RESEARCH COMMUNICATIONS

13. Potdar, M. B., Sorghum yield modeling based on crop growth para-
meters determined from visible and near-IR channel NOAA-
AVHRR data. Int. J. Remote Sensing, 1993, 14, 895-905.

14. Shabanov, N. V., Zhou, L., Knyazikhin, Y., Myneni, R. B. and
Tucker, C. J., Analysis of inter-annual changes in Northern vege-
tation activity observed in AVHRR data from 1981 to 1994. I[EEE
Trans. Geosci. Remote Sensing, 2002, 40, 115-130.

15. Myneni, R. B., Los, S. O. and Tucker, C. J., Satellite based identi-
fication of linked vegetation index and sea surface temperature
anomaly areas from 1982-1990 for Africa, Australia and South
America. Geophys. Res. Lett., 1996, 23, 729-732.

16. Myneni, R. B., Tucker, C. J., Asrar, G. and Keeling, C. D., Inter
annual variations in satellite sensed vegetation index data from
1981 to 1991. J. Geophys. Res., 1998, 103, 6145-6160.

17. Tucker, C. J., Fung, I. Y., Keeling, C. D. and Gammon, R. H.,
Relationship between atmospheric CO, variations and satellite
driven vegetation index. Nature, 1986, 319, 195-199.

18. Pettorelli, N., Vik, J. O., Mysterud, A., Gailard, J. M., Tucker, C.
J. and Stenseth, N. C., Using the sattelite-derived NDVI to assess
ecological responses to environmental change. Trends Ecol. Evol.,
2005, 20, 503-510.

19. Smith, P. M., Kalluri, S. N. V., Prince, S. D. and DeFries, R. S.,
The NOAA/NASA Pathfinder AVHRR 8 km land data set. Photo-
gramm. Eng. Remote Sensing, 1997, 63, 12-31.

20. Gordon, H. R., Brown, J. W. and Evans, R. H., Exact Rayleigh
scattering calculations for use with the Nimbus-7 coastal zone
color scanner. Appl. Opt., 1988, 27, 2111-2122.

21. Rao, C. R. and Chen, J., Post launch calibration of the visible and
near-infrared channels of the Advanced Very High Resolution Ra-
diometer on NOAA-14 spacecraft. Int. J. Remote Sensing, 1996,
17, 2743-2847.

22. Singh, R. P. and Dadhwal, V. K., Comparison of space-based Mi-
crowave Polarization Difference Index (MPDI) and Normalized
Difference Vegetation Index (NDVI) for crop growth monitoring.
Indian J. Radio Space Phys., 2003, 32, 193-197.

23. Basist, A., Garrett, D., Grody, N. C., Ferraro, R. R. and Mitchell,
K., A comparison between snow cover products derived from
visible and microwave satellite observations. J. Appl. Meteorol.,
1996, 35, 163-177.

24. Wang, R. and Schmugge, T. J., An empirical model for the com-
plex dielectric permittivity of soil as a function of water content.
IEEE Trans. Geosci. Remote Sensing, 1980, 18, 288-295.

25. Singh, R. P, Oza, S. R., Chaudhari, K. N. and Dadhwal, V. K.,
Spatial and temporal patterns of surface soil moisture over India
estimated using surface wetness index from microwave radiometer
(SSM/I). Int. J. Remote Sensing, 2005, 26, 1269-1276.

26. Lakshmi, V., Wood, E. F. and Choudhury, B. J., Evaluation of
special sensor microwave/imager data for regional soil moisture
estimation over the red river basin. J. Appl. Meteorol., 1997, 36,
1309-1328.

27. Owe, M., Jeu, R. D. and Walker, J., A methodology for surface
soil moisture and vegetation optical depth retrieval using the
microwave polarization difference index. IEEE Trans. Geosci.
Remote Sensing, 2001, 39, 1643-1653.

ACKNOWLEDGEMENTS. We thank Dr R. R. Navalgund, Director,
SAC, J. S. Parihar, Group Director, Agricultural Resources Group and
Dr S. Panigrahy, Head, Agro-ecology and Management Division. Ahmed-
abad for encouragement and guidance. We are grateful to Dr V. K.
Dadhwal, Indian Institute of Remote Sensing, Dehradun for guidance. We
also thank the National Climatic Data Centre (NOAA/NESDIS) and
Goddard Space Flight Center, Distributed Active Archive Centre for
providing SSM/I wetness and NOAA-AVHRR data respectively.

Received 29 May 2006; accepted 5 August 2006

CURRENT SCIENCE, VOL. 91, NO. 9, 10 NOVEMBER 2006
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Development of sensitive as well as low-cost immuno-
diagnostics for detection of infected individuals would
be an important step towards reaching the goal of lym-
phatic filariasis elimination by 2020. In an earlier study,
using soluble antigens of adult Sefaria digitata, we
have shown that an antigen fraction in the molecular
weight range 14 to 20 kDa can induce differential Th1/
Th2 immune response in the PBMC of the endemic
normal (EN) and asymptomatic microfilaraemic (ASM)
individuals residing in bancroftian filariasis endemic
areas. In the present study, using 2D immunoblot we
are able to show that two antigens of 17 and 18 kDa
molecular weight and pI of 5-5.5 are recognized by
the IgG4 isotype antibodies, a marker for active parasite
infection, present in the sera of ASM but not in that of
EN individuals. Elevated antigen-specific IgG4 antibodies
in the blood are the indicators of circulating parasite in
infected individuals who do not have apparent clinical
symptoms of filariasis. Thus, we suggest that these two
antigens can be explored for the immunodiagnosis of
lymphatic filariasis.

Keywords: IgG4 isotype immunoblot, immunodiagnosis,
low molecular weight antigens, lymphatic filariasis, Setaria
digitata.

LYMPHATIC FILARIASIS (LF) is recognized as one of the
world’s most disabling diseases'. The disease is caused in
humans by infection with the filarial nematode Wuchereria
bancrofti, Brugia malayi or Brugia timori and continues
to be a major public health problem in many of the tropical
countries. The World Health Organization® has declared
lymphatic filariasis to be the second leading cause of perma-
nent and long-term disability worldwide and has targetted
to eliminate LF globally by 2020. The disease manifests
itself in a broad clinical spectrum. Individuals living in a
filaria endemic area can be categorized on the basis of their
clinical symptoms and parasitological as well as immu-
nological profile into three broad groups, namely endemic
normals (EN), asymptomatic microfilaremic individuals
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(ASM) and chronic filarial patients (CH). The EN individuals
despite living for a long time in a filaria endemic area and
getting exposed to filarial parasite infective larvae through
repeated mosquito bites, do not show any clinical symp-
toms of filariasis, do not have microfilariae or circulating
filarial antigens (CFA) in their blood and do not have
high titres of filaria parasite antigen-specific IgG4 isotype
antibodies in their serum. The ASM individuals also do not
show any apparent clinical symptoms of filariasis, while
in most of them there is sub-clinical lymphatic damage*.
They have microfilariae and CFA in their blood and have
high titres of filaria parasite antigen-specific IgG4 isotype
antibodies in their serum’. The chronic filarial patients
manifest obstructive filarial pathology and may or may not
have microfilariae and CFA in their blood™*.

For successful mass chemotherapy programmes in
countries like India, which account for about 40% of the
global prevalence of LF®, development of immunodiagnostic
methods that are cheap and sensitive and can be used for
rapid detection of infected individuals is an important re-
quirement. Since W. bancrofti antigens are scarce, hetero-
logous parasite antigens have been often used to analyse
the immune response of humans in filariasis. The cattle
filarial nematode, Setaria digitata is similar to the W. ban-
crofti parasite in its morphology, histology, response to
drugs and antigenicity”®. Our earlier study had shown
that the 14 to 20 kDa antigen fraction of adult S. digitata
could induce differential Th1/Th2 immune response in
the PBMC of EN individuals in comparison to ASM indi-
viduals®, Such differential response is mediated by cyto-
kines, but the biochemical nature of the antigens that
induce such differential cytokine response is not known. It
is well established that antibody responses to filarial parasites
in humans are dominated by the IgG4 subclass’'!, which
is known to be a marker of active infection®. The parasite
antigen-specific antibody isotype balance is greatly influ-
enced by the clinical nature of the disease'>". In the present
study, using 2D immunoblot, we have tried to identity the
IgG4-reactive antigens present in the 14-20 kDa fraction of
S. digitata adult soluble antigens.

Healthy human volunteers from both sexes and in the
age group of 20 to 45 years (mean age: 25 years) residing in
Khurda district, Orissa, India (within 20° lat. and 86°
long.), which is endemic for bancroftian filariasiss, were
selected for the present study. They were screened for their
microfilaremia status by examining finger-prick blood
samples collected from them around midnight. Sera of those
individuals who were negative for microfilariae were exam-
ined for the presence of CFA by Og4C3 ELISA'® as rec-
ommended by the manufacturer (JCU Tropical Biotechnology
Pvt Ltd, Brisbane, Australia). The limit for positivity was
100 U of Ag per ml. EN individuals who were negative
both for microfilariae and circulating filarial antigen were
longitudinally followed up for at least three years to establish
their truly infection-free status. Only those individuals
who had no microfilariae or circulating filarial antigen in
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their blood and did not have high titres of filarial parasite
antigen-specific IgG4 isotype antibodies in serum and were
healthy without any clinical symptoms of filariasis at the
end of three years were selected as EN subjects. Indivi-
duals who were microfilariae-positive, had high levels of
circulating filaria antigens in their blood and had high titres
of filaria parasite antigen-specific IgG4 isotype antibod-
ies but were otherwise healthy and free from clinical
symptoms of filariasis were selected as ASM individuals.
EN as well as ASM individuals were included in the study
after obtaining their informed consent.

Venous blood collected from EN and ASM individuals
in the study population was allowed to clot, serum samples
were aspirated out and centrifuged. The clear supernatants
were aliquoted and were stored at —20°C till further use.

Live S. digitata adult parasites were collected from
peritoneal cavity of freshly slaughtered cattle, and washed
with sterile PBS (137 mM NaCl, 2.7 mM KCI, 4.3 mM
Na,HPO,.7H,0, 1.4 mM KH,PO,), pH 7.3 to remove ad-
herent cells and serum proteins. After washing, the worm
extract was prepared by disrupting the parasites in PBS
containing protease inhibitors (1 mM EDTA, 1 mM EGTA,
2 mM PMSF, 0.1 mM TPCK, 0.2 mM TLCK) and 1.5%
n-octyl glucoside, in a ground-glass homogenizer''. The
extract was allowed to stand for an hour, after which it was
centrifuged at 10,000 rpm for 30 min and supernatant was
collected. The entire operation was carried out at 4°C.
Protein concentration of the extract was measured according
to Lowry'’. The extracts were aliquoted and stored frozen
at-70°C.

The parasite antigen extract was analysed using 2D
polyacrylamide gel electrophoresis (2D PAGE). Isoelectric
focusing (first dimension run) was performed in a Mini-
Protean II electrophoresis cell (Bio-Rad Laboratories,
Richmond, CA) following standard protocol'®, as given in
the manufacturer’s instructions. CHAPS was used as deter-
gent. The antigen extract (50-60 g protein) was loaded
into the sample reservoirs. After the first-dimension run, the
gels were equilibrated with second-dimension sample buffer
for 10-15 min at room temperature and loaded onto the
slab gel for the second-dimension run. The IEF gels not
used immediately were stored at —70°C in sample equili-
bration buffer. SDS-PAGE (second-dimension run) was
carried out in a Mini-Protean II electrophoresis cell (Bio-
Rad Laboratories) using a 5% (w/v) stacking gel and 10%
(w/v) separating gel'”. After electrophoresis, the gels were
either equilibrated in transfer buffer for 5 min to be trans-
ferred to nitrocellulose (NC) membrane for 2D Western
blot or were stained with Coomassie blue R-250 for visu-
alization of the protein spots. The pI and molecular weight
of the protein bands were determined with reference to
standards (SIGMAMARKER, M-4038) and Bio-Rad 2D
PAGE markers.

Determination of antigen-specific IgG4 isotype anti-
body titre, in the sera of ASM (n =20) and EN (n = 20)
individuals, was carried out by ELISA using S. digitata adult
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Figure 1.

2D PAGE analysis of Setaria digitata adult (mixed) soluble antigens. Isoelectric focusing in

the first dimension followed by SDS-PAGE (Laemmli, 10% acrylamide) in the second dimension sepa-
rated the antigens. 2D SDS-PAGE markers (BIO-RAD) were also run with the samples. The side lane
shows SDS-PAGE profile of the antigens. Proteins/polypeptides were visualized by staining with

Coomassie blue.
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Figure 2. Titer of S. digitata adult soluble antigen (SdA)-specific 1gG4
isotype in sera of EN (n =20) and ASM (n = 20) individuals, deter-
mined by ELISA.

soluble antigens''. EN and ASM sera were used as primary
antibodies at serial dilution. The following antibodies
were used at the respective dilutions: mouse anti-human
IgG4 (1/5000), peroxidase conjugated goat anti-mouse Ig
(1/7500) (Sigma, USA). ABTS (Sigma) and H,O, were
used for development of colour and microplate (Nunc)
was read in a microplate reader (BIO-RAD Model 550) at
405 nm.
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S. digitata adult, soluble antigens separated on 2D gels
(Bio-Rad Mini-PROTEAN 1II) were transferred to NC
membrane (0.2 m pore size)”’. The membrane containing
separated antigens was blocked with TBS-T containing
2% BSA for 4 h at room temperature (RT). EN and ASM
sera were used at 1/50 dilution and the membranes were in-
cubated overnight (RT). Mouse anti-human IgG4 mono-
clonal antibodies (Sigma) were added at a dilution of
1/5000. Peroxidase-conjugated goat anti-mouse immu-
noglobulins (Sigma) diluted 1/10,000 was added for an
hour at RT, before final washing and addition of 0.06%
DAB in 100 mM Tris-Cl pH 7.6 with 0.1% H,0, for 10
to 15 min until colour developed.

Profile of the S. digitata adult soluble antigens was
analysed using 1D and 2D gel electrophoresis (Figure 1).
As seen by Coomassie blue staining of SDS-PAGE-separated
proteins, there are a large number of antigens ranging in
molecular weights from 200 to 14 kDa. The 2D SDS-PAGE
profile shows that the antigens have pl ranging from 6.6
to 4.6. It is known that parasite antigen-specific IgG4 iso-
type is the predominant antibody present in the sera of
ASM individuals compared to that of EN individuals. We
also observed high titres of IgG4 isotype antibodies in the
sera of ASM individuals compared to EN individuals (Figure
2). It has been demonstrated that in individuals with elevated
IgG4, the B-cell compartment in PBMC carries cells that
are already committed to IgGG4 production and these commit-
ted cells can be stimulated to release large amounts of
IgG4 in an IL-4- and IL-13-independent manner’'. The
balance between the IgG4 and IgE influences the outcome
of the infection.

The antigens reacting with the IgG4 antibodies present
in the sera of ASM and EN individuals were analysed by
2D immunoblot (Figure 3). The ASM sera recognized
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2D immunoblot. 2D PAGE was carried out. After the second dimension run, proteins were electro-

phoretically transferred to nitrocellulose membrane and probed with ASM sera (a) or EN sera (b) at a dilution of
1/50 to obtain 1gG4 isotype antibody reactive S. digitata adult soluble antigens.

larger number of antigens than the EN sera. The IgG4 anti-
bodies present in the sera of ASM individuals (12 out of
12 tested) reacted with a set of low molecular weight, viz.
52,49, 39, 34,325, 31, 18 and 17 kDa antigens besides
the high molecular weight, viz. 116 and 106 kDa antigens
(Figure 3 a). The sera from EN individuals (10 out of 12
tested) however, recognized only two antigens, viz. 32.5 and
31 kDa (Figure 3 b). Some EN sera (2 out of 12 tested)
recognized a 97 kDa antigen (immunoblot not shown).
Human antibody response to filarial parasite antigens
tends to be dominated by IgG4 subclass of antibodies, which
is the least abundant antibody isotype present in normal
serum'**. 1gG4 acts as a blocking antibody and competes
with IgE antibodies for allergen and thus dampens IgE-
mediated immune reactivity'>***°. This isotype antibody
plays an important role in modulating IgE-mediated allergic
responses in vivo and have been implicated in the develop-
ment of immunopathology as well as establishment of
successful host—parasite relationships in helminthic infec-
tions'***,
Low molecular weight antigens are reported to be sele-
ctively recognized by the sera of ASM individuals in fi-
is>***_ These observations are supported by Western
blot data generated using sera of persons infected with W.
bancroﬁilz, B. malayizo’%, 0. volvulus®™ and . digitata
parasite®. A similar phenomenon was also reported in
schistosomiasis®, In onchocerciasis, it is known that low
molecular weight antigens perform well in serodiagnostic
tests, due to good recognition of these smaller antigens by
the sera of the patient’’ ™. Several explanations have been
offered for this. The smaller proteins may be heavily repre-
sented in the secretion of parasites, which are most readily
exposed to the host immune system; they may form a re-
lated family of antigens capable of inducing strong Th2
response and most speculatively, filarial parasites may inter-
fere with the processing of larger proteins, thereby accen-
tuating the response to antigens with low molecular
weight”’. Such low molecular weight antigens have also
been shown by us to induce a differential Th1/Th2 cytokine
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response in the PBMC of ASM individuals®. EN individuals
show a preferential Thl cytokine response (high IFN-y, IL-
12 and low IL-4, IL-10), whereas ASM individuals show
a preferential Th2 cytokine response (high IL-4, IL-10
and low IFN-vy, IL-12) when the PBMC of individuals of
these two categories was sensitized by S. digitata adult
soluble antigen fraction 5 (14-20 kDa antigens) in vitro®.
In the present study, using 2D immunoblot we could show
that there are two IgG4-reacting antigens in this antigenic
fraction, viz. 17 and 18 kDa. The potential of the antigens
identified in the present investigation needs to be evaluated
in a larger number of sera samples from filariasis endemic
areas.
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Eighteen specialty mushroom germplasm accessions
were collected from Udaipur (Rajasthan) and charac-
terized using DNA fingerprinting and ribosomal
rRNA gene sequencing. Phylogenetic analyses based
on RAPD profiles and nucleotide sequence of 5.8S
rRNA gene along with its spacer regions revealed varia-
tion of inter-generic and intra-species isolates among
accessions. Based on ITS sequence polymorphism,
seven isolates were identified as Podaxis pistillaris,
four as Phellinus igniarius, one as Gymnopilus subearlei
and six as Phellorinia herculea. The similarity matrix
revealed very high intra-species homology (99.5-100%)
and significant inter-generic diversity (21.2-37.7%).
G. subearlei and P. herculea have been discovered as
new additions to the Indian basidiomycetes biodiver-
sity.
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