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Abstract

Nematode polyprotein allergens (NPA) are lipid binding/transport molecules that elicit elevated levels of IgE response in the infected host,
leading to Th2 type of immune response. They also transport arachidonic acid and its metabolites that are known to be involved in the action of
antifilarial drug, Diethylcarbamazine and hence are of great significance for the control of lymphatic filariasis. We investigated the polymorphism
of gp15/400 polyprotein of 35 isolates of lymphatic filarial parasite Wuchereria bancrofti collected from different geographic locations of India.
The repeat sub-unit of the gene was found to be highly conserved in all the isolates with only two nucleotide synonymous changes at positions 286
(A-G) and 337 (C-T). Since this molecule is highly conserved and has multifarious roles in the survival and pathogenesis of the parasite it has good
potential as a target for drug, immunodulation tool and immunotherapy development.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The nematode polyproteins are allergen antigens (NPAs)
involved in binding small lipids and transportation to muscles
and gonads via coelomic cavity (Kennedy, 2000). First
characterized in Ascaris suum and A. lumbricoides and named
ABA-1 protein of Ascaris, they have been found in worms
belonging to numerous species (e.g. Onchocerca ostertagi,
Dictyocaulus viviparus, A. suum, D. imitis) since then (de Graaf
et al., 1995) and have no counterparts in mammals. They are
produced in the gut of parasites as large precursor protein
complex comprising of 10-50 tandemly repeated polypeptide
units, depending upon the species and have a short hydrophobic
leader sequence. The repeat units get cleaved at cleavage sites
(Arg-Arg-Lys-Arg) of subtilisin serine protease at the C-
terminal into functionally similar repeat sub-units of approxi-
mately 15 kDa. The allergen, found in all stages of the parasite
(Kennedy and Qureshi, 1986), was located as the most
abundant protein species in the body fluid of parasites and
secreted into that of infected animals (Christie et al., 1992;
Kennedy and Qureshi, 1986; McGibbon et al., 1990; Spence
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et al, 1993; Tomlinson et al., 1989). Very importantly,
nematode parasites are unable to synthesize their own complex
lipids and derive them entirely from the hosts. A homologue of
this polyprotein, called ladder or gp15/400 protein, has been
found in filarial nematodes, which is also a complex of
approximately 400 kDa with 20 tandemly arranged repeats sub-
units of 132 amino acid residues and encoded by a single gene.
gpl5/400 protein of Brugia malayi is associated with the
surface and also distributed in all tissues of the parasite
(Tweedie et al., 1993). Similar to its counterparts in other
nematodes, it is associated with elevated levels of IgE
antibodies, thereby inducing allergic type-II (Th2) response
in elephantiasis cases (Hussain et al., 1992) and exhibiting
strong genetic control of immune response (Kennedy et al.,
1990; Allen et al., 1995).

Paxton et al. (1993) have reported that the repeat sub-unit of
the gp15/400 gene was highly conserved between brugian
filarial parasites, B. malayi and B. pahangi, but exhibited small
degree of divergence in Wuchereria bancrofti with 21
nucleotides (and 7 amino acids) variation (94% identity) and
great degree of divergence in Dirofilaria immitis with only 57%
identity. However, information on the diversity in the structure
of lymphatic filarial antigens sequenced to date is extremely
limited, both between closely related species and (presumably)
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between different strains of the same species (Paxton et al.,
1993). We therefore sequenced the repeat units of gp15/400
protein gene from 35 W. bancrofti isolates collected from
different geographic areas of India in order to see the extent of
nucleotide polymorphism, compared its nucleotide sequence
with that of other filarial, non-filarial and parasitic nematodes
and examined the evolutionary relationship in relation to its
host inhabitation and parasitic life.

2. Materials and methods

2.1. Study areas, sample collection and purification of
microfilaria and DNA

A total of 35 blood samples were collected from microfilaria
(mf) carriers residing in locations representing different
geographic regions of India (Hoti et al., 2003). Eighteen of
these were from Pondicherry town in southern peninsular India,
one each from two villages near Pondicherry (Chinnanergunam
and Athipakkam, Tamil Nadu state), three from Rajahmundry
town in southern state of Andhra Pradesh, five from Jagadalpur
town in Chattisgarh state (central India) and seven from Varanasi
town in northern region (Uttar Pradesh state) of India. While
Varanasi and Kozhikode are highly endemic for bancroftian
filariasis, the other locations are moderately endemic (Sabesan
et al., 2000). Five milliliters of venous blood was collected from
each mf carrier during night hours (20.00-22.00 h), after
obtaining written consent from him/her. EDTA (final concentra-
tion 1 mM) was added to the blood sample to prevent it from
clotting and the sample was stored at4 °C. The mf were separated
from the blood samples by membrane filtration technique
(Dennis and Kean, 1971) followed by Percoll-Sucrose gradient
centrifugation technique (Chandrasekar et al., 1984). The
genomic DNA from mf was extracted following the method
described earlier (Hoti et al., 2003).

2.2. PCR reaction condition and sequencing

Single repeat unit of polyprotein allergen (gp15/400) gene of
isolates of W. bancrofti from different geographical regions was
amplified using gene specific primers (Wbgp15f-5'-TGGCTT-
ACGGATGCCCAAAAGG-3'and Wbgp15r-5'-ACTTAGATG-
CGTCCGAAAATAG-3') (Paxton et al., 1993). The PCR
mixture consisted 100 ng of purified DNA, 5 pl of 10x buffer,
20 pmol of each primer, 20 mM dNTP, 2.5 mM MgCl, and 2
units of Dynazyme II Ext Taq DNA polymerase (Finnzymes,
Finland), in reaction volume of 50 pl. Amplification was
carried out in a Master Cycler Gradient (Eppendorff, USA) and
the temperature cycles consisted of an initial denaturation at
96 °C for 4 min followed by 35 cycles of denaturation at 94 °C
for 1 min, annealing at 55 °C for 1 min and extension at 72 °C
for 2 min with a final extension step of 72 °C for 7 min. The
amplified products were resolved in 1.5% Agarose gel, stained
in ethidium bromide and observed under UV transilluminator.
The amplified product was purified using nucleotide removal
kits (Qiagen, German) and sequenced in an automated DNA
sequencer (ABI 7000). The nucleotide sequences of the isolates

have been deposited in the GenBank and have the accession
numbers from DQ 321502 to DQ321536. The sequences of the
NPA gene of other nematodes were obtained from the GenBank
(Fig. 4). The sequences of W. bancrofti gp15/400 sub-unit,
which are 396 bp in length were aligned with those of other
nematodes using BioEdit programme (Hall, 1999), and edited
by trimming off those that extended beyond the length of the
former. The dendrogram was constructed using the sequences
thus edited employing MEGA 3.1 programme (Kumar et al.,
2004). MEGA 3.1 (Molecular Evolutionary Genetic Analysis)
programme is an integrated tool for automatic and manual
sequence alignment, inferring phylogenetic trees, mining web-
based databases, estimating rates of molecular evolution, and
testing evolutionary hypotheses. Pairwise DNA matrices were
generated using the Kimura two-parameter model and
phylogenetic analyses, using program and tree topologies
were inferred by the unweighted pair-group method with
arithmetic mean (UPGMA) with the Kimura two-parameter
distance matrices. Bootstrap resampling (1000 data sets) of the
multiple alignment tested the statistical robustness of the trees.

3. Results and discussion

NPAs, apart from binding small lipids, have also been
reported to bind to haeme and divalent metal ions, arachidonic
acid and its metabolites, lyso-platelet activating factor, lysopho-
spholipids and retinoids, as also sequestering pharmacologically
active lipids (Kennedy, 2000). The binding property of these
proteins with arachidonic acid and its metabolites and platelet
activating binding factor are of great significance to lymphatic
filarial parasites as Diethylcarbamazine, the only available
antifilarial drug, acts through interfering with the arachidonic
acid pathway (Maizels and Denham, 1992). Principally, our
interest in the polymorphism of this gene stems from facts that it
is involved in (a) pathogenesis of lymphatic filariasis (Paxton
et al., 1993) and hence may have potential to serve as effective
components for immunodiagnostics and immunomodulation for
controlling pathology, (b) transport of Arachidonic acid and
metabolites (Kennedy, 2000), which in turn are involved in the
action of antifilarial drug, Diethylcarbamazine and hence
polymorphism of this gene, if exists, would affect the disease
outcome of the infection and the response of the parasite to DEC
treatment, and lastly (c) transports lipids from host to parasite
(Barrett et al., 1997) and has no counterpart in mammals
(Kennedy, 2000) and therefore forms a potential drug/vaccine
candidate. In fact recent studies have shown that it is a potential
candidate for vaccine development (McGibbon and Lee, 1990;
Vercauteren et al., 2004).

Amplification using gp15/400 gene specific primers (Paxton
et al., 1993) yielded a ladder like profile on gel with amplicons
ranging from approximately 400-1200 bp, in multiples of
400 bp (Fig. 1) from all the W. bancrofti isolates collected from
different geographic locations of India. A faint band of 1600 bp
was also observed in the case of some isolates. But, upon
repetition of amplification, it was found in all the isolates. This
is similar to that reported for Indonesian isolate of W. bancrofti
and other filarial nematodes, B. malayi and B. pahangi, by other
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Fig. 1. Amplification of gp15/400 repeat sub-unit of polyprotein allergen gene
from Wuchereria bancrofti mf collected from different geographic regions of
India (KK-1: Kozhikode, RM-10: Rajahmundry, VA-8: Varanasi and JG-5:
Jagadalpure. M-100 bp ladder).

workers (Paxton et al., 1993). These results thus showed that the
polyprotein gene had no size polymorphism among W.
bancrofti isolates originating from wide geographic areas of
India. The amplicons of the gp15/400 gene from geographical
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isolates were sequenced and compared after alignment. Since
sequences of many isolates were truncated at 5’ and 3’ ends,
sequences nucleotide positions between 144 and 359 only were
compared. It was evident from the comparison that the sub-
units of the gene are highly conserved within W. bancrofti
isolates, with very minimum nucleotide variation. The
variations were mainly at nucleotide positions 286 (A-G)
and 337 (C-T), which are synonymous. Thus, nucleotide
sequences of individual repeat units of the gene, although from
35 different isolates of W. bancrofti, were found to be highly
conserved between sub-units of an isolate, as well as between
sub-units of different isolates. The nucleotide sequence
alignment of the repeat sub-unit of gpl15/400 gene of W.
bancrofti from Pondicherry (PDS8) isolate with that of
Indonesian isolate (Paxton et al., 1993) showed that the latter
also had only three additional nucleotide variations, at positions
62 and 63, which lead to a change in amino acid (from K to I)
and at position 369 with no amino acid change (Fig. 2). The
consequence of change of an amino acid at this position needs
to be investigated for functional (phenotypic) changes at
protein level and at this stage it is difficult to predict such
changes. But for these variations the gp15/400 gene of W.
bancrofti might be conserved Pan-Asian region.

However, close examination of the chromatograms of the
nucleotide sequence data revealed the existence of that two
peaks at positions 286 and 337 (Fig. 3), indicating that at these
positions there might be (1) heterozygous alleles within an
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Fig.2. Alignment of nucleotide and derived amino acid sequences of gp15/400 repeat sub-unit of W. bancrofti from Jakarta, Indonesia (IND) and Pondicherry (PD), India.
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(A) (B)

Fig. 3. Chromograms of nucleotide sequences of gp15/400 repeat sub-unit of
W. bancrofti isolates showing two peaks at positions 286 (A) and 337 (B).

individual mf, (2) nucleotide variation between mf populations
(as the template DNA used for amplifications was from a
mixture of mf), or (3) nucleotide variation between different
sub-units of a gp15/400 gene. In any case when the nucleotide
variation within the gene is considered it appears that there
could be only two variations (either of the two or both) and only
at these positions. This is because, assuming that the gene is a
20-mer, as many as 35 sequences of the sub-units from Indian
isolates and also the Indonesian isolate exhibited variation only
at these positions. Further, since these variations are synon-
ymous they might not have any structural consequences to the
allergic protein, although can cause structural alterations at
mRNA level and hence expression (King et al., 2002). Also, the
two variations had no relevance to the geographic locations as
the isolates with the two different SNPs were observed in
parasite isolates from all geographic locations.

Thus, in the present study, a sub-unit of gp15/400 gene of W.
bancrofti was investigated for polymorphism among parasite
isolates collected from wide geographic areas of India,
spanning about 3000 km. The Indian isolates, as also the
Indonesian isolate differed from one another only at two
nucleotide positions, thus, indicating that the gene is highly
conserved across geographic boundaries. Since the nucleotide
variations are synonymous the protein structure of gp15/400 of
W. bancrofti isolates from different Indian regions is highly
conserved and this also is in agreement with that reported for B.
malayi and B. pahangi (Paxton et al., 1993). In cDNA
sequences of these parasites Tweedie et al. (1993) also found
that the two complete copies of these repeated segments were
identical. The present study has shown that the conformity of
gp15/400 sub-unit and hence the allergic peptide, is complete
within W. bancrofti populations of wide geographic areas of
India. Antigenic conformity is advantageous in that defined
preparations of such immunogens may well have a broad
spectrum of efficacy against different strains and species of
filariae. Such cross-protection has already been observed

following immunization with irradiated infective larvae (Storey
and Al-Mukhtar, 1982). Immunization of mice with ABA-1
conferred about 50% protection against challenge with Ascaris
species (McGibbon and Lee, 1990) and hence it will be
interesting to assess the immunogenicity of gpl5/400 of W.
bancrofti in experimental models of filariasis and in putatively
immune individuals in filariasis endemic areas. Also, there is a
report of variation in the clinical spectrum of lymphatic
filariasis between northern and southern Indian regions (Rao
et al., 1977), which was contended by Srividya et al. (1991) as
due to sampling error. Lack of polymorphism of gp15/400
protein between isolates from across the country also indicates
lack of support for such geographic variation in clinical
spectrum. Heterogeneity in response to DEC among micro-
filaria carriers is well known (Eberhard et al., 1991; Sankari
et al., 2006). Since this protein is involved in the transport of
Arachidonic acid and metabolites through which the antifilarial
drug is known to act, it is possible that its polymorphism protein
may affect the action of drug. However, the absence of
polymorphism of gpl15/400 of W. bancrofti shows that the
heterogeneity in response to drug is not at least due to the
polymorphism of this protein but may be due to that of other
proteins of the parasite or the host.

The alignment of NPA sequences of different nematodes
exhibited great variation, with a few to several transitions,
tranversions and indels. Kennedy (2000) has hypothesized that
the NPAs might have evolved through duplications occurred in
independent lineages or successive deletions or additional gene
conversion events, without affecting function. Diversity of
nucleotide sequence of sub-units of NPA’s appears to have a
relation with their life style and ancestral condition of the
progenitor of the species (Kennedy, 2000). Free living species
such as Coenorhabditis elegans, have units which are diverged
while parasitic forms have very similar or even identical units.
The diverse units appear to represent older amplifications while
more similar units indicate recent amplifications. Diversity of
units of the gene may provide alternative strategies for the
nematode to negotiate with the changing environments, such as
in the case of free living ones and opportunistic parasites that
infect more than one host. If this is the case the highly
conserved nature of units within a gp15/400 gene and between
genes of several geographically distant isolate of W. bancrofti
correlates well with highly obligate parasitic and the most
recent evolutionary nature of this parasite (Fig. 2). Interestingly,
the information on the nucleotide changes at various positions
of the repeat sub-unit of the gene of different nematode species,
even between lymphatic filarial parasites, and multicopy nature
has significant value in terms of diagnostic development, such
as development of simple PCR assays for differentiating
parasite species. The evolutionary pattern of the gene (Fig. 4)
also suggests that it is in parallel with location/site of infection
of parasites. The soil dwelling nematodes, such as strongylids
and rhabditids (including free living C. elegans), appear to have
ancestered the nematode as that inhabited abdomen and the
organs therein, which in turn gave rise to parasites (ascarids,
and early spirurids) which found place in further deep seated
organs such as heart and eyes. Human filarids represent
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Class Host Site of Infection  Disease

Spirurida Human Lymphatics Lymphatic filariasis

Spirurida Human Lymphatics Lymphatic filariasis

Spirurida Human Lymphatics Lymphatic filariasis

Spirurida Human Lymphatics Lymphatic filariasis

Spirurida Cat & Human  Lymphatics Lymphatic filariasis

Spirurida Human Lymphatics Lymphatic filariasis

Spirurida Rodent Lymphatics Cotton rat filariasis

Spirurida Human Eye Oculas Loiasis, Calabar swelling

Spirurida Buffalo Eye Blindness

Spirurida Dog Dog Heart Endocarditis

Spirurida Horse Neck, Ligament Onchocercias

Toxocara canis AF017742

Strongyloid

100

Strongyloi

o7 _: Dirofilaria immitis D88757
99 Onchocerca cervicalis AAD01627
o4 [ Ascaris lumbricoides AAD136562
100 100 * Ascaris suum AAB41117

Acanthocheilonema viteae AF017744
Ostertagia ostertagi CAA86821
Caenorhabditis elegans AY519857

ratti BG893875
stercoralis AAB97360 Rhabditida

Ascaridida Dog Eye (Retina) Ocular Toxocarisis

Ascaridida Human Intestine Ascariasis

Ascaridida Pig Small Intertine  Ascaris Pneumonia

Spirurida Rodent Eye Onchocerciasis type
Strongylida  Cattle Abdomen Ostertagiosis
Rhabditida Free living - -

Rhabditida Rat Intestine Strongyloidiasis

Human Small Intestine ~ Strongyloidiasis

Fig. 4. Dendrogram of nucleotide sequences of NPAs from different parasitic nematodes and free living Coenorhabditis elegans. It was constructed using MEGA 3.1
programme and with 1000 replicates and employing unweighted pair-group method with arithmetic mean (UPGMA).

probably the highest order of parasitic strategy and appear to
have evolved to dwell in a place free from immune challenge of
the host, viz., the lymphatics.

The phylogenetic tree (Fig. 4) constructed using nucleotide
sequences of NPAs of other nematodes, along with that of
filarial nematodes exhibited two clades, with one branching
earlier and consisting of Strogyloides species and the other
consisting of rest of the nematodes falling under in two sub-
branches. One of the sub-branches had lone free living member,
C. elegans and the other with all other parasitic nematodes.
Within the latter branch, lymphatic filarial parasites formed a
distinct and most recent clade, while animal filarids formed
early branching clades. Interestingly, within lymphatic filarial
parasites the zoonotic B. pahangi and B. malayi formed a group
distinct from strict human parasite, W. bancrofti. Human eye
dwelling parasite Loa loa and intestinal parasite Ascaris
lumbricoides grouped along with the animal filarids. The
second major clade comprised parasites that infect rodents,
canines, cattle, equines as well as humans. Generally, latest
branches showed tendency towards parasitizing humans.
Further, it appears that there is a similarity in the trend of
evolution of polyprotein genes and small sub-unit rDNA genes
of parasitic nematodes. Blaxter (1998) have proposed a
molecular evolutionary frame for the phylum nematode based
on the comparison of SSU rDNA nucleotide sequences. The
Phylogenetic tree constructed using the nucleotide sequence of
polyprotein gene of mammalian parasitic nematodes analyzed
in the present study also depicts similar picture, with few
exceptions. The filarial parasites and ascarids formed sister
clades, also similar to that observed with SSU sequence
analysis. This indicates that the two genes are evolving more or
less in a synchronous manner, possibly because both are repeats
and house keeping genes.

In any case the conserved nature of gp15/400 protein of W.
bancroffti, its function as a lipid carrier, property of binding to
molecules involved in the action of antifilarial drug, DEC and
involvement in the elicitation of immune reaction (Th2 type)
make it a good target for chemo/immunotherapy development.
Currently, work is in progress in our laboratory to express this
protein and explore it as a drug/vaccine target.
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