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Abstract 
 

Dengue fever is caused by a virus that belongs to the Flaviviridae family. Around 400 million individuals worldwide 

contract the mosquito-borne disease dengue each year, which has a 20% fatality rate in patients who have the most severe 

cases. People may contract many acute DENV infections during their lifetimes because there are four DENV serotypes, 

each of which has some immunologic cross-reactivity. A vaccine that is active against all four DENV serotypes has not yet 

been created.  Studies on the virus's receptors and transmission pathways identified putative host targets crucial for virus 

internalization and propagation in host cells. In this review article, we'll cover information about potential receptors and 

attachment sites in mammalian and mosquito cells. We'll also go through the many entry points and mechanisms that enable 

the viral genome to reach the cytoplasm and lead to the internalization of the virus. 
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Introduction 

An estimated 96 million people are afflicted with this 

endemic arboviral disease (Mutheneni et al., 2017; Bhatt et 

al., 2013), and symptoms vary in intensity across affected 

populations. Dengue fever has been on the rise worldwide for 

decades, with millions of afflicted people putting a financial 

strain on Southeast Asia and the Indian subcontinent 

(Hussain et al., 2015). The Aedes species is the primary 

vector of the Flavivirus infection that causes dengue, as 

stated by Kumar et al. (2023), Mutheneni et al. (2017), and 

Hawley et al. (1987). Four serotypes of DENV (1–4) have 

been identified in several parts of the world, as reported by 

Holmas (1998). Antigenically speaking, these four serotypes 

of the dengue virus are distinct from one another. In 2013, 

Malaysian researchers identified the fifth dengue virus 

serotype (DENV-5) through isolation and genetic sequence 

analysis (Mustafa et al., 2015). 

Dengue fever has been more common in the previous 

two decades, and researchers have begun to notice a shift in 

the disease's pattern of regional spread. The dengue virus's 

molecular structure, infecting mechanism, and life cycle have 

all been revealed by several studies. The dengue virus uses a 

variety of receptors and other cell surface components to 

infect new hosts during its life cycle (Table 1). Virus 

particles are internalized with the aid of cell surface 

components. Viruses are taken in by the host cell via 

receptor-mediated endocytosis once the envelope protein 

makes contact with a surface molecule or receptor. The virus 

RNA can enter the host cell cytoplasm because the virus 

envelope protein merges with the endosomal membrane 

during internalization. The single-stranded, positive-sense 

RNA that makes up the dengue virus's genome is translated 

into both structural and non-structural proteins by the host 

cell's machinery. Dengue virus replication occurs in host 

cells, where new RNA copies are made and the viral genome 

is copied. The Endoplasmic reticulum and Golgi apparatus 

play important roles in the assembly and development of the 

Dengue virus. The trans-Golgi network is responsible for the 

secretion of the mature viral particle (Mukhopadhyay, 2005).  

Information on possible receptors and attachment sites 

in mammalian and mosquito cells will be discussed. We've 

also covered the many mechanisms by which the viral 
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genome can get access to the cytoplasm and trigger 

internalization. 

Organization of DENV particle 

Using the host's translation machinery, the dengue virus's 11 

kilobases (kb) genome encodes 3 structural and 7 non-

structural proteins. Structural proteins of molecular weights 

of 11 kDa, 21 kDa, and 53 kDa are encoded by the viral 

genome. These proteins include the capsid, pre-membrane, 

and envelop proteins. NS-1, NS-2A, NS2-B, NS-3, NS-4A, 

NS4B, and NS-5 are seven non-structural proteins that are 

encoded by the viral genome and have various biological 

functions (Bäck and Lundkvist, 2013; Kumar et al., 2023). 

Capsid proteins construct the nucleocapsid core that encloses 

viral RNA. Host cell lipids enclose the nucleocapsid, and 

many Envelop (E) and Pre-membrane (prM) proteins with 

their respective I, II, and III domains are linked together 

(Rodenhuis-Zybert et al., 2010). To combat an infection with 

the dengue virus, the host immune system will seek out and 

attack the virus's prM and E proteins (Whitehead et al., 

2007). The 3' untranslated region (3'UTR) of the dengue 

virus genome contains many conserved RNA sequences that 

are essential for virus replication. The 5'-untranslated region 

(UTR) is responsible for regulating the stability, 

translocation, and translation efficiency of viral mRNA (Ng 

et al., 2017). Non-structural proteins play an important part 

in viral replication and maturation, although these proteins 

have distinct biological functions. Protease activity is 

provided by both NS2B and NS3, while NS3 also functions 

as a helicase, serine protease, nucleotide triphosphate, and 

5'RNA triphosphatase. NS5 is an RNA-dependent RNA 

polymerase (RdRp) and methyltransferase (MTase). 

According to several studies (Zou et al., 2011; Apte-

Sengupta et al., 2014; Luo et al., 2015; Obi et al., 2021), 

NS2B-NS3, NS4B, and NS5 are the primary targets for the 

development of antiviral medicines and vaccines. 

Transmission routes of dengue virus 

Two different environments serve as conduits for the 

spread of DENV: cities and forests. Both cycles are 

transmitted to hosts, such as monkeys, by the Aedes aegypti 

and Aedes albopictus mosquitoes. When female mosquitoes 

feed on blood in metropolitan settings, DENV enters the 

midgut and, after 8 to 12 days, spreads to the salivary gland 

and buccal cavity, where it finally infects people. In a similar 

vein, non-human primates found in the forest serve as natural 

hosts for DENV infection. The two cycles can interact 

significantly, hampering the prevention of illness, as the line 

between cities and the wild gets closer. 

Interaction of virus to host cell surface  

The dengue virus is spread by female Aedes aegypti 

mosquitoes that have been infected. The plasma membrane 

receptor of the host cell is a target for the dengue virus 

envelop protein. Viruses can be recognized in part because of 

chemicals or receptors in membranes (Table 2). Target cell 

receptors are ideal targets for the development of antiviral 

medications because their position and abundance play a key 

influence in the host tissue's susceptibility to the virus. The 

initial interaction between the virus and the host cell is 

usually triggered by attachment factors present on the cell 

surface. After a non-specific interaction has delivered the 

virus to the cell surface, it is more likely to bind to its 

specific receptor, a molecule that serves as the door for virus 

entry into the target cell (Grove and Marsh, 2011). Despite 

efforts to identify the molecules responsible for target cells' 

identification of DENV, no DENV receptor has been found 

(Hidari and Suzuki, 2011). Dendritic cell adhesion molecules 

(DC-SIGN), macrophage mannose receptor (MR), CD4 

lipopolysaccharide receptors (LPS), heat shock proteins 

(HSP70/90), and chaperonin GRP78 are good options of 

diverse nature in mammalian (Table 1) and mosquito cells 

(Table 2). 

Dengue virus has different serotypes that targets 

different cell in mammals and mosquito, that are vulnerable 

to infection. Dengue virus binds to various molecules or 

receptors in a serotype-specific manner, not using only a 

single specific receptor for internalization into host cells. 

Additionally, the virus can infect a range of cell types that are 

highly unlike one another while within these hosts. 

Therefore, the fact that DENV can connect to and penetrate 

host cells through a wide variety of molecules is not 

surprising. In fact, the search for the DENV receptor raises 

the possibility that the virus evolved to be non-specific by 

expanding the range of its targets rather than having a single 

target cell or organ. This represents an extensive viral 

dissemination throughout the host organism in vivo, which 

results in the vast spectrum of clinical symptoms observed in 

DENV-infected patients. 

Based on the available data, the envelope (E) protein's 

domain III contains the receptor binding site. In the 

mammalian cell lines BHK-21 and HepG2, as well as the 

Aedes albopictus cell line C6/36, the recombinant envelope 

protein domain-III inhibits dengue virus entry (Hung et al., 

2004; Chin, 2007). The dengue virus cannot bind to Vero 

cells when antibodies against domain-III of the enveloped 

protein are present (Crill and Roehrig, 2001). However, 

because the cellular receptors for DENV are unknown, it is 

difficult to determine specific binding motifs within protein 

E. 

GAGs (glycosaminoglycans) are probably involved in DENV 

attachment. Following the incubation of the virus, DENV 

infection was reduced by heparin, highly sulfated heparan 

sulfate, or suramin (Chen et al., 1997; Lee et al., 2006; 

Artpradit et al., 2013). DENV infection was also prevented 

by pre-treating cells with heparin, heparan sulfate, or 

heparinase III. Two lysine residues in E protein DIII (K291 

and K295; see Fig. 1) have been demonstrated to be critical 

for DENV interaction with GAGs through site-directed 

mutagenesis studies (Watterson, 2012). 

In agreement, recombinant DIII binding to BHK-21 cells was 

totally eliminated by heparin treatment. Additionally, DIII 

exhibits the heparan sulfate-interacting motifs since it poorly 

binds to mutant cells that lack heparan sulfate (Hung et al., 

2004). The neutral glycosphingolipids' carbohydrate moieties 

are another putative DENV attachment factor in addition to 

GAGs. As a dengue virus-2 ligand, the glycosphingolipids 

are identified in AP-61 cells of the mosquito Aedes 

pseudoscutellaris. Dengue virus-2 recognizes the nLc4Cer 

(Galβ1-4GlcNAcβ1-3Galβ1-4Glcβ1-1rCer) in human 

erythroleukemia cell lines (K562) and rhesus monkey kidney 

cells (LLC-MK2) (Aoki et al., 2006; Wichit et al., 2011). 

Potential DENV receptors have been identified as dendritic 

cells (DC) (Wu et al., 2000; Marovich et al., 2001). One of 

the main objectives of DENV replication in vivo is DC. It 

was discovered that there was a positive correlation between 
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the expression of DC-specific intercellular adhesion molecule 

3-grabbing nonintegrin (DC-SIGN) or its homolog L-SIGN 

and DENV infection in endothelial cells from the liver and 

lymph nodes (Navarro-Sanchez et al., 2003; Tassaneetrithep 

et al., 2003). DC infection by DENV was blocked by anti-

DC-SIGN antibodies and overexpression of DC-SIGN in 

cells that don't normally make it made them susceptible to 

infection. Further evidence that this lectin has a role in the 

pathophysiology of dengue comes from human genetic 

studies, it linked the development of dengue hemorrhagic 

fever rather than typical dengue to a variation in the DC-

SIGN promoter (Sakuntabhai et al., 2005). The mannose-rich 

N-glycan on amino acid residue N67 of the E protein 

interacts with the DC-SIGN carbohydrate recognition domain 

(CRD) to bind DENV to DC-SIGN (Pokidysheva et al., 

2006). 

It stands to reason that a virus's ability to infect DC will be 

influenced by its species of origin, given that insect and 

mammalian cells undergo distinct glycosylation processes. 

Viruses created in either the human host or the mosquito 

vector have a glycan structure that is rich in mannose and are 

therefore able to infect DCs (Hacker, 2009). N-linked 

complex glycans but not mannose-rich glycosylation are 

abundant in DENV isolated from DC (Dejnirattisai et al., 

2011), which is an intriguing finding. These viruses inhibit 

DC infection by lowering DC's receptivity to DC-SIGN. 

However, viruses created in other cell types were able to 

infect both DC-SIGN and L-SIGN-expressing cells, but 

viruses obtained from DCs could only bind to cells 

expressing L-SIGN. The virus's infectivity and tropism, in 

other words, would be determined by the cell in which it 

assembles. 

It was formerly believed that the main locations of DENV 

replication were monocytes and macrophages. It is more 

likely that virus entry through the Fc receptor or cell 

activation will be required for productive infection of these 

cells when non-neutralizing antibodies are present. The term 

"antibody-dependent enhancement" (ADE) describes these 

phenomena. However, the LPS receptor CD14 was the first 

candidate receptor for DENV binding to 

monocytes/macrophages. Researchers found that inhibiting 

DENV multiplication in cultured cells by introducing LPS 

prior to infection did so without eliciting an inflammatory 

response. 

Because DENV binding to monocytes and macrophages 

depends on a cell surface protein that is part of the LPS-

CD14 complex, blocking CD14 likely completely 

antagonizes the inhibitory effects of LPS on DENV infection 

(Chen, 1999). Treatment with CD14 antibodies did not 

inhibit viral replication. Once it was discovered that heat-

shock proteins HSP90 and HSP70 acted as ligands for E 

proteins or as complete DENV particles, a new explanation 

for these findings became available. Since it was found that 

both proteins are LPS receptors (Chen et al., 1999; Reyes-

Del Valle et al., 2005), HSP90 and HSP70 may be the 

molecules that are rendered inactive for DENV binding upon 

initial cell exposure to LPS. Incubation of primary human 

monocytes and macrophages with antibodies against heat 

shock proteins 90 and 70 inhibited DENV replication. 

It has been suggested in recent years that the mannose 

receptor (MR) functions as a DENV receptor in 

macrophages. Anti-MR antibodies inhibited DENV infection 

when incubated with macrophages (Miller et al., 2008), 

whereas the surface MR expression of 3T3 cells, a cell line 

derived from mouse embryos, promoted viral attachment. 

Evidence for binding via the MR was also provided by the 

authors. Given that CRD can identify N-linked glycans in the 

E protein's amino acid residues N67 and/or N153, it is 

conceivable that CRD can identify the recombinant E protein 

and all four DENV serotypes, but not its deglycosylated 

counterpart. 

It has been discovered that hepatocytes may have the ER 

resident chaperonin GRP78 as a DENV receptor. Although 

GRP78 is generally found inside the cell, it has been shown 

to localize to the cell membrane. After incubation with 

antibodies against GRP78, Jindadam (2004) and Upanan 

(2008) found that DENV-2 was unable to infect the hepatic 

cell lineage HepG2. These scientists also looked into how 

DENV-1 interacted with HepG2 cells. They discovered that, 

unlike DENV-2, DENV-1 attaches to and enters liver cells 

via the high-affinity laminin receptor. The fact that soluble 

laminin or antibodies against the laminin receptor did not 

affect dengue virus types 2, 3, or 4 infections showed that 

this interaction was unique to DENV-1 (Thepparit and Smith, 

2004). In a recent study using many cell types, including 

human embryonic stem cells, it was found that 

transmembrane receptors belonging to the TIM and TAM 

families have a role in DENV infection of mammalian hosts.  

Phagocytic engulfment and clearance of apoptotic cells is a 

function of these proteins, and they can't do their job without 

phosphatidylserine (PS). DENV interaction with TIM and 

TAM molecules appeared to improve virus endocytosis and 

was reliant on viral envelope PS, as reported by Meertens et 

al. (2012). Antibodies targeting TIM and TAM, as well as 

their knockdown via RNA interference, protected mice from 

DENV infection. According to the data acquired by Meertens 

and coworkers (Perera-Lecoin et al., 2014), apoptotic 

clearance may be exploited to facilitate virus entry and 

infection.  

Remember that the prM protein directly interacts with 

claudin-1, the main structural element of tight junctions. 

Claudin-1 expression is increased early in a DENV infection, 

which may facilitate virus entry into host cells (Gao et al., 

2010; Che, 2013). One co-receptor for HCV entry, for 

instance, has previously been identified as claudin-1 

(Meertens et al., 2008; Liu et al., 2009; Harris et al., 2010). 

Some viruses gain entry to host cells using tight junction 

proteins. Some studies suggest that claudin-1 functions as a 

receptor for DENV entry by binding to DENV particles that 

are either immature or partially mature but still contain the 

prM protein. As the infection progresses, claudin-1 

expression diminishes, which is interesting since it reduces 

the possibility of a super-infection by blocking the entry of a 

second wave of incoming virus particles. 

Multiple studies have used the experimental viral overlay 

protein-binding assay (VOPBA) to identify new compounds 

that bind to DENV in distinct mammalian cell types. 

Numerous DENV-binding compounds have been identified 

through this research. For example, a 65 kDa protein that 

binds DENV-2 was found by Ramos-Castaneda et al. (1997) 

in the membranes of Vero cells, mouse and human 

neuroblastoma cells (N1E-115 and SK-NSH, respectively). 

In Vero cells, it has been demonstrated that these proteins (44 

and 74 kDa, respectively) bind DENV-4. In HepG2 
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membrane preparations, distinct proteins have been found to 

bind each of the four DENV serotypes (Jindadamrongwech 

and Smith, 2004), and the endothelial cell line ECV304 (Wei 

et al., 2003). As far as we are aware, no more 

characterization studies of these compounds have been 

conducted. 
 

Table 1 : Putative receptors for dengue virus in human cells. 

 

Table 2 : Putative receptors for dengue virus in insect cells. 
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Fig. 1 : Entry routes of DENV into host cell. The first time DENV interacts with host cells, it binds to receptors or attachment 

factors on the cell surface. Upon recognition, direct cell membrane transfer may allow the virus genome to enter the 

cytoplasm. which would be carried out by receptor-mediated endocytosis or by C protein-dependent membrane translocation. 

Cellular elements for endocytic pathways, such as the cytoskeleton and clathrin, are being recruited (2). The endosomal 

medium's pH is lowered (2b), which causes structural changes in the E protein (homodimer to trimer). E protein trimer-

mediated lipid mixing and hemifusion is favored by changes in the endosomes' lipid composition (2c). As a result of either 

pore formation or C protein membrane translocation, the DENV genome is released into the cytosol (inset). The DENV 

genome moves from the cytosol to the ER for translation and replication.  As an alternate method of virus dissemination in the 

host, the C protein's translocation characteristics allowed the viral genome to be transported to the neighboring cells (inset). 

 

Prohibitin protein is the potential DENV 

receptor for the mosquito-borne DENV vector. C6/36 

cells, a cell line generated from the larval stage of A. 

albopictus, CCL-125 cells, a cell line derived from A. 

aegypti, and adult A. aegypti mosquitoes were used 

in VOPBA and mass spectroscopy investigations to 

identify this protein as a DENV-2 ligand 

(Kuadkitkan et al., 2010). Both cellular anti-

prohibition antibody treatment and mRNA silencing 

were effective in inhibiting DENV replication. 

Supporting its role as a DENV receptor, studies using 

immunoprecipitation and colocalization imaging 

demonstrated that prohibitin selectively interacts 

with the DENV E protein (Kuadkitkan et al., 2010). 

Two surface-expressed glycoproteins have been 

reported to be expressed by C6/36 cells. one of 40 

kDa and the other of 45 kDa, both of which have 

been shown to bind DENV-4 (Salas-Benito and 

Angel 1997). Salas-Benito and Angel (1997) 

reported the discovery of DENV-4. Antibodies 

against these molecules block the virus from 

adhering to the cells, bolstering the receptor function 

of the cells. Both proteins were detected in the 

midgut, ovary, and salivary glands of Aedes aegypti 

throughout their life cycles (Yazi Mendoza et al., 

2002), They are all recognized to be DENV 

infection-friendly mosquito organs. An additional 

method used to show the distinct binding of gp45 to 

the recombinant E protein was affinity 

chromatography (Reyes-del Valle & del Angel, 

2004). In the end, gp45 was successfully detected by 

antibodies against HSP90, which has been proposed 

to play a part in the interaction between DENV and 

mammalian cells (Chen et al., 1999; Reyes-Del Valle 

et al., 2005). This implies that gp45 might function 

as an attachment factor as opposed to an entrance 

receptor since, following heat shock, it migrates to 

the cell surface and is associated with an increase in 

virus binding but not with viral replication. 

A 50 kDa DENV-binding protein that was also 

identified by VOPBA was shown to be detected by 

the antibody against human high-affinity laminin, 

which was previously believed to represent the 

DENV-1 receptor in hepatic cells (Thepparit et al., 

2004). DENV serotypes 3 and 4 could not be 

replicated in mosquito cells treated with anti-laminin 

receptor antibodies or soluble laminin; however, 

DENV serotypes 1 and 2 were not suppressed, 

indicating that mosquito laminin receptors are not 

sensitive to DENV serotypes 1 and 2. Salas-Benito 

and Angel (1997) suggested that the gp45 protein 

that was previously found might be the same protein 

as the laminin receptor. 

It has been discovered that two more proteins, 

measuring 67 and 80 kDa, respectively, bind to each 

of the four DENV serotypes (Munoz et al., 1998). 

These proteins have been given the designations R67 

and R80. These compounds were isolated from Aedes 
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aegypti midguts and C6/36 cells using affinity 

chromatography. Inhibition of dengue virus 

attachment and infection of C6/36 cells by antibodies 

against these molecules suggests they may function 

as dengue virus receptors in mosquitoes (Mercado-

Curiel et al., 2006). DENV infection susceptibility in 

mosquito strains has been traced back to R67 since 

2008 (Mercado-Curiel, 2008). It was found to be 

associated with DENV infection and vector 

competence depending on where in the mosquito's 

midgut it was found. Enolase was identified as a 67 

kDa protein, or the R67 protein, by proteomic 

analysis of A. aegypti midgut extracts that had been 

exposed to affinity chromatography with the 

recombinant E protein or DENV particles (Munoz 

Mde et al., 2013). 

Dengue patients have increased plasma levels of 

this protein because DENV infection triggers hepatic 

cells to generate more enolase (Higa et al., 2014). It 

is reasonable to postulate that the hemostatic 

dysfunction seen in dengue patients, such as 

activation of fibrinolysis and changes in vascular 

permeability, is related to the increased synthesis of -

enolase by infected hepatic cells. The reason for this 

is that by attaching to plasminogen, -enolase 

modulates its activation. The ability of enolase to 

bind to DENV in mosquito cells has not been tested 

in humans. 

DENV is transmitted to humans by mosquito 

bites, with the virus entering the body via the vector 

insect's saliva.   Due to the high interest in locating 

the virus receptor in mosquito salivary glands, we 

now know that DENV replicates quite well there. In 

addition, Cao-Lormeau (2009) reported that VOPBA 

was utilized to detect the DENV receptor in mosquito 

salivary glands. Five SGE proteins from A. 

polynesiensis were shown to bind to dengue virus 

types 1 and 4 in this study. The proteins' actual 

composition, however, is still a mystery. A. aegypti 

salivary gland extracts (SGE) contained four proteins 

with molecular weights of 77, 58, 54, and 37 kDa 

that bound to the four DENV serotypes. 

Virus Internalization  

Based on the virus strain and cell host, DENV can be 

endocytosed using either clathrin-mediated or non-classical 

methods (Table 3 summarizes these processes). Additional 

barriers to virus entrance include virus maturation and Fc 

receptor recognition of viral immunocomplexes. 

DENV entry pathways 

DENV-2 is taken up by most cell types via clathrin-

dependent endocytosis (Table 3), including C6/36, HeLa, 

A549, Huh7, HepG2, and BS-C-1 cells. Acosta et al. (2009) 

report that the Vero cell entrance process is dynamin-

dependent but not clathrin-dependent, caveolae-dependent, or 

lipid raft-dependent.  

Acosta et al. (2008) and Mosso et al. (2008) report that 

clathrin-dependent endocytosis is used by all four DENV 

serotypes to enter C6/36 cells. Acosta et al. (2008) found that 

actin filaments, rather than microtubules, are involved in 

DENV-2 cell trafficking, indicating that the virus may not 

need to go from early to late endosomes in order to infect a 

host. Krishnan et al. (2007) observed that the virus fusion 

profile in early endosomes was likewise comparable in HeLa 

cells. However, the bulk of DENV particles are moved from 

early endosomes to late endosomes, where the virus stays for 

around five minutes before membrane fusion, according to a 

single-particle tracking study (Van der Schaar et al., 2008; 

Smit et al., 2011). Even so, green monkey kidney BS-C-1 

cells also ingest DENV-2 by clathrin-mediated endocytosis. 

The serotype of DENV seems to affect the entry point. 

In contrast to DENV-2, which does not require clathrin for 

entrance into Vero cells (Acosta et al., 2009), DENV-1 does 

so. Additionally, variations among serotype-identical viral 

strains were discovered. Virus fusion in DENV-2 16681 

infection in the same cell type occurs in perinuclear recycling 

endosomes, as reported by Acosta (2012), whereas in DENV-

2 NGC infection, virus transport to late endosomes is Rab7 

dependent. Researchers have found that DENV-2 can be 

silenced in hepatic cells by utilizing small interfering RNA 

(siRNA), and that this pathway is used by all DENV 

serotypes to enter Huh7 cells. Silencing certain genes 

allowed researchers to demonstrate that clathrin-mediated 

endocytosis was required for DENV entry into HepG2 cells 

(Alhoot, Wang, and Sekaran, 2012). In addition to clathrin-

mediated endocytosis, macropinocytosis was found to be one 

of the entrance routes for DENV in these cells 

(Suksanpaisan, 2009). According to Meertens et al. (2012), 

DENV entry through macropinocytosis is facilitated by TIM 

and TAM receptors' recognition of PS within the viral 

envelope. Parts of the viral membrane, including PS, are 

exposed by DENV's structure at 37°C, which is the normal 

temperature of mammalian cells (Meertens et al., 2012; 

Fibriansah et al., 2013; Zhang et al., 2013a). It has been 

demonstrated that a number of other viruses may infect cells 

in this manner (Mercer and Helenius, 2008; Jemielity et al., 

2013). One of these viruses that exploits apoptotic mimicry is 

DENV, since PS exposure is a trigger for apoptosis. 

It's interesting to note that different cellular mechanisms 

can use different DENV entry pathways to spread the virus. 

Unlike DENV, which utilizes a clathrin-mediated endocytic 

route to replicate serially in Vero cells, DENV that is created 

in C6/36 cells uses a non-classical clathrin-independent 

method of entry (Acosta et al., 2014). Acosta et al. (2014) 

observed that a virus that was propagated serially in Vero 

cells had a decreased affinity for cellular heparan sulfate. 

This variation suggests that mutations have occurred in the E 

protein, leading to a more positive net charge (Lee et al., 

2006; Prestwood et al., 2008; Anez et al., 2009). However, it 

is yet unclear if this would explain why viral particles made 

in insect cells take a different endocytic route than those 

made in mammalian cells. Changes in the E protein 

glycosylation locations inhibited virus infectivity and spread 

in human cells but had no effect on virus growth in insect 

cells, suggesting that DENV E protein glycosylation is 

critical for virus tropism (Bryant et al., 2007; Mondotte et al., 

2007).

 

 

 

Table 3: DENV entry pathways. 
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N.D.: Not determined. 

As previously mentioned, the prM/M protein in 

DENV immature particles regulates changes in E 

protein shape that are crucial for maturation and 

infection. The pr peptide is still linked to the E protein 

even after prM is broken down by furin, avoiding 

conformational alterations that may trigger its 

fusogenic action in TGN. Importantly, furin is a TGN 

protease that is also found on cell surfaces and in early 

endosomes which may help to explain why DENV 

immature particles are so infectious (Shapiro et al., 

1997; Zybert et al., 2008). 

It is possible that immature DENV particles may 

bind to and enter the body if anti-prM antibodies were 

present. PrM would then be cleaved by furin in 

endosomes to allow for viral maturation and E protein-

mediated membrane fusion (Rodenhuis-Zybert et al., 

2010). The acidic pH (5.0) of endosomes would also 

aid the viral particle's loss of pr, allowing the virus a 

greater ability to produce fusion proteins (Zheng et al., 

2010). Interestingly, the pr subunit of prM has been 

shown to interact with vacuolar ATPase (Duan et al., 

2008), however it is still unclear whether or not this 

link would impact the acidity of the endosomal media 

when immature viruses enter. Despite reported 

differences between cell types, DENV infection 

usually results in the production of immature particles 

or particles with varying degrees of maturation (van 

der Schaar et al., 2007; Zybert et al., 2008; Junjhon et 

al., 2010; Rodenhuis-Zybert, Wilschut, and Smit, 

2011). Completely mature DENV particles can infect 

without the prM endosomal furin-processing activity or 

the binding of anti-prM antibodies, whereas 

completely immature DENV particles require both of 

these for infection. However, for DENV particles that 

are not fully mature and still include prM, it is unclear 

the function of antibodies, internalization via FcR, and 

furin cleavage. 

In these situations, increase of viral binding by 

antibody-mediated furin processing of prM may or 

may not be required for infection. as reported by 

Rodenhuis-Zybert et al. (2011). Given that the 

production of immature and partially immature viruses 

is an integral aspect of DENV's life cycle, prM 

antibodies, and furin activity in early endosomes are 

anticipated to have a major impact on the virus's ability 

to infect and cause disease. 

Genome access to cytoplasm 

The fusing of the viral envelope with the cellular 

membrane is mediated by a viral fusion protein that is 

anchored at the virion envelope. This process permits the 

viral genome to enter the cytoplasm. Although DENV can 

enter cells through several different entry points. According 

to Peterson and Kielian (2013), the current notion is that the 
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virus's genetic material enters the cytoplasm via membrane 

fusion mediated by E proteins. However, according to recent 

research, the C protein may also play a role in the diffusion 

of DENV RNA into the cytoplasm (Freire et al., 2013a, b; 

Freire et al., 2014). 

 

 
Fig. 2 : The several ways in which DENV enters its host cell. Several cell surface receptors have been identified by the use of 

diverse experimental strategies, including receptor analogues as inhibitors, siRNA, antibodies, and the inhibition of lipid raft 

production. DENV can enter the host cell by clathrin-mediated endocytosis, micropinocytosis, or non-classical dynamin-

dependent (clathrin, caveolae, and lipid raft independent) endocytosis, among other methods, depending on the host cell and 

the DENV serotype. The endosomal medium has an acidic pH during endocytic trafficking. Hemifusion between the 

endosomal membrane and the viral membrane is facilitated by alterations in the E protein confirmed by the acidic pH of the 

endosome. The timing of viral membrane fusion and endosome formation is also dependent on the type of cell being infected. 

The maturation of DENV requires the TGN protease furin, which is found in the early endosome, and the BMP (a particular 

anionic lipid) of the late endosome, where the structural protein prM of the immature virus is cleaved. Depolymerization of 

microtubules has been hypothesized to prevent fusion or genome translocation into the host cytoplasm. Viruses employ 

intraluminal vesicles for transport between early and late endosomes.  

 

E protein-mediated membrane fusion 

Different forms of viral fusion proteins can be 

distinguished by their structure (Da Poian, 2005; 

Harrison, 2008; Modis, 2014). According to Peterson 

and Kielian (2013), class II fusion proteins are 

hydrophobic fusion loop-covered in the dimer 

interface, beta-sheet-rich proteins that produce 

homodimers at neutral pH. These proteins are present 

in alphaviruses and flaviviruses. A class II second 

protein links them to the DENV-specific M protein, 

which is cleaved during viral assembly to form a pH-

responsive structure (Li et al., 2008). 

In recent years, a detailed description of the 

DENV fusion mechanism has been made possible by 

several structural studies on E protein reorganization 

at different pH (Modis et al., 2003, 2004), 

temperatures (Fibriansah et al., 2013; Zhang et al., 

2013a), and in the pre-fusion and hemifusion states 

(Klein, 2013). In order for the DENV fusion process 

to occur at the endosomes, low pH promotes 

numerous structural changes in the E protein (Modis 

et al., 2004). Before the fusion loop can be 

incorporated into the outer leaflet of the endosomal 

membrane, the E protein homodimer dissociates and 

reorganizes into trimers (Modis et al., 2004; Zhang et 

al., 2004). The E protein folds in on itself to form a 

trimer of hairpin-like structures when the fusion 

peptide is attached to it, which causes the trans-

membrane region to shift in the direction of the 

endosomal membrane. This structure, according to 

Modis (2014) and Pierson and Kielian (2013), guides 

the host and viral membranes toward the hemifusion 

and post-fusion stages, where a pore is generated 

through which the viral DNA can escape. HIV-1 and 

influenza virus, both of which contain class I fusion 

proteins, have been studied in great detail (Harrison, 

2008; Melikyan, 2014), but the stages after 
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hemifusion for DENV or other flaviviruses have not 

yet been observed (Pierson and Kielian, 2013). 

According to recent research, changes in the 

lipid composition of endosomal membranes along the 

endocytic pathway as well as pH-induced 

conformational changes of the DENV E protein may 

influence the molecular processes spanning virus 

internalization and viral genome release into the 

cytoplasm (Nour and Modis, 2014). Similar to 

plasma membranes, early endosome membranes 

benefit from sphingolipids and sterols, as stated by 

van Meer (2008). In the membrane of late 

endosomes, the anionic lipid bisphosphate 

(monoacylglycerol) (BMP) is synthesized, whereas 

the relative quantity of cholesterol and PS declines 

(Kobayashi et al., 2002). According to Zaitseva et al. 

(2010), BMP inclusion in the late endosomal 

membrane is necessary for DENV membrane fusion 

(Fig. 2). As such, DENV can fuse with the insect 

cell's outer leaflet of the plasma membrane but not 

with the mammalian cell's plasma membrane (Nour 

and Modis, 2014). This is because the outside leaflet 

of insect cells' plasma membranes contains PS, an 

anionic phospholipid. 

Single-particle tracking analyses of flaviviruses, 

however, showed that the process of endosomal 

maturation had little to do with the exchange of lipids 

between viral and cellular membranes. These 

investigations demonstrated that viral genome 

dispersion into the cytosol was several minutes ahead 

of lipid mixing. These findings imply that the viral 

entry pathway consists of two independent steps: 

membrane fusion and nucleocapsid translocation to 

the cytoplasm. More recent studies have questioned 

whether pH-induced E protein-mediated fusion is 

required for the DENV genome to get access to the 

cytoplasm (Nour et al., 2013; Freire et al., 2013b; 

Vancini et al., 2013). Interesting findings included 

the idea that DENV might infect a host cell by 

breaking through its plasma membrane (Vancini et 

al., 2013). Genome internalization does not 

necessitate endosome internalization or pH 

acidification, as tagged viral particles were identified 

at the plasma membrane with either the electron-

dense genome or with no electron density at all 

(Vancini et al., 2013). The viral protein responsible 

for this process was not specified. Recombinant 

DENV C protein may play this role since it 

transports functional nucleic acids into cells (Freire 

et al., 2013b). This discovery has the potential to 

shed light on the process of direct cell entrance by 

DENV and provide new insight into the role of E 

protein-mediated fusion in the internalization of viral 

genomes. 

RNA translocation through the membrane mediated 

by capsid proteins 

In a recent article, a group of scientists called the capsid 

proteins of all flaviviruses "supercharged proteins" (Freire et 

al., 2013b). According to Thompson (2012) and 

McNaughton et al. (2009), supercharged proteins are a 

family of proteins having a high charge/molecular weight 

(MW) ratio or net charge "density", that may rapidly enter 

cells and deliver functional payloads. Virus capsid proteins 

are thought to have evolved to have a high net charge/MW so 

that they could transport lipid membranes that contained viral 

nucleic acids into the cytosol. Nonenveloped viruses rely on 

their capsid proteins to connect to cells, and once attached, 

these proteins undergo conformational changes that allow 

viral DNA to cross the membrane (Suomalainen and Greber, 

2013). 

However, to our knowledge, the majority of study has 

focused on the membrane fusion process, with little attention 

paid to the role that encapsulated viruses' capsid proteins play 

in genome internalization. According to recent studies in this 

field, the DENV C protein, like all flavivirus capsid proteins, 

is thought to be involved in the internalization of the viral 

DNA. It was discovered that short oligonucleotide sequences 

(ssDNA and siRNA) could be translocated across cellular 

membranes by recombinant DENV C protein and two 

synthetic peptides that included C protein residues 45-72 and 

67-100 (Freire et al., 2013b, Freire et al., 2014). Remarkably, 

large nucleic acids, such as a plasmid encoding GFP, were 

expressed at levels similar to those attained when 

lipofectamine or other common transfection agents were 

applied (Freire et al., 2013b). They were also successfully 

delivered into the cells. Evidence indicates that because 

the DENV C protein may transmit functional nucleic acid 

molecules across cellular membranes, it may collaborate with 

E protein during the fusion stages (Fig. 1). We believe that 

during viral endocytosis, the trimeric form of the E protein 

binds to the endosomal membrane and encourages 

hemifusion of the viral and endosomal membranes. The 

DENV C protein facilitates the entry of viral RNA into the 

cytosol because of its ability to translocate across 

membranes. Recent studies of the Flavivirus genus, including 

those of Japanese encephalitis and yellow fever, corroborate 

this idea (Nour et al., 2013). 

Virus particles may create metastable hemifusion 

intermediates with the tiny endosomal carrier vesicles 

(ECVs), as reported by Nour et al., (2013). This takes place a 

few minutes prior to the components of the nucleocapsid 

being transferred into the cytoplasm. According to Zaitseva 

et al. (2010), this is consistent with the earlier description of 

"restricted hemifusion" intermediates during DENV entry. 

Different proteins, including E and C, may play roles in RNA 

translocation into the cytosol, the fusion process, and 

hemifusion, and these events may occur at different times. 

Similar to how other viruses like HIV employ their C 

proteins to achieve cell-to-cell direct genome transfer 

(Hubner et al., 2009; Zhong et al., 2013), Nucleic acids can 

be transported across cellular membranes by DENV C 

proteins (Fig. 2). For viruses to spread in this way, they just 

need to be partially assembled and released from infected 

cells. 

Concluding Remark 

A virus's capacity to infect the host widely may 

be hampered if it uses a cell surface receptor that is 

found only in a subset of host cells or organs. DENV 

can infect a wide variety of cells in both its vertebrate 

hosts and the mosquitoes that feed on them. Rather 

than relying on a single, specialized receptor for its 

internalization, it is more likely that DENV 

recognizes and binds to a variety of molecules, 

presumably in a serotype or strain-specific manner. 
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At first, it was thought that most viruses only 

had one possible entry point, but as the field 

developed and high-resolution quantitative methods 

became accessible, researchers discovered and 

defined many entry points for many viruses. The 

spread of HIV is a classic case of this type of 

progress. HIV may enter the cell by endocytosis, 

despite its early limitations on class I membrane 

fusion and CD4 and CXCR4/CCR5 receptor binding, 

according to a number of lines of evidence (Daecke 

et al., 2005; Miyauchi et al., 2009; Padilla-Parra et 

al., 2013; Melikyan 2014). According to Hubner et 

al. (2009) and Zhong et al. (2013), the main way that 

HIV spreads throughout the host is currently believed 

to be through cell-to-cell transmission. 

Despite common knowledge, DENV can only 

replicate inside of endosomes. The structural changes 

in the E protein that occur in response to pH causes 

hemiffusion between the endosomal and viral 

membranes. The C protein may aid DENV RNA 

entrance into the cytoplasm by interacting with the E 

protein during the hemifusion state and serving as a 

viral genome translocator in the endosomes or at the 

cell membrane during direct cell infection. The 

finding that the C protein may transport nucleic acids 

across membranes provides support for the 

hypothesis that it may assist the direct cell-to-cell 

transmission of viral RNA. 

Since this does not necessitate full particle 

creation and release from the infected cell, it 

represents a potential alternate route of viral 

transmission in the affected tissues. The C protein's 

ability to transport nucleic acids, like that of other 

capsid proteins, makes it a useful biotechnological 

tool for delivering siRNA and plasmids into cells 

(Usme-Ciro et al., 2013). 
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