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ANTIBODIES TO DENGUE VIRAL POLYPEPTIDES
I. SENSITIVITY AND SPECIFICITY OF THE
VIRAL-ANTIGEN-STRIPS/ENZYMEIMMUNO ASSAY (VAS/EIA)

VINA CHURDBOONCHART. NATTH BHAMARAPRAVATI®, SUPORN PEAMPRAMPRECHA,
CHARUPAN PINTHONG, KANCHANA SiriSiDHI and AMPHORN CHAIYOTHA

Department of Pathobiology, Faculty of Science, Mahidol University, Rama VI Rd.
Bangkok 10400, Thailand.

INTRODUCTION

Many tests are employed for titration of

antibodies to Flaviviruses, and the most
frequently employed techniques are  the
hemagglutination inhibition (HD) test (Clarke
and Casal, 1958), the plague reduction neu-
tralization test (PRNT) (Russcll et al., 1967)
ard the antibody capture enzyme-linked
immunoabsorbent assay (Burke and Nisalak.
1982). None of these tests can described
the antibodies  specifically  react  toward
individual dengue viral proteins.  Seventeen
polypeptides were found during in wvirro

dengue infection using different kinds of

target cclls (Westaway and Shew, 1977

Westaway et al.. 1980: Heinz ¢f al., 1984).
Three polypeptides are the structural or
virion proteins including the E or major
ervelope glycoprotein, C or capsid protein,
and M or membrane-like protein. Envelope
glycoprotein (E, or VSP-3, or GP39) has
molecular weight (M.W.) of 51,000-60,000
daltons, while the capsid proteins, C or VSP-2,
has approximately M.W. of 13,500 daltons
and the membrane-like proteins, M or VSP-1,
has M.W. of 7,700 daltons. The other 13
proteins were detected in dengue-2 infected
Vero cells namely P98, p82. P67, gp34, GP46,
P30, p28, gp22, GP20, pi8, gpl6, pl5and pl4.
In deague-2 infected Aedes albopictus C6/36
cells, gp54 and GP13 were absent (Smith and
Wright, 1985); v.iile in dengue-2 infected
BHK2] cells, p130, p83, p55 and p2! were
demonstrated with suggestive role of non
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stable precursor proteins (Ozden and Porier,
1985).

The role of the immune response (at sub-
neutralizing level) in enhancing dengue virus
infection wes suggested o have a major role
for the development of haemorrhagic and
shock syndromes (Halstead, 1981). Titrations
for the humoral immune respones were
cither based on the ability of antibodies to
neutralize or to inhibit agglutination reac-
tion, or to attach spezifically to any portion
of the viral antigen.  Information concerning
antibody response toward individual proteins
is lacking and this information may lead to
a better understanding for the immuno-
pathologic mechanism of this discase. Three
techniques; SDS-PAGE, western blot, and
cnzymeimmuno assay were employed and
modified. The whole process wa  called “the
Viral-Antigen-Strips/ Enzymeimmunoassay™
(VAS/EIA).  We have used the classical
SDS-PAGE which was described by Laemmli
with western blot and enzymeimmunoassay
and found that the antibody to dengue viral
envelope protein (E or GP59) was almost
absent in both human hyperimmuie sera and
in healthy population (Churdboonchart e
al., 1986). With this study, certain chemical
and physical treatment were investigated for
their cffects to dengue viral polypeptides
which reflect the binding of human antibo-
dies. The VAS/EIA results were scored from
0 to 4 (Schupback er al., 1985). Thesc
results can be obtained in 48 hours. The

Vol. 18 No. 3 September 1987
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specificity, sensitivity and reproducibility arc
discussed.

MATERIALS AND METHODS

Serum samples : Dengue  hacmorrhagic
fever (DHF) patients’ sera and negative
control serum were provided by Dr. B.L. Innis
and Dr A. Nisalak of the Virology Depart-
ment, Armed Forces Research Institute of
Medical Sciences (AFRIMS), Bangkok 10400,
Thailand.

Viral antigens : Suckling mouse brain sced
viruses of dengue-1(dl); Hawaii M 199 passage
# 17; dengue-2 (d2), New Guinea C, passage
# 33; dengue-3 (d3), H-87, passage # 27,
denguce-4 (d4), passage 4 32, and Japanese
encephalitis (JE), Nakayama, passage 3 17,
were obtained from the Virology Depart-
ment, AFRIMS, Bangkok 10400, Thailand.
Dengue viral antigens were raised in suckling
mouse brain. Sucrose acetone extraction for
these antigen was performed as previously
described(Clarke and Casals, 1958). They
were titrated by hemaglutination (HA) test
and confirmed to have following HA titers :
dl (1:1280), d2 (1:1280), d3 (1:1280), and
d4 (1: 1280).

Gel clectrophoresis and blotting : SDS
polyacrylamide gel clectrophoresis (8 95 sepa-
rating gel with 2.5 stacking gel) was per-
formed as described by Lacmmli (Lacmmli,
1970).  The reducing agent, 2-mercapto-
ethanol (2ME), was added with varying
concentrations in order to evaluate its effects
., on dengue viral polypeptides.

The separated proteins in gels were blotted
onto the surface ol 0. pum nitrocellulose
membrane (NC) (Schleicher and Schuell; PH
79, Germany), according to the method
described by Towbin et al., (1979). Transfer-
ring was made for 3, 6, 12 and 18 hours at
3 v/em.

For this experiment; dengue viruses, type 1
to 4, and normal mouse brain (NMB) as a
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negative control were loaded in sequence.
Afterelectrophoresis, the gels were cut so that
one gel strip will contain the separated
proteins of dengue viruses type 1, 2, 3, 4 and
NMB. The NC membranes were also cut to
the same size as the gel.  The NC strip after
blotting will contain the scparated dengue
viral polypeptides and was called as the viral
antigen strip or VAS.

Enzymeimmunoassay for the detection of
proteins on N : Bovine serum albumin,
BSA, (Sigmu, St. Louise, MO 63178, USA)
and non-fat dry milk, NF, (Slim, Iverson
Dairy Group, Wisconsin, USA) were used
as blocking agents to prevent nonspecific
background after immunochemical reaction.
VAS were incubated with diluted test serum
which was diluted with 10 mM Tris-hydro-
chloric acid (pH 7.4) with 0.9%, NaCl (1BS)
and BEA (59%) or NF (10%), 3 hr or over-
night, at 37°C. They were washed extensively
with  TBS containing 0.5% (v/v) Tween 20
before incubation with peroxidase labelled
antibody, rabbit-anti-human-IgG-HRP (214,
Dakoimmunoglobulin, Denmark).  After
another washing cycle (4x, 5 min cach), the
strips were soaked with freshly made solution
of 3-amino-9-cthylcarbazole (AEC) and H,0,
for 15 min (Broe and Ingild, 1983). Then
they were rinsed with distilled H,O and blot
dricd. The color reaction developed with
different level of intensity allowing a possi-
bility to score them as follows (Schupback
et al., 1985) 1 O or (-) was for negative (ro
color), 1 was for barcly detected or faint
pink color, 2 was for clearly positive (sharp
bands with pink color), 3 was for strong
positive (red), and 4 was for very strong
positive rcaction or dark red color.

RESULTS

Dengue viral antigen from dengue viruses
type | to 4 were separated by SDS-PAGE
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(8 9.), and transferred onto the surface of NC
membrane. The NC containing viral antigens
(VAS) were immersed 1. iluted test serum
allowing specific antibody towards these
separated proteins to  bind  specifically.
Bounded antibodies were located by immu-
nocnzymatic reaction using enzyme labelled
antibody and substrate reaction.  Diflerent
protocols were set up by varying concentra-
tion of reducing agent (2-mereaptocthanol)
with or without hcat treatment, varying
volume and titer of viral antigens, and
varying dilutions of test scrum. The results
were impressive and are shown in Figs. Jto8.
Since 2-mercaptoethanol (a reducing agent)
used by Laemmli was suspected to cause the
lost of antigenicity for certain nroteins. this
reagent wus exclided in the first two follow-
ing cxperiments.

Fig. [ shows the optimum condition using
sucrose acetone extracted dengue-2 antigen

#1140 100 1100 11003 15103 Mw [ TR T SV TR PV ¥

02 Ag Hihdilutica HMB dilation
Fig. [—=SDS-PAGE results for seriallydiluted sucrose
acetone extracted dengue 1ype-2 antigen
(HA 1:1,280 to HA 1:20) and normal mouse
brain treated with the same protocol as
sgative control. Note the higher number of
stained bands in serially diluted SAE-d2 in
comparison with serially diluted mouse
brain proteins. Molecular Weight markers
were placed on the far left side of cach gel
strip.

with SDS-PAGE systems. 10pd of wviral
antigen and the samgle buffer (I1:1 ratio)
were loaded into cach well. The right side gel
strip shows the separated dengue-2 viral
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proteins when serialiy diluted (from HA |:
1280 to 1:20), while the left side gel shows the
scrially diluted proteins from normil mouse
brain as a negative control.  The separated
bands from dengues-2 with HA titer of 1:1280
were seen sharply and well separated. With
larger volume of viral antigen, 20 pl and
30 pl : these bands were broader but not as
sharp. At this stage. proteins from mouse
brain or viral proteins can not be diflerent-
iated.

In order to determine the specificity,
serially diluted dengue-2 viral antigen (form
HA titers of 1:1280 to 1:20) were loaded in
sequence.  After blotting to NC membrane.
serum with anti-dengue-2 act:vity proven by
HI test (H1 titer to dengue type 2 was 1:2560)
and negative control serum, proven by both
HI test and the neutralization test, were
separately incubated with 2 identical twin NC
strips.  No specific enzyme-immunological
reaction with the negative serum was found.
but at least 3 positive bands with dengue-2
antigen at 1:1280 can be observed (Fig. 2).
These 3 bands were compared with molecular
weight markers and their molecular weights
were estimated as 71.000, 66,000, and 59,000

1w s nie ke b L T

D2-49 02.45

L Ve LD Fue Ve W LR
PR

Fig. 2—Specificity test for antibodics detected by
VAS/EIA. Positive serum from dengue-2
infected paticnts bound to 3 pulypeptides
while  negative  serum  demonstrated an
absence of bound antibody.

Vol. 1§ No. 3 Scptember 1987
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daltons. The best blocking agent for this test
was the non-fat dry milk, 10% (W/V).

In order to find out the effect of 2ME
dengue-2 antigen (HA 1:1280) and non-dilute
sucrose acctone extracted normal mouse
brain were treated with different amount of
AME (Fig.3). The final concentration of 2ME

(RPN

R BT

Fig. 3-~Effect of 2-mercaptoethanol demonstrated
by varying final concentration of this re-
ducing agent.  Normal mouse brain showed
negative result while SAE-d2 (HA:1280) was
sensitive t¢  this treatment.  Note the
disappearance of bands at 71,000-68,000.
60,000-54,000, 50,000-48,000, 21,000-19,000,
and an appearance of strongly positive
band at 85,000-77,000. Also note for
the higher color intensity at 85,000-77,000
and at 45,000,

were 5,4, 2, L and 0.5, leaving the last well for
control (without 2ME or 0%). This serum
had anti-dengue-2 HI titer of 1:2560 and
demonstrated at least 8§ antibodics when
IME was notincluded. These polypeptides
are as following : between MW. of 130,000-
110,000 (p130-110), 71,000-68,000 (p71-68).
06,000-64,000 (p66-54), 60,000-54,000 (GP
60-54), 55,000-50,000(p55-50), 50,000-48,000
(p50-48), 46,000-44,000 (GP46-44), and
21,000-19,000 (GP21-19) daltons. When
2ME was included, some of the positive
bands disappeared such as the polypeptides
with M.W. of 71,000-68,000, 60,000-54,000,
55,000-50,000, and 21,000-19,000 daltons.
At the sametime, this treatment brought
about an increasing of intensity to certain

Vol. 18 No. 3 Scptember 1987

Table |

Antibodices to dengue 2 polypeptides by
VAS/EIA in an absence and in presence
of 2-mercaptoethanol.

Intensity scores for antibodies to
dengue 2 polypetides

*,2ME
0 05 1 2 4 5

pl30-110 I
p 85-77 - 3 4 4 4
p 71-68 2. - - - .
p 66-64 2 0 0 0
GP 60-54 Io- - - L.
p 55-5G 200 0 0 1
p 50-48 - e - .
GP 46-44 b2 2 2 2
GP 21-19 2 - - - - .

polypeptides especially the one with M.W.
of 85,000-77.000 and 45,000 daltons. These
results are shown in Table I.  NF is stiil
the choice for blocking agent.

Another factor that can cause the lost of
antigenicity is the beat treatment, 5 min at
100°C.  This process is needed for 2ME to
reduce di-sulfide bonds and normally all
proteins were treated to reach a condition of
being a straight single polypeptide chain for
estimation of their molecular weight. A
patient serum  (C0909), collected 15 days
after hospital admission, was used to compare
the effect of 2ME with and without heat
treatment, and without the 2ME. HI titers of
this serum arc as follows : d1 (I :5.120), d2
(1:2,560), d3(>1:10,240) and d4(>1:10,240).
The results are demonstrated in Fig 4 and
Table 2. With 2% of 2ME and heat. antibo-
dies to p85-77 and GP45 can be observed.
When 2ME was included, volume of all
dengue viral proteins and negative control
must be raised up to 20 pl, otherwise the
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CONV. 0509/80

i
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!

1. Z 3 4 WMB
‘0 80-168 ~ME

0909 ' 0909
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i
1.2 3 3 m
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Fig. 4 —~Comparison of the results obtained from 3 protocols: A-strip was from VAS E1A without 2ME,
B-strip from VAS ELA with 27, 2ME, and C-strp from 2, 2ME with heat treatment at 100 C©
for 3 nun. Strip B and C were tested at the same time, so the bands can be campuared while A-strip
was run separatedy using different MW, murkers to determine approy MW Note lower inten-
sity of color development at 85.000-77.000 and higher intensity at 45,000 after heat treatment.

immunoenzyme reaction will be poor and
cun not be compared with the yesults ob-
tained when 2ME was excluded.

In order to compare the rising of anti-
bodies in DHIE patieats @ dengue viral
antigens. from type | to 4, and NMB,
were tested with sera collected on day |
(0192780) and day 15(0317;80) after hospital
admission. On day 1, HI titers were as fol-
lows: dTE1:5.120), d2 (1:2.560). d3(1:5.120)
and  d4(1:2.560).  Dengue type 2 was
isolated on day | indicated that the patient
was secondary infected with dengue virus
type 2. Antigens used in this experiment
were not treated with 2ME. From Fig. 5.
antibodies were found against all 4 dengue
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serotypes. Comparison between 2 strips was
made and the scoted for color-intensity were
assigned to cach individual bands. These
scores dre shown in Table 3. Ten antibodies
to dengue-2 polypeptides were noted in sera
collecred during covalescent phase.

With another pair seria, 27, of 2ME was
used to treat the antigens but heat treatment
was exempted.  The resuls are shown in
Fig. 6 and Tuable 4. Eventhough the antibo-
dies were found to react with lesser number
of polypeptides. the seroconversion can be
clearly seen by visualization,

Normal adult sera were subjected 10 VAS/
EIA with exemption of 2ME.  Examples of

Vol, 18 No. 3 September 1987
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Table 2

Antibodics in human hyperimmune serum (C0909) 1o dengue viral polypeptides detected

Antibodies to Non-reducing

dengue viral condition
polypeptides
pl30-110 3(dl)
p 85-77 -
p 71-68 2(d2)
p 66-64 2(d2)
GP 60-54 4 (dl1,2)
p 55-50 2(d2)
p 50-48 2(dD
GP 45 -
p 30-28 -
p 26-24 -
GP 21-1Y -
p 14 -
ACUTE CONV.
T
!
oy : i
- Fosh] e,
i .
o
| !
¥ !
:u-:i
R\.-V._ ISR S B |
01 D2 D3 D& NMa 01 D2 D3 D N
019280

0317/80

Fig. 5—Szro-conversion to all types of dengue
viruses (d1, d2, d3 and d4) as scen by VAS-
EIA without 2ME. 0192 is the serum
collected on day 1 after hospital admission
and 0317 is the serum collected on dayl5.
Note the higher intensity of color develo-
pment and number of positive bands in
0317 (Convalescent serum),

Vol, 18 No. 3 September 1987

under different conditions.

Highest VAS/EIA score to cach polypeptide

(+ 2% 2ME) without (; 2

Reducing
condition
"o 2ME) with 3 min
heat treatment

Reducing
condition

heat treatment

2(d2) -

4 (d1.,2.4) 3(d2)
2(d2,3) -
2(dh 2(dl)

I (d all) 2(d1,2.3)

Table 3

Antibodies to dengue viral polyp: -.ides
in patients (SDS-PAGE without 2ME)

Antibodies to dengue Serum Number

viral polypeptides 0192 0314
PI30-110 2 (d) 3(dl)
p71-68 2(d2) 2(d2)
p606-64 3 (d2) 3 (d2)
GP260-54 3 (d2) 4 (dl.2)

VAS/EIA p55-50 1 (d1.2) I (dl,2)
results p50-48 F(di,2,3) 3(dh
GP46-44 1 (d1,2,3) 2(d2)
p30-28 L (dl) I (dh
p26-24 1 (dl) 2(d2)
GP21-19 | (d2) 3(d2)
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2 3.4 MD

+ME

Fig. 6 —~Scro-conversion to albtypes ol dengue viruses

A

Antibodies to dengue viral polypeptides

as seen by VAS/ETA with 2¢, 2ME without
heat treatment.  Note the scro-conversion
espacially at d2 and at M.W. ol 45,000
daltons.

Sero-conversion

Table 4

between

sera collected

during acute and convalescent phase in
presence of 2% 2-mercaplocethanol.

Antibodies to dengue
viral polypeptides

results

HI titers

“able 5

Serum Number

NHS 19
p 130-110 2(d1.3)
p 71-68 2(d2)
p 66-64 3(d2)
GP 60-54 32
VAS/EIA p 55-50 -
results p 50-48 L)
GP 46-44 -
p 30-28 -
p 26-24 -
GP 21-19 -
dl <1:20
HI titers d2 1:20
d3 1:80
d4 1

368

: 20

pl30-110
pi3-77
VAS/EIA p71-68

GP 59

p32-30

GP4s
di

¢

d3

d4

)

NHS 20

Jdh
3(d2)
3(d2)
41,23

2(dl)

2(dt, 2)

1 :80
1 :40
1 :80
| 40

Scerum Number
109980 1267/80
Fdl2)y  2d2)
Pedalbh 4 dd)

- I (d2)
I (d2) I (d)
Pdl 2y 1idhy
I (dy 2(dl)
140 1:2560
1:40 122560
o100 210240
1:40 1:5120

ntibodies to dengue viral polypeptides in healthy adult male by VAS/EIA without 2 ME.

NHS 21
3(dh)
4 (d2)
4(d2)
4(d 1.2.3)

1 (dl)

2(dl, 2)

Vol. 18 No. 3 September 1987
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- . - .

D1 D2 D D4 NMB D1 D2 D3 D4 NMB DI D2 D3 D4 NMB

NHS 19 NHS 20 NHS 21

Fig 7. Antibodies to all typew of dengue vicuses in normal adult  male sern hy  VASZEIA  without

2ME. Note appenrance  of antibodies to nll dengue viruses nnd diiferent level of color

intensities among the sera.

patient's sern scrinlly collected from day 1, day 15,

Fig 8. Sero-conversion to ull type of dengue viruses in a

duy 50, to day 60, VAS/EIA wes performed in  non- reducing  condition, Note for the appesrance of
antibody to polypeptide with approximnte m,w, around 13,000 daltons on dny 15,
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this result are demonstrated in Fig 7. VAS/
EIA scores and Hi titers are shown in Table 5.
VAS/EIA demonstrated  higher sensitivity
than HI testi.e. when HI titer was lesser than
1:20 for d1 in NHS 19,

Antibody to protein with MW, around
14.000 was found in a certvincase. This anti-
body appeared on day 15 after hospital
admission. and cannot be detected on day 30
and 60 in which the samples volume were
increased to 20 pl (Fig. 8).

DISCUSSION

The VAS/EIA used in (his study was
proven uscful to study dengue viral polypep-
tides and human humoral immune TESPONSes
specifically against these individual proteins,
With classical SDS-PAGE protocol (Laem-
mli, 1970), 2-ME was included in the sample
bufler andthis mixture must e heated at
100-C for 5 min. After clectrophoresis, the
separated proteins can be stained by Coomas-
sic brilliant blue and observed as shown in
Fig 1. After blotting, these proteins  on
surface of NC membrane can be traced by
Indian ink. We haveselected 15 hr to transter
thesc proteins since we found no Coomassic
stain in gel and many strong Ind’an ink bands
on NC strips,

When serially  diluted  sucrose  acetone
extracted dengue type 2 antigens were tested
with positive and negative control serum
(provenby Hland PRNT tests). we found that
strong antigen with HA titers of 1:1.280 gave
the best result while the required antigen
volumeis only 5 ul. After mixing this antigen
with equal volume of sample bufter, the final
volume loaded into cach sample well is only
10 ul.)

Hyperimmune sera, diluted from 1:5. 1:10.
1:50, 1:100, 1:200, 1:500 and 1:1000, were
incubated with viral antipens strip and normal
mouse brain strip. Then the bound antibodies

Vol. 18 No. 3 September 1987

were traced by second  labelled  antisera,
rabbit anti-human 1gG. The optimum result
wis seen with 1:50 dilution. Thercfore, all
test sera were diluted to 1:50 dilution by
buffer A with addition of 59, BSA or 10 S NF
for non-specific blocking,

When we applied the test sera to the viral
antigen strips, few pinkish-red color hands
developed indicating antibodies against these
polypeptides. With classical Laemmli SDS-
PAGE method, where 5¢, 2-mercaptocthanol
was used s areducing agent and heat treat-
mentat 100 C for 5 min was required, we
observed antibodies towards the polypeptides
with estimated MW, between  130,000-
F10.000, 55.000-77,000. 71.000-68.000 and
43,000, i BSA as nonsspecitic blocking
agents th antibodies to smaller polypeptides
{30,000-25,000, 26.000-24.000 and 21.000-
19.000-daltons), were often found.  One
drawback ol BSA is that the non-specific
band can be seen with normal mouse brain
strip causing difliculty to interpret the results.

Replacing BSA with NF, all non-specific
background disappeared. however the in-
tensity of positive bands were also decreased,
and ccrl'lin bands diminished. This problem
was solved by increasing sample size from
Wplto20pul.  Lach band was broader, but
eventually - brought  up  color intensity.
However, the separation of protein bands was
not as good as when the sample size was
10 pl.

To study the efiect of 2ME, various concen-
tratons of this reducing agent were mixed
with the sample buffer from 0, 0.5, 1.0. 2. 0,
4.0 to 5.0 pereent. The saumples were not
heated when 2ME was not included. As seen
in Fig. 3, without 2ME and without heat
treatment, more antibodies can be demon-
strated especially to the polypeptides at M. W.
of 130,000-110,000 (P130-110). 71,000-68,000
(p71). 66,000-64,000 (p66), 60,000-54,000
(E or GP59), 66.000-64,000 (p66), 55,000-
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50,000 (pS3) 50,000-48,000 (pS0O), 46.000-
44,000 (GP45) and 21,000-19.000 (GP21 or
prM). At 1-29) 2ME. antibodics at p130-
110, p66, p55, and GP45 cun be seen with
an extra band at MW, of 85.000-77,000
daltons (p85-77).  Scrum collected during
convilescent phase (15 days after hospital
admission) wus used to compare 3 different
following protocols.

(1) excluding 2ME and heat treatment:

(2) including 2ME at 29 and excluded heat
treatment :

() including 2ME at 27 and wreat sample at
100 C for 3 nmun,

The results indicated clearly that GP 59 is
very sensitive to 2ME and also the antibodies
to proiein pl0-110, p71-68 p66-64, p55-50,
and p30-48. With 2ME and heat treatment
only few antibodies can be seen with lower
scores.  However, the antibodies to p85-77
GP45 can be best observed.

With the sime scoring system that was
applied to quantitate HIV antibodies in A1DS
significant seroconversion can be observed
by VAS/EIA such as seen in Fig. 5. Higher
color intensities were recorded and also there
were antibodies towards more polypeptides,
This changing patternis interesting and allow-
ing the analysis of antibody responses at the
moleculiar or polvpeptide level.  Realizing
the effect of 2ME and heat treatment inves-
tigation for interesting antibody or monoclo-
nat antibody may be undertaken by careful
selection of a proper protocol,

Sensitivity of VAS-EIA when applied with
other virus such as the avian leukosis viruses
(Esenman er al. 1980). it was calculated that
a specilic viral protem (p27) as little as 1-2 ng
can be detected by hyperimmune rabbit serum
at 1:50 dilution. In our experiment (Table 5).
when antibody to dengue type I was found
lower than | :20. antibodies to dengue |
polypeptides still can be recorded as follows :
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2 tor polypeptides with MW, at pl130-110, 3
for antibody to GP59, and 1 for antibody to
p50. Therefore, the sensitivity can be claimed
to be higher than that of HI test.

The new nomenclature for  flavivirus
proteins were designated according to their
gene expression after the entire RNA genome
of the yellow fever was described (Rice ef al..
1985). The first structural proteinis the Capsid
(C) protein with MW, between 13.000-16,000
dattons and the antibody toward this protein
can be scen with the non-reducing condition
i certain hyperimmune sera (Fig. 8). The
next structural protein synthesized in sequ-
ence is the virion M protein (MW, of 8,000-
8.500 daltons).  This protcin has not been
found in infected cells and was postulated to
be derived from a precursor glycoprotein
{(prM) which was also called as GP23, GPI9.
NV2, or NV2 1/2and has estimated M.W. of
19.000-23.000 daltons.  With VAS/EIA,
antibodies to M was so far absent but
the antibodies to protein at prM  position
can be detected. Envelope (E) protein
follows M with M.W. between 31,000 to
60.000 daltons.  Under non-reducing condi-
tion. human hyperimnune sera reacted with
at least 3 polypeptides at the approximate
M.W. of 60,000-54.090. 55.000-50,000 and
50.,000-48.000 daltons.  We can say that the
antibodies to  structural proteins can be
detected under non-reducing condition and
they are quite sensitive to 2ME and heat
treatment.

The antibodies to  the non-structural-
proteins. NST (NV3 or GP45 with MW, of
44.000-49.000 daltons) and NS3 (NV4, or
p77) with MW, of 67.000-76.000 daltons) can
be seen best with the classical SDS-PAGE
when the concentration of 2M E was deercased
1o 1-2 percent and the heat treatment period
was also reduced to only 2-3 min. The ns 2a
was found to have similar molecular weight
to prM, therefore the antibody io this poly-
peptide or prM must be differentiated by the
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usc of their specific antisera.  This situation
must also be applied v ns2b because its
molecular weight is about 12,000 to 15,000
daltons and cannot be differentiated from
antibody to C protein until the specific an-
tiscra is employed. With nsda (NVX or NV2
1/2 with MW, between  24.000-32.000
daltons, we observed at least 2 bands(at M. W,
0f 30,000-28,000 and. 26.000-24.000 daltons).

The antibodies to nsdb (NVI with M.W. of

10.000-11.000) was absent. while antibody
to N335 (NVS with MW, of 91,000-98.000
daltons) were observed with reducing con-
dition in certain patients’ sera.

Besides the proteins mentioned, VAS/EIA
revealed antibodics toward at least 2 more
proteins : the proteins with M.W. between

130.000-110.000 and the other with M.W. of

85,000-77.000 daltons. These antibodics are
probably toward the pl30 and p83 respec-
tively.

In this study., VAS/EIA was proven as a
powerful tool in monitoring antibodies to
dengue viral polypeptides. 1t can be used to
study humoral immunc responsesin vaccinees,
patients, and in population as well. The
results may lead to a better understanding
of the immunopathogenesis and may as well
lead to further application as rapid diagnostic
method. This study is now in progress in our
laboratory,

SUMMARY

The authors applied polyacrylamide gei
clectrophoresis in the presence of sodium
dodecyl sulfate (SDS-PAGE), western blet,
and enzymeimmunoassay (EIA) for the
detection of antibodics toward individual
dengue viral proteins or polypeptides. SDS-
PAGE procedure as described by Lacmmli
et al., was applicd and modified. The results
can be observed by visualization. The scores.
fromO to 4, can be assigned by comparing the
intensity of the color development. Besides

Vol. 18 No. 3 Sceptember 1987

being sensitiveand rapid, this technique yields
information of the polypeptides or molecular
level. An increasing of intensities of positive
reactions indicated rising in antibodies titers
and all serotypes of dengue viruses (from type
[ to type 4) can be tested together allowing
reliable comparison among serotypes. With
hyperimrmune human sera, at least 13 poly-
peptides reacted with sera while negative
non-immune subject showed no reaction.
Itis highly possible to use this technique as a
vapid - quantitative  and - for  qualitative
analysis  of antibodies to individval viral
proteins as well.
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