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Abstract Cycas circinalis L. or queen sago is a
common ornamental gymnosperm in tropics and
subtropics. The objectives of the study were (a) to
observe the seasonal variation of queen sago pollen in
the atmosphere of a rural and an industrial area of West
Bengal, India, (b) to visualize its allergenic potential on
local population, and (c) to identify and isolate the
important IgE-binding protein component present in
the pollen extract. A two-year aerobiological survey
was performed with Burkard personal volumetric
sampler, and Cycas pollen was found to be present in
air during April-July. Among 172 respiratory allergic
patients of study area, 25.58% showed skin reaction to
Cycas pollen extract. The allergenicity of the pollen
extract was confirmed by in vivo (skin reaction test)
and in vitro (IgE-ELISA and dot blotting) analyses and
immunoblotting. Two components of 39.6 and
20.7 kDa were found to be the important IgE-binding
proteins in pollen extract. The 20.7 kDa component
was purified by two-step gel electrophoresis and it was
found to retain its IgE reactivity. This component can
be used for further work in diagnostic and therapeutic
purpose in susceptible individuals. The overall study
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demonstrated that the pollen grains of Cycas circinalis
is one of the important aeroallergen source of West
Bengal, India,
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1 Introduction

The gymnosperms are members of naked-seeded
flowering plant groups with exposed seeds through-
out all stages of development. These are always
wind-pollinated and hence have a high potential to
cause pollen allergy in susceptible individuals. Pollen
of several gymnosperm family members like Cryp-
tomeria japonica (Cupressaceae), different species of
Pinus (Pinaceae), Taxus (Taxaceae), Cupressus ari-
zonica (Cupressaceae), etc., were found to be aller-
genic from different parts of the world (Madoka et al.
1999; Maeda et al. 2008; Marcos et al. 2001; Rocha-
Estrada et al. 2008; Sahali et al. 2009).

In India, West Bengal is a state in the eastern region.
It has a great climatic diversion, resulting in a
vegetational diversity of this state. The major airborne
pollen types causing pollinosis in West Bengal are
from: Poaceae family, Alstonia scholaris, Azadirachta
indica, Borassus flabellifer, Carica papaya, Cassia sp.,
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Catharanthus roseus, Cocos nucifera, Delonix regia,
Peltophorum pterocarpum, Phoenix sylvestris, and
others (Boral and Bhattacharya 2000; Chakraborty
et al. 1998a, b; Mandal et al. 2008). All of the above
pollen members showed positive skin reaction (max-
imum for Poaceae members up to 77.6%) on suscep-
tible patients. This is for the first time a gymnosperm
pollen member is studied for allergic and immuno-
chemical analyses from this state of India.

Queen Sago (Cycas circinalis L.) is a medium-
sized woody cycad (Cycadaceae family), widely
spread throughout the Asia—Pacific and a popular
garden plant. The plant releases a remarkable number
of pollen grains in the air during flowering period.

The objective of the present paper is to study the
following aspects:

1. The seasonal variation of Cycas circinalis L.
pollen grains in the atmosphere of an industrial
and rural area of West Bengal, India.

2. To know the role of Cycas pollen in causing
respiratory allergy in the population of both the
study area by in vivo and in vitro assays.

3. To identify the immunoglobulin E (IgE) binding
proteins present in the pollen grains of C.
circinalis.

2 Materials and methods
2.1 Aerobiological studies

An aerobiological study was conducted for 2 years
(January, 2003 to December, 2004) in Durgapur (an
industrial township) and in Sriniketan (a rural area) of
West Bengal, India. The sites (Fig. 1) are situated at a
distance of about 40 km along the borderline of Chota
Nagpur Plateau with average elevation of 65 m
(Durgapur, 23.48°N 87.32°E) and 49 m (Sriniketan,
23.68°N 87.68°E). To record the seasonal periodicity
of airborne Cycas circinalis pollen in the atmosphere,
sampling was performed by Burkard personal volu-
metric sampler (Burkard Manufacturing Co., UK). The
sampler in each site was placed about 1.5 m above
ground level. The sampler was run for 10 min twice in
a day (6.00 h and 18.00 h). The slides were regularly
scanned microscopically as per guideline of The
British Aerobiology Federation (1995) to study the
seasonal variation of airborne Cycas circinalis pollen.
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Fig. 1 Map of West Bengal, India showing study sites

The pollen grains of Cycas circinalis are mono-
aperturate (1-sulcate), oblate in shape, size + 24.0/
32.0 um, length/breadth of aperture is =+ 12.5/
1.5 pm, pollen wall (exine) is £ 1.0 um thick with
smooth surface (Fig. 2). During the flowering period
of Cycas, the prevalent atmospheric pollen types in
the study area were Areca catechu, Carica papaya,
Delonix regia, Peltophorum pterocarpum, and Poa-
ceae members.

Fig. 2 Cycas circinalis pollen grains
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2.2 Source material and preparation of allergen
extract

Fresh pollen samples were collected from mature
sporangia of male cone of the selected plants during
peak pollination months. The pollen samples con-
taining >95% purity were extracted with phosphate
buffered saline (PBS, 0.1 M Na-phosphate containing
0.9% NaCl, pH 7.2, PMSF, EDTA) at 4°C for 16 h in
1:10 (w/v) ratio. The pollen extract was then
centrifuged at 10,000 rpm for 30 min at 4°C. The
supernatant was collected and stored in aliquots in
sterile vials at —20°C. The total soluble protein
content of the pollen extract was estimated (Lowry
et al. 1951) using BSA as standard.

2.3 Symptoms and questionnaire

In the present study, patients were selected from the
locality around the aerobiological sampling sites.
During the pollen season, every patient kept a diary to
record daily symptom affecting lungs (breathlessness,
tight chest, cough, wheeze), nose (sneezing, runny,
blocked), eyes (itching, redness, swelling), mouth,
and throat (itching and dry). The patients showing
such symptoms corresponding to the pollen season
were chosen. A standardized questionnaire could not
be used in the survey as its translated version in local
language was not available. The in vivo tests were
performed through skin prick test on those patients
only. The in vitro tests (ELISA, dot blotting and
immunoblotting) were performed with serum-IgE
collected from those patients. In both the in vitro and
in vivo tests, the results were compared with that of
the non-atopic subjects of the same locality.

2.4 Skin prick test

Skin prick tests were carried out for a set of airborne
allergenic pollen along with Cycas following the case
history. The allergen extracts were prepared by
extracting the pollen at 95% purity with 0.1 M PBS
(1:50 w/v) (Sheldon et al. 1967). These were tested
on adult respiratory allergic patients of the study site
showing allergic symptoms during the pollen season
with relevant symptoms of allergic rhinitis and
asthma. It was reported that these plants grew in the
localities of the patients. All the patients attended the
Allergy Clinic of The Institute of Child Health,

Calcutta. Histamine diphosphate (1 mg/ml) and PBS
were used as positive and negative controls, respec-
tively. Tests were performed with 20 pl pollen
extract placed on the ventral side of the forearm with
a 26 G. disposable hypodermic needle. According to
international guidelines, positivity was defined as
mean wheal diameter >3 mm compared with nega-
tive control (Dreborg and Frew 1993). The wheal
response was measured after 15 min and graded +1
to +3 level (41 = erythema, <20 mm in diameter;
+2 = erythema, >20 mm in diameter; +3 = wheal
and erythema) according to Stytis et al. (1982).

Sera were collected from the patients with 42 or
+3 level skin reaction to whole pollen extract. None
of the patients were receiving immunotherapy during
the time of sera collection. Control sera were
collected from non-atopic healthy volunteers (con-
firmed by negative skin reaction to the panel of
allergenic pollen extracts and IgE-ELISA, as
described earlier) and having no history of allergic
or systemic diseases in them. The consent of the
patient was obtained prior to sera collection. The
whole programme of work was approved by the
Ethics Committee of the hospital.

2.5 Enzyme-linked immunosorbent assay
(ELISA)

The ELISA was performed to measure the Cycas
circinalis pollen-specific IgE levels with the crude
pollen extract against pooled patients’ sera according
to Engvall and Pearlman (1971). Antihuman IgE-
alkaline phosphatase conjugate (Sigma Chemical Co.,
USA) was used as second antibody, and pNPP was
used as substrate. The absorbance was measured with
an ELISA reader at 405 nm. The individual patient
having P/N (the ratio of OD of patient sera with respect
to control) value >3.5 were selected for further study.

2.6 IgE-specific dot blotting

The Dot blotting was performed (Singh and Knox
1985) on the pieces (3 x 1 inch) of PVDF membrane
to qualitatively compare the IgE reactivity of the
pollen extract with the positive serum to that of the
normal serum. Antihuman IgE-alkaline phosphatase
conjugate (Sigma Chemical Co., USA) was used as
second antibody. The phosphatase positive spots were
detected using NBT/BCIP as substrate.
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2.7 Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS—-PAGE)

The SDS-PAGE of crude pollen extract was carried
out on 12% acrylamide gel using discontinuous
buffer system according to Laemmli (1970). The
extraction of the soluble protein was made in sample
buffer (0.5 M Tris-HCl, pH-6.8, 2% SDS, 5%
glycerol, 5% B-mercaptoethanol, 0.1% bromophenol
blue dye) with heating for 5 min at 100°C before
loading. The gel run was made in Tris—glycine buffer
(pH 8.3) with 0.1% SDS. The gel was calibrated with
molecular weight markers.

2.8 IgE-specific immunoblotting

The Immunoblotting was performed onto PVDF
membrane according to Sambrook et al. (1989). After
the transfer, one strip of the membrane was stained
with comassie brilliant blue to ensure the complete
transfer of the protein bands onto the PVDF mem-
brane. These membranes were incubated with block-
ing solution (0.1 M PBS containing 3% BSA) for
overnight. Then the membrane was incubated with
pooled patients’ sera diluted (1:2 v/v) in blocking
buffer for 16 h at 4°C, after which the membrane was
washed in PBS containing 0.02% Tween 20 (PBST)
for 3 x 10 min under gentle shaking. Then the
membrane was incubated with antihuman IgE-alkaline
phosphatase conjugate in blocking solution (1:500) for
4 h at room temperature, and this was followed by
3 x 10 min washing with PBST. The IgE-reactive
bands were detected with NBT/BCIP as substrate.

2.9 Purification of 20.7 kDa allergen by two-step
gel electrophoresis

For purification of protein, 100 mg pure pollen of C.
circinalis was dissolved in 1 ml (1:10 ratio) phos-
phate buffer, and the protein concentration was
measured to be 16 mg/ml. The extract was lyophi-
lized and then dissolved in 100 pl sample buffer and
applied in primary gel. The gel was run with marker
in one lane and the rest lanes were joined to form a
single lane and the crude extract was run in a single
lane. Thus, 16 mg protein was run in a single lane.
The run was made in a 75 mm thick 12% gel. The gel
was stained with 0.3 M CuCl, (Lee et al. 1987). After
staining, the gel was rinsed with water for 2-3 min to
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remove excess stain. Bands of interest were carefully
excised without any contaminating bands and put in
the well of a secondary 1 mm thick 12% gel and
electrophoresed.

After electrophoresis, the gel was again stained
with CuCl, and the single protein band was again cut
very carefully with a sharp cutter from the gel and
destained with 25 mM Tris—-Gly (pH 8.3) for 10 min
in a shaker. Then the gel slice containing desired
band was rinsed with water 3—4 times and immersed
in extraction buffer (25 mm Tris—=HCL and 25 mM
EDTA). Extraction of the protein from gel was done
in room temperature in a shaker for 24 h. This was
centrifuged at 10,000 rpm for 30 min and the super-
natant was collected. The supernatant was dialyzed
extensively against PBS to remove Cu and EDTA
(Levy et al. 2001). Total protein content of the
dialyzed samples was measured, and then the sample
was lyophilized and kept for further study.

The Immunological assay of the purified protein
was done by ELISA and IgE-specific immunoblotting
as described before with the same patients’ sera.

3 Results
3.1 Aerobiological survey

The pollen of Cycas circinalis showed its restricted
atmospheric distribution from May to July in Durga-
pur and from April to July in Sriniketan with a peak
in the month of May in Durgapur and June in
Sriniketan (Fig. 3). The annual average contribution
of this pollen type was 180 pollen in Durgapur and
480 pollen in Sriniketan. During the peak months, on
an average, the pollen grains contributed 0.55% and
1.60% of the total aeropollen load in Durgapur and
Sriniketan, respectively.

The chemical studies revealed a high percentage of
protein (16.0%) in Cycas circinalis pollen.

3.2 Skin prick test and ELISA

Skin test was performed with the whole pollen extract
of Cycas circinalis on 172 patients having relevant
case history from the study area. As much as 25.58%
(44 individuals) showed positive response exhibiting
+1 or more reaction level. Sera were collected for
ELISA from 15 patients showing +2 level or more



Aerobiologia

250

200

150

Pollen

100

50

Jan Feb mar Apr May Jun Jul Aug Sep Oct Nov Dec

| ODurgapur lSriniketan|

Fig. 3 Concentration of airborne Cycas circinalis pollen in
two study sites

positive reaction to crude pollen extract on skin
reaction (Table 1). The serum of each patient was
tested individually against pollen allergen to detect
the presence of specific IgE titer. The result of ELISA
was expressed in terms of P/N value. P/N value >3.5
were considered as significant and kept for further
analysis. Nine out of 15 patients showed high level of
IgE titer against C. circinalis allergen (Table 1).

3.3 IgE-specific dot blotting

IgE-specific dot blotting was performed on the same
selected patients to observe the IgE reactivity of the

C. circinalis pollen allergen. Here, allergic patients’
sera gave dark spot (Fig. 4A) with pollen allergen,
while control sera collected from non-atopic patients
did not show dark spot (Fig. 4B).

3.4 Sodium dodesyl sulfate—polyacrylamide gel
electrophoresis

In 12% reducing SDS-PAGE, allergenic extract of
Cycas circinalis pollen revealed the presence of 17

protein bands between the molecular weight range of
12.3-113.4 kDa (Fig. 5).

3.5 IgE-specific immunoblotting

Eight out of nine selected sera of Cycas circinalis—
sensitive patient population were used for IgE-
specific immunoblotting to detect the IgE reacting
protein bands present in Cycas circinalis pollen
extract. Several protein bands were found to be IgE
reactive when blotted against individual patients’ sera
(Fig. 6), but two protein bands of Cycas circinalis
pollen of molecular weight 39.6 and 20.7 kDa
exhibited IgE reactivity against all the sera of patients
that showed positive reaction on SPT. These two
proteins (39.6 and 20.7 kDa) are found to be
important IgE-binding protein components of Cycas
circinalis pollen.

Table 1 Clinical characteristics of the patients selected for the study

Sl. Sex Age Symptoms? FEV1% SPT IgE-ELISA Co-sensitization
no. (years) predicted reaction P/N value with other pollen
1 M 44 AR 82.4 +2 3.17 Alstonia, Cocos
2 M 57 AR + BA 79.1 +2 3.51 Peltophorum

3 M 51 AR + BA 86.5 +2 3.70 Cocos, Eucalyptus
4 F 41 BA 85.2 +1 3.55 Areca, Borassus
5 M 33 AR 81.9 +1 2.79 Phoenix, Poaceae
6 M 38 AR + BA 72.5 +2 3.75 Delonox, Poaceae
7 F 26 AR 91.5 +1 3.27 Alstonia

8 M 49 AR + BA 83.2 +2 3.56 Areca, Poaceae

9 M 55 AR + BA 73.4 +3 3.83 Eucalyptus

10 M 28 AR 90.1 +1 2.78 Carica, Cocos

11 F 39 AR + BA 88.2 +2 3.64 Cocos

12 F 35 AR 90.8 +1 2.70 Poaceae

13 M 62 BA 82.7 +2 3.69 Phoenix

14 M 32 AR + BA 78.1 +2 3.62 Borassus, Carica
15 M 46 AR 87.2 +1 3.37 Cocos, Delonix

% AR Allergic rhinitis, BA bronchial asthma, FEV]I forced expiratory volume in one second
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Fig. 4 IgE specific Dot Immunoblotting with pollen allergenic
extract of Cycas circinalis. A Positive spot, B Negative spot
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Fig. 5 12% SDS-PAGE of total soluble protein of Cycas
circinalis pollen. A Molecular weight marker, B Crude pollen
extract coomassie brilliant blue C Crude pollen extract stained
with copper chloride, D Purified 20.7 kDa allergen

3.6 Purification of 20.7 kDa allergen by two-step
gel electrophoresis

We have purified the 20.7 kDa protein component
from the Cycas pollen extract following the protocol
of two-step gel electrophoresis, namely, primary and
secondary gel electrophoresis. This component was
found to be one of the two important IgE-binding
proteins detected in Cycas circinalis pollen. The
protein concentration was estimated to be 950 pg/ml.

The purity of the extracted protein was checked
with 12% SDS-PAGE (Fig. 5D). The IgE-binding
capacity was checked by IgE-specific ELISA and
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Fig. 6 Immunoblot analysis of Cycas circinalis pollen extract
with sensitive patients sera. A Molecular weight marker,
B Protein bands transferred to PVDF membrane, C Control
serum 1-8. Sera of sensitive patients

immunoblot analyses. IgE-specific immunoblotting
with purified 20.7 kDa Cycas circinalis pollen aller-
gen against two patients’ sera (with high P/N value)
showed the protein to be IgE reactive (Fig. 7).

4 Discussion

Pollen grains are established source of aeroallergens
to cause respiratory allergy and allergic asthma
(Chanda 1994; Bousquet et al. 2010). Beside the
angiosperms, gymnospermic plants also produce a
huge number of pollen in air and reported to be
allergenically significant (Gastaminza et al. 2009).
For example, in Japan, it was reported that the most
common type of pollinosis is caused by Cryptomeria
Jjaponica (Morita et al. 2009).

In the present study, we have described the role of
airborne Cycas circinalis pollen grains as potential
aeroallergens from an industrial township and a rural
area located near the borderline of Chota Nagpur
plateau in the state of West Bengal, India. After
clinical and immunobiochemical studies, we have
identified two protein components of 20.7 and
39.6 kDa molecular weight as important IgE-reactive
proteins.
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Fig. 7 Immunoblotting of 20.7 kDa Cycas circinalis purified
allergen with sensitive patient sera. A Molecular Weight
Marker, B Crude allergen extract transferred to PVDF
membrane 1 & 2 Immunoblotting with sensitive patients sera
3. Immunoblotting with control serum

The two-year continuous aerobiological survey in
two different biozones demonstrated that the pollen
grains of Cycas circinalis are commonly found to be
airborne during pollination months (April-July). It
was found that though Cycas tree flowers for a short
period, its pollen grains contributed a moderate
amount (180—480 pollen) in the total aeropollen load
in peak months. A two-year study, especially with
this kind of sampling, is not enough for extrapolating
a pollinating pattern. For a better understanding of
pollination and periodicity pattern, a continuous
volumetric sampling equipment was necessary, which
could not be possible to use here due to lack of power
supply in the rural site.

The results of SPT on 172 patients of the survey
area along with specific IgE-ELISA and IgE-specific
dot blotting results demonstrated the allergenic
potential of Cycas circinalis pollen in susceptible

individuals during the pollen season. Pollen grains of
Cycas circinalis were clinically found to be aller-
genic showing 25.58% positivity in skin reaction.

Finally, the 20.7 kDa protein, i.e., one of the
important IgE-binding components in our study was
purified by two-step gel electrophoresis method. On
SDS-PAGE profile, this protein band appeared as thick
band compared with other bands and thus, it became
easier to cut this band and to perform its extraction
from gel. The copper-staining method was followed for
staining and extraction of protein from gel that made
protein band visible on SDS gel without harsh fixing
process, which enabled to extract protein efficiently
from the gel for further analysis. The copper-stained
SDS gel gave clear protein on blue green opaque back
ground speculated to be the presence of SDS-Cu™
complex that precipitated in the background gel and the
absence of such precipitation in protein-rich region.
The concentration of protein after extraction was
measured to be 0.95 mg/ml. Thus, the efficiency of
extraction seems to be quite high. The IgE-immuno-
blotting with two individual sera from a population of
15 Cycas circinalis-sensitive patients with P/N value
for IgE >3.5 revealed the 20.7 kDa component of
Cycas circinalis pollen to be potentially IgE reactive.
From West Bengal, in some angiosperm pollen types
like Areca (Chakraborty et al. 2009), Azadirachta
(Karmakar and Chatterjee 1994), Borassus (Chakr-
aborty et al. 1998a), Carica (Chakraborty et al. 2005),
Catharanthus (Ghosh et al. 2007), Delonix and Pelto-
phorum (Mandal et al. 2009), Phoenix (Chakraborty
et al. 1998b), etc., the IgE-reactive components
(33-100 kDa) were immunochemically studied and
applied in allergen immunotherapy (Chakraborty et al.
2006) too.

In the present study, the allergenic components of
20.7 and 39.6 kDa proteins have been recorded from
the Cycas circinalis pollen for the first time. Identi-
fication of such IgE-reactive components will be
helpful for simplified clinical and diagnostic mea-
sures among pollen-sensitive individuals of study
area.
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