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Abstract

At least three major antigenic dengue 2 virus proteins were recognized by pooled dengue fever
patients' serain infected Aedes albopictus (C6/36) mosquito cells. Dengue virus envelope (E), pre-
membrane (PrM) and non-structural protein 1 (NS1) dimer were detected beginning on day 3 post-
infection in both the cell membrane and cytosolic fractions. Using the patients sera, the presence
of antigenic intermediate core protein (C)-PrM and NS1-non-structural protein 2a (NS2a) in the
cytoplasmic fraction of dengue 2 virusinfected cells wasrevealed. The presence of a= 92 and = 84
kDa NS1 dimer in the membrane (NSI_) and cytosolic (NS! ) fractions of C6136 cells, respectively,
wasalso recognized. Usingindividual patient's serum, it wasfurther confirmed that all patients' sera
contained antibodies that specifically recognized E, NS1 and PtM present in the dengue 2 virus-
infected cell membrane fractions, suggesting that these glycosylated virus proteins were the main
antigenic proteins recognized in vivo. Detection of dengue 2 virus C antibody in some patients

further suggested that C could be antigenic if presented in vivo.
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INTRODUCTION

Denguevirusinfection isendemic in most South
East Asian countries. In recent years, this
mosquito borne disease has spread to many other
countriesin the tropics and subtropical regions.'
The disease is caused by any one of the four
serotypesof denguevirus,; dengue 1 virus, dengue
2 virus, dengue 3 virus and dengue 4 virus. This
positive single stranded RNA virus replicates
efficiently in the mosguito vector, Aedes aegypti
and the human host. In the laboratory, dengue
viruses have been shown to infect various cell
lines with marked differences in efficiency
depending on the cell type. Aedes albopictus
mosquito cells (C6/36), in particular allow
efficient virusreplication in vitro.>* In contrast,
cells from human origin, including monocytes,
fibroblasts and endothelial cells did not support
dengue virus replication well.*® Thisisin spite
that human is the intermediate host for dengue
virus and it is apparent that the virus replicates
and spreads efficiently throughout the body to
result in clinical manifestations of the infection
and high presence of virus in the blood during
the viremic phase.”

Attempts to increase infectivity of human
cellsinvitro using antibody treated virusresulted
in only marginal increase in productive dengue

virusinfection.** These observations haveled to
the suggestion that specific cellular factors are
probably involved in determining the efficiency
of dengue virus replication in vivo and in virro.”
These factors could exert directly or indirectly
specific effects on the mechanisms that affect
the efficiency of viral polymerase activities and
processing of viral proteins. It is also possible
that some of these cellular factors could act
differently in vitro versusin vivo. Using various
non human cell culturesystems, it wasestablished
that dengue virus initiates infection by binding
to receptors present on the cell surface.'™"
Following attachment, the virions enter the host
cell and the genome is released into the
cytoplasm.'*'> The genomic RNA is translated
into polyprotein that are then cleaved by viral
and cellular proteases to generate three major
glycosylated structural proteinsand at |east seven
nonstructural proteins.'®!” The core protein (C)
made-up the capsid of the virus, whereas, the
pre-membrane protein (PrM) is cleaved during
maturation of the virions to release the matrix
protein (M)."®2 The envelope (E) protein
facilitates binding of the virus to host

Among the nonstructural proteins, only non-
structural protein 1 (NS1) was found to be
glycosylated and it has been shown to form
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dimers, tetramers and hexamers with the dimers
being the most commonly detected.”® In general,
expression of dengue vira proteins has been
studied using in vitro cell culture systems.
Whether there are differences in dengue virus
protein expression and processing in human
cellsinvivoisnot presently known. Furthermore,
duetolimited productivedenguevirusreplication
in human cellsin vitro, it is not possible at this
time to deduce how dengue virus proteins are
expressed in vivo. In the present investigation,
dengue 2 virus infected Aedes albopictus cells
were used to examine for the presence of dengue
virus specific antibodiesin seraof clinically and
serologically confirmed dengue fever patients.
It is suggested that detection using the patients
sera would also enable examination of the
kineticsof expressionand processingof antigenic
dengue virus proteins.

MATERIALSAND METHODS

Cells and virus cultures

Aedes albopictus cells (C6/36) used in the study
werepurchased from the American Type Culture
Collection (ATCC, USA). Cells were cultured
at 28°C in RPMI 1640 (Gibco BRL, USA)
supplemented with 10% fetal bovine serum
(Flowlab, Australia). The C6/36 cellswereaso
used for propagation of dengue 2 virus (New
Guinea C strain, NGC). The initial virus
inoculum was purchased from ATCC (USA)
and the subsequent inocula prepared from the
stock were used throughout the study. Virus
inoculum was prepared as previously detailed”
and the supernatant was harvested when the
virushemagglutinationtiter (HA) reached 1:256.
Virus titer was determined by performing virus
plague assay as previously described.”

Cell membrane preparation

Cells were infected with the virus inoculum to
giveanestimated multiplicity of infection (MOI)
of 3-5 plague forming unit (PFU)/ cell. At
selected intervals post-infection (PI) or on day 0
(2-2 hr PI), cells were rinsed with serum free
medium, harvested using sterile plastic cell
scrapers (Costar, USA) and the cell suspension
was then centrifuged at 800X g. The pellet was
resuspended in HOMO buffer (10 mM Tris-
HCI, 150 mM KCl, 2 mM MgCl,, 2mM CaCl,)
and cells were sonicated using the Branson
Sonifier 250 (USA) at output level 6 with
constant duty cycle for 9 minutes in ice-cold
water. Thelysate was spun at 800X g (Biofuge
17RS, Heraeus, USA) to remove cell debrisand
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the unbroken cells. The supematant was then
pelleted a 40,000X g (F-20 MICRO, Sorvall
RC 26 Plus, Dupont, USA). The supernatant
was reserved and used as the cytosolic fraction.
Thecrude cell membranepellet was resuspended
in solubilization buffer (10 mM Tris-HCI, 150
mM KCl, 2 mM MgClz, 2mM CaClz, 6 mM 3-
[(3-cholamidoprophyl) dimethylammonio]-2-
hydroxy-| -propane-sulfonate (CHAPSO), 15
mM n-Octylglucoside, 2.1 uM leupeptin, 2.9
UM pepstatin A, 1 pg/ml aprotinin®® and
incubated overnight with constant agitation at
4°C. Subsequently, the cell suspension was
spun at 40,000X g and the resulting supernatant
consistingthesolubilizedcell membraneproteins
wasreserved. Protein concentration wasassayed
using the Micro BCA Protein Assay Kit (Pierce,
USA) and samples were stored at —70°Cin 20%
glycerol.

Immunoblot Assays

Equal amount of protein prepared in nativeform
without heat and reducing agent was
electrophoresed in 12.5% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE).” The separated polypeptideswere
electrotransferred®®? onto nitrocellulose
membrane (M SI, Westborough, MA, USA) and
following thereafter, the membrane was blocked
with 5% skim milk in Tris buffered saline (TBS;
100 mM Tris base, pH7.5, 150 mM NaCl) and
washed rigorously in TBS-Tween 20 (0.05%
Tween 20 in TBS).* The membrane was cut
into strips and incubated overnight at 4°C with
preadsorbed sera (1:500) of confirmed (based
on IgM capture enzyme-linked immunosorbent
assay (ELISA), hemagglutination inhibition
assay and virusisolation) dengue fever patients.
The strips were then washed, treated with
biotinylated goat anti-human IgG (Kirkegard &
Perry Laboratories, USA; 1:500) pre-incubated
with alkaline phosphatase-conjugated
streptavidin (SA-AP; 1:1000) and developed
using NBT-BCIP (Kirkegard & Perry
Laboratories, USA). At each washing step, the
membranes were washed rigorously to ensure
low background. Results were digitized using
Epson Expression 1600Pro (Epson, Japan)
scanner and analysed using BioNumerics ver.
2.0 (Applied Maths, Kortrijk, Belgium).
Identification of the specific protein bands was
made using monoclonal antibodies specific
against dengue 2 virus E, NS1 and C as
previously described.?



RESULTSAND DISCUSSION

Thekinetics of antigenic dengue 2 virus protein
expression on the cell membrane of C6/36 cells
was investigated using pooled dengue fever
patients sera as a probe. Using this method,
substantial presence of specific antigenicdengue
virus proteins of about 92, 58, 48 and 23 kDa,
corresponding to dengue virus NS1 dimer, E,
NS1 monomer and PrM, respectively, were
detected in thecell membranefraction beginning
on day 3 Pl (Fig. 1(a), lane 4). These proteins
were present in the cell membrane fraction
throughout the duration of theinvestigation. On
the other hand, faint presence of other antigenic
proteins of about 34, 28 and 27 kDa, were also
detected on day 3 PI (Fig. la, lane 4 and Fig.
Ib). The presence of these proteins was
substantially diminished by day 7 Pl (Fig.1a,
lane 6), suggesting that these proteins could be
theintermediate precursor proteinsof oneof the
major but smaller antigenic protein. Faint
presence of antigenic proteins of = 32-31 kDa
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were also detected using the patients' sera
beginning on day 5 PI (Fig. I b). Considering
that dengue 2 virus PrM is highly antigenic and
has an estimated molecular mass of only about
23 kDa, it was likely that these faint proteins
were the less abundant intermediate C-PrM
(- 34kDa) and perhapsthe~ 32-31kDa proteins
could represent variations in the glycosylation
of thisintermediate precursor protein. Variation
in sizes of the C-PrM could aso explain the
presence of antigenic protein bands of about 28
to 27 kDa which represent perhaps the different
species of the PrM with the major one detected
asa23kDa protein. Thus, the lower molecular
mass protein (6-14 kDa) bands (Fig. 1a, lanes5
and 6) were most likely the resulting C protein
from the cleavage of C-PrM. The presence of
C-PrM intermediate precursor protein in dengue
virus infected C6/36 mosquito cells has been
reported previously'” which they attributed it to
perhaps inefficient processing of the protein at
lower incubation temperature normally used for
culturing mosquito cells. Furthermore, variation

o
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FIG. la: Antigenic dengue 2 virus proteins detected in the membrane fraction of C6/36 mosquito
cells using pooled dengue fever patients' sera. Membrane fractions of dengue 2 virus
infected cells were prepared on day O (lane2), day 1 (lane3), day 3 (lane 4), day 5 (lane5)
and day 7 (lane 6) post-infection. Whereas, membranefraction of the mock-treated control
was prepared on day 7 Pl (lane 1). Patients' IgG against the antigenic dengue 2 viral
proteins were detected using biotinylated anti human IgG monoclonal antibody, alkaline
phosphatase-conjugated streptavidin, and NBT/BCIP substrate. Designation of the protein
bands was made following identification using monoclonal antibodies specific against E,

NS1, and C (data not shown).
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FIG.|b: Schematicof apairwise comparisonbetweendengue2viruspratansdetected inthemembrane
fractiononday 3and 5 Pl. Egimationof themolecular massof the protein bandsr éativeto
theinternal markerswas performed using BioNumerics ver. 2.0 (Applied M aths, Kortrijk,

Belgium).

inglycosylationof dengue?2 virusglycoproteins
has been demonstrated previoudy with the
recovery of glycopeptides of at least three
different sizesfrom Pronase digested dengue 2
virus glycoproteins.?! Detection of the
intermediate C-PrM proteins in the C6136 cell
membranefractional sosuggestedthat processing
of theseantigenic structura proteinstook place
on the cell membrane and this supported earlier
observations made using in vitro protein
processing system in which cleavage of the C-
PrM occurred only in the presenced pancrestic
microsomal membranes.'®

Examination of the infected C6/36 cells
cytosolic fraction using the smilarly pooled
dengue fever patients sera, on the other hand,
revealed the presence of at least 15 antigenic
protein bands. Apart fromthosemajor proteins
detected in the membrane fraction, additional
antigenic protein bands of about 71, 62, 40, 37
and 25kDa werenotedin theC6/36 cell cytosolic
fraction beginningon day 3Pl (Fig. 2a, lane 4).
These proteins were present in the cytosolic
fraction at differentintensities until at least day
7 Pl except for the 71 kDa protei nwhich became
completely undetectableafter day 3PI (Fig. 2b).
Thepresencedf the™ 84, 58 and 23kDa proteins
corresponding to dengue 2 virus NS1 dimer, E
and PrM proteins, respectively, increased
gradualy from day 3 Pl (Fig. 2a, lane 4) until
day 7 Pl (Fig. 2a lane 6). In contrast, the
presence of the 40, 37, 28, 27 and 25 kDa
proteins became diminished by day 7 Pl (Fig.
2b). The C (10 kDa) protein, on the other hand
was detected in the cytosolic fraction on day 5
Pl (Fig. 2a, lane5) but diminished substantialy
by day 7 Pl (Fig. 2a, lane 6). These results
obtained using the cytosolicfractionsof C6136
cells supported the earlier finding using the
membrane fraction that the main antigenic

proteinsrecognized by denguefever patientsin
vivo were NS1, E and PrM. However, sinceC
which appearedonly transiently onday 5 in both
the membrane and cytosolic fractions was also
recognized by the pooled sera, it suggested that
Cwasalsoantigenicin vivothough the antibody
response was perhaps not as high as the other
antigenicdengue2 virusproteins. Thiscouldbe
duetoin general Cisnot present on theinfected
cell membrane but is only transiently associated
with the membrane during processing of the
intermediateprecursor C-PrM which takesplace
in the membrane. Previous study has shown
that Cisindeedlocalized mainly inthenucleus,®
suggesting that perhaps following cleavage of

C-PrM, C isimmediately transported into the
nucleus* whichaccount for thelack of detection
of C in ether the membrane or the cytosolic
fractionbeforeand after 5 daysPl. Nonetheless,
results obtained indicating the presence of
antibody against dengue 2 virus C in patients

serasuggest that C could beantigenicif exposed
tothehostimmunesystemin vivo. Detectionof

the 62 kDa antigenic protein only in the
cytoplasmic fraction, on the other hand,

suggestedthe presenceof theNSI-non-structural
protein 2a (NS2a) intermediate protein. The
presence of this intermediate protein in the
cytoplasm of dengue virus infected cells has
been previoudly reported.”” Itspresenceonly in
the cytoplasm suggested that cleavage of the
proteintook placein the cytoplasm resultingin
the relatively more NS1 monomer in the
cytoplasm then in the membranefractions.

In the present study, it was also noted that
under theexperimental conditionsusedinwhich
the samples were not treated with heat or any
reducingagent, both themonomeric and dimeric
formsof NSLweredetectedinthecell membrane
fraction using the patients sera (Fig. 18). The



dimeric form, however, was relatively more
abundant then the monomeric form suggesting
that in general dengue virus NS1 dimer is
preferentially extruded into the cell membrane.
Both forms, however, were detected by the
patients serasuggesting that the antigenic sites
recognized by the host immune response lies
within the exposed monomeric NS1. It was
further noted that the NS1 dimer detected in the
infected cell cytosolicfraction (NSI ) using the
dengue fever patients sera had a much lower
(84 xDa) molecular mass (Fig. 2a) then those
detected in the membrane fraction (92 kDa;
NS1 ) (Fig. la). Thisfinding, however, wasnot
surprising since NS1, similar to other dengue
virus glycoproteins is posttranslationally
modified. Thus, itis possiblethat NS1_ isthe
mature glycosylated form of the NSI1.
Dimerization and glycosylation of the NS1
involving. at least two different glycans have
been demonstrated before® and it was suggested
that the dimerization occurred even prior to
glycosylation of the proteins.*>** Detection of
NS1 monomer of similar sizes in both the
cytoplasmic and membrane fractions added
further support to the suggestion. The presence
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of twodifferentformsof theNS1 dimer differing
in molecular mass attributable to glycosylation
has also been shown for Japanese encephalitis
virus, a closely related Flavivirus.”” It was
suggested that during translocation of the dimer
from the cytoplasm to the membrane,
glycosylation occurs at two positions on the
monomer resulting in the additional mass.”

In contrast to NS1, no differences in the
molecular mass of cytoplasmic and membrane-
associated dengue 2 virus E and PrM werenoted
suggesting that the mature form of the proteins
werefound in both fractions. Itisalso suggested
that processing of the PrM, nonetheless, do
involved the formation of several C-PrM
intermediatesdetectedin thecytoplasmicfraction
as 40 — 30 kDa immunogenic bands and the
resulting PrM following cleavages at 28 — 23
kDa with the 23 kDa being the mature
predominant form. Also similar to results
obtained using the membrane fraction, the
presence of C (~ 10 kDa) was detected only
transiently onday 5PI (Fig. | a,lane5). Whereas,
the 71 kDa antigenic protein detected transiently
on day 3 Pl has been reported by others as the
NS3viral protein.*® Thisprotein, similar to non-

i 2 3 4

5 6

NS1 monomer

FIG. 2a: Detection of antigenic dengue 2 virusprotens in the cytosolicfraction of C6/36 mosquito
cellsusing pooled denguefever patients sera. Cytosolicfractionsof dengue2virusinfected
cellswerepreparedon day 0 (lane2), day 1 (lane3), day 3 (lane4),day 5 (lane5) and day 7
(lane 6) post-infection. Samples from the mock-treated cells were prepared on day 7 Pl
(lane 1). Patients IgG againg theantigenicdengue2 viral proteinswer edetected asdescribed

in Figure la.
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FIG. 2b: Schematicof apairwise comparison betweendengue?2 virusproteinsdetectedinthecytosolic
fractiononday 5and 7 Pl. Estimationof themolecular massof the protein bandsrelativeto
the internal markers was performed using BioNumerics ver. 2.0 (Applied Maths, Kortrijk,

Belgium).

FIG. 3. Detection of antigenicmembrane-associated dengue? virus proteinsby denguefever patients.
Membranefractions of dengue?2 virusinfected cellswere prepared on day 5 post-infection.
Individual denguefever patient's serum (lanes 1-16) was used in the immunoblot assays.
Patients IgG against the antigenicdengue 2 viral proteinswere detected using biotinylated
anti human IgG monoclonal antibody as above.

gructura protein 5 (NS5) has been shown to
possescatal yticactivitiesand could beantigenic
if used asantigen.** Sincetheseproteinswere
not detected in the membrane fraction, it was
likely that the proteinsare cytosolic proteinsand
how it could become antigenic is not known.
Peptides corresponding to dengue virus non-
structural protein 3 (NS3) sequences, however,
have been shown to be associated with the
major-histocompatibility complex (MHC)
moleculefor recognitionby specificthymus(T)
cells,*! suggesting that the NS3 could be
important for activation of the cell-mediated
immune responses.  Findings presented here
nonethel esssupported previousobservation that
some dengue fever patients sera contained
antibodies specificagainstdenguevirusNS3.424

To investigate if similar proteins present on
the infected cell membrane were generally
recognized by all dengue fever patients,
individua patient's serumwas used to probethe
infected C6/36 cell membranefractionsharvested
after 5 days o infection. Fromthestudy it was
found that all 16 patients sera had detectable
antibodies againgt E, PrM, and NS1 (dimer and
monomer). Only three of the patients sera
showed the presence of antibodies specific
againgt C (Fig. 3lanes|,2and 7). Theseresults
supported the importance of the three
glycosylateddengue virusproteinsinstimulating
the host immune responses. However, since C
was also recognized by at least three patients
sera, theimportanced immuneresponsesagainst
C needs to be assessed further.



In summary, results from the present study
confirmed and extend previously reported
findings**** that the major antigenic dengue
virus proteins recognized by dengue fever
patients in vivo are the E, NS1 (dimer and
monomer), and PrM.** Detection of these
glycosylated proteins in the membrane fraction
of infected cells suggested that the host immune
responsesinvolving specific antibodies, antibody
dependent cell cytotoxicity and the complement
pathways could play a major role in protection
and perhaps also pathogenesisof dengue. Since
results presented in the present study along with
those previously reported by others suggested
the presence of antibodies in dengue fever
patients seraagainst Cand NS3, itisconceivable
that the host immune response to these proteins
could also be important in providing protection
against dengue. Hence, in our effort to develop
effective candidate dengue virus vaccine, it is
imperative that we take into consideration not
only thosevirus proteinsthat are highly antigenic
but also the minor antigenic protein such as C
that could potentially be just as important.
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