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Abstract
Background: Epicoccum purpurascens (formerly ni-
grum) (EP), is a ubiquitous saprophytic mould found
both indoors and outdoors. Several studies have re-
ported sensitization to EP in 5–7 % of different popula-
tions worldwide. The diagnosis of mould allergy requires
a standardized fungal extract that contains all its impor-
tant allergenic proteins. The crude allergen extract from
EP was standardized earlier, however none of its aller-
gens have been purified. Methods: A major allergen
from spore-mycelia extract of EP was purified using con-
canavalin A (Con A) Sepharose chromatography, gel fil-
tration and electro-elution. The allergen isolated was
characterized for its IgE-binding ability and cross-reactiv-
ity with five well-known allergenic fungi by ELISA and
immunoblot. Results: A 33.5-kD glycoprotein allergen of
EP, Epi p 1, was purified to homogeneity. All the EP aller-
gic patients’ sera tested recognized this protein. Peri-

odate modification of Epi p 1 showed partial loss in IgE
binding while proteinase K treatment caused complete
loss in binding to IgE. Dose-dependent inhibition in bind-
ing of rabbit anti Epi p 1 antibodies was obtained with Epi
p 1, Aspergillus fumigatus, Alternaria alternata, Curvula-
ria lunata, Cladosporium herbarum and Fusarium solani
in ELISA. Rabbit antibodies to all the above five fungi rec-
ognized Epi p 1 in immunoblot, confirming that Epi p 1
shares common epitopes with the fungi tested. Conclu-

sion: A major glycoprotein allergen of 33.5 kD was puri-
fied from EP which cross-reacts with other fungi. Hence
this glycoprotein can be exploited to reduce the panel of
allergen extracts used for therapy of mould allergy.

Copyright © 2004 S. Karger AG, Basel

Introduction

Fungal spores are universal atmospheric components
both indoors and outdoors and are important causative
agents of respiratory allergies [1–3]. Several studies have
reported sensitization to Epicoccum purpurascens (EP),
formerly known as Epicoccum nigrum, in 5–7% of differ-
ent populations worldwide [4–8]. The fungal extracts are
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complex mixtures of proteins and glycoproteins. The
whole mass extract used for diagnosis/therapy contains
many irrelevant proteins, which may hamper skin test
reactivity and cause additional sensitization to patients
[9–13]. Thus, purification of allergens from crude extracts
is important. In our earlier study, IgE-binding proteins
were identified in standardized spore-mycelial and cul-
ture filtrate extract of EP [14, 15]. However, none of the
proteins have been isolated from EP. Allergenic compo-
nents of varied molecular weights have been purified not-
ably from other fungi namely Alternaria alternata, Asper-
gillus fumigatus, Fusarium solani, Rhizopus nigricans.
using different purification techniques [9–13]. In this
study, a 33.5-kD major glycoprotein allergen of EP was
isolated from its spore-mycelial extract by liquid chroma-
tography and electro-elution. The purified protein was
immunobiochemically characterized using EP-sensitive
patients’ sera and checked for its cross-reactivity with rab-
bit antibodies to A. alternata, A. fumigatus, Cladosporium
herbarum, Curvularia lunata, and F. solani extracts.

Materials and Methods

Preparation of EP Antigen and Biochemical Analysis
EP (strain 4625, Indian Agricultural Research Institute, Delhi)

was grown in Sabouraud’s yeast extract medium at 25°C in stationa-
ry conditions for 13 days. The spore-mycelial mass of EP was har-
vested and freeze-dried. The extraction of EP antigens was carried
out in ammonium bicarbonate buffer (125 mM, pH 8.0) containing
5 mM ethylenediaminetetra-acetic acid and phenylmethylsulfonyl
fluoride (1 mM ) for 5 h at 4°C. The extract was dialyzed using the
same buffer, lyophilized and stored at –70°C until analysis [14]. The
protein content of EP extract was determined using a modified meth-
od of Lowry et al. [16]. The carbohydrate content was estimated by
the phenol-sulfuric acid method [17].

Skin Test and Collection of Patients’ Sera
The detailed history of each patient was recorded. The clinico-

pathological tests including blood analysis (total leukocyte count/dif-
ferential leukocyte count), chest and paranasal sinus X-ray, pulmo-
nary function test, urine and stool were conducted under the supervi-
sion of a specialist in allergy treatment (one of the authors). Intrader-
mal tests were carried out with EP spore-mycelial extract (1:500 w/v)
on the patients with nasobronchial allergy at the Clinical Research
Center, V.P Chest Institute, Delhi, as described earlier [14, 15]. Phos-
phate-buffered saline (PBS, 0.1 M, pH 7.4) was used as negative con-
trol and histamine diphosphate (100 Ìg/ml) as positive control. Sera
were collected from 50 patients showing marked positive skin reac-
tions (wheal size 12 mm diameter or above) to EP and/or other fungal
extracts. Sera were also collected from some nonallergic individuals
to be used as negative control. Nine sera (equal amount) showing
ODs 10 times or more than normal human sera in EP-specific IgE
ELISA were used to prepare a serum pool. Informed consent was
obtained from patients and normal subjects (Indian Council of Medi-
cal Research, New Delhi) for skin tests and serum collection.

Purification of EP Glycoprotein
The crude EP spore-mycelial extract showed a high carbohydrate

to protein ratio (2:1) and a large number of protein bands stained
with periodic acid-Schiff (PAS). Hence the glycoproteins (glucose
and mannose specific) were fractionated on a Con A Sepharose col-
umn. The column was washed with equilibration buffer containing
5 mM Tris-HCl pH 7.4, 0.02% NaN2, 1 mM each of MgCl2, MnCl2
and CaCl2 [18]. One hundred milligrams of EP spore-mycelial
extract was loaded onto the column and the unbound fractions were
collected. The nonspecifically bound proteins were removed by pass-
ing 4 M NaCl and 0.25% Triton X-100, respectively, in equilibration
buffer. The bound proteins were eluted with 0.4 M ·-methyl manno-
pyranoside in equilibration buffer.

The Con-A-bound protein fraction was applied to a Sephadex G-
75 column and proteins eluted in phosphate buffer (50 mM, pH 7.4).
The fractions were dialyzed against ammonium bicarbonate buffer
(50 mM, pH 7.4) and lyophilized.

The major allergenic protein was electro-eluted from sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) us-
ing an electro-eluter (Bio-Rad®). Briefly, proteins were eluted in
ammonium bicarbonate buffer (50 mM, pH 8.0) containing 0.1%
SDS at 10 mA for 6–7 h at room temperature. The electro-eluted
protein was retrieved, lyophilized and analyzed for purity on reverse-
phase HPLC using a C-18 Waters column under isocratic conditions,
with trifluoroacetate in water (solvent A) and trifluoroacetate in ace-
tonitrile (solvent B).

SDS-PAGE
EP spore-mycelial mass extract and the protein fractions ob-

tained at each step of purification were pooled on the basis of their
absorbance at 280 nm and resolved on 12% SDS-PAGE gel under
reducing conditions [19]. The resolved proteins were stained with
Coomassie brilliant blue R-250 or used for immunoblot analysis.

Immunoblot
SDS-PAGE-separated proteins were electrophoretically trans-

ferred onto a nitrocellulose (NC) membrane as described by Towbin
et al. [20]. The efficiency of transfer was checked by Ponceau S stain-
ing. IgE binding proteins in the fractions were detected using a serum
pool of EP hypersensitive patient/individual patient’s serum. Nor-
mal human serum pool was used as control.

Immunization of Rabbits
Antiserum against purified protein was prepared by immunizing

rabbits with 50 Ìg of protein in Freund’s complete adjuvant. The
same amount of protein was used for monthly booster injections in
Freund’s incomplete adjuvant. Blood was collected on the 10th day
of booster injection, the serum separated and used for immunobio-
chemical experiments. The protocol for raising antibodies was in
accordance with the guidelines for animal research, Indian National
Science Academy, Delhi [21]. Antiserum against fungal extracts was
obtained by immunizing the rabbits with whole mass extract (200 Ìg)
in Freund’s adjuvant as described above.

Characterization of Purified Protein: Matrix-Assisted Laser
Desorption/Ionization –Time of Flight Mass Spectrometry
(MALDI-TOF)
The lyophilized electro-eluted protein was subjected to MALDI-

TOF for molecular mass determination using 3,5-dimethoxy-4-
hydroxy cinnamic acid (C11H12O5; molecular weight 224.212) as
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matrix according to the manufacturer’s instruction (MALDI, Kratos
International, Schimadzu).

Sodium Metaperiodate and Protease Treatment
The carbohydrate moieties of purified protein were modified by

periodate oxidation with 0.02 M sodium metaperiodate and its IgE
binding ability analyzed using EP-positive pooled patient’s sera [22].
Briefly, the NC membrane containing electro-transferred semipuri-
fied protein (obtained after gel filtration) was subjected to 0.02 M
sodium metaperiodate overnight in dark at 4°C. The reaction was
stopped by adding a drop of ethylene glycol. After 2 min, 1 mg/ml of
sodium borohydride was added to the incubated strip and kept over-
night at 4°C. The reaction was stopped by adding a drop of acetic
acid and immunoblot was performed.

For protease treatment, the electro-eluted purified protein, 50 Ìl
(10 Ìg) was treated with 50 Ìl (100 Ìg) of Proteinase K (Sigma) over-
night at 37°C and probed for IgE binding after adsorbing as dot on
the NC membrane. The untreated protein was used as control.

Cross-Reactivity of Purified Protein with Other Fungi
The purified protein was analyzed for its cross-reactivity using

rabbit antisera to Alternaria alternata, Cladosporium herbarum, Cur-
vularia lunata, Fusarium solani and Aspergillus fumigatus by ELISA,
ELISA inhibition and immunoblot. All these allergenic fungi were
grown under standardized laboratory conditions and their extracts
were prepared in ammonium bicarbonate buffer as described earlier
[9, 23].

ELISA
Briefly, purified protein (0.1 Ìg/100 Ìl/well) or different fungal

antigens (1 Ìg/100 Ìl/well) were coated on the wells of the ELISA
plate. Nonspecific sites were blocked with 3% bovine serum albumin
for 3 h at 37°C. After washing with PBS containing 0.01% Tween-
20, rabbit anti fungal serum (1:1,000 v/v) was added and the plate
incubated overnight at 4°C. Anti-rabbit IgG horseradish peroxidase
conjugate (1:1,000 v/v; Sigma, USA) was used to detect IgG binding
and the color developed with substrate ortho-phenylenediamine,
hydrogen peroxide in citrate buffer. Absorbance was read at 490 nm
on ELISA reader (Spectramax). Preimmune rabbit serum was used as
a negative control.

ELISA Inhibition
Purified protein (0.1 Ìg/100 Ìl/well) was coated onto the wells.

After blocking, rabbit antiserum raised against the purified protein
incubated overnight at 4°C with different concentrations (0.1–
500 ng) of fungal antigens was added to the wells. The IgG binding
was detected using anti-rabbit IgG peroxidase (1:1,000 v/v, Sigma) as
described earlier [23].

IgG Immunoblot
The cross-reactivity of purified protein was further checked by

IgG immunoblot. Briefly, the protein fraction obtained after gel fil-
tration was transferred on NC membrane and probed with rabbit
antisera to different fungi as described earlier [9, 23].

Results

Skin Tests and Specific IgE
Out of 1,092 patients with nasobronchial allergy, skin

tested with a battery of allergens during the years 1995–
2001, 62 (5.7%) showed markedly positive skin reactivity
to EP spore-mycelial extract. However, sera could be col-
lected from only 50 patients and analyzed by ELISA for
specific IgE against EP spore-mycelial extract. Nine sera
with high titres of IgE were selected for immuno-biochem-
ical experiments.

Purification and Identification of IgE Binding
Glycoproteins
The crude EP extract exhibited a high carbohydrate to

protein ratio (2:1) and showed carbohydrate-stained
bands on PAS staining (not shown). Hence a carbohydrate
affinity column, Con A-Sepharose was used for purifica-
tion to separate glucose- and mannose-specific glycopro-
teins from the other proteins in the extract (fig. 1a). IgE
immunoblot of the crude and bound fraction using EP
hypersensitive pooled patients’ sera showed four promi-
nent protein bands (30, 26, 16 and 14 kD) along with oth-
er allergenic proteins (fig. 1b). The fractions obtained
with 4 M NaCl and 0.25% Triton X-100 did not show any
protein bands on SDS-PAGE, suggesting that there was
no loosely bound (nonspecific binding) EP protein to Con
A. The Con-A-bound fraction was applied to a Sephadex
G-75 column (fig. 1c). The protein profile of the four dif-
ferent fraction pools made on the basis of their OD
showed three prominent CBB-stained bands which also
bound IgE present in the EP-positive serum pool (fig. 1d).
All the four proteins were identified as major allergens
using 9 individual patients’ sera positive to EP (fig. 2a). A
protein of approximately 30 kD, which appeared as a sin-
gle band on SDS-PAGE (fig. 1f), was efficiently isolated
by electro-elution. The purity of the electro-eluted protein
was checked by reversed-phase high-pressure liquid chro-
matography using a C-18 Waters column. The protein
showed a single large peak (fig. 1e). The molecular weight
of this major allergenic glycoprotein named Epi p 1 (as per
the IUIS Allergen Nomenclature subcommittee) was
33.5 kD by MALDI-TOF (fig. 3).

Carbohydrate Modification of Allergen
The modification of carbohydrate moieties of Epi p 1

by sodium metaperiodate caused partial loss of IgE bind-
ing as visualized by reduced intensity of bands on immu-
noblot with EP hypersensitive pooled patients’ sera
(fig. 2b). However, proteinase K treatment of the protein
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Fig. 1. Elution profiles and IgE immunoblot of EP spore-mycelial
extract at different steps of chromatography. For immunoblot, the
resolved proteins were transferred on NC membrane after electro-
phoresis and incubated with EP-positive pooled patients’ serum (1:5
v/v). The IgE binding was detected using anti-human IgE peroxidase
conjugate. MW represents molecular weight in kilodaltons. a Con A
Sepharose affinity column. Column size: 2.5 ! 10 cm; eluent: 0.4 M
·-methyl mannopyranoside in Tris-HCl buffer; flow rate: 15 ml/ h;
fraction size: 5 ml. b Immunoblot of EP spore-mycelial extract (C);

U = Con A unbound fraction. c Con-A-bound fractions on Sephadex
G-75 column. Column size: 1.5 ! 35 cm; eluent: 50 mM phosphate
buffer, pH 7.3; flow rate: 15 ml/ h; fraction size: 2 ml. d IgE immuno-
blot of pooled fractions (1–4) obtained after gel filtration. e Electro-
eluted protein on C18 Waters (HPLC) column. Condition: isocratic:
solvent A: 0.1% TFA in water; solvent B: 0.1% TFA in acetonitrile,
Program: 70% A; 30% B, flow rate 1 ml/min. f Coomassie-blue-
stained electro-eluted protein (P) as seen on 12% SDS-PAGE.

resulted in complete loss of IgE binding, demonstrating
that the protein part of the molecule is responsible for IgE
binding activity (not shown).

Cross-Reactivity of Epi p 1
The cross-reactivity of Epi p 1 with 5 other fungi was

studied by ELISA and ELISA inhibition using rabbit anti-
bodies raised against different fungi. IgG ELISA was car-
ried out using two approaches. In the first approach, the
Epi p 1 (33.5 kD) was coated on the wells and probed with

antisera raised against Epi p 1 and other fungal extracts.
The antibodies against A. alternata showed maximum
binding to Epi p 1 followed by C. lunata, A. fumigatus,
C. herbarum and F. solani. (fig. 4a). In another approach,
different fungal antigens, Epi p 1 and crude EP extract
were used as solid-phase antigens and probed with anti-
bodies to Epi p 1. In this case, Epi p 1 antibodies showed
higher IgG binding with extracts of A. fumigatus followed
by C. herbarum (fig. 4a). Further, IgG ELISA inhibition
showed that 6–9 ng of different fungal extracts were
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Fig. 2. a IgE immunoblot of protein fraction
pool obtained after Sephadex G-75 chroma-
tography, using individual EP hypersensi-
tive patients’ sera. The electrophoresed pro-
tein was transferred onto NC membrane and
incubated with individual (n = 9) EP-posi-
tive patients’ sera (1:5 v/v). C = Control blot
with normal human serum. b Effect of sodi-
um metaperiodate (20 mM ) on IgE binding
activity of 33.5-kD purified protein present
in gel-purified fraction pool. Periodate-
treated NC membrane containing trans-
ferred protein was incubated with EP-posi-
tive pooled patients’ sera (1:5 v/v). C = Un-
treated; P = periodate treated.
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molecular weight (33.5 kD) of purified protein.
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Fig. 4. a IgG ELISA depicting shared Epi p 1 epitopes with other
fungi. Epi p 1 (100 ng) and other fungal extracts (1 Ìg) were coated on
a microtiter plate and incubated with rabbit antifungal sera as shown
in the figure. Preimmune rabbit serum was used as negative control
(OD ranging from 0.02 to 0.05). b Inhibition ELISA showing per-
centage inhibition of the binding of Epi p 1 antibodies The purified
protein (0.1 Ìg) was coated on a microtiter plate and incubated with
antisera (1:1,000 v/v) to purified protein preincubated with different
concentrations (0.1–500 ng) of fungal antigens, as inhibitor. c Immu-

noblot showing cross-reactive IgG bands in Sephadex G-75 fraction
pool recognized by antibodies raised in rabbits against different fun-
gal extracts. The electrophoresed proteins of the gel filtration fraction
were transferred on NC membrane and incubated with antisera
(1:1,000 v/v) to (1) Epi p 1, (2) A. fumigatus, (3) A. alternata,
(4) C. lunata, (5) 31 kD purified protein from C. lunata, (6) C. herba-
rum and (7) F. solani. The IgE binding was detected using anti IgG
peroxidase conjugate. C = Gel-purified fraction probed with preim-
mune sera. MW represents molecular weight in kilodaltons.

needed to achieve 50% inhibition of Epi p 1 antibodies as
compared to 0.9 ng of Epi p 1 (fig. 4b). The cross-reactivi-
ty of Epi p 1 was further confirmed by IgG immunoblot
using antibodies against different fungal antigens. The
antibodies against all the fungal antigens tested were able

to recognize 33.5-, 26-, 16- and 14-kD proteins of EP
present in gel filtration protein fraction, indicating that all
these fungi share some epitopes of Epi p 1. However, as
different antibodies were used, the background and the
band intensity showed variation (fig. 4c).
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Discussion

EP is one of the important fungi responsible for induc-
ing respiratory allergy disorders. Its spore-mycelial extract
is used for allergy diagnosis and immunotherapy in aller-
gy clinics worldwide [1–10]. The crude extract of EP con-
tains a large number of major/minor allergenic proteins,
which are yet not individually characterized. Currently,
purified and recombinant allergens are recommended for
allergy diagnosis, but their use is limited to few selected
allergens [12, 24–26]. In this study, a major allergen of EP
was purified to homogeneity and characterized for its
cross-reactive nature.

A number of chromatography techniques either alone
or in combinations have been employed to purify major/
minor allergens from different fungi. The crude EP ex-
tract exhibited a high carbohydrate to protein ratio and
also showed carbohydrate-stained bands. Hence, in the
present study, a Con A Sepharose affinity column fol-
lowed by gel filtration chromatography and electro-elu-
tion were employed to purify a major glycoprotein aller-
gen of EP. Previous studies have reported isolation of gly-
coproteins from A. fumigatus and C. albicans extract
using Con A Sepharose chromatography [12, 18, 27, 28].
MALDI-TOF analysis of purified protein from EP ob-
tained after electro-elution showed its molecular weight to
be 33.5 kD. Earlier, Verma et al. [11] had successfully
purified a 65-kD protein of Fusarium equiseti by electro-
elution.

Periodate modification of Epi p 1 resulted in partial
loss of binding to IgE whereas proteinase K treatment
caused complete loss of IgE binding, indicating that both
protein and carbohydrate moieties of the protein are
required for the binding to IgE. Previous studies have
reported the use of 0.02 M sodium metaperiodate for

modifying the carbohydrate moiety of glycoprotein
changing its allergenic/antigenic activity [18, 29, 30].
Studies with A. fumigatus had shown that the IgE-binding
ability of 30-, 58- and 90-kD proteins were affected by
periodate treatment [18, 30].

The use of cross-reacting proteins in reducing the panel
of allergen extracts for diagnosis was already emphasized
[15, 23, 31]. In the present study, the cross-reactivity of
Epi p 1 was analyzed using antibodies raised against the
well-known allergenic moulds A. alternata, C. herbarum,
A. fumigatus, C. lunata and F. solani. The Epi p 1 anti-
bodies recognized all the fungal extracts tested confirming
the presence of similar epitopes in all these fungi. Cross-
reactive 33- to 34-kD major allergens have also been
observed in different species of Penicillium and Aspergil-
lus [31]. In an earlier study, we observed a cross-reactive
allergen of similar molecular weight in different fungi
including Epicoccum nigrum [23]. It would thus be inter-
esting to study and characterize Epi p 1 for its other prop-
erties.

To summarize, a 33.5-kD major glycoprotein allergen
of EP, Epi p 1 was purified. This protein showed extensive
cross-reactivity with A. alternata, C. herbarum, A. fumi-
gatus, C. lunata and F. solani. The data generated would
be helpful in evolving new strategies for diagnosis and
therapy of EP allergy.
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