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Abstract

Immunobiochemical
Characterization of Brassica
campestris Pollen Allergen

Brassica campestris (BC), Eng. Mustard, is an important source of pollen al-
lergen, responsible for type I hypersensitivity disorders. In the present study, BC
pollen extract was characterized by TLIEF, SDS-PAGE and immunoprinting.
The extract separated into 50 silver stained bands of pl 3-9 on isoelectric focus-

ing whereas it resolved into 14 Coomassie bluc stained protein bands of 14

100 kD on SDS-PAGE. Immunoblot analysis with individual patient sera detect-
ed four allergenic proteins of 90, 67, 60 and 14 kD. BC separated into 8 peaks
(Bras 1-8) on DEAE Sephadex A-50 column. Bras 2 was found to be most potent
by IgE specific ELISA, hence further fractionated on Sephadex G-200. A protein
of 90 kD (Bras 2a) isolated by gel filtration was found to be most allergenic pro-

tein by ELISA inhibition. The findings shall be applicable in standardization of

future batches of BC pollen extract to be used for allergy diagnosis and immuno-

therapy.

Introduction

Allergen extracts are heterogenous mixtures of proteins,
glycoproteins, which can bind to human IgE and lead to var-
ious allergy manifestations in susceptible individuals [1].
Besides the IgE binding proteins, they also contain non-al-
lergenic components. Since well-standardized antigens arc
not available, crude extracts are frequently used for man-
agement of allergy ailments [2]. The clinical safety and effi-
cacy of the extracts, especially for immunotherapy, depends
upon their quality. A general consensus has, therefore,
evolved world wide for standardization of allergen extracts.
In India, 10 different pollen and fungal extracts have been

characterized by in vivo and in vitro procedures recom-
mended by international societies.

Brassica campestris (BC) pollen has been documented
as an important aeroallergen through various aerobiological
and clinical studies conducted at many places in the country
[3-8]. Based on these reports, its pollen extract is routinely
included in allergy diagnosis kits used by allergy praction-
ers. The present study was undertaken to characterize the
allergenic components of BC pollen by isoelectric focusing
(IEF), SDS-PAGE, immunoblot and to establish the refer-
ence pattern for in-house preparations/standards. BC ex-
tract was also fractionated by ion exchange chromatogra-
phy and gel filtration to isolate the most allergenic protein.

Received

November 14, 1994
Accepted afier revaston:
Apritd, 1995

@ 1995 S Karger AG, Basel
103K -243R/95/ 10K -0043
$8.00/0

Correspondence to: Di. B P Singh, Scientist
Centre for Biochemieal Technology

Delhi University Campus

Mall Road, Near Jubiflee Hall

110007 Delhi (India)




Materials and Methods

Preparation of Extract. Highly pure pollen samples (>98% pol-
len; << 2% flower parts of the same species) were collected and defatted
with dicthyl ether. BC pollen extract was prepared in three batches
using ammonium bicarbonate A.R. butfer (0.05 A, pH 7.8) containing
100 ma phenylmethyl sulphonyl fluoride. The pollen material was
subjected to continuous stirring on a magnetic stirrer for 18 h at 4°C.
The extract was centrifuged at 10,000 rpm for 30 min and the super-
natant brought to 90% saturation with ammonium sulphate. The pre-
cipitated proteins were redissotved and dialysed extensively against
distilled water using 3,500 molecular weight{tMW) cut-off membrane
(Spectrum). The extract was distributed in appropriate aliquots,
freeze-dried and stored at —20°C until used.

Protein Estimation. Protein content of each batch of BC extract
was determined by Lowry’s method using phosphotungstic acid re-
agent for protein precipitation [9]. BSA was used as reference standard
for calibration.

Collection of Human Sera. Intradermal (1D) tests are carried out
with BC extract on patients for allergy diagnosis at the Clinical Re-
search Centre. VP Chest Institute, Delhi, India, For skin tests, 0.01mi
of 1:500 v/v antigen diluted with phosphate-bufiered saline (PBS) is
injected intradermally into the forearm of the patients. Simultancous-
ty. a negative control (PBS) and positive control, i.e. histamine diphos-
phate 100 pg/ml, are also injected. The 1D tests are graded after
20 min. based on the wheal size produced at the imjection site m com-
parison with negative control [10}].

We could convince 1S patients showing marked positive 1D reac-
tions (2+ to 4+) with BC pollen extract to donate blood (sera) for use in
immunochemical experiments. None of the patients were on immuno-
therapy, when sera were collected. Sera trom 10 normat persons with
no history of discase and showing negative 1D tests to BC extracts
were also collected as normal control. The sera collected were
screened by ELISA for the presence ol specitic igE to BC. Sera show-
ing high antibody titre (optical density, OD, >3 times of the normal
control) were used for immunoblot and ELISA inhibition.

[EF 1EF was performed on ready-made gels of pl 3-9, supplied by
Pharmacia (Uppsala, Sweden) using the Phast system [11]. An amount
of 5 g protein was loaded per lane for 1EF separation. The resolved
proteins were stained with silver staining kit obtained from Pharmacia.

SDS-PAGE. SDS-PAGE was performed on 10% gel in *vertical slab
gel” apparatus, LKB Sweden, according to the method of Lacimli,
[12]. Electrophoresis was carried ouwt in a discontinuous buffer
(0.025 M Tris, 0.2 M glycine and 0.1% SDS) system. Samples (protein)
were boiled for 5 min at 100°C in a two fold concentration of sample
buffer containing [3-mercaptoethanol. Fifty micrograms of BC polien
protein were applied to each lane. Protein standards of 14-100 kD
(Sigma) were taken as MW markers.

Immunoblot. Proteins separated by electrophoresis were either
statned with Coomassie brilliant blue R-250 (Sigma) or electrophoret-
ically transferred onto nitrocellulose paper using transter buffer
(25 mm Tris, 192 mM glycine, 20% methanol, pH 8.3) and ‘dry blot
apparatus’ [13). Non-specific sites on nitrocellulose paper were
blocked with 1% BSA for 2 h at room temperature. After washing with
PBS-Tween (0.1%), the blotted strips were incubated overnight in pa-
tient serum diluted to 1:10 v/v with PBS-Tween. As a control, a strip
blotted with BC pollen proteins was incubated separately with normal
human serum in the same dilution. After washing thrice with PBS-
Tween, horseradish peroxidase labelled anti-human IgE (1:500, v/v)
was added and incubated for 3 h at room temperature. The unbound

antibodies were removed from blots by washing and the bound en-
zyme was detected by addition of freshly prepared substrate - diami-
nobenzidine and H,0, in sodium acetate buffer (pH 5.0). The blots
were washed after 5 min with distilied water to stop the colour devel-
opment process. The antigen-antibody binding was recognized by the
intensity of the brown colour bands. produced with respect to different
protein components.

Fractionation of Proteins. An aliguot of reconstituted BC pollen
extract (25 mg protein) was loaded on DEAE Sephadex A-50 column
and eluted with phosphate buffer (0.05 M, pH 7.3) using a linear salt
gradient of .0-0.5 M sodium chloride. The column was washed final-
ly with | M sodium chloride. Allergenic potency of each fraction was
checked by ELISA (Igk specific) using pooled patients sera. All the
fractions of each resolved peak were pooled. dialyzed and lyophilized.
The fraction showing maximum IgE binding (OD) was further frac-
tionated on gel filtration column, i.e. Sephadex G-200, to isolate the
important allergenic proteins in BC pollen extract. To find out the MW
of the allergenic components, the column was calibrated with MW
markers, viz {3-galactosidase 92, bovine albumin 66, 3-lactoglobulin
36, pepsin 34. trypsin inhibitor 20 and tysozyme 14.3 kD.

ELISA. IgE binding capacity of BC fractions obtained by column
chromatography was determined by direct ELISA using the method of
Volleretal. [14]. A volume of 50 i} of each fraction along with 50 pl ot
carbonate bufter was coated on each well of the microtitre plate (Corn-
ing) and incubated overnight at 4°C. The unbound antigen was washed
out with PBS-Tween (0.1%) and the free sites were blocked with 1%
BSA in PBS for I hat 37°C. This was followed by overnight incubation
with 100 jul of 1/10 (v/v PBS) diluted positive serum pool at 4°C. Asa
control, normal human serum was also checked in the same dilution.
After washing, the plate was incubated with 1:500 (v/v PBS) diluted
anti-human IgE conjugated with atkaline phosphatase (Sigma) for 18 h
at 4°C. After washing the unbound IgE, the substrate p-nitrophenyl
phosphate was added and incubated at 37°C for 1 h. The reaction was
stopped by adding 3 N NaOH. The colour developed was read on a
Nunc ELISA reader.

ELISA Inhibition. ELISA inhibitions were performed by mixing
50 ul of pooled patient sera with equal volume of buffer containing
various concentrations of inhibitor (10 ng to 5 pg). The mixture was
added to antigen-coated wells and incubated overnight at 4°C. 1gE an-
tibodies bound to the allergosorbant were detected with alkaline phos-
phatase labelled anti-human IgE. as described carlier. A similar exper-
iment was carried out with normal human serum. The non-specific
binding (OD) was substracted from the binding value of the samples in
each well of the plate and the percent inhibition was calculated as:

OD of the sample with inhibitor
|- X 100,

OD of the sample without inhibitor

Results

Antigenic extracts from three batches of BC polien were
prepared under similar conditions. Protein content in cach
batch of extract was quantitated and found to be 12, 14.8 and
15 mg, respectively, per gram dry weight of pollen. All three
batches of the extracts were subjected to 1EF, SDS-PAGE,
immunoblot and other immunochemical experiments. On

44 Singh/Verma/Rai/Sridhara/Gaur/Gangal

Brassica campestris Pollen Allergen

IEF, the whole pollen BC extract separated into 50 silver
stained bands in pl region of 3-9 (fig. 1). The extract resolv-
ed into 14 Coomassie blue protein bands on SDS-PAGE in
MW range of 14-100 kD (fig. 2a). Sera of 6 patients show-
ing highly specific IgE levels for BC (>OD 5 times of the
normal human serum were pooled together and also used
individually for carrying out immunoblot. Immunoblotting
with pooled serum of patients recognized 7 allergenic pro-
teins of MW 14-100 kD in BC extract. The proteins of MW
90, 67, 60 and 14 kD were detected as major allergenic pro-
teins when individual patient sera were analyzed by immu-
noblot (fig. 2b).

Fractionation of BC pollen extract on DEAE Sephadex
A-50 column resuited in eight peaks (fig. 3). Six peaks
(Bras 1-6) were eluted with linear salt gradient 0.0-0.5 M
sodium chloride in phosphate buffer, whereas the last two
peaks, Bras 7 and Bras § eluted with 1 M sodium chloride in
the same buffer. Compared to other fractions, Bras 2 was
tound to be more potent by 1gE-specific ELISA. It was fur-
ther fractionated on Sephadex G-200, where Bras 2 separat-
ed into two subfractions, viz Bras 2a and Bras 2b (fig. 4). Of
these, Bras 2a (90-kD protein) was found to be more aller-
genic than Bras 2b by ELISA inhibition (fig. 5). Bras 2a re-
quired 125 ng protein to generate 50% ELISA inhibition,
whereas 500 ng protein of BC pollen extract (WPE) were
needed for the same.

Discussion

In the last decade, many allergen extracts of diverse ori-
gin were standardized in Europe, USA and Australia using
clinical as well as immunobiochemical methods. The ma-
jority of the extracts standardized were from tree pollen,
weeds and fungal spore allergens. The allergens prevalent
in the Indian subcontinent are quitc different from that of
western countries. In India, few allergen extracts - e.g. pol-
fen, fungi, insects — have been characterized for their aller-
genic components with standard in vivo and in vitro proce-
dures. The methods followed for labelling the potency of
the commercially available extracts in India are W/V (g/ml),
PNU and biopotency tests, 1D or prick tests. None of these
methods are satisfactory, because they do not describe any-
thing about the quality/quantity of the allergenic compo-
nents present in the extracts. The present study was there-
fore carried out to characterize the allergenic proteins of BC
pollen extract.

BC Eng. mustard is cultivated as a major oil yielding
crop over a large area of the country. It has a prolonged flo-
wering season starting from November to April releasing

Fig. 1. IEF pattern showing silver stained
bands of BC extract ¢1-3 batches) and pl
markers (M).

abundant quantitics of pollen into the atmosphere. Aerobi-
ological surveys have quantitated its acrial polien incidence
to be 1.5-6.5% of the total annual pollen catch [3-5]. Clin-
ical studies conducted with BC pollen extract in India have
recorded marked positive skin (ID) reactions in 6-9% al-
lergy patients [6-8]. In a random screening of 238 cascs
(aged 18-43 years)at VP Chest Institute with BC polien ex-
tract marked positive (2+ to 4+) skin reactions were observ-
ed in 9.2% allergy patients belonging to different regions of
the country. In an earlier study from Europe with Brassica
napus extract, a low prevalence of allergy (< 0.2%) was rec-
orded in a normally exposed population. However, the sen-
sitivity to B. napus may be higher in occupationally ex-
posed individuals [15].

The IEF and SDS-PAGE analysis of BC pollen extract
followed by staining showed the heterogeneity of the prep-
aration, which contained many components/proteins. All
three batches of the extracts showed nearly the same pat-
tern/number of protein bands on 1EF and SDS-PAGE. Fif-
teen patients, positive (ID) to BC extract, showed the pres-
ence of specific IgE by ELISA. However, the level of specif-
ic IgE in different sera did not correlate exactly with ID test




Fig. 2.a SDS-PAGFE pattern showing CBB R-250 stained bands of BC extract and MW markers (M). b [dentifi
tion of Igk binding components of BC extractin patient's sera using immunoblot analysis. 1-6 = Individual patient s

P = pooled patient sera; N = pormal human serum (control): M = MW markers.

18
-
&
1.6 8
©
1.4
1.2
€
€ 104
j=3
X
@
o 08
. . ]
Fig. 3. Elution profile ( ) of BC ex- 06
tract on DEAE Sephadex A-50 column (OD '
at 280 nm). Column size 1.5x40 cm; eluent, " o _
0.05 M phosphate buffer (pH 7.3); linear salt 047 g “ oo B~ ©
gradient, 0.0-0.5 M NaCl was applicd: | M 8c g g = g
NaCl was applied at the point indicated; flow 02 j\ . fj\ o @ fjn @
rate, 18 mi/h; sensitivity, 0.5 arbitrary units; - N j\_/L L
chart speed, 0.2 mm/min and fraction size, . T ; S -
Sml. IgE binding capacity (——-) of cach o] 10 20 30 40 50 60 70 80 90 100
eluted fraction as determined by ELISA. Ab- Fraction number
sorbance was read at 405 nm.

gradings. Of the seven allergenic proteins detected with
pooled patients (6) sera, four proteins with MW 90, 67, 60
and 14 kD were recognized as major allergenic protein by
immunoblotting with individual patient’s sera (fig. 2b). Pre-
vious studies have shown the presence of a highty allergenic

14 kD-protein in seeds of Sinapis alba from the family
Brassicaceae. Whereas in case of Brassica juncea protein
components of 16—16.4 kD were recognized as the major
allergen of seeds [16-17].
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Fig. 4. Elution profile of Bras 2 fraction of BC extract on Scpha-
dex G-200.

An attempt has been made to isolate allergenic compo-
nents from BC pollen extract by ion exchange and gel fil-
tration chromatography. Elution profile of BC demonstrat-
ed 8 peaks on DEAE Sephadex A-50 column. TgE-specific
ELISA indicated Bras 2 fraction to be more potent than oth-
ers. It also accounted for 38% of the total protein recovered.
Further [ractionation of Bras 2 on Sephadex G-200 resulted
in two peaks, viz Bras 2a and Bras 2b. Bras 2a (MW 90 kD)
was identified as the most potent/allergenic protein, since it
required 125 ng of protein for 50% ELISA inhibition, com-
pared to the crude extract (500 ng) for the same degree of
inhibition. Thus, a major allergenic protein, Bras 2a MW
90 kD, has been isolated and identified in BC pollen extract.
In India, studies with Amaranthus spinosus. Xanthivm stru-
marium (weed pollen) and Cocos nucifera (tree pollen) have
revealed the glycoproteins of higher MW (128, 103, 116~
200 kD, respectively) as major allergenic proteins [18-20].
However, with other pollen antigens, such as Ageratum co-
nvzoides, Artemisia scoparia, Cvinodon ductvlon and Pro-
sopis juliflora, low MW proteins of 10--32 kD) have been
recorded as major allergenic components [21-24].

The family Brassicaceae includes broceoli, cabbage, tur-
nip and mustard specics. Most of them are known to cause
different types of allergic reactions, based on the route of
contact [15-17, 25]. The seeds and oil of B. napus and Sina-

90 A

80

60 -

50

ELISA % inhibition

40

R — ; :
10 100 250 500 1,000
Protein (ng)

Fig. 5. ELISA inhibition, dose response curves of subfractions of
Bras 2. purified on Sephadex G-200. @ - @ = Whole pollen BC ex-
tract; B - M= Bras 2a: O -0 =Bras 2b

pis alba have also been reported as important allergens from
other countries. The oil from seeds of BC is used extensive-
ly for cooking in the Indian subcontinent. Therefore, it
would be interesting to study the presence of cross-reacting
allergens if any in BC pollen and in a variety of mustard
seeds.
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Abstract

Characterization of the Allergen
Group Vlin Timothy Grass Pollen
(Phl p 6)

l. Inmunological and Biochemical
Studies

For the identification and characterization of allergen grass group VI we per-
formed two-dimensional immunoblotting of timothy grass pollen (Phleum pra-
trense). Two intense 13-kD protein spots of pl 5.2 and 5.5 were found to be IgE
reactive. By N-terminal microsequencing and amino acid analysis we identified
them as Phl p 6 isoallergens. An antiserum was raised against Phl p 6 by immu-
nizing BALB/c mice with allergen bearing nitrocettulose particles of one iso-

form. The antiserum revealed an intense reactivity to Phl p 6 isoforms, but also
showed a weak cross-reactivity with Phl p S allergens. After immunoabsorption
of patients’ serum to Phl p 6 spots on the blotting membrane, we were able to
demonstrate that the eluted human IgE antibodies cross-react with the grass
group V allergens as well. Therefore, Phl p 5 and Phl p 6 possess one or more
common IgE binding epitopes.

Introduction

Grass pollens are one of the main causes of IgE-medi-
ated allergy. Of all the temperate grasses the major allergens
belong to groups I and V. Timothy grass (Phleum pratense)
possesses an additional major allergen which was not de-
tected in other grasses [1]. This was classified as group VI
(Phlp 6), formerly termed Ag 19 {2]. The skin test and CRIE
(cross radioimmunoelectrophoresis) showed an IgE preva-
lence of 75% [3]. Monitoring of IgE antibodics to Ag 19
1.7cf0re and during hyposensitization therapy followed typ-
ical courses: beforc immunotherapy starts the titer of IgE
antibodies against Phl p 6 is usually low, during initial hypo-
sensitization it reaches a high titer or remains unchanged.

This high IgE response was thought to be a suitable marker
for prospective evaluation of clinical effect [4].

Lowenstein [5] studied Phl p 6 components in depth and
determined a molecular mass of 11 kD by gel filtration and a
pl of 4.9. Due to the difficulty in separating the allergen
from Phi p 5 by gel filtration, ion exchange chromatography
and copper chelate affinity chromatography [5, 6], it was
suspected that it would be similar to grass group V compo-
nents. Furthermore, Matthiesen et al. [1] observed a high de-
gree of similarity between the N-terminus of group VI and
an internal part of the Phl p 5. They did not detect any cross-
reactivity between the two grass groups after raising an anti-
serum against Phl p 6 by immunizing rabbits.
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