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Induction of Polyclonal and Monoclonal Antibodies wÍth a Single Allergen
Separated from Birch Pollen Extract by SDS-PAGE and Nitrocellulose Blots

A.W. Wheeler, M. Deards, B. Fox, B.E. Hickman, V.M. Spackman
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Abstrrct. A Gold staining allergenic band, Bet v l, was excised from a nitrocellulose blot following SDS-
PAGE of birch pollen extract. This was used to raise a polyclonal rabbit antiserum and monoclonal mouse an-
tibodies specific only for the Bet v 1. The method offers practical advantages for the production of antibodies
to individual allergens in complex exttact mixtur€s, without laborious purif-rcation methods.

Introduction

Rabbit antisera and mouse monoclonal antibodies
to clinically significant allergens are invaluable tools
for standardisation [1], purification [2] and characteri-
sation [3] of allergen extracts. In addition, detailed an-
alysis of individual epitopes of major allèrgens with
monoclonal antibodies is leading to a greater under-
standing of the,molecular basis of allergenicity [4],
and allowing studies of antiidiotypes in the sera of at-
opic patients to be carried out [5].

Induction of these antibodies usually requires the
use of immunogens purified from complex mixtures
by laborious physicochemical means [6] and further
serum absorption is often required to obtain antisera
with a high degree of specificity for the allergen. Al-
though clones producing monoclonal antibodies of
required specificity can be selected following immu-
nisation with crude mixtures, their frequency is some-
times low, and partial purification of the allergen for
immunisation is advantageous [6].

A more convenient means of producing allergen-
specific antibodies is described. Allergens were separ-
ated by SDS-PAGE and then blotted onto nitrocellu-
lose. An appropriate gold-stained band was excised,
dissolved and used to raise allergen-specific antibod-
ies.

Methods
,l

Birch Pollen Extract
Birch(BetuIaverrucosa)pollenextractwaspreparedinaîreeze-

driedformasdescribedpreviouslyforotherpollenextracts[6].

Rabbit antisera
( i )As ing leNewZea|andwhi terabbi twas immunisedsubcu

taneously with 2 mg of pollen extract emulsified in Freund's com-

plete adjuvant on day 0, and in Freund's incomplete adjuvant on :
day7.onday28,1mgofextractwasinjectedsubcutaneouslyinsa.
l ine(0.9%).Bloodwastakenl0dayslaterandserumprepared.

(ii) A single New Zealand white rabbit was immunised by the ','

injection of solutions of strips of nitrocellulose which had been ex-

cised from an SDS-PAGE blot of birch pollen extract. A 17,000M,

band corresponding to an important allergen was identified on

these strips as described below and located using gold stain. The

strips were dissolved in a minimal volume of dry dimethyl-sulphox-

ide, and injected subcutaneously with an equal volume of Freund's

complete adjuvant as described by Knudsen [7]. Two further injec-

tions,inFreund'sincompleteadjuvant,wererepeatedatfortnight-
ly intervals. Four months later, a further injection was given and

the rabbit exsanguinated after a further 2 weeks.

Monoclonal Antibodies
Immunisation. Four male mice (C586 x Balb C) were similarly

immunised with solutions of nitrocellulose strips. One-quarter of a

strip nrds dissolved in 125 pl of dry DMSO, which was mixed with

250 pl of Freund's complete adjuvant and injected subcutaneously

into each mouse. The injection was repeated 14 days later but was

given in Freund's incomplete adjuvant. Seven days later sera from

these animals gave a positive ELISA result against birch pollen ex-
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Fig. l. Identification of band for excision. A Gold-stained
markers. B Gold-stained birch extract. C Human birch-specific
IgE. D Gold-stained nitrocellulose showing excision of major al-
lergen band.

tract, and were shown by SDS-PAGE immunoblotting to contain
antibody specific for the immunising band. Four months after the
first injection, whole extract (50 pg) was injected intraperitoneally
in physiological buffered saline (0.5 ml), and the following day a
further 12.5 1tg was given intravenously. Spleens were removed for
cell fusion 2 days later.

Cell Fusion Hybridization was carried out as described by Kóh-
ler [8] using a Fon-secreting myeloma cell line SP2O.and a mixed
spleen cell preparation from the 2 mice with the highest antibody ti-
tres. The fused cells were cultured with a peritoneal macrophage
feeder layer in RPMI 1640 HAT medium containing 15% myo-
cloned foetal calf serum (Gibco). Supernatants from plated cells
were screened for antibody production to birch pollen extract by
ELISA, and cells from positive wells were cloned by limiting dilu-
tion. Single clones were tested for specificity by SDS-pAGE, im-
munoblotting, and CRIE.

t2s l-Labened Proteins
r2sl-protein A was prepared as described previously t6l. Affin-

ity-purified r25l-rabbit anti-mouse IgG was obtained from Sigma.

S D S - Poly acryl amid e G el EIe ctr ophor e sis ( P A G E )
Vertical slab gel electrophoresis was carried out on a Bio Rad

Protean apparatus using a 12.5o/o w/v polyacrylamide separating
gel and 3%w/v stacking gel [9]. Birch pollen extract protein (75 pe)
was reduced by I 0/o w/v dithiothreitol and loaded across the top of
the gel in a 15-cm wide well. Reduced molecular weight markers
were also run.

Immunoblotting
Protein bands in SDS-PAGE gels were transferred electrophor-

etically onto nitrocellulose. One strip containing the molecular
weight markers and one with a profile of the pollen extract were

Fig. 2. Reaction of antibodies with allergen of interest in SDS-
PAGE immunoblotting. A Gold-stained markers. B Gold-stained
birch pollen extract. C-F Monoclonals to 17,000 M, component.
G Rabbit antiserum (l:250) to 17,000 M. component. H Rabbit an-
tiserum (l:1,250) to 17,000 M. component. I Rabbit antibody to
birch pollen extract.

stained with colloidal gold (Janssen Pharmaceutica). The remain-
ing nitrocellulose prints were saturated in 2% bovine serum albu-
min (BSA) in phosphate-buffered saline (PBS) for I h at room tem-
perature to block unoccupied binding sites on the nitrocellulose.
These were then cut into 0.5-cm wide strips and each strip placed in
individual incubation tubes. Patients'serum, rabbit serum or mono-
clonal antibody were added in dilutions in PBS containing BSA
(l %) and Tween 20 (10/o). Tubes were incubated for 5 h at room tem-
perature and mixed by rolling. The strips were washed in PBS/
Tween 20 (0.05%) and then incubated with r25I-anti-IgE (Pharma-
cia) t25I-Staph-A protein, or r2sl-anti-mouse IgG overnight at 4"C.
After thorough washing, the strips were exposed to pre-flashed X-
ray film (Fuji), with intensifying screen (Dupont) for 5 days at
-70"C. Results were recorded by photography.

I s o electrofo cus I mmunoblo tting
Isoelectrofocusing of birch pollen extract was carried out on

Isogel pH 3-10 agarose gels (FMC Bio Products). PI markers
(Pharmacia) were also run. Focused proteins were transferred to ni-
trocellulose sheets by diffusion.

Gold staining, immunodetection and autoradiography were
carried out as described above.

ELISA
IgG monoclonal culture supernatants were screened by ELISA.

Birch pollen extract at 50 pg/ml was used for coating the micro-
ELISA plates (Dynatech). Detection of bound mouse IgG was per-
formed with alkaline-phosphatase-conjugated rabbit anti-mouse
IgG (Sigma) 50 pl diluted I :500 into PBS containing 0.5 % BSA and
Tween 20 (0.05%) and phosphatase substrate (100 pl at I mglml
pnitrophenyl phosphate (Sigma). The colour intensity was esti-
mated visually or spectrophotometrically at 410 nm on a Mini-
reader II (Dynatech).
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Fig. 3. Isoelectrofocused immunoblots. A Gold-stained mark-

ers. B Gold-stained extract. C Human birch-specific IgE. D Rabbit

antiserum to 17,000 M, component. E Monoclonal to 17,000 M,

component.

/'
Cro s s e d I mmunoelectropho r e sis ( C I E )
CIE was carried out after gel electrophoresis of birch pollen ex-

tract by a second-dimension electrophoresis into gel containing

rabbit antiserum raised to the excised band. Precipitation peaks

were stained with Coommassie blue.

Cross ed Radioimmanoelectophoresis ( C RI E)

CRIE was done by overlaying the CIE plate with.a serum pool

from birch pollen allergic patients. Further incubation was carried

out with r2sl-anti-human IgE (Pharmacia). Autoradiography was

used to visualise the allergenic peak.

Results

A main allergen of birch pollen extract was iden-
tified as an approximately 17,000 M, band by SDS-
PAGE IgE immunoblotting (fig. 1). This band was
stained with colloidal gold (fig. 1), excised and used to
immunise I rabbit and 4 mice. When the resulting
rabbit antiserum was used to develop nitrocellulose
blots of SDS-PAGE-separated extract components,
only one band in the allergenic 17,000 M, region was
seen (fig.z). A rabbit antiserum raised against whole
birch pollen extract bound to additional bands
(frg.2). All 4 mice immunised with the cut-out band
developed IgG antibodies in their sera that gave a
positive ELISA against whole birch extract. The two
best antibody producers were boosted and their

Fig.4. CIE and CRIE using rabbit antiserum to the 17,000 M,
component. A CIE. B CRIE - repeat of A, developed with human
serum from birch pollen-sensitive donors andr25I anti-IgE.

spleen cells pooled for fusion. Twenty-one birch
pollen extract-specific clones were selected by ELISA

from 120 wells in which cell growth was observed.
None produced antibody that reacted to extract com-
ponents other than that at 17,000 M, by immunoblot-
ting. The strongest reactions are shown (fig.2). One
hybridoma showing good growth characteristics was
grown in suspended culture to produce antibody used
in this study.

Isoelectrofocusing of birch pollen extract and

transfer to nitrocellulose showed proteins with a
broad range of PI values. The main IgE-reactive pro-

teins appeared as two clusters of bands between PIs 5
and 6 (ng.3). Similar results were seen when the IEF

nitrocellulose blots were developed with both rabbit
antiserum and monoclonal antibody specific for the
17,000 M. components (fig. 3). In the case of the mono-
clonal antibody, the two groups of reactive compo-
nents resolved clearly into 5 bands.

Crossed immunoelectrophoresis using whole birch
pollen extract in the first dimension and rabbit anti-

serum to the 17,000 M' component in the second di-

mension resulted in one clear peak (fig. 4).This peak

was shown to be allergenic by its reactivity with hu-

man IgE antibody (fig. 4). The serum pool containing
the IgE used for immunoblot development was made

from the sera of 2A birch-sensitive patients who all

reacted with the 17,000 M, band (data not shown).

4.5-
5.2-
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Discussion

A gold-staining component of birch pollen extract
was identified by immunoblotting as a highly IgE-
reactive material, probably Bet v l, sepaiatin g ut
17,000 M. on SDS-PAGE under reduced conditions.
Immunisation with this material as a band excised
from nitrocellulose led to the induction of birch
pollen extract-specific rabbit antibody and of mono-
clonal antibody-producing clones that were specific
only for the component used for immunisation; where-
as an antiserum raised in a rabbit to the whole pollen
extract reacted with a number of components.

The method of raising antibody described here is
more generally applicable than that reported by
Knudsen [7], who relied on 3sS-methionine metaboli-
cally labelled antigens and autoradiography to locate
the immunogen on the nitrocellulose, or that of
Gratecos et al. [0] who reported the preparation of
monoclonal antibodies to drosophila proteins using
nitrocellulose-bound antigen. They used a relatively
complex in vitro immunisation procedure which
tended to interfere tryith hybridoma growth.

The 17,000 M, component appeared to be hetero-
geneous with respect to charge, as the rabbit anti-
serum and monoclonals raised with this component
bound to at least five antigens at PIs between 5 and 6.
IgE antibody also bound to these bands, and they
thus are likely to have been isoallergens of Bet v l.

This technique provides an easy means of produc-
ing antibodies to selected allergens and thus facili-
tates the preparation of highly specific reagents which
can act as invaluable tools in allergy research.
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