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Introduction

Allergen extracts derived from pollen and spores are
usually multiallergenic system with more than one IgE
binding proteins responsible for type I hypersensitivity dis-
orders il]. Studies have shown that allergen extracts sup-
plied by different manufacfurers show a wide variation with
respect to their potency [2,3]. Hence, the need for standar-
dized extracts for immunotherapy has been emphasized [a].

Abstract
Putraniiva roxburghti (PR) pollen has been found to be an important aeroal-
lergen for type I hypersensitivity. In the present study, the IgE binding proteins of
PR pollen have been characterized and compared with pollen allergens of Rici-
nus commern ls (RC) belonging to family Euphorbiaceae. On isoelectric focusing,
PR pollen extract resolved into 35 bands (pI 3-9), whereas SDS-PAGE separated
it into l8 protein components (MW 14-100 kD). Pooled patient's sera (ID +ve to
PR) recognized12 allergenic proteins in Putranjiva and five of them (MWs 92,
80, 55, 43 and30 kD) showed immunologic reactivity to most ofthe sera samples
tested individually by immunoblot. A number of shared allergenic proteins
(MWs 92, 80, 66, 50, 43 and 14 kD) were observed between pR and RC pollen
extracts on immunoblot using Putranjiva allergic serum pool. Inhibition in the
binding for most of PR pollen allergenic proteins was obtained with higher con-
centration of RC extract than PR itself, depicting the presence of cross-reacting
allergens in both. Putranjiva pollen extract was fractionated by a combination of
DEAE Sephadex-A 50 and Sephadex-G 200 column chromatography. Periodate
deglycosylation of western blotted PR extract and Putl fraction indicated the
involvement of carbohydrate moieties in the allergenic activify. Of the two frac-
tions from Put I (Ia and Ib), Put Ib was found to be the most allergenic protein by
ELISA inhibition. Dot blot analysis with individual patients sera identified it as a
major allergen of PR.

The extracts used in Europe, USA and other western coun-
tries have been mostly standardized with procedures recom-
mended by international societies. Though a few extracts
have been characterized in India, the reference patterns are
not yet available to allergen suppliers [5]. Due to this, the
strength of extracts for diagnosis and immunotherapy is still
expressed in w/v (g/ml), PNU or by biopotency test con-
ducted on a group of patients.
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Putranjiva roxburgrti (PR) Eng. Indian Amulet tree
from family Euphorbiaceae sheds large amount of pollen in
the air during March-May, sensitizing a number of atopic
patients [6-ll]. Besides the natural occurrence, it has been
extensively planted under the afforestation programme in
the Indian subcontinent. Due to this, Putranjiva has been
recorded amongst the 10 important tree pollen allergens in
'Pollen Calendars' published for different states of the
country 112]. Ricinus communis (PtC) Eng. castor bean, an-
other important member from the family Euphorbiaceae has
already been characterized for its IgE binding proteins in
India and other countries [13-15], but no attempt has been
made to standardize the PR pollen extract. The present
study was undertaken to characterize the allergenic compo-
nents of PR pollen and find out cross-reacting proteins with
RC pollen extract. Efforts were also made to isolate and
identify the important allergenic proteins from PR pollen
extract to be used for diagnosis and immunotherapy.

Materials and Methods

Preparation of Extract. Polleniferous material of PR was collected
during the peak season and processed carefully to avoid any cross con-
tamination. Pollen samples of >9\o/opurity (<2%other floral parts of
the same plant) were defatted with diethyl ether. Pollen extracts of PR
were prepared in three batches under similar conditions. The extrac-
tion of antigens (1:20 wlv) was carried out in ammonium bicarbonate
buffer (0.05 M, pH 7.8) containing I mM of phenylmethylsulphonyl-
fluoride by continuous stirring of pollen material for l8 h at 4"C. After
centrigfugation at 10,000 rpm for 30 min, the supernatant was brought
to90o/o saturation with ammonium sulphate to precipitate the proteins.
The pellet was separated by centrifugation, dissolved in distilled water
and dialysed with 3,500 molecular weight cutoff membrane (Spec-
trum, USA). The extract was dispensed in different aliquots, freeze-
dried and stored at*20oC. The same protocol was followed for prep-
aration of pollen extract of RC.

Protein Estimation Protein was quantitated in PR and CR pollen
extracts by modified Lowry's method. Phosphotungstic acid reagent
was used for protein precipitation from the extracts [16].

Intradermal Tests and Collection of Sera. The PR pollen extract
was subjected to skin tests on 180 patients of nasobronchial allergy
(aged 18-43 years) at the Clinical Research Centre, VP. Chest Insti-
tute, Delhi. For intradermal tests (lD), a bleb of 2-3 mm was raised by
injecting PR extract (l:500 w/v) in the forearm of the patient. Simulta-
neously, phosphate-buffered saline (PBS) was injected as a negative
control. The ID tests were graded after 20 min in comparison to nega-
tive control U7l. To assess the skin reactivity, histamine diphosphate
(100 pg/ml) was also injected as a positive control. Sera were collected
from 17 (9.4%) patients showing markedly positive skin reactions (2+
to 4+) to PR pollen extract. Sera were also collected from nonallergic
volunteers, who showednegative ID tests to the extract. The consent of
every patient was obtained prior to skin tests and collection of blood
(sera). None of the patients were under immunotherapy, when the
blood was collected. The sera collected were screened by enzyme-
linked immunosorband assay (ELISA) forthe presence of specific IgE

[18] to PR allergens. Sera showing optical density (OD) > 5 times of
the normal human serum (NHS) i.e. negative control were used for
various in vitro tests.

Isoelectric Foctrsing (lEF).lEF was carried out on readymade gel
(pl 3-9) supplied by Pharmacia (Sweden). Five ug of PRpollen protein
(extract) was loaded per well of the sample applicator and applied onto
gel. The protein components were resolved using the Phast system and
stained with silver staining kit U9l.

Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE). Electrophoresis was carried out on l0%o geI using dis-
continuous buffer system (0.025 MTris,0.2 M glycine and 0.1% SDS)
using the 'midget' apparatus supplied by LKB, Pharmacia [20]. The
protein samples were boiled in sample buffer containing p-mercap-
toethanol at 100"C for 5 min prior to loading on the gel. Fifty micro-
grams protein of PR, RC pollen extract and different fractions of PR
extract were loaded separately in each lane. The separated proteins
were either stained with Coomassie brilliant blue (CBB) R-250 or
used for immunoblot analysis. Prestained molecular weight markers
were loaded in a separate lane.

Immunoblor. The separated proteins after SDS-PAGE were trans-
ferred onto nitrocellulose paper (NCP) using Tiis-glycine buffer with
20%o methanol and dry blot apparatus [21]. Nonspecific sites were
blocked by incubation of blotted strips with l% BSA for 2h at 37"C.
After washing with PBS-Tween, the strips were incubated ovemight at
4'C with 1:10 v/v diluted patients' serum. As a negative control, PR
and RC pollen protein blotted strips were also incubated with serum of
a normal healthy person. The strips were washed with PBS-Tween and
incubated with (l:500 v/v PBS-Tween) horseradish peroxidase la-
belled anti-human IgE (Sigma) for 3 hat37"C. The unbound antibod-
ies were washed off and the IgE binding components were detected by
addition of freshly prepared substrate i.e. diaminobenzidine, hydrogen
peroxide in sodium acetate buffer, pH 5.0. The blots were washed fi-
nally with distilled waterto stop the colour development. The antigen-
antibody binding was visualized as brown colour bands.

Immunoblot Inhibition It was carried out to investigate the shared
allergenic components between PR and RC pollen extracts. Protein
components of PR pollen extract resolved on SDS-PAGE in separate
lanes were blotted onNCP. Individual lanes were cut out and each strip
was incubated overnight at 4"C with 500 pl of l:5 (v/v PBS-Tween)
diluted patients serum mixed with equal volume of either PR or RC
extract, in different concentrations (250 pg, 500 pg/500 pl). As a posi-
tive control, a PR pollen proteins blotted strip was incubated with l:10
diluted (v/v PBS-Tween) patients' serum without the inhibitor. The
strips were washed with PBS-Tween and incubated with l:500 v/v di-
luted peroxidase-conjugated anti-human IgE (Sigma) for 4 h at 37'C.
The colour was developed as mentioned in immunoblotting.

Periodate Oxidation. Whole pollen extract of PR and Put I fraction
after SDS-PAGE were transferred on nitrocellulose membrane and
treated with 0.2 mol/l sodium meta-periodate, overnight in dark at 4oC

[22]. A drop of ethylene glycol was added to inactivate the periodate
and the membrane was kept at room temperature for 2 min. Sodium
borohydride (l mg/ml) was added and left overnight at 4"C. The reac-
tion was then stopped by adding one drop of acetic acid. The control
was prepared by treating the membrane as described above without the
addition of sodium meta-periodate. The nonspecific sites of mem-
brane were blocked with l% BSA and used for immunoblot.

Fractionation of Proteins Extract An aliquot of reconstituted PR
pollen extract (18 mg protein) was fractionated using DEAE Sephadex
A-50 column (40xl.5cm) equilibrated with 0.05mol/l phosphate
buffer, pH7.3. A linear salt gradient of 0.0-0.5 mol/l sodium chloride
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in phosphate buffer was used for fractionation. The column was
washed finally with I mol/l sodium chloride in phosphate buffer. Each
fraction was checked by ELISA for the allergenic reactivity using
pooled patients' sera positive to PR pollen extract. All the fractions of
each resolved peak were pooled, dialysed and lyophilized. The frac-
tion found most potent was further loaded on gel filtration column (Se-
phadex G-200).

Enzltme-Linked Immunosorbant Assay. The IgE binding capacity
of each fraction (a ml) of PR obtained from DEAE Sephadex A-50
column was determined by direct ELISA following the protocol of
Jaggi et al. 1231. A volume of 50 pl of each fraction was mixed with
50 pl of carbonate buffer and coared on ELISA plate (Dynatech). The
plate was incubated overnight at4"c. After washing with pBS contain-
ing 0.lo/o Tween-2O, the nonspecific sites were blocked with ro/o wlv
BSA for 2hat37"c. This was followed by washing and overnight in-
cubation with 100 pl of l:10 diluted (v/v) PBS-Tween) pooled patients'
sera at 4"c. The unbound IgE (nonspecific) was washed off by pBS-
Tween and the plate was incubated with l:1,500 diluted (v/v pBS-
Tween) anti-human IgE alkaline phosphatase conjugate (Sigma) for
4h at 37'c. The substrate p-nitrophenyl phosphate was added after
washing and incubated at 37"c for 40 min. The colour development
was stopped with 3 NNaoH and the absorbance was read at 410 nm on
a NLINC (Denmark) ELISA reader.

ELISA Inhibition. To check the potency of the fractions eluted from
Sephadex G-200 column, 500 ng of PR pollen protein (extract) was
coated per well of the ELISA plate and incubated overnight at 4oc.
After washing with PBS-Tween, the unbound sites were blocked with
l% BSA. A volume of 50 pl of l:5 diluted (v/v in pBS-Tween) pooled
patients' sera was mixed with equal volumes of buffer containing vari-
ous concentrations of each inhibitor i.e. Putla, put Ib and crude pR
extract (10 ng to 5 pg). The mixture was then poured into antigen-coat-
ed wells and incubated for 16 h at 4"c. ELISA was carried out as men-
tioned earlier. As a negative control, NHS was also tested. The oD
value obtained with negative control was substracted from the IgE
binding value of each sample and the percent inhibition was calculated
as under:

I _
OD of the sample with inhibitor

x l00
OD of the sample without inhibitor

Dot Blot Assay. The fractionPul Ib was focused in equal amount on
nitrocellulose paper at l0 places with the help of a capillary. The mem-
brane was dried at room temperature and later blocked with l% BSA.
The dots were processed with individual patients sera following the
procedure of immunoblot as described above.

Results

In three batches of PR pollen extract prepared under sim-
ilar conditions, protein content was found to be 12.5, 14.0
and 15.0 mg, respectively per gram dry weight ofpollen. On
IEF, PR pollen extract separated into 35 protein bands (pI 3-
9) visible with silver staining (fig. I ), whereas SDS-pAGE
resolved PR (lane 2) and RC (lane l) pollen extracts into l g
and 14 coomassie blue-stained protein bands, respectively,
with a MW range of 14-100 kD (fig.2a). All three barches
of extracts showed nearly the same pattern/number of pro-

Fig.1. IEF pattern showing silver stained bands of pR pollen ex-
tract and pl markers (M).

tein bands on IEF and SDS-PAGE. Hence, they were pooled
for further charactenzation. The allergenicity of proteins
present in PR extract was checked by immunoblotting. Of
the l2IgE bindings bands (MWs 92,80, 66, 55, 50,45, 43,
35, 30, 28,20 and 14 kD) identified in Putranjiva, 6 aller-
genic proteins (MWs 92,80,66,50,43,14 kD) were detect-
ed in RC pollen extract using pooled sera of patients sensi-
tive to PR extract (fig. 2b). The shared allergenicity among
the protein components of PR and RC pollen extracts was
further confirmed by immunoblot inhibition. A high degree
of inhibition in IgE binding was detected with homologous
antigen (Putranjiva) compared to that of heterologous anti-
gen (Ricinus). The IgE binding components of PR extract
could be inhibited with higher concentration of RC protein
(500 pg) as compared to that of Putranjiva (250 prg) itself
(frg.2b).

Figure 3a,b presents the IgE binding components of pR
extract with individual patients' sera on immunoblot. The
heterogeneity in binding patterns of the allergenic compo-
nents in PR extract was observed with different sera. How-
ever, five protein components with MWs 92,80,55,43 and
30 were recognized by specific IgE present in most of the
patients' sera tested. Hence they were described as major
allergens of PR extract.
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Fig.2. a SDA-PAGE pattern showing CBB-R250 stained bands;
M: low molecular weight markers, I : RC (WPE); 2: PR (WPE);
3: Put I; 4: Put Ia: 5: Put Ib; 6: Put II; J : Put III; 8: Put IV;
9 : Put V and l0: Put VI fractions eluted by DEAE Sephadex A-50
and Sephadex G-200 columns. b Immunoblot exhibiting IgE binding
components in pollen extracts of PR (lane 2) and RC (lane 3) using
pooled serum of patients sensitive to PR extract (O: Common aller-
genic proteins between both the extracts; M: molecular weight mark-
ers (lane l). Immunoblot inhibition of PR pollen extract by PR
(lanes 4*5) and RC (lanes 6-7) using allergic serum pool from PR-
sensitive patients. In each set of inhibition two different concentrations
-250 (l) and 500 pg (II) - of antigens (PR and RC) were used as inhib-
itors. Inhibition caused by each extract in IgE binding bands of PR
extract was compared with positive control i.e. PR extract without in-
hibitor (lane2).

Fig.3. a IgE binding protein components of PR with individual
patients' sera (l-10) on immunoblot. Major allergenic proteins are
shown as (--->); N: normal human serum (negative control) and
M: molecular weight markers. b Line diagram showing IgE binding
proteins of PR extract on immunoblot.

Fig. 4. Elution profile (-) of Putranjiva pollenextract on DEAE-
Sephadex A-50 column. Column size 40x 1.5 cm;eluent,0.5 Mphos-
phate buffer (pH 7.3), gradient, 0.0-0.5 MNaCI followed by I MNaCl,
Flow rate, l8 ml/h, sensitivity 0.5 AU; chart speed 0.2 mm/min and
fraction size 4 ml. (- - -) IgE binding capacity of each eluted fraction as
determined by ELISA at 405 nm.

Elution profile of PR pollen extract exhibited 6 peaks,
viz. PutI-Put VI on DEAE Sephadex A-50 column (fig. 4).
The first four peaks were eluted using salt gradient of 0.G-
0.5 M sodium chloride, whereas the remaining two peaks
with 1 Msodium chloride. Ofthe six peaks, Put I was found
to be the most potent by lgE-specific ELISA using pooled
sera of PR-sensitive patients. Further fractionation of PutI
by gel filtration (fig. 5a) resulted in two peaks viz. Putla
and Put Ib. All the eluted fractions of PR extract from
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Fig.5. a Elution profile of Put l fraction of putranjiva on Sepha-
dex G-200. Column size=15X0.5cm, chart speed:0.2mmlmin,
eluent 0.05 M phsophate buffer (pH 7.3), flow rate 12mllh, sensitiv-
ity :0.2 and fraction size 3 ml. b ELISA inhibition - dose response
curyes of sub-fractions of Purlpurified on Sephadex G-200, whole
pollen PR extract, PutlaandPutlb.

Fig.6. a Immunoblot exhibiting IgE binding proteins in fractions
| : Put I;2: Put Ia:3 : Put Ib of PR extracts. b Immunoblot showing
the effect of periodate on IgE binding capacity of blotted proteins on
NCP.4 : Put lfraction and 5: WPE of PR. c Dot blot assay of put Ib
with individual patients' sera (l-9). l0 = Negative control (NHS).

DAEA-Sephadex A50 and gel filtration chromatography
resolved in a MW range of l4-l00kD on SDS-PAGE
(fig.2a). PutI fraction of PR extract exhibited a greater
number of bands than the other fractions. The subfractions
PutIa and Put Ib were not homogeneous on SDS-pAGE.
Put la revealed a number of bands while put lb showed 2
bands at MW 40 and 30 kD. on immunoblot, putl fraction
of PR extract showed more allergenic bands (fig. 6a,lane l )
while other fractions (PutII-PutYI) exhibited few IgE
binding bands (photograph not included). The subfraction
Putra (lane 2) demonstrated more allergenic bands while
subfraction Put Ib (lane 3) contained only one allergenic
band at approximately 30 kD (fig. 6a). Of these, putlb was
found to be more allergenic than put Ia by ELISA inhibition
as Put Ib required 160ng of protein for 50o/o inhibition of
specific IgE binding, compared to > 1,000 ng and 300 ng of
Putlaand WPE, respectively to achieve the same degree of
inhibition (fig. 5b).

Periodate deglycosilation experiment was also perform-
ed with the western blotted wPE of pR and the fraction
Putr to study the involvement of carbohydrate in constitu-
ting the IgE epitopes (fig.6b). Some IgE-binding bands
were missing while some showed low IgE binding in com-
parison to blot performed without periodate treatment
(fig. 2b,lane 2). Dot blot analysis with individual patients
sera showed that Put Ib was a major allergen as all the 9 pa-
tients sera showed specific IgE ro this allergen (fig. 6c).
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Discussion

Allergen extracts are composed of proteins and glyco-
proteins, besides certain nonallergenic components. The
extracts for diagnosis and immunotherapy should contaii
all the important antigens/allergens present in the source
material. In vitro methods like thin layer isoelectricfocus-
ing, SDS-PAGE, RIE, CIE, Immunoblot and RAST/ELISA
have been reconìmended for standardization of allergen ex-
tracts 13, 2l]. In the present study, all three batches of PR
pollen extract gave reproducible patterns on IEF (35 bands,
pI3-9) and SDS-PAGE (18 bands, MWs l4-l00kD). Of
the 12 allergenic proteins detected on immunoblot with
pooled patients' sera, 5 protein components with MWs 92,
80, 55, 43 and30 kD were recognized in PR extract by most
of the patients sera tested (fig. 3a, b). Previous studies in
India with Cocos nucifera (MWs l0-200 kD), Holoptelea
integrifulia (MWs 50-70 kD) and Prosopis juliflora (MWs
10-20 kD) tree pollen have shown the presence of wide
range of allergenically active proteins 123-251. In case of
weeds viz. Ageratum conyzoides, Artemisia scoparìa and
Ricinus communis pollen, glycoproteins of MWs l0-70 kD
were found to be important IgE-binding components [5,
26 ,271 .

Various workers have demonstrated the cross-reactivity
among different pollen species 128, 291. In the present
study, shared allergenicity between the number of compo-
nents of PR and RC extracts was studied by IgE specific
immunoblot. The protein components of MWs 92, 80, 66,
50,43 and l4 kD were observed in both the extracts by PR-
sensitive pooled patients sera indicating the shared aller-
gens among them. The shared allergenicity bet'ween PR and
RC pollen components has been further confirmed by im-
munoblot inhibition (fig.2a). RC extract could inhibit the
binding of these 6 allergenic components of PR extract.
However other bands of PR extract were also inhibited by
the higher concentration of RC pollen extract which were
not present in RC extract itself. This may be due to the pres-
ence of common allergenic epitopes in them. Cross-reac-
ting allergenic proteins have also been reported among oth-
er phylogenetically related pollen species [30, 3l].

An attempt has been made to isolate the major allergenic
proteins from PR pollen by the combination of ion ex-
change and gel filtration chromatography. Put I obtained
from DEAE Sephadex A-50 was found to be more potent
than the other fractions in IgE-specific ELISA and immu-
noblot. Further fractionation of Put I on Sephadex G-200
resulted in two peaks i.e. Put Ia and Put Ib. They were not
homogeneous on SDS-PAGE. On immunoblot, Put Ia ex-
hibited a number of IgE binding bands while Put Ib gave a

30-kD allergenic band (fig. 6a). Put Ib was observed as the
most potent/allergenic protein since it required 160 ng of
protein for 50% ELISA inhibition compared to crude ex-
tract (300 ng) for the same degree of inhibition (fig. 5b). In
dot blot assay, Put Ib was recognized by most ofthe patients
sera, hence, it can be designated as a major allergen of PR
extract (fig. 6c).

After periodate oxidation, decrease in IgE-binding ca-
pacity in the number of components of PR extract and in the
most potent fraction Put I was observed. This may be due to
the periodate treatment causing destruction of carbohydrate
moieties thereby changing the protein conformation, thus
indirectly reducing IgE binding capacity of protein bands
(fig. 6b). Similar results were obtained by other workers

122,32).
In conclusion, the important allergenic proteins of PR

extract have been identified. A significant allergenic cross
reactivity was also observed between PR and RC pollen ex-
tracts. The present findings will be useful in comparing fu-
ture batches of PRpollen preparations to maintain the qual-
ity of the extracts used for immunotherapy.
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