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ABSTRACT
Objective: This study sought to investigate the presence of dengue virus binding
proteins expressed on the surface of HepG2 cells and o determine if there were

scrotype specific differences in binding.

Mecthods:  HepG2 cell membrane proteins were extracted and separated by SDS-
PAGL, transferred to nutrocetlulose membranes and incubated with dengue virus
serotypes 2, 3 and 4 under varying hybridization conditions. The positions of dengue
virus binding proteins were established with a pan specific anu-dengue  virus

monoctional antibody.

Results: Denguc virus binding proteins were seen at approximately 738-80. 90, 98.
and 102 kDa for dengue serotype 2. 90, 130 and 182 kDa for dengue serotype 3 and
90 and 130 kDa for dengue scrotype 4. Binding of the serotypes 3 and 4 was
significantly altered by the hybridization conditions. while serotype 2 was aftected to

a lesser extent.

Conclusions: The virus overlay assay used here provides further evidence that there
is a serolype specific component regulating the entry of the dengue virus into cells.
Given that several virus binding proteins are seen for each serotype. multiple proteins

may be required to facilitate the entry of the virus into some cell types.



INTRODUCTION

The tissue tropism of & virus is a kev determinant of viral pathogenicity. and this is
often modulated by the presence or absence of appropriate molecules on the surface
of a cell that can be used by the virus w gain entry into that cell The dengue virus
consists of Tour closcly reluted but unogemcealls distine: setoty posaermed dengue 1w
dengue 4 and 15 known to mteet and replicate in several cell v pes. however the nature
of the virad receptors s stll unclear. ahihough evidence sugecsts that the entry of the

virus may be moduluted by both cell and serotype specitic factors |11,

While immune cells such as moenocytes macrophages and T Imphocytes have been
proposcd to be the main targets of the dengue virus [2]. non-immune cells such as
hepatoeytes. endothelial cells. and brain cells have also been reported as potential
targets |3 - 6], Liver specimens from fatal cases of dengue tfever have been shown to
comtain dengue virus antigens | 7], and the virus wself has been isolated trom the liver
of fatal cases of dengue [8]. Addinonally. changes ‘n liver tunction have been
associated with severe cases of dengue intection [9] suggesting that hepatocyies may
be a target for the virus especially in the severe. fatal cases [10].  In a recent report
we used the virus overlay protein binding assay to identify and characterize a dengue
virus serotype 2 binding molecule expressed on the surface of HepG2 cells (a human
liver cell line) and shosed that antibodies to GRP78 inhibited infection, although only
by approximately 2 fold [11] Given that the dengue virus comprises of four closely
related. but antieenically distinet serotypes we sought to further evaluate the binding

of two additional scrotvpes of the dengue virus 1o HepG2 membrane proteins o

determine the similarity of binding of these additional serotypes.



MATERIALS AND METHODS

Virus and cells

Dengue virus serotyvpe 2 (strain 16681), scrotype 3 (strain 16562). and serotype 4
(strain 1036) were hindly provided by Dr Siritorn Butrapet (Center for Vaccine
Development. Mahidol Unversity, Thatland)y, Lach serots pe was propagated in Vero
cells at 37 7C. 30 COLan Dulbecco™s Modified Fagle NMedium (DMEM: HyClone.
lopan, Utah, USA) supplemented with 324 heat inactivated fetal bovine serum (F3S:
Gibco BRI Ganthersburg, MDD, USA) and 100 units of penmictllin and 100upg
streptomycin/ml. Virus was purified by sucrose gradient ultracentrifugation at 4 °C
and resuspended i NI butter (10 mM Tris-HCL pll 7,50 140mM NaCl. TmM
EDTA) containing 190 BSAL The human hepatoma cell line (HepG2) was cultured at
37°C. 10% COs in 107 FBS-DAEN supplemented with 100 units of penicillin and

100ug streptomyeinml.

Cell membrance Preparation

HepG2 cells were scraped from culture plates and washed in TBS (50mM Tris HCL
pH 7.6, 150mM NaCl). Cells were Ivsed inice cold buffer M (100mM Tris-HCL pH
8.0. 2 mM MpCl, TmM EDTAL 0.2% Triton X-100. 1 mM PMSE) by vortexing and
centrifuged at 600g for 3 minutes to remove nuclei and cell debris. The supernatant
was collected and centrifuged at 6.000g for 5 minutes to remove membranocus
organelles and at 20.000g to pellet membrane proteins. The pellet was resuspended in
buffer M and keep at 80°C until required. Protein concentrations were determined

by the Bradford method [ 12].



Viral overlay protein binding assay (VOI'BA)

A total of 80pg HepG2 membranc proteins per lane were scparated on an 8% SDS-
PAGE gel and transferred overnight to nitrocellulose membranes by the WetBlot
technique (Bio-Rad, Richmond. CA. LISA). The membranes were blocked with 5%
skim milk in TBS at room temperature (R 1) for T hour with constant agitation. A
total of 1x107 pfu purified dengue virus in 1% skim milk in TBS was incubated with
the membranes for 2 hours at 4°C, RT, or 37 "C as indicated in the results. Alter three
washes with TBS. the membranes were incubated with a pan specific anti-dengue
virus monoclonal antibody (11B114). a gift from Dr. Siritorn Butrapet. at a dilution of
1:100 in 5% skim milk in TBS flor 2 hours at RT. The membranes were washed and
then incubated with 1IRP-conjugated rabbit anti-mouse 1gG (Sigma Chemical Co.. St
Louis.' MO. USA) at a dilution of 1:3000 in 3% skim milk in TBS for | hour at RT.
The signal was generated by the ECL Plus Western Blotting Analysis kit (Amersham
Pharmacia Biotech, Piscataway, NJ. USA). A reaction with no virus was used as the

negative control in each experiment.



RESULTS

To characterize the binding of the dengue virus serotypes 2, 3 and 4 to extracellular
membrane proteins from HepG2 cells, membrane proteins were extracted and
separated by electrophoresis through 8% SDS-PAGE gels and proteins transferred to
nitrocellulose membranes by Wetblot electroblotting.  Membranes were incubated
with purified virus and the position of virus binding detected using a pan-specific
anti-dengue monoclonal antibody. The initial virus overlay was undertaken at 4°C for
2 hours (Figure 1). The pattemn of virus binding for serotype 2 was as reported
previously [11], with a major virus binding band of 78-80 kDa. and three weaker
bands of 90, 95 and 102 kDa, several bands between 130 and 150 kDa and 180 and
250 kDa. At an overlay temperature of 4°C, neither dengue serotype 3 nor serotype 4
bound efficiently to the membrane proteins. No signal was seen in the negative

control lane (no virus).

Increasing the temperature of overlay to R/T (25°C) resulted in the loss of the 95kDa
band for dengue serotype 2 as well as loss of some of the higher molecular weight
weaker bands (Figure 1). Dengue virus serotype 3 produced a significant banding
pattern at R/T with predominant bands of approximately 90 kDa, 130 kDa and 180
kDa and weaker bands of approximately 80 kDa and 100 kDa. Weak virus binding
was observed for dengue serotype 4 at 78-80. 90 and approximately [30 kDa.
Increasing the temperature further to 37°C for dengue serotypes 3 and 4 resulted in a
further enhancement of the dengue binding signal. For serotype 3. predominant bands
were noted at 90, 130 and 180 kDa. while for dengue scrotype 4. predominant bands

were observed at 90 and 130 kDa.



DISCUSSION

Previous studies on dengue virus binding proteins using the virus overlay protein
binding assay (VOPBA) have revealed variable sizes of protein bands [13-17].
However. these studies have used a range of different cells and virus serotypes, and as
such comparisons between them are difficult. This is compounded by the fact that
both dengue serotype and cell type may influence which protein receptors are used to
effect cell entry [1. 18]. Additionally 1t has been reported that the dengue virus may
have differences in cell tropism as determined by previous cell passage history [19-
20]. Hence, it is difficult to compare between different studies, making identification
of the dengue virus receptor complex. The variations due to cell type were excluded
in this study by using the human hepatoma cell line, HepG2, as a target cell for
dengu;e virus binding. We found that DEN-2 (strain 16681) predominantly bound a
protein band of approximately 78-80 kDa from HepG2 membrane. while DEN-3
(strain 16562) and DEN-4 (strain 1036) bound the same two protein bands of
approximately 90 and 130 kDa. as well as an additional 182 kDa in DEN-3. The
absence of the 78-80 kDa band found in dengue 2 and previously characterized as
GRP78 [11] from VOPBA of serotypes 3 and 4 would suggest that GRP78 may well
be a serotype specific receptor element.  Interestingly, while the hybridization of
dengue serotype 2 to HepG2 membrane proteins is relatively unaffected by the
hybridization temperature, scrotypes 3 and 4 are sensitive to the temperature used.
Previous VOPBA studies using C6/36 cells (derived from Aedes albopictus) and
dengue serotype 4 have also noted different binding patterns at different temperatures
with enhanced binding at higher hybridization temperatures [14. 17] suggesting that
protein labiality may play a role in binding of the dengue virus to its cognate receptor

proteins.
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FIGURE LEGEND

Figure 1 Dengue virus binding to HepG2 cell membrane proteins at different
temperatures by virus overlay protetn binding assay (VOPBA). M represents the

protein markers in Kilodaltons






