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ANTIBODIES TO DENGUE VIRAL POLYPEPTIDES
 
I. SENSITIVITY AND SPECIFICITY OF THE
 

VIRAL-ANTIGEN-STRIPS/ENZYMEIMMUNO ASSAY (VAS/EIA)
 

VINA CIIURBIOONCIIAIur. NTriI 13tIAMARAPRAVAII*, SUIPORN PEAMIPRAMPII CIIA, 

CHARUPAN PINTIIONG, KANCIIANA SIRISIDiII and AMPIIOIRiN CIJAIYOTIIA 

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

INTRODUCTION 

Many tests are employed for titration of' 
antibodies to IFlaviviruses, and tihe most 
frequently employed tcchniques are the 
hemagglutination inhibt ion (I-i) test (Clarke 
and Casal, the plague reductionC958), neu-
trvlization test (PRNT) (RussellC etal., 1967) 
ard the antibody capture enzyme-linked 
immunoabsorbent assay (Burke and Nisalak. 
1982). None of these tests can described 
the antibodies specifically react toward 
individu:l dengue viral proteins. Seventeen 
polypeptides were found during il Vitro) 
dengue infection using dif erent kinds of 
target cells (Westaway and Shew, 1977 , 
Westaway ei al.. 1980: Heinz ef al., 1984). 
Three polypeptides are the structural or 
virion proteins including the E or major 
envelope glycoprotein, C or capsid protein, 
and M or membrane-like protein. Envelope 
glycoprotein (E, or VSP-3, or GP59) 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-I, 
has M.W. of 7,700 daltons. The other 13 
proteins were detected in dengue-2 infected 
Vero cells namely P98, p82, P67, gp54, GP46, 
p30, p28, gp22, GP20, pi8, gpl6, pl5and pl4. 
In deague-2 infected Aeds albopictuts C6/36 
cells, gp54 and GPI3 were absent (Smith and 
Wright, 1985); v.iile in dengue-2 infected 
BHK21 cells, p130, p83, p55 and p21 were 
demonstrated with suggestive role of non 

stable precursor proteins (Ozden and Porer, 
1985). 

T role of'the immune response (at sub

neutralizing level) in enhancing dengue virus
infection wvs suggested to have a major role 
for the development of' haemorrhagic and 
shock syndromes(FHalstead, 1981). Titrations 
for the humoral immune respones were 
either based on the ability of antibodies to 
neutralize or to inhibit ;ogglutination reac
tion, or to attach specifically to any portion 
of the viral antigen. Inform!:'!6on o:llenllllg 
antibody response toward individual proteins 
is lacking and this information may lead to 
a better understanding for the imnmuno
pathologic mechanism of this disease. Three 
techniques; SDS-PAGE, western blot, and 
enzymeimmuno assay were employed and 
modified. The whole process wa :ailed "the 
ViraIl-Antigen-Strips/Einzymeimmunoassay'" 
(VAS/EIA). We have used the classical 
SDS-PAGE which was described by Laemmli 
with western blot and enzynieimmunoassay 

and found that the antibody to dengue viral 
envelope protein (E or GP59) was almost 
absent in both human hyperimmtine sera and 
in healthy' population (Churdboonchart ei 
al., 1986). With this study, certain chemical 
and physical treatment were investigated for 
their effects to dengue viral polypeptides 
which reflect the binding of human antibo
dies. The VAS/EIA results were scored from 
0 to 4 (Schupback et al., 1985). These 
results can be obtained in 48 hours. The 
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specificity, sensitivity and reproducibility are 
discussed. 


MATERIALS AND METHODS 
Serum samples :Dengue haemorrhagic 

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, 
Thail'ind. 

Viral antigens :Suckling mouse brain seed 

viruses ofdengue- I(dl); Hawaii M 199 passage 

* 17; dengue-2 (d2), New Guinea C, passage

4 33; dengue-3 (d3), 1-1-87, passage 27,
* 
dengue-4 (d4), passage * 32, and Japanese 
encephalitis (JE), Nakayama, passage * 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 electrophoresis and blotting : SDS 

rating gel with 2.5 stacking gel) was per-
formed as described by Lacmmli (Laemmli, 
1970). The reducing agent, 2-mercapto-
ethanol (2ME), was added with varying 
concentrations in order to evaluate ils effects 
on dengue viral polypeptides. 

The separated proteins ingels were blotted 
onto the surface of 0.1 pm nitrocellulose
membrane (NC) (Schleicher and Schuell; PH 
79, Germany), according to the method 
described by Towbin etal., (1979). Transfer
ring was made for 3, 6, 12 and 18 hours at 
3 v/cm. 

For this experiment; dengue viruses, type I 
to 4, and normal mouse brain (NMB) as a 

Vol. 18 No. 3 September 1987 
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negativc control were loaded in sequence. 
A fter electrophoresis, 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 NCas membranesthe gel. Tt'. NC strip afterthe same size were also cut to 

blotting will contain the separated dengue 
viral polypeptides and was called as the viral 
atigeti o n was 

antigen strip or VAS. 

Enzymcimmunoassay for the detection of 
proteins on NC : Bovine serum albumin, 

BSA, (Sigma, 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 imnmnochemical reaction. 
VAS were incubated with diluted test serum 
which was diluted with 10 mM Tris-hydro
chloric acid (pH 7.4) with 0.9'%NaCI (TBS) 
and B,\ (5" )or NF (10, 3 hr or over
night, at 37 'C. They were washed extensively 
with TBS containing 0.5,1(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 each), the 
strips were soaked with freshly made solution
of 3-amino-9-ethylcarbazole (AEC) and H202 
for 15 min (lroe and Ingild, 1983). Then 
they were rinsed with distilled H2O and blot 
d .e c orre actinedeveloped wit 
dried. The color reaction developed with 
different level of intensity allowing a possi
bility to score them as follows (Schupback 
et al., 1985) : 0 or (-) was for negative (no 
color), I was for barely detected or faint 
pink color, 2 was for clearly positive (sharp
bands with pink color), 3 was for strongpositive (red), and 4 was for very strong 
positive reaction or dark red color.
 

RESULTS
 

Dengue viral antigen from dengue viruses 
type I to 4 were separated by SDS-PAGE 
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(8 %),and transferied onto the surface of NC 
membrane. The NC containing viral antigens 
(VAS) were immersed i ,iluted test serum 
allowing specific antil),Ly towards these 
separated proteins to bind specifically, 
Bounded antibodies were locatcd by inImu-
noenzymatic reaction using enzyme labelled 
antibody and substrate reaction. Di fftrent 
protocols were set up by varving concentra-
tion of reducing agent (2-mercaptoethaiol) 
with or without heat treatment, varying 
volume and titer of' viral antigens, and 
varying dilutions of test serum. The results 
were impressive and are :;fown in Figs. I to 8. 

Since 2-mrcaptthanol(a reducing agInt) 

Used by Laemmli was suspCcted to cause the 

lost of' antigen icity for certain piotc ins. this 

reagent was excluded in the first two follow-

ing experimlents. 

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

' 


02 Al HId.lt0. NMI dlo 

Fig. I-SDS-PAG E reStLIs for seriallydilted sLcrose 
acetone extracted dengue type-2 antigen
(HA 1:1,280 to IIA 1:20) and normal mouse 
brain treated with the satne protocol as 
negative control. Note :he higher number of 
stained bands in s,:rially diluted SAE-d2 in 
comparison %.ith serially diluted mouse 
brain proteins. Molecular Weight markers 
were placed on the far lefi side of each gel
strip. 

with SDS-PAGE systems. 10[d of' viral 
antigen and the sample buffer (1:1 ratio) 
were loaded into each well. The right side gel 
strip shows tile separated dengue-2 viral 

TRiP. MiD. PUlB. |iiii. 

proteins when serially diluted (from HA I: 
1280 to 1:20), while Ilie left side gel shows the 
serially diluted proteins fIrom normal mouse 
brain as a negative conlrol. The separated 
bands from dlengu,-2 with HA titer of 1:1280 
were seen sharply and well separated. With 
larger voltmle of viral antigen, 20 Illand 
30 il'these bands were broader but not as 
sharp. At this stage. proteins from mouse 
braini or viral proteins can not be dilferent
iatcd.
 

In order to determine the speciticity, 
serially diluted dengue-2 viral antigen (form 

HA titers of' 1:1280 to 1:20) vere loaded in 
sequence. After blotting to NC membrane. 
Seru'n with Iinti-dcngue-2 acl:vity proven by 
HI test (I-11 1:2560)liter to dengue type 2 was 
and negative co01r-l serIii proven by bothl 
HI test and the neutralization lest. we'e 
separately incubated \itli 2 identical twin NC" 
strips. No specific enzymIe-immIunological 

reaction with the negative serum was f'ou nd. 

antigen at 1:128i can be observed (Fig. 2).
 

These 3 bands were compared with molecular 
weight marLrs and their molecular weights
were estimated as 71.000, 66.000, and 59,000 

... ... 
, ,.Aa 

Fig. 2-Specificity test for antibodies detected by 
VAS/EIA. Positive serum from dengue-2 
infected patients bound to 3 FuIypel)tides
while negative serum demonstrated an 
absence of bound antibody. 
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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 acetone extracted normal mouse 
brain were treated with different amount of 
2M E (Fig.3). The final concentration of 2ME 

limp, 
&~~ ~0. 

Fig. 3--Effect of 2-mercaptoethanol dernonstrated 
by varying final concentration of this re
ducing age2nt. Normal mouse brain showednegative result while SAE-d2 (HA:1280) was
sensitive tc 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 forthe higher color intensity at 85,000-77,000
and at 45,000. 

were 5,4,2, I 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 antibodies when 
2M E was not included. These polypepltides 
are as following : between M.W. of 130,000-
110,000 (p130-110), 71,000-68,000 (p71-68), 
66,000-64,0C0 (p66-64), 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 September 1987 

Table I 
Antibodies to dengue 2 polypeptidcs by 

VAS/EIA 	 in an absence and in presence 
of 2-nerca ptoet hanol. 

Intensity scores for antibodies to 
dengue 2 polypetidcs 

2M 

O. ) 0.5 1 2 4 5 

p 85-77 - 3 3 4 4 4 

p 71-68_2 
p 66-64 2 I I I I 
GP 60-54 3 - - 
" 	 -55-50I I I 
1p50-48 I - - - - -
GP 46-44 I 1 2 2 2 2 

GP 21-19 2 

polypeptides especially the with M.W.one
of 85,000-77,000 and 45,000 daltons. These 

results arc shown in Table I. NF is stillthe choice for blockin agent. 

Another factor that can cause tie lost ofantigenicity is the beat treatment, 5 inin at
100'C. This process is needed for 2ME to 
reduce di-stIllide bonds and normally all 
proteins were treated to reach a condition of 
being a straight single polypeptide chain for 
estimation of their molccular weight. A 
patient scrun (C0909), collected 15 days 
after hospital admission, was used tocompare 
the effect of 2ME withi and without heat 
treatment, and without the 2ME. HI titers of 
this serum 	are as follows : dl (1:5.120), d2 
(1:2,560),d3(>l : 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 Id, otherwise the 
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1.*2 3"<4 MeD 	 .. .. .. 
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Fig. 4 -- ni' ObtillmCLI from 	 'IhO11 IIA \itllolltComparison 01i LIlS 3 protocols: A-strip wis V,\S 2MI
B-strip l)mnVA.S IIA \ ilh 2 from 2,\ \\lil l cal tit 100l' 2\I. and (-sIrip 2",, nI: :t 11:'at (" 
for 3 11iln. Strip It alld ( \ .ICtlV tlcdatIL s;:llic link. 'othtbinds calltic.on, i .1rcd \0hile A-stripi 

\\!S rillsclr;il LlSilldill'cutll \\ n Ilkcls 1k dclhrnil appro\ M.W.. Note lo\er inlcn
-ilyof color ds\elopincultal IliLlic ilv I 45.0(00 aflr hualtrcatnmcllnl.85.000-77,0011Illd hiih i11 

illlnflLIlOl\ m'llc ,.\Nill 	ol.O SCrot ,pc,. wasrc.'I-1on he and ,omparison hetween 2 strip's 
Cill no t c c I:ntlpatcd \\ilh tile rI,ltis lmILdC no tile. 'r colou".il is \V'11oh)- Ncttcd were 
ai ncd w\,hcn I\,aS cxciluded. to itldi,,id nal ilICse2M .I assi encd each hands. 

Ill or . to c ; tileh1,, corc,, arc s,,hov,n inI ahlc 3. Tn antibodies 

10 dICnU LIC-2 1)01\ I-CIrlidCS., ilotdd ill,.,,.a-,. SClI.
 
bodics inl D!I F paticnts : dcrll.ILIC VIra l . l: s wrc noCc 
antigens. I'rom tpc I to 4, and NNI. ctillccicd dirllgcosalcsccit phasc. 
wCI testcd with Scr ctllc'clcd oIl Li\ Witi anothcr pair sera. 2",, of 2NIF wis 
(01921i () and di\ 15(0317,,80) altcr hospital it l'Clt hut ht trcan1tcntItSCL'd the .nti.'ens 
admission. Ol da\ Itill r rc .s to!-cxcntcd. hc resi! ts arc in1,II as 	 shown 

[:i1. 6 and Tahlc 4. ls'cnIlhouI h he antiho500.! d3(d2)lows: d I( :5.1210). d2 (I 2560.

and d4 1:2.560). [)c nil. type 2 us dics \Wc'rc foinnd to 'cact \\ith lesser nLinber 
isolated on dhay I indicated thai the patient of lv)0pcptide ' . OCOtnVcr"sion CalnS. 11hcer be 

wals sccOtlda'V il'ctcd with d~u2 \'irus clearly seen h\ visualization. 
type 2. Antigens iscd in this cXpcrimcnt 
were not treated with 2N. From Fig. 5.. Normal adult s i't wV'cr subjccted to VAS/ 
antibodies wcre !omld aigainst all 4 denLiuc FIA with Cxnlmption of 2 NI F. EIxitnples of 
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Table 2
Antibodies 	in human hyperinirnune seruff1 (C0909) to dclgLe viral 

under different conditions. 

Highest VAS/EIA score to each pol3peptide 

Antibodies to 
dengue viral 
polype ptides 

pl 30-110 
p 85-77 
P 71-68 
p 66-64 
GP 60-54 
p 55-50 
p 50-48 
GP 45 

p 30-28 
P 26-24 
GP 21-19 
1) 14 

Non-redLu612 
condition 

3 (dl) 

2 (d2) 
2 (d2) 
4 (d 1,2) 
2 (d2) 
2 (dl) 

ACUTE ,CONV. 

. s- -

21-

' . 
D D2 D 0 NM1 02 0 NH 

0192'8o 	 0317/8o 

Fig. 5-Sero-conversion to all types of dengue
viruses (dl, d2, d3 and d4) as seen by VAS-
EIA without 2ME. 0192 	 is the serumicolleted on day I after hospital admission 
and 0317 is the sertum collected on dayl 5.Note the higher intensity of color develo-
pment and number of positive bands in0317 (Convalescent serum). 

Reducing 

condition 
( 2'' 2M E) without ( 

heal treatment 

2 (d2) 
4 (dl,2,4) 

2 (d2,3) 

2 (d 1) 

I (d all) 

Iolypeptides detected 

Reducing 

condition 
", 2M E) with 3 min 
heat treatment 

3 (d2) 

2 (d 1) 

2 (dl ,2,3) 
-


Table 3 

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

Antibodies to dengue Serum Nutmber 
viral polypeptides 0192 0314 

1p130-II 	 2 (dl) 3 (dl) 

p71-68 2 (d2) 2 (d2) 
p66-64 3 (d2) 3 (d2) 
G:60-54 

55	
3 (.d2) 4 (dl.2)

VAS/EIA 	 p -50 1 (d1,2) I (dl, 2) 

results 	 p50-48 I (d!, 2. 3) 3 (dl) 

GP46-44 (d1. 2. 3) 2 (d2)
P30 28- 1 (dl I (dl) 
p26-24 I (d 1 2 (d2) 

GP21-19 I (d2) 3 d2) 
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. .. 	 Table 

S"ro-converion between sera collected 

L11luingll2 acuite and CollaleSCeilt phase in 
presence of' 2",, 2-,nercaptoetlhanol. 

AntihodiCs to dentUC Setul Numbit 

Siral polypeptides 09') 0 26T80 

:".!: 	 :{'i p130-1 10 1 (11.2) 2 W 2) 

" p85-77 1 (d all) 4 (d2) 

" VAS, IA p71-68 1 (d2 

results GIP 59 1 (d2) I (d2) 

p52-50 1(dl, 2) I (dl.21 

1 2 3. 4MD 1 2 3.4 MD 
G P45 1 d I)1 2 (d I) 

d l 1 40 1"2560 
+ME Il titers d2 :40 1 2560 

Fig. 6 -S:ro-conversion to all types of dengue virtlsCs d3 " 1]60 1 :10240 
as seen by VASFIA wilh 2", 2ME without 
heat treatnlent. Note the sro-con,,'ersion d4 I :40 I : 5120 
especially at L12 rald at M.W. of 45.000 
dallons. 

Table 5 

Antibodies to dengue viral poly.'peptides in healthy adult male by VAS/EIA without 2 ME. 

Srm Number 

Antibodies to denguc 	viral irlpeptides NHS 19 NHS 20 NHS 21 

p 130-110 2 (dl.3) 3 (dl) 3 (dl) 
p 71-68 2 (d2) 3 (d2) 4 (d2) 
p 66-64 3 (d2) 3 (d2) 4 (d2) 
G1 60-54 3 (dl, 2.3) 4 (d 1, 2, 3) 4 (d 1, 2, 3) 

VAS/EIA p 55-50 	 - -

results 	 p 50-48 I (dl) 2 (dl) I (dl) 
G P 46-44 - 

p 30-28 

p 26-24 - -

GP 21-19 -2 (dl, 2) 2 (dl, 2) 

dl 	 <1:20 1 :80 I :160 
HI titers 	 d2 I :20 I :40 I :80 

d3 1:80 1 :80 1: 160 
d4 1:20 1:40 1:160 
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D1 02 D" D4 NMb 01 02 03 D4 NMB D1 D2 D3 D4 NMB 

NHS 19 NHS 20 NHS 21 

Fig 7. Antibodies to al y 1p. ,t d-ngu ,i ..... . UoornllI adoIt, Mal IIt' rIa hy VAS/EIA wethout 

2ME. Not,.- a p arnt ,, o f .it i ,di,! to till detigut, virua-i and it f ent lev |l of color 

tntena lties among the arn. 

ig 8. Sero-oonwvraioa to .ll type of dengue viruses in a patient''s ne rpe serially collected from day 1, day 15, 

day 30, to day 60. VAS/FIA we- performed in non- r,-duc i ng vondli t,oi. NoiL, for the appea rance of 

ant ibody to iylpept idr! witt aparoximate a.w. around 1,000 dilt.onei in d"y 15. 



AN I 1110 II S i0 DI.NGiUI 

this result are denions! rated in Fig 7. VAS/
ElA scoresanld 1-11Iiters areshown in Table 5.
\VAS/EIA dell1011stratCd hiiliher sensitivity 
than HI test i.e. when I-I titer was lesser ihan 
1:20 for dl in NHS 19. 

Antibody to proicin with M.W. aIroulnd 
14.000 \,s found in a ccriinii case. This anti-body appeared on da 15 alter hospil 

admission, aid cannot hc dlCtectId on day30)
and 60 in Which the saniCples vol me wsere 
increased to 20 fI (Fig. 8). 

DISCUSSION 

The VAS/EIA used in this stiudy wasprovnl o sud\tleueft euevial olv~er-
provei usefulI to study dengIaIC x'iraI Pol\"ep-

tides aiid h 
 llanhtmall imiunne rsponsesspecifically :,.gainst these iindividuial proteins. 

specfitalains 
 l hese protocodl,1 l .WithIi classical SI )S-PAG B protool fl.ni-

mli, 1970), 2-NIEB was inicltided in tle sa nplc

bulffr and this mixtire liitS I'e heateld t 

100 C for 5 miin. After elect rophoresis. le 

se paral ed proteiis ca 'i be sta ined 1y('nioniaS-

sic brilliant blue aid obscr cd 
 as shown ii 

1'ig I. After blotting, litese proteiiis oil 

surface of NC n ,ilbraile an be traccd b\

Indian ink. We have selected 15 hr to traius'er 

these proteinus slice we foilnd no 
 Coomassue 


stai ilngel and niay strong hidan ik aids 

on NC stips. 


When serially dil Lited sucrose IcetIOle 

extracted dengue type 2 antigens 
were tested 

with positive and negalive coiltrol 
 sCein
{proiven by H I anid PR NT tests), w\ef'ounid tlhat 

(proenbyIllnd PNT~sts) welundstrong antigen withIIA titers of 1:1.280 hat ave
the best restilt while tie required antigevolume is oiily 5 1l. After mixinghit

lixoilig Ii isartge l 
voluhe oadedolome sampl buffer, el ionlyvIoltim l oaded ii ea 	 i nil e el is 0111 
10 	 1.) 

Hyperimmune sera., dilited fir01m 1:5, 	1:10, 
1:50. 1:100, 1:200, 1:500 and I :1000, were 
incubated with viral antigens sIripand normal 
mouse brain strip. Then tile bound antibodies 
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were traced by second labelled antisera. 
rabbit anti-human IgG. The opt imuin result 
was seen with 1:50 dilution. Therefore, all 
test scra were diluted to 1:50 dilution by
buelr A\with addition of 5 "%, NFBSA or 10 

for non-specific blocking.
 

When we applied the test sera to the viralantigen strips, f'ev pinkish-red color bands 

developed indicating alltibodiesagaist these 
polypeptides. With classical Lac iliiIi SDS-
PAGE method, wIer 5",,2-ulcrca ptoet ha ol 
was uIsCd at; a eiielctred cil and heat treat
merit at 100 C for 5 rmin was required, we 
observed ailibodies towards the polypeptideswithi est mated NI.'W. bet ween 130,000

iu suni; 7 .00V 1 a id77 .110,000. );5.000-77,000). 71.000(-6,8.000 and 
45.000. 	 ' /IihlSA as non-specilic blocking

tli antibodies to smaller polypeptides.acents.Ihathdc osnlrplprlie
 
(30,000-2,0(0, 26,000-24,000
19,000-da Itolis), and 21,000were olten I'oLIld. OnC 
drawbick of 13SA is that the o-specific
band Caii be Seen Wit I norm1 l sebrin 

i 
stip CItSilLI lifliCLly to interpet the resliS. 

IReplacing lISA with NF, all non-specilic 
backgrouniid disappeared. however tile in
tensity of positive bands were also decreased,
and cert.iin bands diminished. This problem 
was solved by increasing sample size from 
10 Ill to 20 Ill. Each band was broader, but 
eve iltially brought P color intelsity. 

Ho wever. the sepa rat ion of' protei iibindswas 
not its good as vhen tlie sample size was 
10 pl. 

TO St tidy t lie effect of'22MB , various concen
tratons 


e sample bufl'cr fron 0, 0.5, 1.0. 2.0,
 
w of thiis red ucing agent were mixed 

4.0 to 5.0 percent. The samples were not 
heated when 2ME was not iiicidcd. As seenin Fig. 3, withLIout 2M E and without heat 
teatme t, nlorc antibodies can be denioi

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 (p55) 50,000-48,000 (p50), 46,000- 2 for polypeptidcs with M.W. at p1130-110, 3 
44,000 (GIP45) and 21,000-19,000 (GP21 or for antibody to GP59,and I for antibody to 
prM). At 1-2 ",, 2iE.antibodies at p130- p50. Therefore, the sensitivity can be claimed 
110, p66, p55, aId GP45 :anilb seeni with to be higher than that of 1l test. 
an extri band It NIM.. of 85.000-77,000 
daltonscon.lescenl(p 85-77). Serum collected d' The new nomenclature forphase (1i5 days 	 tlaiVi'USafter iospital proteins were designated accordihng to theiradoission ) was used ftl'erentto compre 3 di gene expression after the entire RNA genomeissiog pr'otocols. of the yellow fever was described (Rice el al..ollowi pro1985). The Irt structuraI protcin is the Capsid 
(I)cxClid inc 21\IF anid heal tieatilenit: 	 (C) protein witli M.W. between 13.000-16,000 

(2) 	 including, 2N al 2",, and exclu~ded hea11 dions and the antibody toward this pirotein 
ca111be seell with tile non-r'ducinIig condition 

Ire"lnlcnl: 
 incelta"in hyperiiiniUlne sert (Fig. 8). '[le 
(3) including 2MI at 2 ,,and treat sample at next StrCtural [IroteinII synthesized in sequ

100( for 3 w1in. cuce is the virion M protein (M.W.of 8,000-
Is 8.500 daltons). This protein has not been 

[he resths ind caed clearly that G P 59 s foind ii in fected ccll and was postulated to 
very scnsiti\e to 2NIl and also the antibodies he derived froill a precui Nor glycoprotel130 1 10 6 6 4 to protein - p7 1-68 p - ,- p	 p55-5, (prM) which was also called as GP23, GP19. 
and1 PS"w Wntiboihcall a Sidet titml~et NV2, or NV2 1/2 anzd has estimated M.W. of'

antibodies n beonly few c.a seen'l with 	 lowecr 9003())dtns Wih\A/I, 
8 5 7 7  oies to N as so fiar abseiit but scores. However. the antibodies to p - anti 

GP45 con be best obser\oet. 
te antibodies to protein at prm position 

With tile alme Scoring sstell that vas can be detected. Envelope (E) protein 
applied to quant itate HI-IIV antibodies in AIDS follows M with M.W. betweeni 51,000 to 
significant serocotiVersion Can be observed 60.000 daltons. Under noin-reducing condi-
Ly VAS/FI A such as seen in Fig. 5. 	 igher tion. nlia h perillne seraH-1 	 reacted with 

color intensities were recorded aid also there al least 3 polypeptides at tihe approximate 
were a ntibodies to\\ards mnore polype ptides. M.W. of 60,000-54.0)0. 55,000-50,000 and 
Thischauging pattern is intcrestingaid allow- 50,000-48,000 dalton.s. We can say that the 
ing the analysis of antibody responses at tile antibodie , to struCtlnrlI proteills can be 

pol plt ide Rea li:i, 	 coitionmllolectlIlar or level. inw detected Lnder non--edutCil., alnMd 
the etftect of 2M E and heal treatment iives- they aire quilt sensitive to 2ME and heat 
tieation for interesting aoitibodty or monoc1l- treatment. 
nal atibhod y may be Undertaken by careul The antibodies to tile non-structural
selection of a proper protocol. proteinus. NSI (NV3 or G1P45 with M.W. of 

Sensitivity of' VAS-FIA when applied with 44,000-49,000 daltons) and NS3 (NV4, or 
other virus such as tile aviani leuikosis viruses p77) with M.W. of 67,000-76,000 daltons) can 
(sen wait ioal. 1980). it was calculated that be seen best with the classical SDS-PAGE 
a specific viral protein (p2 7 ) as little as 1-2 na when tlie concentraltion of' NIE was decreased 
cani be detected by Ii to 1-2 percent and the heat treatment periodvperiIlllLune rabbit serum1 
at 1:50 dilution. In our experiment (Table 5). was also reduced to only 2-3 min. The us 2a 
when antibody to dengue type I was found was found to have similar inolecular weight 
lower than I : 20. antibodies to dengue I to prM, therefore the antibody io this poly
polypeptidcs still can be recorded as follows : 	 peptide or prM must be differentiated by the 
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use of their specific antisera. This situation 
must also be applied t, ns2b because its 
molecular weight is about 12,000 to 15,000 
daltons and cannot be diffcrent iated from 
antibodyto C protein until the specific an-
tisera is cmployed. With ns4a (NVX or NV2 
1/2 with M.W. between 24,000-32,000 
daltons, we observed al least 2 bands(at M.W. 
of 30.000-28,000 aid. 26.000-24,000 daltons). 
The anitibodies to ns-4b (NVI with M.,V. of 
10.000-11,000) was whileabsent. antibody 
to NS5 (NV5 with M.W. of 91,000-98,000 
d'ltoiis) were observed with I rediicitie Con-
d!lion ill certain patients, sera. 

Besides the proteins mentioned, VAS/EIA
revealed antibodies toward at least 2 inore 
proteins the proteins with M.W. between 
130.000-110,000 and tile other with M.W. of 
85,000-77,000 daltons. These antibodies arc 
probably toward the p130 and p respec-83 

tivelv. 

Inl this study. VAS/EIA was prove i as a 
po',verful tool in monitoring antibodies to 
dengue viral polypeptides. It can be used to 
study Immoral immuruiereslpoisesi'vaccinees, 
patients, and in poptlation as well. The 
results may lead to a better understanding
of the immunopal hogenesis and may as well 
lead to further application as rapid diagnostic
method. This study is now in progress iii our 

"aoratorv. 

SUMMARY 

The authors applied polyacrylaide ge, 
electrophoresis in the presence of soJtum
dodecyl sulfate (SDS-PAG E), wecstern bier, 
and enzymcimmuiioassay (EIA) for tile 
detection of antibodies toward individual 
dengue viral proteinis or polypeptides. SIDS 
PAGE procedure as described by Lacmmli 
't al., was applied and modified. The results 

can be observed by visualization. The scores, 
from 0 to 4,can be assigned by comparing the 
intensity of the color development. Besides 

Vol. 18 No. 3 September 1987 

being sensitiveand rapid, this technique yields
information oft lhe polypept ides or molecular 
lcvel. An increasing of" intensities of positive
reactions indicated risingin antibodies liters 
and all serotypCs ofdengue viruses(froml type 
I to type 4) can be tested together allowing 
reliable comparison among serotypes. With 
hyperiniine human sera, Icast 13 polyat 

peplides reacted 
 with scra while negative 
ion-i n11in tie sut bject showCd no reaction. 
It is highly possible to use this technique as a 
rapid quanllitative and for qualitative 
analysis of antibodies to idividtal viral 
proteins as well. 
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