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Further characterization of filarial antigens by SDS
polyacrylamide gel electrophoresis

S. DISSANAYAKE,1 S. C. GALAHITIYAWA,2 & M. M. ISMAIL3

SDS (sodium dodecyl sulfate)-polyacrylamide gel electrophoresis of an antigen
isolatedfrom sera of Wuchereria bancrofti-infected patients and Setaria digitata antigen
SD2-4 is reported. Both antigens showed carbohydrate (glycoprotein) staining. The
W. bancrofti antigen had an apparent relative molecular mass of35 000 while the S. digitata
antigen SD2-4 migrated at the marker dye position on SDS-polyacrylamide gel electro-
phoresis. SDS treatment of these antigens did not abolish the precipitation reaction with
antibody. In the case of W. bancrofti antigen, SDS treatment probably exposed hitherto
hidden antigen epitopes.

The complete characterization of filarial antigens is
perhaps the most fundamental step in attempts to
develop techniques for the determination of species-
and stage-specific circulating antigens. Circulating
antigens (immune complexes) have been reported in
filarial infections (1-6) which could therefore be a
good source of antigens, particularly in the case of
Wuchereria bancrofti infections, where the parasite is
not available for antigen extraction. In a previous
report we presented evidence in favour of a circu-
lating glycoprotein antigen (2). In the present study,
further characterization of the above-mentioned
W. bancrofti antigen (2) and the previously described
Setaria digitata antigen SD2-4 (7) is reported.

MATERIALS AND METHODS

Serafrom W. bancrofti-infected subjects
Sera were collected from patients attending an anti-

filariasis clinic. Only amicrofilaraemic subjects were
included in the study. The criteria used in the selection
of patients were clinical symptoms such as lymph-
oedema, hydrocele, and elephantiasis together with
presence of circulating antibodies to surface anti-
gens of W. bancrofti microfilariae (indicated by im-
munofluorescence (8)) and to adult S. digitata anti-
gen SD2-4 (indicated by ELISA (9)). Sera were stored
at - 20 IC prior to analysis. A positive pooled serum
was made from sera containing high levels of circu-
lating antibodies.
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Isolation of immune complexes (and antigens) from
patients' sera

Immune complexes in the patients' sera were iso-
lated by polyethylene glycol (PEG) precipitation, as
described previously (2). Sera from W. bancrofti-
infected patients were pooled, diluted 1:1 with bar-
bital buffer (0.1 mol/l, pH 7.4), and the immune
complexes were precipitated with PEG at a final con-
centration of 50 g/l. The precipitate was collected by
centrifugation (10 000 g for 30 minutes), washed in
barbital buffer, and resuspended in dilute acetic acid
(pH 3) containing 0.1 mol/l NaCl. The soluble
material was then collected, dialysed against phos-
phate buffer (0.1 mol/l, pH 6.5), concentrated, and
stored at - 20 'C. This material will be referred to as
the W. bancrofti antigen extract.

S. digitata antigen SD2-4

The S. digitata antigen SD2-4 was prepared as
described previously (7). S. digitata adult worms,
collected from the peritoneal cavity of cattle
slaughtered at a municipal abbatoir, were hom-
ogenized in phosphate-buffered saline (pH 7.4) con-
taining Tween 20 (10 ml/l). The homogenate was
fractionated on DEAE-Sephadex A Soa using a NaCl
gradient in 0.01 mol/l phosphate buffer, pH 8.1. The
fraction eluting at 0.3 mol/l NaCl was collected,
concentrated, dialysed and stored at -20 'C. This
material contained S. digitata antigen SD2-4.

I25Iodine-labelled S. digitata crude extract

The S. digitata crude extract prepared as above was
labelled with 125iodine (Nal, IMS 30b) by the chlor-

a From Pharmacia Fine Chemicals AB, Box 175, Uppsala,
Sweden.

b From Radiochemical Centre, Amersham, England.
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amine T method (10). Unbound isotope was removed
by Sephadex G 25 gel filtration and dialysis.

Preparation ofimmune complexes with the
5I-S. digitata crude extract and antibodies in

W. bancrofti-infected patients' sera

Approximately 100 jig of the 1251-S. digitata crude
extract were mixed with 10 ml of the pooled, positive
W. bancrofti serum (diluted 1:1 with barbital buffer,
pH 7.4, containing Tween 20, 1 ml/l). For the nega-
tive control, a pooled negative serum was used. The
mixture was incubated at 37 °C for 3 hours and over-
night at 4 'C. The formed immune complexes were
precipitated with PEG (50 g/l), washed with barbital
buffer, and extracted with dilute acetic acid (pH 3)
containing 0.1 mol/l NaCl. This preparation will be
referred to as 125I-S. digitata immune complex.

Rabbit antisera to S. digitata antigen SD2-4 and the
W. bancrofti antigen extract

Rabbits were immunized with antigen SD2-4 and
the W. bancrofti antigen extract in Freund's ad-
juvant.c Approximately 1 mg of antigen in 0.5 ml of
complete Freund's adjuvant was given to each ani-
mal, in the hind leg region, intramuscularly. This was
followed by four booster immunizations in incom-
plete Freund's adjuvant at 10-day intervals and, after
another two weeks, the animals were bled.

SDS-polyacrylamide gel electrophoresis (SDS-
PAGE)

SDS-PAGE was performed in 5-150Go gradient gels
and in 10% homogeneous gels. Gradient SDS-PAGE
was carried out in a vertical gel electrophoresis appar-
atus (model GE 2/4, Pharmaciad) and homogeneous
gel electrophoresis in LKB' Multiphor apparatus.
Samples to be analysed were dialysed against phos-
phate buffer, pH 7.1, containing 10 g/l SDS, and
boiled for 2 minutes; to 250 A1 of the processed
sample were added 10 A1 of 2-mercaptoethanol and
10Il of 2.5 g/l bromophenol blue. Electrophoresis
was performed essentially as described in the LKB'
application note 306. After electrophoresis, the gels
were fixed in trichloroacetic acid (125 g/l) and either
developed by autoradiography in the case of isotope-
labelled material or stained with Coomassie brilliant
blue or carbolfuchsin.

Immunoprecipitation on SDS-PAGE for antigen
detection

After electrophoresis, the SDS-polyacrylamide gel
was incubated in 1:1 diluted sera from patients, rabbit

' Gibco Laboratories, Grand Island, NY, USA.
d From Pharmacia Fine Chemicals AB, Uppsala, Sweden.
' From LKB Produkter AB, Bromma, Sweden.

antiserum to antigen SD2-4, or the rabbit antiserum
to W. bancrofti antigen extract. The gel was incu-
bated in the serum for 3 hours at 37 °C in a moist
chamber, washed in barbital buffer, and stained with
Coomassie brilliant blue.

Ouchterlony precipitation

Native and SDS-treated antigen SD2-4 and the
W. bancrofti antigen were analysed by Ouchterlony
precipitation against the patients' sera and rabbit
antisera to antigen SD24 and the W. bancrofti
antigen.

RESULTS

Extraction of the W. bancrofti antigen

Circulating immune complexes in patients' sera
precipitated with PEG (50 g/l) were the source of the
W. bancrofti antigen. The PEG precipitate was only
partially soluble in the dilute acetic acid -NaCl
solution. Preliminary analysis of the PEG precipitate
and the acetic acid soluble fraction by Ouchterlony
precipitation and by SDS-PAGE showed that the
W. bancrofti antigen was present in the acetic acid
soluble fraction. However, this antigen extract was
not absolutely pure, but the major component was the
W. bancrofti antigen. When used at a concentration
of 1 g/l, the above-obtained W. bancrofti antigen did
not show precipitation against anti-human light-
chain (k+ 1) antiseraf or anti-human immunoglob-
ulin antisera/At the same concentration, the W. ban-
crofti antigen extract did not show Coomassie
brilliant blue staining bands on SDS-PAGE. How-
ever, when rabbits were immunized with this antigen
extract, the resulting antiserum showed reactivity
against human immunoglobulins and about 5-6
human serum proteins migrating at the beta position
in immunoelectrophoresis (Fig. 1). But this rabbit
antiserum to the W. bancrofti antigen extract did not
show the presence of immunoglobulins in the W. ban-
crofti antigen, when tested by immunoelectro-
phoresis.
The W. bancrofti antigen extract showed a broad

glycoprotein staining band in SDS-PAGE, migrating
at a position corresponding to an apparent relative
molecular mass of 35 000 (Fig. 2). This component
was identified as an antigen by immunoprecipitation
(see discussion).

SDS-PAGE of immune complexes made with
125I-S. digitata crude extract and antibodies in sera
ofW. bancrofti-infected patients
In Fig. 2 is shown, in diagram form, the SDS-

PAGE of 1251-S. digitata crude extract immune
f Nordic Immunological Laboratories, Tilburg, Netherlands.
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Fig. 1. Schematic representation of the Ouchterlony and
immunoelectrophoretic precipitation patterns of S. digi-
tata antigen SD2-4 and W. bancrofti antigen.

1. Rabbit antiserum to W. bancrofti antigen extract.
2. Rabbit antiserum to S. digitata antigen SD2-4.
3. W. bancrofti antigen extract.
4. SDS-treated W. bancrofti antigen extract.
5. S. digitata antigen SD2-4.
6. SDS-treated antigen SD2-4.
7. Pooled positive filarial serum.
8. Rabbit antiserum to human light chains (k + I).
9. Normal human serum.

complexes, developed by autoradiography and Coo-
massie brilliant blue staining. The crude extract
contained at least 20 radiolabelled proteins, but the
immune complex made with W. bancrofti serum
showed only two bands in the developed autoradio-
graph. One band was of minor intensity, of relative
molecular mass approximately 20 000, but the major
band of radioactivity was seen at the marker dye
position. The band of 20 000 relative molecular mass
was also stained with Coomassie brilliant blue. The
major band moving at the marker dye position did not
stain with Coomassie blue.
The S. digitata antigen SD2-4, when analysed by

SDS-PAGE, showed a Coomassie blue-negative,
carbohydrate-staining band at the marker dye
position (Fig. 2).

Ouchterlony precipitation
The Ouchterlony precipitation patterns may be

summarized as follows:
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Fig. 2. Schematic representation of SDS-PAGE data of
immune complexes and S. digitata antigen SD2-4 and
W. bancrofti antigen extract.

(a) SDS-PAGE of 125I-S. digitata immune complex
developed by autoradiography. 1: immune complex
made with positive serum. 2: immune complex made
with negative serum. 3: 125I-S. digitata crude extract.

(b) Carbolfuchsin-stained SDS-PAGE. 4: W. bancrofti
antigen extract. 5: antigen SD2-4. 6: molecular weight
markers. DF: marker dye front. ALB: bovine serum
albumin. H: human immunoglobulin heavy chain.
L: human immunoglobulin light chain.

(1) Both antigen SD2-4 and the W. bancrofti anti-
gen precipitated with antibodies in patients' sera and
rabbit antisera to these two antigens. The precipi-
tation lines showed partial identity. The precipitates
obtained with the native antigens were weak and
dissolved during the subsequent washing stages prior
to staining.

(2) SDS treatment of the SD2-4 antigen and the
W. bancrofti antigen did not abolish the ability to pre-
cipitate with antibodies. In fact, SDS treatment, par-
ticularly in the case of the W. bancrofti antigen,
resulted in better precipitation with antibodies. The
precipitate obtained with the SDS-treated antigen did
not dissolve during washing.

DISCUSSION

Three main approaches may be recognized from
among the numerous and varied attempts to charac-
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terize filarial antigens. Fractionation of crude ex-
tracts with serological analysis of the fractions thus
obtained was perhaps the earliest (7, 11-14). In the
second, antisera raised against crude antigen extracts
were used to analyse crude antigen extracts by
immunoelectrophoresis, in the hope of locating
species-specific components (15, 16). The most recent
approach is the analysis of surface molecules of para-
sites by isotope labelling, immunoprecipitation, and
analysis of the immunoprecipitate by two-dimen-
sional electrophoresis, etc. (17-19). However, the
characteristics of filarial antigens still remain to be
defined.
The non-availability of W. bancrofti for antigen

extraction is probably the most serious limitation in
the characterization of W. bancrofti antigens.
Although the presence of circulating antigens (and
immune complexes) in W. bancrofti infections have
been reported (1-6), circulating antigens have not
been characterized, except for our previous report on
the circulating glycoprotein antigen (2).
The isolated, circulating W. bancrofti antigen, on

SDS-PAGE, showed a glycoprotein-staining band of
relative molecular mass approximately 35 000. This
band was identified as an antigen by immunoprecipi-
tation. Following immunoprecipitation with either
patients' sera or rabbit antisera, the previously Coo-
massie blue-negative band stained with Coomassie
blue, thus demonstrating reaction with antibodies.
The reaction with antibodies in any of these antisera
demonstrated the presence of shared antigenic deter-
minants on the same molecule.
SDS-PAGE autoradiography of the immune com-

plexes made with the 125I-S. digitata antigen extract
and antibodies in patients' sera showed the presence
of an antigen migrating at the marker dye position,
which was Coomassie blue-negative. The unlabelled
SD2-4 antigen showed a carbohydrate-staining band
at the marker dye position. In SDS-PAGE, migration
at the marker dye position is probably unusual, but
possible in the case of carbohydrate-rich compounds
(20, 21). Because of this unusual mobility on SDS-
PAGE, the relative molecular mass of the SD2-4
antigen could not be determined. For the same
reason, the relative molecular mass reported for the
W. bancrofti antigen may not be accurate. The
W. bancrofti antigen appeared to have a higher
relative molecular mass, but it was also possible that
the W. bancrofti antigen contained less carbohydrate
than the S. digitata antigen.
The W. bancrofti antigen reported here was prob-

ably of adult parasite origin. The sera used for the
isolation of antigen (immune complexes) were from
amicrofilaraemic patients. In our previous report (2)
it was shown that microfilaraemic subjects were
relatively free of adult antigen containing immune
complexes. Also, the W. bancrofti antigen showed
considerable similarity to the adult S. digitata antigen
SD2-4 (2). The Ouchterlony precipitation patterns
showed partial antigenic identity. It was highly
unlikely that this antigen originated from infective
larvae or circulating microfilariae.
The Ouchterlony precipitation patterns of the

native and SDS-treated S. digitata and W. bancrofti
antigens showed considerable antigenic similarity.
The precipitates obtained with the native antigens
were weak and dissolved during the washing stages.
The precipitates obtained with the SDS-treated
antigens were intense and did not dissolve during
washing. It may be concluded that SDS denaturation,
particularly in the case of W. bancrofti antigen,
revealed hitherto unexposed antigenic determinants.
The isolectric focusing data (2) and the SDS-PAGE

and Ouchterlony precipitation of native and SDS-
denatured S. digitata and W. bancrofti antigens are in
agreement with a multi-epitope, single molecular,
glycoprotein antigen mosaic model for adult filarial
antigens. The partial identity of antigens observed in
gel precipitation shows that there are non-identical
or unique determinants on these antigen molecules,
which could be the species-specific determinant. On
the other hand, these antigens have common determi-
nants which are probably common to all filariae. The
fractionation of filarial antigens at the antigenic
epitope level could therefore yield species-specific
determinants. Monoclonal antibodies specific for
these epitopes could be extremely useful in such
fractionations.

ADDENDUM

While this paper was in press, we have, by the appli-
cation of SDS-PAGE-electrophoretic transfer to
nitrocellulose and antigen detection by '25I-labelled
protein A-autoradiography, been able to detect more
than one antigen in the PEG precipitate and more
than two antigens in SD2-4. The relative molecular
masses reported in this paper appear to be lower than
their true values. Additional Coomassie-blue staining
bands were also detected.
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RtSUME

POURSUITE DE LA CARACTERISATION DES ANTIGENES FILARIENS PAR
IMMUNOELECTROPHORESE EN GEL DE POLYACRYLAMIDE EN PRESENCE DE SDS

Les techniques serologiques dont on dispose actuellement
pour etablir le diagnostic des filarioses reposent sur le
dosage des anticorps seriques et ne sont specifiques ni de
l'espece, ni du stade de developpement du parasite. On
s'accorde a penser que le dosage des antigenes circulants
serait plus specifique, mais la mise au point de ces techni-
ques est subordonn&e a la caracterisation compIte des anti-
genes filariens.

Dans le cas de Wuchereria bancrofti, il n'est pas possible
d'acceder au parasite pour extraire et caracteriser les anti-
genes. La presence d'antigenes circulants (immuncom-
plexes) a e mise en evidence dans les infections a
Wuchereria bancrofti et ils pourraient constituer une bonne
source d'antigenes parasitaires. Les auteurs ont anterieure-
ment rapporte l'isolement d'un antigene glycoproteique
acide dans le serum de patients infestes par W. bancrofti.

L'antigene de W. bancrofti, isole dans le serum de
malades, et l'antigene somatique SD2-4 de Setaria digitata
(filaire des bovins) adulte ont et caracterises par
electrophorese en gel de polyacrylamide en presence de SDS

(dodecylsulfate de sodium) et par la technique de precipi-
tation en milieu gelifie d'Ouchterlony. Les deux antigenes
ont presente une coloration specifique des glycoproteines.
Dans le cas de W. bancrofti, I'antigene presente une masse
molaire apparente de 35 000; en ce qui concerne S. digitata
adulte, la migration de l'antigene l'amene a la position du
colorant marqueur. Cette mobilite insolite est probablement
due a la nature glucidique de l'antigene.

Le traitement en SDS de l'antigene de W. bancrofti et de
l'antigene SD2-4 de S. digitata n'a pas supprime la reaction
d'immunodiffusion en milieu gelifie observee avec des anti-
serums provenant de lapins et des anticorps seriques de
patients infestes par W. bancrofti. Les antigenes natifs ont
donne des precipites peu abondants, disparaissant au cours
des lavages. Le precipite obtenu avec l'antigene traite au
SDS est en revanche plus stable et ne disparait pas au lavage.
On peut donc conclure que le traitement au SDS fait appa-
raltre des determinants antigeniques demeures jusque-la
masques. Les arcs de precipitation en gelose revelent une
parente tres poussee entre les deux antigenes.
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