorded its most terrible 

outbreak in 2015 with over 15000 cases after 2006. In the same year, The 

Island of Hawaii, United States of America, was affected by an outbreak with 

181 cases. Pacific island countries of Fiji, Tonga and French Polynesia 

showed presence of dengue in the year 2015. The year 2016 witnessed large 

dengue outbreaks globally. As per the WHO around 2.38 million, 1.5 million, 

375000, 176411 and 100028 cases of dengue reported in the Americas region, 

Brazil, Western Pacific region, Philippines and Malaysia respectively. As per 

the WHO report, a significant decline in the number of dengue case was 

reported in different part of the world in 2017. Same trends were observed in 
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the first quarter of 2018; however, Paraguay and Argentina reported dengue 

outbreaks in this year. 

Immunology 

There are four serotypes of dengue virus (dengue 1, 2, 3, and 4) and infection 

with any one serotype results in lifelong antibody mediated immunity to that 

particular serotype (Bollati et al., 2010, Guzman et al., 2013), but it does not 

provide cross-protective immunity against the remaining serotypes.  Therefore 

individuals living in an endemic zone of dengue can potentially have four 

dengue infections during their lifetime. The antibody IgM response is 

primarily targeted against the envelope protein of DENV and later it is 

eventually replaced by an IgG response that provides lifelong humoral 

immunity. During primary infection most patients are asymptomatic or mild, 

this prior primary infection is a risk factor for the development of the more 

severe forms of DENV infection during secondary infections (Guzman et al., 

2013; Guzman and Harris, 2015). During secondary infection with a different 

serotype of DENV, the antibodies of primary infection are able to recognize 

other DENV serotypes, but are unable to neutralize them and form a sub-

neutralizing antibody. These sub-neutralizing antibodies possibly play a key 

role in a phenomenon known as antibody-dependent enhancement (ADE). The 

virus particles gain entry into Fc-receptor expressing cells through interaction 

with non-neutralizing antibodies. So in secondary infection entry of virus 

inside the cell is drastically increased, that leads to an increased viral titer. 

Clinical Spectrum: 

Revised 2009 WHO case definitions, which classified the illness into dengue 

with and without warning signs and severe dengue (Fig 5).  
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Fig 5. Dengue clinical calcifications according to WHO.  

RNA interference (RNAi) 

RNAi is a sequence-specific post-transcriptional gene silencing mechanism 

initiated by the introduction of double-stranded RNA (dsRNA) into target cells 

and it was first described by Fire and Mello (1998) in C. elegans. For this 

revolutionary discovery, they were awarded Nobel Prize in Physiology or 

Medicine in 2006. It is a biological conserved response to dsRNA that 

mediates resistance to both endogenous parasitic and exogenous pathogenic 

nucleic acids, and regulates the expression of protein-coding genes. This 

natural mechanism for sequence-specific gene silencing promises to 

revolutionize experimental biology and may have important practical 

applications in functional genomics, therapeutic intervention, and other areas. 

Since then, the RNAi, siRNAs and shRNAs have been widely used for 

manipulating gene expression in a wide range of species. Therefore, RNAi has 

become a powerful genetic tool not only for understanding the basic gene 

function but also in therapeutics. RNAi was also observed in insects 

(Kennerdell and Carthew et al., 1998), frog (Oelgeschlager et al., 2000), and 
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other animals, including mice (Svoboda et al, 2000 and Wianny and Zernicka-

Goetz, 2000).  

dsRNA naturally arises from heterogeneous nuclear riboprotein particles 

(hnRNPs) in both prokaryotic and eukaryotic cells and it arises from aberrant 

bidirectional transcription and complementary transcripts (Kumar and 

Carmichael, 1998). It is recognised as a biological threat by host cells because 

it is associated with viral infection. Both DNA and RNA viruses produce 

dsRNA during replication or transcription of their genomes. Interferon 

pathway (IFN), RNA dependent protein kinase pathway (PKR), 2’5’ 

oligoadenylate synthestase pathway (2’5’ OAS), and RNA silencing 

mechanism are the major host defence responses to dsRNA in the biological 

system. Further, Jackson et al. 2003; Sledz et al. 2003; Kim et al. 2005 

reported that RNAi also has off-target gene regulation. Initially, It was thought 

that RNAi might not be appropriate in mammalian systems since long dsRNA 

induces sequence non-specific gene silencing by activation of anti-viral 

defence pathways but Elbashir et al. (2001a) reported that siRNAs are less 

prone to the degradation actions of these pathways.  Nevertheless, these 

dsRNAs have been recognized as an effective tool for achieving knockdown 

of gene expression and for functional genomics studies.   

 

History of RNA silencing  

RNA silencing was initially noticed in over expressed chalcone synthase 

(CHS), an enzyme that produces flavonoids, in an effort to exaggerate the 

colour of a petunia flower. Surprisingly, the petunia flowers were white and 

the reversible phenomenon was associated with a 50-fold decrease in CHS 

mRNA expression by an unknown mechanism (Napoli et al., 1990). Fire et al., 

1991 found an anomalous result during an attempt to express RNA 

homologous to a nematode C. elegans gene resulting into phenotype 

resembling a null mutation. Later, detailed experimentation revealed that this 

phenomenon was dsRNA mediated, gene specific, and likely catalytic in 
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origin because the signal seemed to amplify appeared to travel (Fire et al., 

1998). 

 Details of RNA interference mechanism 

RNA silencing mechanism is effective in mammalian, plant, insect, and tick 

cells (Garcia et al., 2006; Li and Ding, 2006). Introduction of the sense RNA 

strands (used as control) reduced gene expression, but introduction of   both 

the antisense and sense strands together resulted in greater gene repression 

than the use of either alone (Fire et al. 1998). 

The procedure is conjured by the presence of dsRNA, which triggers the 

enzyme Dicer to sever the RNA into 21-25 nucleotide short pieces, named 

siRNA. That is perceived and stacked into a complex called RISC (RNA-

instigated hushing complex), which loosens up and specially holds one of the 

strands.  This single stranded siRNA strand guides the complex to its 

complimentary target transcript and triggers silencing by one of two methods: 

1) induces degradation of the transcript, or 2) is translational hindrance due to 

a physical blockage of the translational machinery by the RISC complex.  

 

Fig 6: Mechanism of RNAi. 
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A few conceivable results of RNA silencing have been discovered in 

Drosophila: chromatin adjustment, mRNA cleavage and translational 

suppression (Meister and Tuschl, 2004). In any cases, since we are 

concentrating on siRNA pathways, we may examine the mRNA cleavage 

result of RNA silencing. Dicer-1 produces miRNAs from hairpin precursor 

RNAs known as primRNAs, and Dicer-2 creates siRNAs from long dsRNAs 

(Lee et al., 2004).  siRNA as well as  miRNAs have characteristic ends 

consisting of a 5’ phosphate and a 2 nucleotide overhanging at 3’ end 

(Elbashir et al., 2001; Nykanen et al., 2001 ). A protein called R2D2 guides 

the entry of little RNAs in blend with Dicer to RISC (Liu et al., 2003). 

Analysis of siRNAs in plants found siRNAs that could not be derived directly 

from input RNA. These secondary siRNAs also had a 5’ to 3’ orientation on 

the antisense strand signifying that they had been primed by existing siRNAs 

and further amplified by RdRp activity (Sijen et al., 2001). Plants have RdRp 

genes but no homologous RdRp genes are found in insects. There are some 

data that suggest that siRNAs may be able to travel between cells in mosquito 

cell culture but whether this occurs in mosquito tissues is still unknown 

(Attarzadeh-Yazdi et al., 2009). 

 

In the meantime when siRNA induced silencing was found, investigations of 

larval development in C. elegans uncovered other methods for transcriptional 

quality quieting to be specific microRNAs (miRNAs). Not at all like siRNAs 

that are created inside the cytoplasm, this trigger came at first from the core 

and is encoded by qualities all through the genome. These miRNAs are 

deciphered first as long twofold stranded antecedents (pre-miRs). At that 

point, the catalyst Drosha to frame pri-miRs, which are sent out from the core 

by Exportin-5.  Pri-miRs are then perceived by Dicer and prepared through the 

siRNAi biogenesis pathway. Be that as it may, not at all like siRNAs, which 

are indistinguishable in arrangement to their related mRNAs, miRNAs utilize 

5-7 bp seed groupings to focus on the qualities, regularly in the 3' UTR. 
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RNA induced silencing complex (RISC) function 

As soon as loaded into RISC, the small RNAs guide at least three distinct 

modes of silencing. Within the RNA pathway, small RNAs direct RISC to cut 

target RNAs. The cleavage with the aid of RISC requires Mg2+, leaves three´ 

hydroxy and 5´ phosphate termini, and is inhibited by phosphorothioates at the 

scissile phosphate, all hallmarks of a role for Mg2+ inside the catalysis 

(Martine and T. Tuschl, 2005; Liu, J., et al, 2004) and all this process is 

catalysed by Piwi domain of a subclass of Argonaute proteins (Liu, J., et al, 

2004; Sontheimer, 2005). This Piwi domain is structural homolog of RNase H 

enzyme. It is a Mg2+ - dependent endoribonuclease  and having very crucial 

role in the  digestion of  the RNA strand of RNA-DNA hybrids (Song, J.J., et 

al, 2004). A multiple turnover RISC enzyme and siRNA form siRNA- RISC 

complex, in which the siRNA guide strand incorporated localizes the RISC 

complex to the RNA target, the target is cleaved. Further the RISC complex is 

released from the complex and the RISC is released unbroken and capable to 

start a new round of cleavage (Haley, B. and P.D. Zamore, 2004). The first 

position of a small RNA in RISC does not contribute to binding, although 

bases 2-8 form a 5´ end of anti-sense strand play important role in pairing with 

target sequences (Enright et al. 2003,  Lewis et al, 2003). Energy that 

associates RISC to a target RNA comes from bases in the 5´ half of the small 

RNA complementary to mRNA (Haley, B. and P.D. Zamore 2004. On the 

other hand, complete pairing of the 3’ half of siRNA to its target RNA is not 

required for translational repression as well as for the target mRNA 

destruction (Doench, J.G. and P.A. Sharp, 2004 ). Due to this nature of 

siRNA, they not only down-regulate their proposed mRNA targets but also 

could reduce expression of other mRNAs having partial complementary to the 

siRNA guide strand ( Fig 6) (Jackson, A.L., et al, 2003) 
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Design of RNAi molecules  

The criteria for the designing of  synthetic RNAi molecules was first time 

postulated by Elbashir et al. 2002 and he recommended that synthetic siRNAs 

should not be created within the first 100 nt of the AUG start codon of mRNA.  

As these regions might bind RNA regulatory proteins or translation initiation 

complexes which could interfere with binding of RISC to the target. Further, 

he also suggested to avoid the targeting 5’ or 3’ untranslated regions (UTRs) 

of the gene.  Later, Reynolds et al. (2004) conducted experiments on 197-nt 

regions of firefly luciferase and human cyclophilin B gene with 180  synthetic 

siRNA targeting over every other position of two target mRNAs. They 

observed that even two-nucleotide change in target position considerably 

changed the siRNA efficiency.  From his experiments he postulated eight rules 

for designing of an effective RNAi molecule, which are as follows: 

1. siRNAs that produced a greater than or equal to 95% gene silencing 

contained 30-52% G/C.  This possibly promotes its interaction with 

RISC and unwinding.  

2. At least 3 A/Us at positions 15-19 of the sense strand are requisite for 

efficient and selective entry of the strand into RISC. siRNAs missing 

A/U in positions 15-19 were non-functional, while the presence of one 

or more A/Us lead to increasing silencing. This possibly facilitates 

antisense strand selection by RISC.  

3. Absence of internal repetition to prevent the formation of internal fold-

back structures possibly enhances the concentration of functional, 

stable hairpins.  

4. 17.8% to 25% silencing efficiency increase of siRNAs was observed in 

case of A at 19
th

 position of the sense strand and this probably 

promotes antisense strand selection by RISC.  

5. A at position 3 of the sense strand leads to increase in silencing 

efficiency of siRNAs from 17.8% to 26.6%. This also possibly 

promotes antisense strand selection by RISC.  
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6. 30.6% of the siRNAs containing U at position 10 guide to 95% 

silencing. This also possibly promotes RISC mediated cleavage of 

mRNA and dissociation of the RISC-siRNA complex.  

7. Absence of G/C at position 19 of the sense strand leads to selection of 

functional duplexes. This possibly promotes antisense strand selection 

by RISC.  

8. Absence of G at position 13 of the sense strand leads to selection of 

functional duplexes. This possibly promotes efficient unwinding. 

Structure of RNAi molecules  

Elbashir et al. (2001b) observed that either free 5'-OH or 5'- phosphate groups 

were required on the antisense strand of synthetic siRNA to maintain the 

silencing ability in Drosophila. He used 21-nt long siRNAs (Elbashir et al. 

2001c), which became a widely used tool for target-specific knockdown of 

gene expression. Longer dsRNAs were cleaved into siRNA prior to entering 

the RISC by Dicer enzyme. So antisense strand should be completely 

complementary to its target except for two 3' nt overhangs and these 3' 

overhangs can either originated from the target sequence or can be created by 

adding uridines or deoxythymidines to each end of the sequence. 29bp shRNA 

with 3' overhangs was efficiently converted into a 22 bp siRNA product by the 

same Dicer enzyme, however, the same 29 bp shRNA without the overhangs 

generated very little 22 bp siRNA product (Siolas et al. (2005). The reason for 

this was that shRNAs with 3’ overhangs produced one predominant specific 

product, whereas without the overhang produced a range of product sizes. 

Thus, these overhangs appear to enhance the efficiency and specificity of 

cleavage.  

Various infectious diseases including malaria, dengue fever, West Nile fever 

and Japanese encephalitis are transmitted from different species of 

mosquitoes. All mosquitoes have four instars or stages of development. Their 

life cycle begins with eggs laid on or near water. The eggs hatch after a 

number of days into larvae and these larvae obtain their nutrition mainly 

through filter feeding. In certain species, predation on other larva and small 
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invertebrates also occur. Larvae develop to form non-feeding pupae and 

finally become adult through metamorphose (Figure 7). Adult males develop 

initially, followed by females.  Both males and females derive their nutrition 

from nectar but female requires blood for protein and iron as a supplement to 

promote egg development and this gives multiple opportunities for the 

pathogen to infect because female mosquitoes take multiple feeds during their 

lifecycle. Cells can be obtained from each of these developmental stages to 

generate cell lines for various research and experiment purposes. Different cell 

lines from the different developmental stages of mosquito provide a relatively 

simple tool for investigating the interaction between the host and viruses 

transmitted by mosquitoes. There are over 500 established insect cell lines 

derived from different tissue sources of insect belonging to orders including 

Diptera, Lepidoptera and Hemiptera (Lynn DE et al., 2007; Smagghe G et al., 

2009). Anopheles, Culex and Aedes (Stegomyia) (Ae.) genera are responsible 

for major mosquito disease vector. 

 

 

Fig 7: A schematic representation of lifecycle of mosquitoes and potential 

sources of cell lines. (Adapted from Walker et al. Parasites & Vectors 2014) 
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Ae. albopictus, an Asian mosquito is a competent vector of many arthropod-

borne viruses like DENV, Chikungunya virus (Vega-Rua A et al., 2013) and 

Eastern equine encephalitis virus (EEEV) (Mitchell CJ et al., 1992). The 

C6/36 cell line developed in the mid-1960s from larvae of  Ae. albopictus. It 

was originally known as ATC-15 cell line. (Singh KRP et al., 1967).  After 

their development, this cell line is widely used in the study to find out the 

relationship between arboviruses and mosquito vectors. Clones derived from 

the original cell line exhibited variable sensitivity to virus infection (Igarashi 

A., 1967).   Due to the lack of functional RNAi response (Brackney DE. Et al., 

2010), the C6/36 cells are susceptible to a wide range of arbovirses. Currently, 

this cell line is widely used in isolation of arthropod-borne viruses and for 

studying cell entry mechanism of DENV (Acosta EG et al., 2011).  

Dengue virus utilizes the mosquito cell line C6/36, monkey kidney LLC-MK2 

cells, Vero cells, or baby hamster kidney (BHK-21) cells. However, these cells 

lines lack a particular DENV receptor, known as dendritic cell-specific ICAM-

3-grabbing non-integrin (DC-SIGN), which is expressed on immature 

dendritic cells and monocytes/macrophages. This may result in less efficient 

virus isolation and propagation (Takeshi Kurosu et al., 2014).  

 Putative targets for Antisense Technology 

The host and viral proteins/ nucleic acids which are involved in DENV 

replication cycle (Marsh M et al., 2006) and can be putative targets for the 

action of antisense technology agents are summarized in Table 2. DENV uses 

the host cell machinery for translation.  Inhibition of translation can 

significantly reduce viral replication.  

Antisense Technology 

Antisense technology (AST) can be a treatment modality of those infectious 

diseases where functions of genes involved in replication are known. 

Antisense technology inhibits synthesis of protein of interest by inhibiting or 

blocking any of the steps involved. Protein synthesis includes formation of 

mRNA from DNA by the process of transcription and then mRNA translates 

https://pubmed.ncbi.nlm.nih.gov/?term=Kurosu+T&cauthor_id=25205264
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into protein. There are different components of AST as oligonucleotides, 

DNAzymes, Ribozyme, Decoys, Aptamer and the most important is RNAi. 

Some component of AST such as DNAzymes, Decoys and Aptamer are not 

commonly used in study of dengue virus. So in this review, our discussion will 

focus on other more common components like RNAi, Ribozymes and 

oligonucleotides. Some of these antisense drugs have reached to the pre-

clinical trials against infectious viral disease; some have completed phase 1and 

phase II trials. Shortly in future they may be used by physicians in treatment 

of viral disease (Davidson and McCray. 2011).  

Inhibition of DENV replication by targeting DENV genes with siRNA 

(Table 3) 

Studies done in last 10 years have shown some genes of DENV (structural and 

non structural genes) to be effectively inhibited by RNAi technology. Both 

5’NTR and 3’NTR have been proven to be potential targets. There are two 

sites (sh-3c and sh-5b) in 5’NTR which function as promoter for RNA 

synthesis. These sites with their complementary sequences in 3’NTR 

contribute interaction between two ends of genomic RNA. With the help of 

recombinant adenovirus –mediated expression of sh-5b siRNA, DENV 1-4 

were inhibited in Vero cell line depicting that 5’NTR can be used as target to 

inhibit all four DENV serotypes (Korrapti et al., 2012). 3’NTR contains at 

least 8 nt which is highly conserved and complementary to 5’ cyclization 

sequence located in capsid gene. siRNA designed against capsid gene 

suppressed the titer of all serotypes by more than 98% in comparison to 

control siRNA. This study found that highly conserved sequence in DENV 

capsid gene, if inhibited, can inhibit all DENV serotypes in Huh-7 cell and 

DENV-2 in AG129 mouse model (David A Stein et al., 2011). 

PrM gene of DENV-1 was also successfully targeted by four synthetic 

siRNAs. siRNAs were transfected in C6/36 cell line with DENV which 

showed reduced CPE (cytopathogenic effect) and increased cell survival by 

2.26 fold. It also estimated reduction in viral RNA by about 97.54% in 

comparison to virus control group only at 7dpi (days post infection) (Hua 
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Hong et al., 2010). A recent study by Parameswaran et al has shown presence 

of viral suppressors of RNA silencing (VSRs) in vertebrate system. NS4B 

gene of DENV is found to have VSR property that promotes virus replication 

(Kakumani et al., 2013).  

Inhibition of DENV replication by targeting human genes with siRNA ( 

table 3) 

Host factors, functional at DENV infection, are involved in many biological 

functions such as regulation of protein folding, assembly and trafficking. 

GRP78 (glucose regulating protein) is cell surface chaperone protein in human 

which acts as receptor for virus attachment. It is required for endoplasmic 

reticulum integrity and autophagy. It is involved in many biological processes 

such as platelet activation and endoplasmic reticulum associated protein 

catabolic process. It plays major role in virus attachment and regulation of 

unfolded protein responses (UPR). GRP78 acts as receptor for dengue virus 

entry in Hepatocytes
 
(Jindadamrongwech S et al., 2004; Upanan S et al., 2008; 

Cabrera-Hernandez A et al., 2007). Alhoot et al., 2012 showed 87.2% 

inhibition in DENV replication with the help of siRNA in HepG-2 cell line by 

inhibiting GRP78. Such inhibition is reported in other cells also such as 

monocytes (Alhoot MA et al., 2012). 

CLTC (clathrin heavy chain 1) is protein and component of cytoplasmic 

organelles which are involved in intracellular trafficking of receptors and 

endocytosis of macromolecules. It is required for coated vesicles and coated 

pits formation, which is essential for internalization of DENV into host cell. 

Inhibition of this lead to more inhibition (90.3%) in HepG-2 cell line in 

comparison to monocytes (84.9%) (Alhoot MA et al., 2012). 

Dynamin-2, human protein is associated with microtubules formation and 

involved in endocytosis of DENV. It binds with actin and other cytoskeleton 

proteins. It is required for pinching off the endocytic vesicles from plasma 

membrane. When this gene was targeted in HepG-2 cell line, 87.8% inhibition 
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of DENV-2 replication was seen. In monocytes, 76.3% inhibition was reported 

(Alhoot MA et al., 2012). 

CD-14 molecule is present on the surface of macrophages, monocytes and 

dendritic cell and acts as receptor for dengue virus entry and internalization 

(Chen YC et al., 1999; Chen Y et al., 1997; Kwan WH et al., 2005). CD-14 

associated molecule had been targeted in same study through siRNA. In 

monocytes 82.7% down regulation of this gene was seen (Alhoot MA et al., 

2012) which was more in HepG-2 cell line. 

DC-SIGN (dendritic cell-specific intercellular adhesion molecule-3-grabbing 

non-integrin) in human, is C-type lectin receptor present on both macrophages 

and dendritic cells. DCs are 10 fold more permissive for DENV infection than 

macrophages or monocytes (Wu SJ et al., 2000). DCs through adeno-

associated virus showed significant inhibition in DENV replication (Weidong  

Zhang et al., 2004). 

Nucleolin (NCL), nucleolar phosphoprotein, on chromosome 2 is involved in 

the synthesis and maturation of ribosomes. Nucleolin protein interacts with 

capsid protein of dengue virus and is required for formation of infectious 

particles. Inhibition of DENV titer was seen, when NCL gene was treated with 

siRNA
 
( Balinsky et al., 2013). 

Two other human membrane trafficking cellular genes (clathrin associated 

adaptor protein AP2A1 and AP2B1) are required for formation of clathrin 

coated vesicles and are involved in protein transport via transport vesicles in 

membrane traffic pathway. DENV binds directly to clathrin lattice and other 

component of membrane such as protein and lipid molecules. When these two 

genes were targeted by siRNA in Huh 7 cells, 62% and 67% inhibitions were 

found respectively (Ang et al., 2010).  Host Clathrin proteins such as EPN2, 

Rab5, Rab11B and Rab7 are involved in dengue virus entry through clathrin –

mediated endocytosis and in formation of early endosome
 
(Bucci et al., 1996). 

By targeting these host proteins, 67%, 62%, 68% and 61% inhibition was 

reported in Huh7 cells respectively after DENV was challenged
 
(Ang et al., 

http://jvi.asm.org/search?author1=Corey+A.+Balinsky&sortspec=date&submit=Submit
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2010). Actin filaments are also required for clathrin coated pits formation 

while microtubules are required for endosome traffic between early and late 

endosome
 
(Soldati et al., 2006; Durrbach et al., 1996). ACTR2, ARPC1B, 

ARPC3, ARRB1, DIAPH1, PIP5KIA and WASF2 genes are important in 

actin polymerization. When these genes were targeted with siRNA, reduction 

of DENV infection was observed
 
(Ang et al., 2010). 

EEA1 (early endosome antigen1) is an endosome Rab5 effector antigen which 

is essential for endocytic membrane fusion. ELKs are Rab 6 interacting 

protein. Both EEA1 and ELKs are essential for the intracellular trafficking of 

endosome from the plasma membrane
 
(Barysch et al., 2009; Monier et al., 

2002). ATPase is associated with clathrin –coated vesicles and involved in 

acidification process
 
(Beyenbach et al., 2009). By targeting these human genes 

(EEA1, ELKS and ATPase), it was found that DENV replication was inhibited 

significantly (Ang et al., 2010; Coy et al., 2012).  

Protein kinase plays important role in DENV replication, such as Frk, Fyn, 

Lyn, Src and Yes. All these kinases are expressed in Huh-7 cell line. When  

each kinase was targeted with siRNA in Huh-7 cells, only Fyn kinases 

showed~10-fold reduction in DV-2 titer (Wispelaere et al., 2013) while other 

kinase showed less reduction in DV-2 titer. Kinases showed 61% reduction in 

dengue titer in Huh-7 cells (Ang et al., 2010). 
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Table 3: Past study of siRNA against dengue and human gene. 

 

Year 

Cell lines/animals 

used in 

experiments 

Targeted  

DENV 

gene   

Targeted  

Human 

gene  

DENV 

serotype 

tested 

Method used to 

detect DENV 

infection  

References 

2002 Huh-7 - 

MAP  kinase 

&  

CBLB 

DENV Immunoflurorences UF, Greber et al. 

2004 Vero - DCs DENV Flow cytometry 
Weidong  Zhang et 

al. 

2009 Huh-7 - 

Rab 6 

ATPase 

EEA1 

DENV Immunoflurorences 
SV,Barysch, 

S.Aggarwal.et.al 

2010 
Human monocytes, 

DC & macrophages 
Envelope - DENV-2 

Qualitative and 

quantitative RT-PCR, 

Flow cytometry 

Subrumanya et al. 

2010 C6/36 prM - DENV-1 
MMT assay, Real time 

PCR 
Hong et al 

2010 

HepG-2, 

Huh-7 & 

C6/36 

- 

CLTC 

AP2A1 

AP2B1 

EPN2 

Dynamin-2 

Rab5 

Rab11B 

Rab7 

DENV-2 

Indirect-

immunofluorences, 

MMT assay 

Ang et.al 

2011 Huh-7 & Vero 
Capsid 

protein 
- 

DENV(1

-4) 

Immunoblots 

Plaque assay 

Cell viability assay 

TNF measurement 

Stein et al 

2011 In silico & Huh-7 
NS4b 

,NS5 
- 

DENV(1

-4) 

Virtual hybridization 

program, other tools 

Paula M villegas et 

al 

2011 Human monocytes - 

GRP78 

Hsp70 

Lipopolysacc

harides CD-

14 molecule 

Laminin 

receptor 

DENV-2 
RT-qPCR 

Flow cytometry 
Alhoot et al. 

2012 
Vero,BHK-21 & 

S2 
3’UTR - DENV-2 qRT-PCR 

Esther Schnettler, et 

al. 

2012 
HepG-2 & 

Vero 
- 

CLTC 

GRP78 

DNM-2 

 
RT-qPCR 

Flow cytometry 
Alhoot et al. 

2012 Vero 5’NTR - 
DENV(1

-4) 

DV NS1Ag 

RT-PCR 

Plaque assay 

Anil Babu Korrapti 

et al. 

2013 Huh-7 & HEK2937 NS4b - DENV-2 

qRT-PCR,Sequencing, 

IFN assay Protein 

purification, Northern 

blotting 

P.K.Kakumani et al. 
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In silico designing of siRNA 

Sequence Retrieval: The nucleotide sequence of standard strains of all four 

DV serotypes were retrieved from NCBI database with following accession 

no. (https://www.ncbi.nlm.nih.gov/genome/?term=dengue+virus) EU081255.1 

(D1), FJ467493.1 (D2), KU216209.1 (D3) and KT794007.1 (D4) respectively. 

Target selection: Five genes from all four DV serotypes were aligned with the 

help of Clustal W program. Most conserved and largest segment of sequence 

were chosen for each gene by siRNA target finder (Ambion USA). These 

selected sequences worked as targets for respective genes against which 

siRNA were designed. 

 

Figure: 8 (A) Dengue genome target selection on NCBI site. 
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NCBI Blast run and alignment of all available strains of Dengue 2

Appeared serotype was aligned with all the available strains  of this serotype on NCBI and aligned sequences was 

downloaded in FASTA format.

Similar procedure was performed for all serotypes and strains

     Figure: 8 (B) NCBI Blast run and alignment of all dengue viruses. 

Designing of putative siRNAs for each gene: Selection of best 

possible siRNAs against the chosen target positions for all four DV 

serotypes was carried out with the help of I-score designer. It includes 

nine different siRNA designing scores of Ui-Tei, Amarzguioui, 

Hsieh‚Takasaki, s-Biopredsi‚ i-Score‚ Reynolds‚ Katoh and DSIR 

(https://www.med.nagoyau.ac.jp/ neurogenetics/i_Score/i_score.html). 

To design best possible siRNA, target sequences were also screened 

using Gene runner, siRNA scales, i-score designer and Reynolds’s 

guidelines (Prakash et al 2018). In siRNA designing maximum emphasis 

was given to complete Reynolds’s guidelines as described in Fig. 8 & 9 

and table 4. Eight siRNA fragments were synthesized and purified by 

HPLC (Ambion, USA) as shown in table 5. Negative control 

(Cat#AM4611) siRNAs was labelled with FAM and purified for 

visualization after transfection (Ambion, USA) (Prakash et al 2018). 

 

 

 

 

https://www.med.nagoyau.ac.jp/%20neurogenetics/i_Score/i_score.html
https://www.med.nagoyau.ac.jp/%20neurogenetics/i_Score/i_score.html
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Figure 9: Schematic representation of designing of siRNA against Dengue 

virus serotypes 
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Table 4: Key points for designing of siRNA proposed by Tuschl, T& 

Reynolds et al., 2001 

 

Criteria Description Score 

Yes  NO 

1 Moderate to low (30%-52%) GC 

Content 

1 point  

2 At least 3 A/Us at positions 15-19 

(sense) 

1 point /per 

A or U 

 

3 Lack of internal repeats (Tm*<20¡ãC) 1 point  

6 U at position 10 (sense) 1 point  

7 No G/C at position 19 (sense)  -1 point 

8 No G at position 13 (sense)  -1 point 

Table 5: Nucleotide sequences of designed siRNA 

S.No. Sequences 5’-3’ Target 

gene 

Position Part no. Lot No. 

si1 UUUCUCUCGCGUUUCAGCAtt Capsid 60-401 4390827 AS0295E1 

si2 UCAAUAUCCCUGCUGUUGGtt CprM 60-899 4390827 AS0295E2 

si3 UCUAUCCAAUAGCCCAUGUtt NS1 2385-

3440 

4390827 AS0295E3 

si4 UCCAACCUCCUCCAUAUGAtt NS3 4485-

6341 

4390827 AS0295E4 

si5 AAAUGAGCCUCAUCCAUUAtt NS3 4485-

6341 

4390827 AS0295E5 

Si6 UCCAAUAGCCCAUGUCAGC tt NS1 3007- 

3025 

4390827 AS02EZ29 

Si7 UGGAACAAACCACACUGUU tt NS3 5592- 

5610 

4390827 AS02EZ30 

Si8 AAUAUGACCAUCCUCCCCU tt NS5 7819- 

7837 

4390827 AS02EZ31 

Table 5: nucleotide sequence of target, anti-sense strand of siRNA and position in 

genome (siRNA were commercially synthesized by Ambion, US.) 
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Cell lines maintenance: 

BHK-21cells were cultured in 25cm
2
 cell culture flasks (Corning, USA) and 

routinely maintained at 37°C in a 5% CO2 incubator (New Brunswick, USA). 

Freshly low passaged BHK-21 cells were used in the experiment and it was 

procured from the National Institute of virology, Pune, India. Cells were 

passaged in mid-exponential phase of culture at every 3-4 days at a split ratio 

of 1:4 after treatment with 0.25% trypsin solution (Gibco) and fed with fresh 5 

ml complete cell culture media Dulbecco's Modified Eagle Medium (DMEM 

1X) ( Catalog # CC3004 ) supplemented with 10% FBS, 4.5 g/L glucose, L-

glutamine & sodium pyruvate, 100 U/ml penicillin, and 100 µg/ml 

streptomycin at 37°C in 5% CO2 (T Kurosu et al., 2014). 

Long term storage of Cell lines  

The long term storage of cell lines was done at - 96  C in liquid nitrogen 

containers. The cells were screened for mycoplasmal contamination and 

checked for proper growth before selecting for long term storage. The cells 

were harvested at 80-90% confluence by trypsinization and resuspended in 

DMEM. The cells were pelleted at 700g for 5 minutes at room temperature in 

a table top centrifuge (Sigma 16pk equipments), and washed once with 1x 

PBS. The washed cell pellet was resuspended in ice chilled Cryo-medium 

(70% 1X DMEM ( cell clone), 20% fetal calf serum (Gibco ) and 10% DMSO 

VWR life science) and aliquot in Cryo vials (Nunc). The Cryo vials were 

initially kept in -7    C freezer for two days and later moved into liquid 

nitrogen containers (Jumbo-12)  for long term storage. 

 

Cells Counting by Haemocytometer: The cells were counted using a 

haemocytometer (Neuberger-Cell counter). The haemocytometer and the 

cover glass were cleaned with 70% ethanol before use. 5-   μl of diluted cell 

suspension was applied on the haemocytometer and the number of cells within 

four large quadrants was counted under an inverted light microscope. Each 

large quadrant had a volume of  . μl and the cell density per millilitre was 

https://www.sciencedirect.com/science/article/abs/pii/S0166093414003401#!
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calculated by multiplying the average cell number per large quadrant with 

10,000. 

Dengue virus Strain Procurement: 

Standard of Dengue type 1 strain: Hawaii, dengue type 2 strain: New Guinea 

C, dengue type 3 strain: H87 and dengue type 4 strain : H241(TC-adapted) 

were procured from ATCC (American type culture collection) 10801 

University Blvd, Manassas, USA in 1 ml Cryovials (NR-86-D4, NR-82-D2, 

NR-80-D3 and NR-84-D2). 

 

Virus Propagation:  

Standard strains of Dengue serotypes 1-4 were procured from (ATCC 10801) 

University Blvd, Manassas, and USA in 1 ml Cryovials (NR-86-D4, NR-82-

D2, NR-80-D3 and NR-84-D2). All four dengue serotype were propagated in 

BHK-21 cells. For virus propagation, BHK-21 cells were inoculated with 

standard strains of Dengue serotypes 1-4 in a 25 cm
2
 cell culture flask (Nunc, 

USA). A 70-80% confluent monolayer of cells was used for the infection. The 

infection was carried out with 200µl of inoculums (viral stocks) and incubated 

for 2 h at 37°C in a 5% CO2 incubator to allow virus adsorption. After the 

incubation period, 5 ml of maintenance medium was added and the flask was 

observed regularly to monitor the cytopathic effect (CPE). After observing 

cytopathic effect in majority of the cells, culture fluid was harvested and 

transferred to micro centrifuge tubes (Axygen®, USA) in 200µl aliquots and 

stored in -70°C deep freezer (New Brunswick, USA). (Atchareeya A- 

nuegoonpipat 2014, Medina F, Medina JF et al., 2012)  

 

https://www.sciencedirect.com/science/article/abs/pii/S0166093414003401#!
https://www.sciencedirect.com/science/article/abs/pii/S0166093414003401#!
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Calculation of TCID50 (tissue culture infective dose: was done by growing 

virus in 24 well plates with 70-80% confluent BHK-21 cell line (Reed LJ,  

Muench 1938). 

 

Figure 10: Plate layout plan of virus titration by TCID50 (24 well plate). Each 

well contain monolayer of BHK 21 (70-80% confluent) + virus in serial 

dilution (10
-1

 -10
-7

) except control well.  

(A1-3 Virus dilution 10
-1 

in triplicate, B1-3 Virus dilution 10
-2 

in triplicate, 

C1-3 Virus dilution 10
-3 

in triplicate, D1-3 Virus dilution 10
-4 

in triplicate, A4-

6 Virus dilution 10
-5 

in triplicate, B4-6 Virus dilution 10
-6 

in trriplicate, A1-3 

Control wells NO virus present) 

(Red wells means CPE present, Grey means no CPE) 

TCID50 is a statistical description of probability of infection with a 50 % 

chance. Tissue culture infectious dose 50 (TCID50) was calculated to 

determine the virus titre. For infectivity titration, log dilutions of viral 

suspensions were made. Briefly, BHK- 21 was seeded in 24 well round bottom 

plates (Nunc, USA). Sub-confluent monolayer of cells were washed thrice 
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with serum free media and inoculated in triplicate with 100 µl of virus (1:100 

serial dilutions from stock) and incubated for 2 h at 37°C in a 5% CO2 

incubator to allow virus adsorption (figure 10). After the incubation period, 

100 µl of maintenance medium was added. Before adding 100 µl of the 

maintenance medium (2% FCS), the inoculum was removed. All the titrations 

were done by taking an average of each single dilution in triplicate wells. 

TCID50/ml was estimated by the method of Reed and Muench. Plates were 

read for CPE under an inverted microscope (Nikon, Japan). Endpoint 

dilutions, at which cytopathic effect was apparent were determined using web 

based, 1938 calculator (www.med. yale.edu/ micro I). Figure 3 shows the 

layout of 24 well plate for calculation of TCID50 for a single strain of virus. 

Similar plates were made for each serotype of DV. 

Table 6: Interpretation of well with and without CPE as % of 

infected cells (as per figure 10) 

Calculation of TCID50 was done as following; 

Step 1: Calculate Proportionate Distance (PD) = (% CPE at dilution above 

50%) – (50)/ (% CPE at dilution above 50%) – (% CPE at dilution below 

50%) 

Dilution of virus stock 

inoculated 

Infected Wells 

showing CPE 

% of Infected 

cells 

10
-1 3/3 100 

10
-2 3/3 100 

10
-3 3/3 100 

10
-4 2/3 66 

10
-5 1/3 33 

10
-6 0/3 00 

10
-7 0/3 00 

http://www.med.yale.edu/micro
http://www.med.yale.edu/micro
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Step 2: Log = dilution above 50% CPE ratio (i.e. 10
-3

 would be -3) 

Step 3: (PD) + (-log (dilution interval) 

Step 4: TCID50= 10 
(2

 
+
 
3)

 

PD = (66 – 50)/ (66 – 33) = 0.48 

Log dilution above 50% = 4 (from 10
-4

) + 0.48(PD)= 4.48 

TCID50 = 10
4.48

/0.1ml infection dose TCID50 = 10
5.48

/ ml viral titre 

Multiplicity of Infection (MOI)= Plaque forming unit of virus used for 

infection/ Number of cells 

 

Plaque assay: Virus titer in aliquots was determined using Plaque assay as 

well (Karber, 1931). Assay was done in 6 well tissue culture plastic plates. 

Briefly for plaque assay dengue virus was titrated in BHK-cells. Once 70-80% 

confluent cell line was achieved in 6 well plate, 1 X10
5
 cells/ well (in six well 

plates) were seeded in DMEM with 10% FBS. Serial dilution of all four 

dengue reference strain was added to cells in final volume of 200µl/ well. 

After 1h of incubation at 37
0
 C, DMEM containing 2% FBS and 1% low 

melting agarose (REF-16520-050) was added and plates were incubated at 37
0
 

C for 4 days. Plaques were visualized after removal of the agarose and staining 

with 0.1% crystal violet. Viral titer was determined as PFU (plaque forming 

unit)/ ml by count of the plaques in each well, taking the average for any 

technical replicates of the same dilution. Negative control had uniform 

monolayer and was used as a reference control.   

Virus stock dilution preparation: Virus serial dilution up to 6-folds was 

prepared. Total 630µl 2% DMEM media was taken into 6 micro centrifuge 

tubes. Then 70µl virus stock (with high viral load) was added into first tube, 

mixed well to make a dilution of 10
-1

. 70µl fluid was taken from first tube and 

added into second tube. Serial dilution was performed same way till 10
-6

. For 

this part tubes were kept in crushed ice. (Figure 11) 
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70µl virus 

  

 

             10-1            10-2       10-3           10-4         10-5        10-6 

Figure 11: Serial dilution of dengue virus from Stock (10
-1

 to 10
-6

) 

 

Experiment setup for plaque assay: was done in six well plate. Each well 

contained 100µl of diluted stock virus except control well .All six well contain 

BHK-21 cells with 90% monolayer in DMEM media. Plate layout is shown in 

figure 12.  

Figure 12: Plan for six well plate preparation for plaque assay. (Each well 

contains 90% confluent BHK-21 cells with 100 µl diluted virus as shown 

except control well) 

 

 

 

 

 

 

 

 

 

 

 

For inoculation of cell lines growth media was removed by gently aspirating 

DMEM from the side of the 6 well plate with a thin tipped pipette. There after 

70µl 70µl      70µl 

10-3 10-2 10-4 

10-5 10-6 Contr

ol 

70µl 

virus 
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cells were washed 4 times with 2ml 1X PBS. A 100µl of virus in each dilution 

(except 10
-1

 due to high viral load) was inoculated into respective well as 

shown in figure 12. Last well was kept as cell control (only 2% media) as 

shown in fig 12, and no virus was inoculated. Cover of the plate was 

accurately labelled with the corresponding well dilution. The plate was 

incubated at 37ºC in CO2 incubator for 1 hour. During this incubation time the 

plate was shaken after every 15 minutes by using dancing shaker to avoid cell 

drying and proper virus attachment. 

 

First agar overlay was prepared with 2% agarose in distilled water, 

autoclaved at 121ºC for 15 minutes. Molten agarose was mixed with 4% 

DMEM (antibiotics added) at 1:1 ratio then mixed vigorously by pipette. 

Mixture was to 37ºC in a water bath. Gently media from the infected 

monolayer was removed using fine pipette, avoiding touching the monolayer 

with the pipette to prevent cell shearing. 2.5ml of 1
st
 overlay was added at the 

side of each well including control. The plate was kept in hood for 15-30 

minutes at room temperature until the agar overlay solidified. Thereafter the 

plate was kept upside down at 37ºC in 5% CO2 incubator for minimum 4 days. 

After 4 day’s incubation, second agar overly was prepared by following the 

same procedure as first agar overlay. 2.5ml of second overly was added over 

1
st
 overlay into every well including control.  

For fixation of cell lines and plaques 10% formalin was prepared by adding 

1ml of 10X PBS, 1ml of 37-40% formaldehyde and 8ml DW. 1ml of this 

mixture was added into each well over agar overly. Plate was incubated at 

room temperature for half an hour. After this the formalin along with agar 

layer was removed gently without disturbing the cell surface.  

For Plaque visualization cells were stained by adding 500µl of 0.1% of 

crystal violet on cells fixed with formaldehyde. After few minutes wells were 

washed with tap water. Well were examined for plaques with naked eyes 

(appearing as clear circular unstained areas or holes) or with help of inverted 

microscope or with the help of a hand lens. Each plaque represented a Plaque 
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forming unit (a virus or group of viruses that make plaque). The concentration 

of PFU/ml in first tube was calculated as following; 

 Number of plaques (PFU/ml) = Average no. of plaques / Dilution factor    X 

volume of virus added to well 

Multiplicity of Infection (MOI) = Plaque forming unit of virus used for 

infection/ml / Number of cells/ml. 

After calculating PFU the virus stock tubes were stored at- 80ºC with date and 

PFU labeled on each vial. D1, D2, D3, and D4 were used for experiments at 

MOI of 0.125, 1.25, 1.25 and 1.25 MOI respectively. 

Transfection experiments:  

si RNA experiment design for studying inhibition of DV replication: Five 

experimental groups were designed as per the details provided in table 7 

below. All experiments of transfection were done in 24 well plates with 70-

80% confluent BHK-21 cell lines. The plate was incubated for 16 hrs to allow 

adherence and to reach 70-80% confluence of cells at the time of transfection. 

Table 7: Experimental groups tested for each serotype of dengue virus 

and each siRNA to study the virus inhibition by si RNA   

Group Name Experiment condition Purpose 

TT (Test group) BHK-21 cell line transfected with dengue 

specific siRNA+ dengue virus+ Lipofectamine 

To measure % inhibition of 

DV replication by siRNA. 

CC (Cell line control 

group) 

BHK-21 cell line ( No virus) (No siRNA) To check cell line stability. 

VC (Virus positive 

control group) 

BHK-21 cell line infected with dengue virus  

(No Lipofectamine) (No siRNA) 

To ensure that virus is 

growing uninhibited 

NC (Negative 

control group) 

BHK-21 cell line transfected with non- 

specific scrambled siRNA+ dengue virus + 

Lipofectamine 

To rule out non- specific 

inhibition of DV replication 

by any non- specific siRNA. 

TC (Transfection 

control group) 

BHK-21 cell line+ Lipofectamine  (No virus) 

+ FAM labeled siRNA 

To ensure direct cellular 

uptake by BHK-21 cell line 

distribution and localization 

of labeled siRNA. 
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Reagent preparation: Before the transfection experiments were setup, siRNA 

and Lipofectamine 3    transfection reagent (according to manufacturer’s 

instruction) were prepared for each experiment. Total 5nM of lyophilized 

commercially synthesized siRNA was suspended in 100µl of RNase free water 

to make 50µM Stock. Total 20µl of 50µM stock was diluted with 80µl RNase 

free water for preparation of working stock. Calculation of the amount of 

siRNA, DMEM and Lipofectamine 3000 transfection reagents for each 

experiment was done according to manufacturer’s instruction (table 8). Tubes 

with mix were lightly vortexed and incubated for 10-15 min. before use. 

Table 8: Volume of reagents required for transfection of experiments 

                                          Vol. for 01 well                  Vol. for 09 wells 
DMEM (No serum, No Ab)       96.5µl 868.5µl 

Lipofectamine 3000                    1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl    18.0µl 

 

 

Tube 1 (for si1). 

                                                       

DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

  

Tube 2 (for si2). 

                                                     

DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

 

Tube 3 (for si3). 

                                                    

DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

  

Tube 4 (for si4). 

                                                     

DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

 

Tube 5(for si5). 
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DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

 

Tube 6(for si6). 

                                                    

DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

 

Tube 7(for si7). 

                                                    

DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

 

Tube 8(for si8). 

                                                    

DMEM (No serum, No Ab)       96.5µl 868.5µl 

Transfection Reagent 3000        1.5µl                                        13.5µl 

Working siRNA (10µM)            2.0µl  18.0µl 

 

 

 

Tube 9 (si for Negative control FAM labeled fluorescent dye)   

                                              Vol. for 01 well               Vol. for 05 wells 

DMEM (No serum, No Ab)       96.5µl 386.0µl 

Transfection Reagent 3000        1.5µl                                        6.0µl 

Working siRNA (10µM)            2.0µl  8.0µl 

24 well plate preparation of BHK-21 cell for transfection experiment 

setup: Seeding of BHK-21 cells was done in 24 well plates, to setup the 

experiment as in fig 13. Total 40,000 cells/ ml were counted by 

hemocytometer and 1 ml was dispensed in each well. Similar plates were 

made for all si (1-8). Experiment was repeated in triplicate.  
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Figure 13: Plate layout for transfection experiments (as per table 7) 

(This plate is designed for testing Si-1 with all 4 serotypes of DV in 

triplicate. D1, D2, D3 D4 designates dengue virus serotypes. Blue wells are 

test wells (TT). Mustard colored wells are virus controls (VC). Green 

wells are Negative controls (NC). Yellow well is test control and 

uncoloured well is cell control (CC) 

Experiment protocol: The plate was incubated for 16 hrs to allow adherence 

and 70-80% confluence of cells at the time of transfection. Mixture solution of 

siRNA, lipofectamine and DMEM was dispensed in respective well with 

BHK-21 cell line (70-80% growth). Plates were kept at 37 C in 5% CO2 for 

4 hrs. After 4 hrs of incubation, the solution was removed and plates were 

washed by 1X PBS. Then 250µl of 10% DMEM was added in all well and 

incubated for 24hrs at 37 C in 5% CO2. The plate was washed with 1X PBS 
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and challenged with D1, D2, D3, and D4 of 0.125, 1.25, 1.25 and 1.25 MOI 

respectively. Plates were then incubated for 2 hrs at 37
0
 C in 5% CO2. After 2 

hrs, all wells were washed with 1X PBS. Fresh 2% DMEM was added in all 

wells and incubated at 37
0
 C in 5% CO2 for further investigation. Total 100µl 

culture fluid was removed from each well at 24 hrs, 48 hrs and 72 hrs for Real 

time PCR for CT value comparisons in siRNA treated well and untreated 

wells/ controls. 

Transfection of FAM labeled siRNA: To check the adaptability of BHK-21 

cell lines for transfection in the above experiment this experiment was done 

before transfection experiments. Experiment was done in 6 well tissue culture 

plate and cells were grown on cover glass for the ease of examination under 

microscope. Before the transfection BHK21 cells were seeded over 22mm 

round cover slips (Blue star, India) placed in wells of 6 well tissue culture 

plates (Nunc, USA). Plates were incubated at 37º C in a 5% CO2 incubator to 

allow adherence and to reach 70-80% confluence of cells at the time of 

transfection. 1.5µl Lipofectamine
TM

3000 (Invitrogen, USA) and 2µl FAM 

labelled negative control siRNA was added in a tube and kept at dark for 

20 minutes to allow the siRNA-Lipofectamine complex formation. In the 

meantime, cells were rinsed thrice with serum free medium. The siRNA- 

Lipofectamine complex was overlaid on cells in an even manner and was 

incubated at 37ºC for 2 h in a CO2 incubator. Transfection mixture was 

replaced with maintenance medium and plate was further incubated. Plate was 

taken out of the incubator after the completion of predetermined time period 

(at 24hrs, at 48hrs & at 72hrs). One coverglass was removed after 24 hours of 

incubation and one was removed after 48 hours of incubation and examined 

under fluorescence microscope at 450nM. Finally after 72 hours experiment 

was terminated and one coverglass was examined after 72 hours of incubation.  

For examination cover slips were washed thrice with 0.05M PBS (pH 7.4). 

Cells were fixed using chilled methanol. The dried cover slips were taken out 

and mounted onto 1 mm clean flat glass slides using mountant (65% glycerol 

in PBS) and observed under a fluorescence microscope ( Hong et al 2010). 
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The successful transfection means at least 75% cells should show the 

fluorescence. 

 Quantitative Real Time PCR analysis of SiRNA experiment 

A 100µl of fluid was taken from each well in above experiments after 24 hr, 

48hr and 72 hr. At the same time, 100µl of 2% DMEM was added in each 

well. Total RNA was isolated from culture fluid taken from experiment 

plates, by column based RNA extraction kit from Qiagen, (Valencia, CA). The 

extracted RNA was subjected to real time RT-PCR, employing a mixture 

of oligonucleotides primers and TaqMan probes designed specifically for 

all serotypes of dengue virus & B-actin as shown in table 9. Cycling 

conditions are given in table 10. Viral RNA is reversely transcribed with 

specific primer followed by TaqMan real time PCR. Relative mRNA 

expression was calculated by ∆CT method (Bustin, Stephen A et al 2004-

2006).  

 

Table 9: Primers and Probes designed against all serotypes of Dengue 

virus and used in experiment 

S.No. Primer/Probe Sequences 

1 Forward primer  5-‘AAGGACTAGAGGTTAGAGGAGAC 

  

2 Reverse primer 5-‘CTGGAWTGATGCTGARGAGAC- ’ 

 

3 Probe- 5’-/56FAM/AGTGGAAGG/ZEN/RGAAGGWCTSCACA 

 ABkFQ ’ 

1 Beta- actin-

Reverse primer 

5-‘CTTAATGTCACGCACGATTTCC- ’ 

2 Forward  

primer 

5-‘ACCGAGCGCGGCTACAG- ’ 

3 Probe 5’ 5 HEX TTCACCACC ZEN ACGGCCGAG- ’ 
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Table 10: Cycling condition used in experiment 

Step No. Cycling Parameter Temperature Time 

1 Reverse Transcription 45
o
C 15 min 

2 Inactivation of RT 95
o
C 10 min 

3 Cycling 45 cycles 

I Denaturation 95
o
C 15 sec 

II Annealing 55
o
C 20 sec 

III Extension 72
o
C 20 sec 

 

Calculation of Δ ΔCT: This is the method adapted for calculating 

experimental % knockdown from quantification cycle values obtained by 

qPCR analysis in RNAi experiment to knockdown the gene expression in cell 

culture, in our study. 

Step 1: Expression of the siRNA-treated gene target (TC) was normalised to 

non-treated virus control reference gene (VC) expression levels within the 

same sample to determine ∆ CT. This step serves to correct for non-treatment 

related variation among wells such as potential differences in cell number. CT 

(quantification cycle) values of technical replicates can be averaged at this 

step if they were included in the experimental design.  

Step 2: For biological replicates in this experiment, the ∆ CT for each 

replicates was exponentially transformed to the ∆ CT expression, before 

averaging and determining the standard deviation (Step3).  

Step3: averaging and determining the standard deviation  

Step 4: The mean was then normalized to the expression of Target from a 

separate well treated with non-targeting siRNA to find ∆∆CT expression. This 

accounted for any effect associated with the experimental procedure and was 

expressed as the ratio of the targeted ∆ CT expression to the non-targeted ∆ 

CT expression.  
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Step 5: Percent knockdown was calculated by subtracting the normalized 

∆∆CT expression from 1(defined by the level of expression for untreated 

sample) and multiplying by 100 (%KD). 

1. Normalization to REF: ∆ CT= 

CT (TAR) –CT{REF)(VC)}  

2. E m: ∆Cq Expression= 2 ∆CT 

3. Average replicates and calculate standard deviation 

4. Normalize to treatment control 

5. % KD (Knockdown) = (1-∆∆CT ) x 100 

 

 

Figure 14: Showing the Amplification of Dengue serotypes cultured with and 

without siRNA 
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 siRNA designing 

Dengue has four serotypes on the basis of sequences and antigenic variations, 

these differences can have significant impact on dengue infection diagnosis, 

treatment and anti-dengue therapeutic development. All sequences from 

different countries were retrieved from NCBI (https://www.ncbi.nlm.nih.gov/ 

genome/?term=dengue+virus). These common sequences were align by using 

Clustal W. Based on this alignment highly conserved region were selected for 

RNAi target.   

 

Figure 15: Multiple sequence alignment of Dengue serotypes 1, 2, 3 and 4 

 

 
 

*In Figure 15. KT794007.1, FJ467493.1, EU081255.1 and 

KU216209.1 representing serotypes of Dengue1, 2, 3 and 4 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/%20genome/?term=dengue+virus
https://www.ncbi.nlm.nih.gov/%20genome/?term=dengue+virus
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Designed siRNA and their properties: 

 
Target sequence Sense RNA Antisense 

RNA 
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TGCTGAAACGC

GAGAGAAA 

UGCUGAAA

CGCGAGAG

AAAtt 

UUUCUCUC

GCGUUU 

CAGCAtt 

Capsid 60-

401 

342 114 43 1.1 -34.05 6 

CCAACAGCAG

GGATATTGA 

CCAACAG

CAGGGAU

AUUGAtt 

UCAAUAUC

CCUGCUG

UUGGtt 

CprM 60-

899 

840 280 43 0.2 -34.93 8 

ACATGGGCTAT

TGGATAGA 

ACAUGGGC

UAUUGGAU

AGAtt 

UCUAUCCAA

UAGCCCAUG

Utt 

NS1 
2385-

3440 

1056 352 38 0.4 -33.49 7 

GCTGACATGG

GCTATTGGA 

GCUGACAU

GGGCUAUU

GGAtt 

UCCAAUAG

CCCAUGUC

AGCtt 

NS1 
3007-

3025 

18 6 53 -1.6 -38.04 5 

TCATATGGAG

GAGGTTGGA 

UCAUAUGG

AGGAGGUU

GGAtt 

UCCAACCU

CCUCCAUA

UGAtt 

NS3 
4485- 

6341 

1857 619 47 1.5 -35.32 6 

TAATGGATGA

GGCTCATTT 

UAAUGGAU

GAGGCUCA

UUUtt 

AAAUGAGCCU

CAUCCAUUAtt 

NS3 
4485-

6341 

1857 619 37 -1.2 -30.58 6 

AACAGTGTGGT

TTGTTCCA 

AACAGUGU

GGUUUGUU

CCAtt 

UGGAACAA

ACCACACU

GUUtt 

NS3 
5592-

5610 

18 6 42 1.2 -32.30 5 

AGGGGAGGA

TGGTCATATT 

AGGGGAG 

GAUGGUC

AUAUUtt 

AAUAUGA

CCAUCCU

CCCCUtt 

NS5 
7819-

7837 

18 6 47 -0.1 -35.41  8 

 

Table 11: nucleotide sequence of target, siRNA (sense RNA and 

antisense RNA), position in genome, dG and Reynolds’s score. 
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For every designed siRNA free energy, orientation and ease of target access 

was also confirmed using sfold, M fold and RNA fold webserver (Table11). 

To get the minimum folding and maximum stability all possible orientations 

and free energy (dG) was calculated using http://unafold.rna.albany.edu web 

server. The reason may be non-accession of target sites by siRNA due to (I) 

RNA binding proteins, (II) Thermodynamic difference may also cause poor 

incorporation of siRNA to RNA induced silencing complex (RISC), hence 

low Dicer (an enzyme) activity (III) secondary or tertiary structures create 

steric hindrance resulting in different level of positional effects. On folding 

target/guide siRNA, predicted  possible secondary structures for si1, si2,si 3, 

si4, si5, si6 si7 & si8 respectively in figure 16. 

1 2 

  

 

 

http://unafold.rna.albany.edu/
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7 

 

  

 

      8 

Figure 16: Best possible Secondary structures of all eight siRNA after 

folding.                           
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Cytopathogenic effect as seen in BHK-21 cell line: Pathological changes 

such as exfoliation, breakage and suspension, were observed in BHK-21 cells 

on day 5 after infection. All four dengue viruses were detected by PCR and 

plaque assay in the culture supematants of BHK-21, cells infected with D1, 

D2, and D3 & D4 (Figure 17) (J.J Yang et al., 2017). 

 

 

Figure 17: Cytopathogenic effect (CPE) difference when four dengue 

standard strains were infected in BHK-21 cells 

 

          A                 B           C      D          E 

(A) Normal cell, (B) Infected with D1, (C) Infected with D2,  (D) Infected 

with D3, (E) Infected with 

 

Estimation of viral load of all 4 dengue serotype by plaque:  

 

The ability of plaque assays to accurately assess viral titers relies upon 

numerous factors: appropriate host cell selection, proper media and growth 

condition of cell and viral viability, immobilization viral propagation, and 

accurate determination of the viral incubation period to allow adequate time 

for distinct and countable plaque formation (Figure 18) ( Malewicz B, Jenkin 

HM et al., 1979). 
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Table 12: Estimation of viral load of all 4 dengue serotype by plaque. 

 

Plate No: Description ( No. of plaque in dilutions) Viral load in PFU/100µl 

1(D1) 10
-2

=uncountable 

10
-3

=14 

10
-4

=8 

10
-5

=1 

10
-6

=0 

 

1.4X10E4 

0.8X10E5 

0.1X10E6  

 

2(D2) 10
-2

=80 

10
-3

=5 

10
-4

=3 

10
-5

=0 

10
-6

=0 

8.0X10E3 

0.5X10E4  

0.3X10E5  

 

 

3(D3) 10
-2

=uncountable 

10
-3

=8 

10
-4

=4 

10
-5

=0 

10
-6

=0 

 

0.8X10E4 

0.4X10E5  

 

4(D4) 10
-2

= uncountable 

10-3= uncountable 

10-4=60 

10-5=4 

10-6=0 

 

 

6.0X10E5 

0.4X10E6 

 

 

Formula for calculation of PFU/ml 
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PFU/ml = Average no. of plaque/ dilution factor X Volume of diluted 

virus added to the plate 

 

 
                                  D3                                                                          D4                                                            

Figure 18: Plaques formed by 4 different serotypes of Dengue virus. 

The viral tire was determined by either plaque assay or TCID50 method. 

TCID50 (Tissue Culture Infectious Dose 50 or Median Tissue Culture 

Infectious Dose) is an end point dilution technique to estimate virus titer. The 

wells are scored either as infected or uninfected based on CPE. 

Table 13: Calculated TCID50/ ml value of Dengue serotypes.  

S.N. Virus TCID50/ 

ml 

No. of cell in 

each well 

MOI 

1. Dengue virus I 2.11X 10
5
 40,000 0.125 

2. Dengue virus II 6.67X 10
6
 40,000 1.25 

3. Dengue virus III 3.75 X 10
6
 40,000 1.25 

4. Dengue virus IV 5.00 X 10
6
 40,000 1.25 

D1 D2 
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Results of successful siRNA Transfection: Experiment showed successful 

transfection of cell line by siRNA. Working concentration was discussed 

earlier in section 6.7. Fluorescence was observed at 24hrs, 48hrs and 72 hrs. 

Maximum FAM fluorescence was seen at 72hrs. Therefore all experiments 

were set up for maximum period of to 72 hrs. (Figure 19) 

 

Figure 19:  BHK-21 cells were transfected with FAM-labelled control siRNA 

and cultured for 24hrs, 24hrs and 72 hrs. FAM fluorescence in cells was 

observed under fluorescence microscope. 

Inhibitory effect of siRNA on Dengue virus replication: 

With transfection of targeted siRNA, BHK-21 cells showed reduced CPE and 

viral RNA compared to control group by Real time PCR at three different time 

(24hr, 48hr and 72hr) interval. In this study, we had designed eight pair of 

siRNAs targeting four region/genes (Capsid, CprM, NS1, NS3 and NS3) of 

Dengue virus. Results suggest that designed siRNA could inhibit viral 

replication.  

 

 

24 hr 

48 hr

72 hr

FAM florescence in BHK-21 cells  was observed under fluorescence microscope 

(Nikon 90i, Japan) at 40X.

Negative control
Negative

Control
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Effect of siRNA 1 (Capsid target gene 60-401) on viral load in dengue 

infected BHK-21 cells 

The amount of intracellular dengue all four serotype, viral load was detected 

by Real time PCR at 72hrs. The CT value of DV-2 of siRNA group was 28.4± 

0.16, control siRNA (NC) was 20.9±0.91, and virus positive control group 

(VC) was 20.7±0.21 and no viral RNA detectable in normal cell control group 

(CC). Compared with the virus positive control group, siRNA group (TT) 

showed significant decrease of viral load but control siRNA group showed no 

significant difference. The viral siRNA group was reduced for 2
7.7

 fold; the 

inhibition rate was 99.3% (table 14). 

CT value of DV-1 of siRNA group (TT) was 29.3±0.23, control siRNA (NC) 

was 25.4±0.13, virus positive control group (VC) was 25.3±0.16 and viral 

siRNA group was reduced for 2
4.0

 fold, the inhibition rate was 93.8%. CT 

value of DV-4 of siRNA group (TT) was 27.6±0.14, control siRNA (NC) was 

23.36±0.15, virus positive control group (VC) was 23.2±0.41 and viral siRNA 

group was reduced for 2
4.4

 fold, the inhibition rate was 93.8%.  CT value of 

DV-3 of siRNA group (TT) was 24.8±0.31, control siRNA (NC) was 

20.7±0.22, virus positive control group (VC) was 21.2±0.23 and viral siRNA 

group was reduced for 2
3.6

 fold, the inhibition rate was 87.5% (table 14 ).   

Effect of siRNA 2 (CprM target gene 60-899) on viral load in dengue 

infected BHK-21 cells 

CT value of DV-2 of siRNA group (TT) was 27.5±0.12, control siRNA (NC) 

was 20.9±0.24, virus positive control group (VC) was 20.7±0.26 and viral 

siRNA group was reduced for 2
6.8

 fold, the inhibition rate was 98%. CT value 

of DV-4 of siRNA group (TT) was 27.5±0.12, control siRNA (NC) was 

23.1±0.24, virus positive control group (VC) was 23.2±0.26 and viral siRNA 

group was reduced for 2
4.3

 fold, the inhibition rate was 93.6% (table 14). 
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Effect of siRNA 3 (NS1 target gene 2385-3440) on viral load in dengue 

infected BHK-21 cells. 

CT value of DV-2 of siRNA group (TT) was 22.8±0.24, control siRNA (NC) 

was 20.2±0.16, virus positive control group (VC) was 20.7±0.21 and viral 

siRNA group was reduced for 2
2.1

 fold, the inhibition rate was 75%. CT value 

of DV-3 of siRNA group (TT) was 24.4±0.19, control siRNA (NC) was 

22.1±0.19, virus positive control group (VC) was 22.3±0.18 and viral siRNA 

group was reduced for 2
2.1

 fold, the inhibition rate was 75% (table 14). 

Effect of siRNA 4 (NS3 target gene 4485-6341) on viral load in dengue 

infected BHK-21 cells 

CT value of DV-2 of siRNA group (TT) was 26.2±0.14, control siRNA (NC) 

was 25.5±0.21, virus positive control group (VC) was 25.3±0.26 and viral 

siRNA group was reduced for 2
5.5

 fold, the inhibition rate was 93%. CT value 

of DV-4 of siRNA group (TT) was 30.2±0.14, control siRNA (NC) was 

23.4±0.25, virus positive control group (VC) was 23.2±0.26 and viral siRNA 

group was reduced for 2
6.8

 fold, the inhibition rate was 97% (table 14). 

Effect of siRNA 5 (NS3 target gene 4485-6341) on viral load in dengue 

infected BHK-21 cells 

CT value of sDV-4 of siRNA group was (TT) 25.7±0.25, control siRNA (NC) 

was 23.1±0.11, virus positive control group was (VC) 23.2±0.20 and viral 

siRNA group was reduced for 2
2.5

 fold, the inhibition rate was 75% (table 12). 

Effect of siRNA 6 (NS1target gene 3007-3025) on viral load in dengue 

infected BHK-21 cells 

CT value of DV-1 of siRNA group (TT) was 24.4±0.17, control siRNA (NC) 

was 20.9±0.29, virus positive control group (VC) was 20.6±0.26 and viral 

siRNA group was reduced for 2
3.8

 fold, the inhibition rate was 87%. CT value 

of DV-3 of siRNA group (TT) was 25.8±0.0.13, control siRNA (NC) was 

20.4±0.16, virus positive control group (VC) was 20.1±0.21 and viral siRNA 

group was reduced for 2
5.7

 fold, the inhibition rate was 96% (table 14). 
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Effect of siRNA 7 (NS3 target gene 5592-5610) on viral load in dengue 

infected BHK-21 cells 

CT value of DV-1 of siRNA group (TT) was 28.1±0.16 control siRNA (NC) 

was 25.4±0.15, virus positive control group (VC) was 25.2±0.2 and viral 

siRNA group was reduced for 2
2.9

 fold, the inhibition rate was 75%. CT value 

of DV-3 of siRNA group (TT) was 25.4±0.31, control siRNA was (NC) 

22.4±0.23, virus positive control group (VC) was 20.8±0.13 and viral siRNA 

group was reduced for 2
2.6

 fold, the inhibition rate was 75% (table 14). CT 

value of DV-4 of siRNA group was (TT) 22.4±0.17, control siRNA (NC) was 

20.6±0.2, virus positive control (VC) group was 20.4±0.24 and viral siRNA 

group was reduced for 2
2
 fold, the inhibition rate was 75% (table 14). 

Effect of siRNA 8 (NS5target gene 7819-7837) on viral load in dengue 

infected BHK-21 cells 

CT value of DV-2 of siRNA group (TT) was 25.1±0.21, control siRNA (NC) 

was 21.4±0.16, virus positive control group (VC) was 21.8±0.19 and viral 

siRNA group was reduced for 2
3.3

 fold, the inhibition rate was 87%. CT value 

of DV-3 of siRNA group (TT) was 23.4±0.17, control siRNA (NC) was 

20.4±0.23, virus positive control group (VC) was 20.2±0.21 and viral siRNA 

group was reduced for 2
3.2

 fold, the inhibition rate was 87% (table 5). CT 

value of DV-4 of siRNA group (TT) was 26.3±0.13, control siRNA (NC) was 

23.6±0.18, virus positive control group (VC) was 23.4±0.25 and viral siRNA 

group was reduced for 2
2.9

 fold, the inhibition rate was 75% (table 14). 

siRNA 3 (targeted NS1 gene) ,siRNA 5 ( targeted NS3 gene) and siRNA 7 

(targeted NS3 gene) had limited  effect on  dengue serotype. 
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Table 14: Percent inhibition of dengue virus replication in cells 

transfected with gene specific siRNA 

S.

No 

SiRNA 

targeting 

gene/Position 

in Genome 

DV 

serotype 

TT(Test 

group) 

VC(Virus 

control) 

NC(Negative 

control) 

∆CT=

(TT-

VC) 

% of 

Knockd

own 

(%KD) 

1 Capsid 

gene(60-401) 

DV1 29.31±0.11 25.31±0.11 25.21±0.06 4 93.8 

DV2 28.4±0.15 20.7±0.23 20.16±0.10 7.7 99.3 

DV3 24.89±0.31 21.2±0.23 20.7±0.22 3.6 87.5 

DV4 27.6±0.19 23.2±0.20 23.1±0.12 4.4 93.8 

2 CprM 

gene(60-899) 

DV1 28.1±0.25 25.2±0.21 25.1±0.19 2.7 75 

DV2 27.5±0.16 20.7±0.23 20.2±0.10 6.8 98 

DV3 29.1±0.20 28.1±0.17 27.9±0.30 2 75 

DV4 27.5±0.20 23.2±0.20 23.1±0.26 4.3 93.6 

3 NS1 

gene(2385-

3440) 

DV1 25.0±0.310 24.0±0.21 24.1±0.32 1 50 

DV2 22.83±0.24 20.7±0.21 20.2±0.16 2.1 75 

DV3 24.4±0.19 22.3±0.18 22.1±0.19 2.1 75 

DV4 24.1±0.17 23.2±0.15 23.1±0.18 0.9 50 

4 NS3 

gene(4485-

6341) 

DV1 27.3±0.18 25.3±0.18 25.2±0.20 2 75 

DV2 26.2±0.15 20.7±0.23 20.4±0.15 5.5 96.9 

DV3 29.1±0.13 28.1±0.15 27.8±0.32 1 50 

DV4 30.0±0.22 23.2±0.16 23.1±0.18 6.8 98 

5 NS 3 

Gene(4485-

6341) 

DV1 25.4±0.2 24.3±0.16 24.1±0.13 1 50 

DV2 21.5±0.31 20.7±0.23 20.5±0.15 0.8 50 

DV3 24.1±0.20 23.2±0.15 23.1±0.19 0.9 50 

DV4 25.7±0.25 23.2±0.20 23.1±0.11 2.5 75 

6 NS1 

gene(3007- 

3025) 

DV1 24.4±0.17 20.6±0.26 20.9±0.29 3.8 87 

DV2 26.9±0.19 24.4±0.2 24.8±0.21 2.5 75 

DV3 25.8±0.13 20.1±0.21 20.4±0.16 5.7 96 

DV4 29.1±0.20 26.2±0.15 26.4±0.13 2.9 75 

7 NS3 

gene(5592- 

DV1 28.1±0.16 25.2±0.2 25.4±0.15 2.9 75 

DV2 29.1±0.14 27.4±0.16 27.3±0.21 1.7 50 
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5610) DV3 25.4±0.31 22.8±0.13 22.4±0.23 2.6 75 

DV4 22.4±0.17 20.4±0.24 20.6±0.2 2 75 

8 NS5 

gene(7819- 

7837) 

DV1 22.4±0.16 20.4±0.26 20.6±0.19 2 75 

DV2 25.1±0.21 21.8±0.19 21.4±0.16 3.3 87 

DV3 23.4±0.17 20.2±0.21 20.4±0.23 3.2 87 

DV4 26.3±0.13 23.4±0.25 23.6±0.18 2.9 75 
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With recent advancements in the field of molecular biology, siRNA 

technology has become a leading tool in gene therapy with applications like up 

regulation and down regulation of certain target genes. Recent studies suggest 

that siRNAs can also be used for blocking virus transmission (Haasnoot et al., 

2003). Based on this enormous potential siRNA technology is being 

extensively used for anti-virus drug development. With advantages like 

specificity, minimum or no toxicity and efficient mode of action, siRNAs are 

one of the important components of biopharmaceuticals. siRNAs are very safe 

chemotherapeutic agents because of limited side effects and specificity for 

viral genomes. As RNAi is a part of innate immunity of most eukaryotic cells 

therefore this aspect was utilized by biologists for development of anti-viral 

inhibitors. This discovery led to the application of RNAi in several 

experiments involving gene silencing and pathogen inhibition. In past years, 

several human viruses were successfully targeted by RNAi, which proves that 

RNAi is an effective tool in modern therapeutics (Bogerd et al., 2014). 

However limitations like lack of effective delivery mechanisms, time 

dependent reduction in RNA interference and expensiveness are major hurdles 

in the use of siRNA as possible anti- viral therapeutic agent. 

The role of siRNA has been studied and proved to be effective for various 

viruses including West Nile virus (WNV), Japanese Encephalitis Virus (JEV), 

Influenza Virus, Human Immunodeficiency virus (HIV) etc. The target genes 

of various viruses used for silencing/ inhibition, cell lines used, techniques 

used for studying replication inhibition and per cent knock down of viruses is 

shown in Table 15. 

 

 

 

 

 

 



Discussion  

 

 Page 67 
 

Table 15: Compiled results of previous studies showing target genes of 

various viruses used for silencing/ inhibition, cell lines used, techniques 

used for studying replication inhibition and per cent knock down of 

viruses. 

 

Viruses Target 

gene 

Cell line Technique % of 

Knockd

own 

References 

JE virus NS5 HEK, PS, Vero Plaque assay. 99%, 

95% 

Anantpadma M 

and Vrati S, 2011 

Chikungun

ya virus 

E2, ns1 Vero-E6 Real time PCR, IFA 

and plaque assay. 

 Parashar D et al., 

2013 

WNV E Vero CCL-81 plaque assay, Q-PCR 76%, 

62% 

Fengwei Bai et al 

2005 

HCV 5′ UTR, 

 

Huh7–Rep-Feo 

cells 

Northern and western 

blotting analyses,  

80%,  Yokota T et al., 

2003 

 

NS5b Huh-7 cell Electroporation 97-99% Wilson JA et al., 

2003 

HBV  Cultured cells and 

mammalian liver 

Northern and Southern 

analyses, 

 immunohistochemical 

detection 

94-99% McCaffrey AP 

et., 2003 

HIV-1 pNL4-3 293 cells Real time PCR up to 4 

logs of 

inhibitio

n of 

expressi

on from 

the HIV-

1 DNA 

Lee NS et al., 

2002 

 

p24 293 cells Real time PCR 80% Boden D et al., 

2004 

Influenza 

A& B 

M1, M, 

PB1 

MDCK 

A549 

Real time PCR 73%, 

62%, 

50% 

Jain B et al 2015, 

Ge et al. 

McCown et al. 

 

Jain B et al identified siRNA that can be used as a universal therapeutic agent 

against anti-human Influenza virus. A 97bp long conserved region (position 

137 to 233) in the matrix gene was identified using global and Indian strains 

against which the siRNA was targeted. It showed 73.6% and 62.1% inhibition 
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of Influenza A/pdm H1N1 and Influenza A/H3N2 respectively at 48 hours 

post infection on MDCK cell line. The siRNAs targeting M gene have 

demonstrated effective inhibition of Influenza virus replication (Bhawana Jain 

et al 2015). This study provides a basis for the development of siRNA which 

can be used as universal anti-IAV therapeutic agent (Bhawana jain et al 2015). 

Studies done on the role of siRNA on Hepatitis C virus showed that siRNA 

targeted against 5’ untranslated region (5’UTR) of HCV genome achieved up 

to 80% suppression of replication. It also showed efficient delivery of RNAi 

into hepatocytes using DNA-based vectors, thereby demonstrating feasibility 

of siRNA based gene therapy in inhibiting HCV replication (Yokota T et al., 

2003). Later, growth of replicon RNAs resistant to highly effective siRNA due 

to generation of point mutations was observed after several treatments with the 

same siRNA. Hence it was postulated that combination of siRNAs targeting 

either two virus targets (Wilson Jet al., 2003) or targeting a human cellular 

gene like HSP90 and viral genome (Braga ACS et al.,  2017) reduce evolution 

of escape mutants thereby increasing the effectiveness for virus suppression 

and reducing devastating effects of HCV replication on liver. 

Ge et al. observed only about 50% inhibition of IAV by siRNA targeting M1 

protein (Ge.Q et al., 2003) while McCown et al. reported only partial 

inhibition of one siRNA against M1 protein (Nayak DP et al.,2002), and Hui 

et al. reported a M gene specific siRNA, potent inhibitor of M1 protein and 

viral replication both (Hui EK et al., 2003). Further, Hui et al. stressed that 

specific sequence within the M gene, if targeted by siRNA, would yield 

maximum effect (Hui EK et al., 2003). RNAi is believed to be an effective 

endogenous mechanism for host cells to defense against virus attack 

(Haasnoot PC et al., 2003), and has been applied as an exogenous measure to 

inhibit viral replication, such as HIV (Song E, et al., 2003, Lee SK, et al., 

2005), influenza A virus (Sui HY et al., 2009), HBV (Tang KF, et al., 2009) 

and SARS-CoV (Shi Y, et al., 2005). DEN is one of the first animal viruses 

that could be efficiently inhibited by RNAi (Haasnoot PC, et al., 2003). Self 

life of siRNA is too short. siRNA molecules only retained in 8.9% of the cells 
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at the seventh day post transfection. Therefore, maintaining the continuity of 

RNA interference is crucial for the promotion and application of RNAi 

technology.  

Besides these viruses, few studies have been done on role of siRNAs on 

arboviruses. In a study on WNV, administration of siRNA to mice before 

challenge with WNV afforded partial protection from death. Another study on 

WNV showed that intranasal treatment with siRNA named RVG9R-siFvEJW 

elicited widespread gene silencing in mouse brain and was therapeutic for 

neuroinvasive WNV. It lowered the viral burden in CNS, reducing 

neuropathology and mortality. It also indicated development of natural 

sterilizing immunity in RVG9R-siFvEJW treated mice that survived WNV 

disease (Fengwei Bai et al 2005). 

siRNA activity was observed in neurons for shorter duration (3 weeks) ( Omi 

et al .,2004) and RVG9R-siFvEJW-treated animals succumbed to 

intracerebrally injected WNV a month after treatment. Thus, an effective 

siRNA reduced systemic exposure can be transformative for treating acute 

flavivirus neuroencephalitis, particularly in the elderly. 

This approach also offers better scope for strategic clinical testing in 

confirmed WNV disease (J Beloor et al., 2018). Tyrosine kinase affects 

dengue virus titers by siRNA in Huh-7cells. SiRNA knockdown of C-terminal 

Src kinase (csk) led to a reduction in virus titer by 50%. 

In a study on Chikungunya virus, the authors found a combination of siRNAs 

targeted against E2 and NS1 genes to have an additive effect leading to early 

and complete inhibition of virus replication in virus infected mice when 

administered 72 hours post infection. They suggested that RNAi may 

constitute a novel therapeutic strategy for controlling CHIKV infection and 

transmission (Parashar D et al., 2013). Similarly, siRNA targeting the NS5 

gene showed significant antiviral activity against Japanese encephalitis virus 

infection in both cultured cells and mouse model (Anantpadma M et al 2011). 
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During the past twenty years Dengue Virus has emerged as a major global 

problem, therefore, drastic measures are required for limiting this viral 

pathogen. Despite its public health importance a successful vaccine and 

specific anti-viral agent could not be developed yet (Mali Ketzinel‐Gilad et al., 

2006). Therefore, newer strategies were required for limiting the spread and 

effects of DV infection. Moreover, the growth of DV in mosquitoes as well as 

humans was explained in depth by Hidari and Suzuki., 2011, Sun and Kochel., 

2013, Alhoot et al.,  2011. With the advent of molecular biology, various 

aspects of DV replication and host interactions were understood. Since DV has 

a single stranded RNA as the genome, it is a probable target for different 

RNAi based inhibition mechanisms (U Raheel 2014). Therefore, this study 

was aimed at designing a siRNA effective against all 4 DV serotypes. 

Arbovirses with RNA genome require an intermediate dsRNA molecule, 

which can trigger host cell RNAi pathway (Blair and Olson, 2015). Cellular 

enzyme DICER chops dsRNA and generates several 20-24 base pair small 

interfering RNAs, (siRNAs) that interact with argonate containing RISC 

(RNA induced silencing complex). This complex causes the unwinding of 

dsRNA and one of its strands serves as a target locator, with the help of this 

sequence RISC binds with the target mRNA. In the next step the endonuclease 

activity takes place that cuts the target mRNA resulting in suppression of that 

specific gene (Dunoyer et al., 2004).  

In the present study we demonstrated that a synthetic siRNA targeting the five 

regions, inhibits replication of the all four DV serotypes in BHK-21 cell 

cultures.  Studies done in past years have shown some genes of DV (structural 

and non structural genes) to be effectively inhibited by RNAi (RNA 

interference) technology in Table 16. 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ketzinel%26%23x02010%3BGilad%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16779870
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Table 16: Compiled results of previous studies showing target genes of 

Dengue viruses used for silencing/ inhibition, cell lines used, techniques 

used for studying replication inhibition. 

 

In this study all four dengue serotypes were targeted by eight siRNA designed 

against five different genes (Capsid, CprM, NS1, NS3 and NS5). These genes 

selected had central role in dengue virus replication and assembly. 

(Netsawang, J., S. Noisakran et al., 2009, Duan, X., X. Lu et al., 2008, 

Lindenbach, B. D., and C. M. Rice. 1999, Umareddy, I., A. Chao, A. Sampath 

et al., 2006, Ellencrona, K., A. Syed et al., 2009).  These eight siRNA were 

designed by online software and synthesized by Ambion USA.  

RNAi efficiency is usually influenced by the RNA structure of the target 

sequence/guide strand of siRNA (Joseph, A G et al., 2008). For every 

designed siRNA free energy, orientation and ease of target access were also 

confirmed using M fold and RNAcofold webserver. The siRNA is highly 

Year 
Cell lines/animals used 

in experiments 

Targeted  

DENV gene   

DENV 

serotype 

tested 

Method used to detect 

DENV infection  
References 

2010 
Human monocytes, DC 

& macrophages 
Envelope DENV-2 

Qualitative and 

quantitative RT-PCR, 

Flow cytometry 

Subrumanya et al. 

2010 C6/36 prM DENV-1 
MMT assay, Real time 

PCR 
Hong et al 

2011 Huh-7 & Vero Capsid protein DENV(1-4) 

Immunoblots 

Plaque assay 

Cell viability assay 

TNF measurement 

Stein et al 

2011 In silico & Huh-7 NS4b ,NS5 DENV(1-4) 
Virtual hybridization 

program, other tools 

Paula M villegas et 

al 

2012 Vero,BHK-21 & S2 3’UTR DENV-2 qRT-PCR 
Esther Schnettler, et 

al. 

2012 Vero 5’NTR DENV(1-4) 

DV NS1Ag 

RT-PCR 

Plaque assay 

Anil Babu Korrapti 

et al. 

2013 Huh-7 & HEK2937 NS4b DENV-2 

qRT-PCR,Sequencing, 

IFN assay Protein 

purification, Northern 

blotting 

P.K.Kakumani et al. 
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homology dependent strategy. Hence, in the present study we delineated the 

most conserved five regions of dengue genome by aligning multiple sequences 

of human pathogenic dengue virus submitted in NCBI database from all over 

the world. This strategy was adapted to siRNA, which may work against more 

or less all dengue strains. To achieve substantial amount of success in siRNA 

silencing two major steps were considered while designing. First, multiple 

levels of screening were applied following various stringent criteria of siRNA 

designing to shortlist the best eight from a large pool of putative siRNAs as 

discussed in methods. Secondly, transfection efficiency of siRNA and shelf 

life of siRNA in cell was considered.  

The siRNA was also looked for having no significant homology to any of the 

human gene to avoid cross-silencing of human genes while attempting 

silencing of viral genes. All eight siRNA were selected on the basis of 

Remolds and Tuchel rule. Silencing efficiency of functional siRNAs depends 

on stability of secondary structures of the antisense strand (Prakash et al 

2018). For most of the efficient siRNAs, the ∆G of self-interaction is close to 

0. The following thermodynamic features are significantly different for 

efficient and inefficient siRNAs and are important for optimal target 

prediction: (i) Gibbs free energy of sense antisense duplexes, (ii) free energy 

of siRNA self-structure and free energy of siRNA bimolecular interaction, (iii) 

mRNA secondary structure and free energy of siRNA antisense strand affinity 

to mRNA targets, (iv) frequency of potential siRNA targets in mRNA (Jain B,. 

et al 2015). The distribution of free energy differences between 5' and 3' 

terminal nucleotides in siRNA and miRNA duplexes is an important parameter 

for efficient siRNA prediction. 

Off target binding of siRNA is an important factor, which needs to be 

minimized in order to improve specificity of siRNA. To reduce off-target 

effect non-designing protocol, was followed in the present study wherein Tm 

was kept to less than 21.5◦C (Kumiko Ui-Te. 2013). Blast run was also done 

against human whole genome to remove the possibility of off- target silencing. 

GC percentage is an important parameter that represents functionality of 
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siRNA (Table 8 of Results section). Studies have shown that 30-50% GC 

content provides better activity to siRNA than higher G/C content. All siRNA 

designed in this study, have GC content of appropriate amount. The free 

energy of RNA folding is a significant parameter, which was computed by 

using m-fold followed by using algorithms for the prediction of siRNA 

(Prakash et al 2018). 

It has been recommended that a guide strand siRNA must have smallest free 

energy for their stability (Ulrike MC et al., 2006). Therefore, minimum 

folding free energy represents the effective siRNA, which was calculated by 

RNA cofold. In the present study siRNAs designed have smallest RNA-RNA 

interaction energy/ folding free energy for binding. In this computational 

approach all the parameters and tools used for designing of siRNAs against 

DV genes fulfill the criteria for best efficiency of RNAi against their target 

sequence. This study successfully designed eight pairs of siRNAs targeting 

various genes of DV, which fulfill all criteria of siRNA molecules as 

therapeutic agent. These can be used further for DV inhibition, either singly or 

in combination. Such approach seems to be quite promising to combat DV, but 

the result of in silico study needs to be approved further by in vitro study.  

Purpose of selection of these five genes of DV is that these genes are highly 

involved in DV replication (Table 17). 
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Table17: Summary of the structural components of five dengue proteins 

used in present study and their respective roles in DV progression and 

pathogenesis.  

S.No. DENV 

proteins used 

in present 

study 

Structural 

components 

Proposed functions References 

1 Premembrane Predomain Conceal the fusion loop of E 

protein hence, prevent the fusion 

of immature virion to 

host cell membrane 

Li L, Lok SM et 

al., 2008 

Yu IM, et al ., 

2009 

M domain Forms the membrane of a mature 

virion 

Yu IM, et al ., 

2009 

Yu IM, et al ., 

2008 

2 Capsid Hydrophobic 

membrane 

spanning region,  

 

Highly conserved region for 

attachment of mature capsid 

protein to ER membrane 

 

Samsa MM, et 

al., 2012 

 N terminal 

region 

 

Structurally flexible and binds 

with lipid droplets to form 

infectious viral particles 

Samsa MM, et 

al., 2012 

Ma L, et al ., 

2004 

 Four helices 

(α14) 

Involve in dimerization of capsid 

protein, also involve in viral 

particle formation by 

interacting with lipid droplet 

Jones CT, et al., 

2003 

Ma L, et al ., 

2004 

3 NS1 Signal peptide Essential for expression of NS1 

protein 

Somnuke P, et al 

.,2011 

N glycosylation 

sites (N 130 and 

N 207 

Play important role in structural 

stability and secretion of NS1 in 

dimeric form 

NS1 peptide Have a role in immune 

evasiveness, viral replication, 

viral assembly, viral maturation 

and release 

Scaturro P,et al., 

2015 

 NS3 N terminal 

region 

Interacts with NS2B to perform 

its proteolytic activity  

Clum S, et al., 

1997 

Linker region Connects helicase and protease 

catalytic sites of NS3 

Luo D, et al., 

2010 
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C terminal 

domain 

Responsible for helicase and 

ATPase/RTPase activities 2 

 NS5 N terminal 

region 

Possess guanylyl transferase, 

guanine N7 methyltransferase 

and nucleoside 

2′Omethyltransferase 

activities required for 5′ RNA 

capping, also helps virus in 

immune 

evasion 

Liu L, et al., 

2010 

Chang DC, et al., 

2016 

C terminal 

region 

Possess RNA dependent RNA 

polymerase (RdRp) activity for 

de novo synthesis of viral 

RNA106 

Issur M, et al  

2009 

Linker region 56 amino acid residues which act 

as a bridge between N and C 

terminal regions 

El Sahili A, et al 

.,2017 

 

Mature Capsid protein is highly basic protein of 12KDa (Wang SH et al., 

2004, Jones CT et al., 2003). N-Terminal region of DV capsid is involved in 

RNA binding and viral particle formation (Samsa MM et al., 2012). ST-148 is 

a small molecule that potently inhibits replication of four DV serotype in vitro 

by targeting capsid gene (Byrd CM et al., 2013). ST-148 has been proposed to 

enhance capsid self interaction, viral assembly and disassembly (Scaturro P et 

al., 2014). The study found that highly conserved sequence in DV capsid gene, 

if inhibited, can inhibit all DV serotypes in Huh-7 cell and DV-2 in AG129 

mouse model (David A Stein et al., 2011). In the present study siRNA 

targeting capsid gene was effective in knocking down all four DV serotype in 

BHK-21 cell.  

prM, also termed as precursor membrane protein, comprises an N  terminal 

domain, that is, predomain (part of membrane of an immature virus) followed 

by an M domain, stem region, and two transmembrane helices (Li L, Lok et 

al., 2008). Stem region of prM is reported to have a significant role in viral 

maturation (Zhang Q et al., 2012). PrM gene of DENV-1 was also 

successfully targeted by four synthetic siRNAs. siRNA were transfected in 
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C6/36 cell line with DENV which showed reduced CPE (cytopathogenic 

effect) and increased cell survival by 2.26 fold. It also estimated reduction in 

viral RNA by about 97.54% in comparison to virus control group only at 7dpi 

(days post infection) (Hua Hong et al., 2010). In the present study CprM gene 

was effective only against DV-2 & DV-4 serotype.  

NS1 protein is essential for expression of NS1 protein (Somnuke P, et al 

.,2011) and play important role in structural stability and secretion of NS1 in 

dimeric form (Somnuke P, et al .,2011)and have a role in immune evasiveness, 

viral replication, viral assembly, viral maturation and release (Scaturro P,et al., 

2015). In the present study siRNA targeting NS1 gene was effective against 

DV-1 & DV-3 serotype.  

NS3 protein is responsible for helicase and ATPase/RTPase activities (Clum 

S, et al., 1997). To the best of our knowledge, we are the first to study the role 

of siRNA targeting NS3 gene, which was found to be effective against DV-2 

& DV-4 serotypes.  

NS5 possess guanylyl transferase, guanine N7 methyltransferase and 

nucleoside 2′O  methyltransferase activities required for 5′ RNA capping, also 

helps virus in immune evasion (Liu L, et al., 2010, 

Chang DC, et al., 2016) and possess RNA dependent RNA polymerase 

(RdRp) activity for de novo synthesis of viral RNA (Issur M, et al  2009). 

siRNA targeting NS5 gene was effective against DV-1 & DV-4.  

Both 5’NTR and 3’NTR have been proven to be potential targets. There are 

two sites (sh-3c and sh-5b) in 5’NTR which function as promoter for RNA 

synthesis. These sites with their complementary sequences in 3’NTR 

contribute interaction between two ends of genomic RNA (Alvarez 2005). 

With the help of recombinant adenovirus –mediated expression of sh-5b 

siRNA, DV 1-4 were inhibited in Vero cell line depicting that 5’NTR can be 

used as target to inhibit all four DV serotypes (Korrapti et al 2012). 3’NTR 

contains at least 8 nt which is highly conserved and complementary to 5’ 

cyclization sequence located in capsid gene (Hahn et al 1987). Other study 
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found that highly conserved sequence in DV capsid gene, if inhibited, can 

inhibit all DV serotypes in Huh-7 cell and DV-2 in AG129 mouse model 

(David A Stein et al 2011). siRNAs were transfected in C6/36 cell line with 

DV which showed reduced CPE (cytopathogenic effect) and increased cell 

survival by 2.26 fold. It also estimated reduction in viral RNA by about 

97.54% in comparison to virus control group only at 7dpi (days post infection) 

(Hua Hong et al 2010). Synthetic siRNAs targeting the highly conserved 

regions of DENV3 genome can effectively inhibit DENV3 in Vero-81 cell 

lines. Studies done on ChikV and HCV have shown that a combination of 

siRNAs targeting different genes in conserved regions function better as 

compared to single siRNA/ gene. Three regions (3' UTR, 5' UTR and 

structural genes) were specifically targeted by U Raheel 2014,  since these 

regions were found to be highly conserved and also play a key role in DENV 

replication and assembly. 3'UTR is approximately 450 nucleotide in length 

without a poly A tail with several conserve structures. These folds at 3' UTR 

results in the formation of conserve looped structures known as stem loop 

(3'SL), in depth studies conducted on the properties of this 3' SL in different 

arboviruses revealed that 3'SL is a key component of DENV replication 

(Alvarez et al., 2005a). 

3'UTR is significantly important in DENV replication this was proved by 

experiments in which deletions in the 3'UTR greatly hindered DENV 

replication and also resulted in defective virion formation (Tilgner et al., 

2005). 5'UTR is highly conserved in all the serotypes and has a essential role 

in DENV replication (Filomatori et al., 2006). 

Most of the previous research concerning DV therapeutics and vaccine 

formulation was conducted by utilizing DVs propagated in C6/36 cells. That is 

why C6/36 cells are most abundantly used cell line for DV propagation; 

however progeny DVs are a diverse population of immature and mature DV 

due to inefficient Furin related conversion of prM to M (Richter et al., 2014; 

Zybert et al., 2008). This mixed population is later on used for anti-dengue 

therapeutic testing as well as neutralization studies involving vaccine 
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candidates. But transfection efficiency. Therefore BHK was used in the 

present study.  

Dendritic cells (DCs) are important component of our immune system and 

provide immunity against several pathogens however these DCs serve as 

target sites for DV replication (Marovich et al., 2001). DV can effectively 

replicate in DCs, consequently one of the study was specifically aimed for 

targeting DENVs in infected DCs. A complex of peptide and siRNA was 

introduced in infected DCs for targeting DV E gene; this peptide and nucleic 

acid fusion significantly decrease DV replication. This fusion complex was 

also tested in mice models grafted with human cells results showed that this 

complex was able to knock down DV and DV challenged mice survived 

(Subramanya et al., 2010).  

Currently several studies are being conducted for development of therapeutic 

agents utilizing RNAi technology but several factors can lead to reduced 

efficiency of these siRNA derived approaches. Some of these include short 

half life and a swift degradation in the cells. This rapid unavailability can lead 

to recurrence as well as ineffectiveness in complete knock out of pathogen. 

One of the major concerns regarding siRNA therapy is targeted delivery 

because it is vital for siRNA to reach target cells to knock out gene of interest. 
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Si1 (target capsid gene 60-401) showed inhibition of all four serotype of DV 

replication in vivo (87.5 -99.3% knockdown). 

Si2 (target CprM gene 60-899) showed inhibition of DV-2 & DV-4 (range 

93.6-98% knockdown). There was limited inhibition of DV-1 and DV-3 

replication (75% knockdown). 

Si3 (Target NS1 gene 2385-3440) showed only 50% inhibition with DV-1 

and DV-4 and 75% knockdown with DV-2 & DV-3. 

Si4 (target NS3 gene 4485-6341) showed inhibition of DV-2 & DV-4 (range 

96.9-98% knockdown). There was limited inhibition of DV-1 (75% 

knockdown) and DV-3 (50% knockdown) replication. 

Si 5 (target NS3 gene 4485-6341) showed limited inhibition of DV-4 

replication (75% knockdown). There was no significant effect on DV-1, DV-2 

& DV-3 replication (50% knockdown). 

Si6 (target NS1 gene 3007-3025) showed inhibition of DV-1 & DV-3 (range 

87-96% knockdown). There was limited inhibition of DV-2 and DV-4 

replication (75% knockdown).  

Si7 (target NS3 gene 5592-5610) showed limited inhibition of DV-1, DV-3 

and DV-4 replication (75% knockdown) and no significant effect on DV-2.  

Si8 (target NS5 gene 7819-7837) showed inhibition of DV-2 & DV-3 (87% 

knockdown). DV-1 & DV-4 showed only 75% knockdown. 

Si1 was found to have the best efficiency against all 4 serotypes of Dengue 

virus. Additionally, Si2 and Si6 are also acceptable. Animal studies using 

these three SiRNAs are warranted.  
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