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SHORT COMMUNICATION

Comparative Immunological Recognition of Proteins from New
Guinea “C” Dengue Virus Type 2 Prototype and from a Dengue
Virus Type 2 Strain Isolated in the State of Rio de Janeiro, Brazil

Luzia M de C Cortes*, Ortrud M Barth, Josery R Pantoja*, Carlos R Alves*/*

Departamento de Virologia *Departamento de Bioquimica e Biologia Molecular, Instituto Oswaldo Cruz-Fiocruz,
Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ Brasil

The protein profiles of the New Guinea “C” dengue virus type 2 (DENV-2)prototype and those of a Brazilian
DENV-2 isolated in the State of Rio de Janeiro in 1995 were compared. SDS-PAGE analysis showed that the virus
from Rio de Janeiro expresses NS5 (93.0 kDa), NS3 (66.8 kDa) E (62.4 kDa) and NS1 (41.2 kDa) proteins differently
from the New Guinea “C” virus. The immunoblot revealed specificity and antigenicity for the NS3 protein from
DENV-2 Rio de Janeiro mainly in primary infections, convalescent cases, and in secondary infections in both cases
and only antigenicity for E and NSI proteins for both viruses in primary and secondary infections.
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Dengue viruses (DENV) belong to the family Fla-
viviridae, genus Flavivirus, and occur as four antigeni-
cally related but distinct serotypes designated DENV-1,
2, 3 and 4 (Heinz et al. 2000). Infection with these sero-
types causes a spectrum of illness ranging from a mild
nonspecific febrile disease to severe and fatal
haemorrhagic forms called dengue haemorrhagic fever/
dengue shock syndrome (DHF/DSS). The infection is
prevalent in over 100 tropical and sub-tropical countries,
threatening the lives of 2,5 thousand million people. It is
estimated that 100 million cases of dengue fever (DF) and
250,000 cases of DHF occur annually (WHO 1997). The
regions in which dengue virus infections are a serious
health problem have been expanded mainly in the Ameri-
can continent where an increasing number of DHF/DSS
cases have been observed. The reintroduction of DENV
in Brazil in the 1980s was a result of the reinfestation with
the vector Aedes aegypti in the country, in the late 1970s.
In Brazil, a total of 1,832,371 cases of DF and 983 of DHF/
DSS have been reported since 1986 when dengue infec-
tion became a national health problem resulting from
DENV-1 and since 1990 from DENV-2 epidemic infections
which occurred in 24 out of 26 states in Brazilian states
(Nogueiraetal. 2001).

All serotypes of dengue virus have a genome that
consists of a single strand of RNA encoding the struc-
tural proteins: capsid (C), pre membrane/membrane (prM/
M) and envelope (E) and for non structural (NS) proteins:
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NS1,NS2a, NS2b, NS3, NS4a, NS4b and NS5 (Rice et al.
1985). The infections result in the development of anti-
bodies to viral structural proteins, although nonstructural
proteins have also been described eliciting antibody re-
sponses (Chudboonchant et al. 1991, Se-Thoe et al. 1999,
Shu et al. 2000). The dengue virus infections in humans
induces a rapid and potent antibody response that is eas-
ily measured by many serological tests. However, the
qualitative antibody response to DENV has not been
widely studied and the distinct antigenicity within the
same serotype is possible because genome differences
occur in various population groups and may influence
the immune response of the patients (Guzman et al. 1984).

The objective of this study was to analyze the protein
profiles of the New Guinea “C” DENV-2 prototype (DENV-
2 NG) and those of a Brazilian DENV-2 strain (DENV-2 RJ)
isolated in the State of Rio de Janeiro in 1995. We com-
paratively evaluated the immunological recognition of the
viral proteins using human sera in an immunoblot assay
and discussed the serological findings. Additionally, the
DENV-2 protein profiles were appraised by analysis of
infected cells metabolically labeled with [3>S]-methionine
(Corner & Ng 1987).

During the study, DENV-2 strains were grown in the
Aedes albopictus clone C6/36 cell line (Igarashi 1978). The
virus samples obtained from sucrose gradients (Smith et
al. 1970) were solubilized in lysis buffer (10 mM Tris-HCI
pH 6.8 containing 1% 3-([3-cholamidopropyl] dime-
thylammonio)-1-propanesulfonate, 1 mM phenyl-
methylsulfonyl fluoride, I mM N-tosyl-L-phenylalanine
chloromethyl ketone, 10 uM trans-Epoxysuccinyl-L-
leucylamido-(4-guanidino) butane and 1 mM 1,10-
phenanthroline). The samples were treated with sample
buffer (v/v; 80 mM Tris-HCI pH 6.8, 2% Sodium Dodecyl
Sulfate (SDS), 12% glycerol, 5% B-mercaptoethanol and
0.05% bromophenol blue) and proteins profile resolved in
SDS polyacrylamide gel electrophoresis (SDS-PAGE), ac-
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cording to Laemmli (1970). After electrophoresis of the
proteins, the immunoblots were produced as previously
described by Towbin et al. (1979) and the immune com-
plexes were visualized using secondary antisera conju-
gated to horseradish peroxidase.

Sera from 30 patients used in this study, representing
patients having primary dengue infection (n = 16) and
secondary dengue infection (n = 14) were obtained dur-
ing the epidemics in the State of Rio de Janeiro between
1995 and 2000. The samples of the acute and convales-
cent cases were grouped according to the serologic crite-
ria set by WHO (1986). DENV-2 virus isolated from a se-
rum sample in the clone C6/36 and was typed by the indi-
rect fluorescent antibody test using serotype-specific
monoclonal antibodies (Gubler et al. 1984). The sera of
the patients were classified in primary (titers < 1:160) and
secondary (titers > 1:160) infections according to G-ELISA
titers (Miagostovich et al. 1999). ELISA’s detect IgM and
IgG in the serum and thus are able to distinguish primary
infection (IgM elevated early, IgG later to low titer) from
secondary infection (IgG elevated early to higher titer than
IgM).

An advantage of the combination of SDS-PAGE and
immunoblotting is the characterization of antibodies to
specific dengue proteins. Such a procedure may be used
for both qualitative and quantitative analyses of antibody
responses towards viral structural proteins as well as the
nonstructural proteins already described (Chang 1997).
The SDS-PAGE analysis confirmed that the two virus
strains may present different protein profiles (Figure).
These data were confirmed by additional experiments us-
ing DENV-2 RJ and DENV-2 NG proteins labeled with
[3°S]-methionine, indicating that DENV-2 RJ expresses
NS5 (93.0kDa), NS3 (66.8 kDa) E (62.4 kDa) and NS1 (41.2
kDa) proteins differently from the New Guinea “C” virus
strain (data not shown).

The antibody recognition profiles of the different pro-
tein components were demonstrated by the immunologi-
cal recognition of DENV-2 RJ and DENV-2 NG proteins
using human serum samples. The immunoblotting graphi-
cal profile of all sera assayed against the two isolated
viruses is presented in the Figure. It was observed that
reactivity of antisera was predominant in the range corre-
sponding to 71.7 kDa and 36.5 kDa proteins of DENV-2 RJ
and DENV-2 NG viruses, when compared to the standard
molecular mass markes used (Figure). Quantitative recog-
nition of protein by human sera was stronger in prepara-
tions of the DENV-2 RJ virus. Specific recognition was
detected for proteins NS3 (71.1-66.0 kDa), E (62.4-53.0 kDa),
NS1 (51.9-40.0 kDa), C-prM (38.3-32.1kDa) and NS4b (27.2-
26.3 kDa). Interestingly, the sera of the patients with low
serological IgG titers (< 1:40) recognized several of the
proteins, such as: 71.7 kDa, 66.0 kDa, 63.1 kDa, 57.0 kDa,
56.4kDa, 54.3kDa, 51.4kDa, 49.2 kDa, 47.0 kDa and 46.6
kDa. The specificity of the reaction was confirmed when
we included samples of serum (five) of individuals with-
out clinical history of the illness affection and whose se-
rological and isolation tests of the virus were negatives.
Thus, no protein band was detected when these sera were
used (1/100) against proteins from DENV-2 RJ and DENV-
2 NG, in the immunoblotting assays.
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The results suggest that DENV-2 RJ proteins had a
higher immunological recognition when compared to
DENV-2 NG proteins (Figure and Table). We observed
that the protein molecular mass is not exactly the same as
described by other authors (Se-Thoe et al. 1999). In this
context, it is important to have in mind that the heteroge-
neity in the molecular mass of those proteins could be
explained by both viral and host proteases that may be
involved in processing the flavivirus proteins (Biedryzcka
et al. 1987). Moreover, it is known that some flavivirus
proteins reach different migration levels in SDS gels con-
sidering the intracellular and virion-associated forms
(Wright & Westaway 1977, Svitkin et al. 1984).
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Graphical representation of the immunoblotting assay. Approxi-
mately 60 pg of proteins were solubilized in sample buffer (v/v) and
SDS-PAGE resolved proteins were transferred to nitrocellulose pa-
per. Nitrocellulose-bound proteins were incubated with human sera
(1:100) and specific antigens were revealed with peroxidase-conju-
gated anti-human immunoglobulins, and incubation with H,0, and
3,3’-diaminobenzidine. The inserts show samples of the RJ (A) and
NG (B) Den-2 virus protein profiles analyzed after sucrose gradient
purification and resolved in 12.5% SDS-PAGE followed by silver
staining. The molecular mass values of standard proteins are indi-
cated on the left. The curve shown was obtained by blotting the log
of the molecular mass (x 103) of the broad range standard versus
the relative mobility (Rf). Each symbol used represents a different
human serum sample analyzed.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 98(3), April 2003 333
TABLE
Proteins from dengue virus type 2 RJ and dengue virus type 2 NG recognized by sera from primary and secondary
dengue infections
Virus proteins

NS3¢ E? NS ¢ C-ptM 4 NS4b ©

Infection RJ/ NG RJ/ NG RJ/ NG RJ/ NG RJ/ NG
Primary 37/18 43/18 43/25 6/18 0/0
Acute cases (n=11) 12/18 31/12 43/25 6/18 0/0
Convalescent cases (n = 5) 25/0 12/6 0/0 0/0 0/0
Secondary 70/0 40/28 50/50 28/21 14/7
Acute cases (n=7) 35/0 20/14 0/15 7/0 0/0
Convalescent cases (n = 7) 35/0 20/14 50/35 21/21 14/7

Nonstructural proteins — a: NS3; ¢: NS1; e: NS4b. Structural proteins — b: E; d: C-prM. The sera from Rio de Janeiro patients were
assayed with Rio de Janeiro (RJ) and New Guinea “C” prototype (NG) virus samples. The data represent the percentage of primary
(n=16) and secondary (n = 14) human sera that recognized DENV-2 RJ and DENV-2 NG proteins.

The major protein bands detected by human sera were
analyzed according to infection type (Table). The sera
detected mainly the structural E and C-prM proteins and
nonstructural NS3 and NS1 proteins from DENV-2 RJ and
DENV-2 NG. The results showed that sera from primary
infection patients with low IgG antibodies titers (< 1:40)
had higher immunological recognition for E and NS1 pro-
teins of the DENV-2 RJ than for DENV-2 NG proteins.
Curiously, in primary infections, independent of the type
of viral antigen, serum samples did not recognize the NS4b
proteins. Convalescent cases sera from secondary infec-
tion that produced significant quantities of IgG isotype
had a marked recognition of the NS3, E, NS1 and NS4b
proteins of the DENV-2 RJ and low recognition of these
proteins from DENV-2 NG. This affirmative was not con-
firmed for NS1 proteins from DENV-2 NG, in our experi-
mental conditions. A more limited response was observed
with C-prM in primary and secondary infections and with
NS4b in secondary infection, independent of virus samples
(Table).

Observations of the Churdboonchart et al. (1991) indi-
cate that sera from primary dengue cases collected during
the convalescent cases detect NS3, E and NS5 protein.
The results of this work suggest that DENV-2 RINS3 and
E proteins can be recognized in the acute and convales-
cent cases of primary and secondary infections (Table).
Moreover, secondary dengue infected patients always
demonstrated IgG antibodies to E proteins in sera col-
lected during the acute case, among other proteins (NS1,
NS3, NS5 and C) in sera obtained from convalescent cases
(Churdboonchart et al. 1991). In contrast, primary or sec-
ondary infections sera, in our experimental conditions,
did not detect the NS5 protein.

We identify also that the NS1 proteins from DENV-2
RJ may be detected in the acute cases of primary infec-
tion, and in the convalescent cases of secondary infec-
tion. This data agrees with those of another study, where
anti-dengue NS1 antibodies were demonstrated in higher
frequencies in acute case serum samples from secondary
infections in Indonesia than in those from Puerto Rico
(Kuno et al. 1990).

Our results revealed the specificity and antigenicity
ofthe NS3 protein from DENV-2 RJ mainly in primary in-
fections, convalescent cases, and in secondary infections
in both cases and only antigenicity of the E and NS1 pro-
teins from both viruses in primary and secondary infec-
tions. Recent studies indicate that anti-NS1 and -NS3 an-
tibodies are detected mainly in secondary infections while
those anti-E and anti-NS3 antibodies are detected in both
primary and secondary infections (Valdés et al. 2000). This
fact indicates that virus proteins derived from strains of
the viruses that are causing disease in a given area are
more useful for dengue virus diagnostic in that endemic
area. Thus, it is possible that some of these proteins may
be used to monitor the disease in humans risk areas, if the
prevalence of the antigenicity of these proteins and ab-
sence of cross reaction with other flaviviruses are con-
firmed. Further studies are necessary to elucidate these
questions.
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