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Abstract. A glycoprotein preparation containing 70% carbohydrates and 30% proteins was isolated from
the mycelium of two strains of Aspergillus flavus and fractionated by ConA-Sepharose affinity chroma-
tography. An immunodominant 35-kDa antigen was detected in a ConA-bound fraction (B fraction). It
contained mannose and galactose in a 1.4:1.0 ratio. This antigen seems to be able to elicit an antibody
response in patients with aspergillosis and in rabbits immunized with A. flavus whole cells. The
carbohydrate units of the BF fraction appeared to be responsible for the antigenicity, since treatment with
periodate removed most of the antibody binding capacity.

Aspergillus species have been implicated as the etiolog-
ical agents of various lung diseases including allergic
asthma, allergic bronchopulmonary aspergillosis
(ABPA), aspergilloma (fungus ball), and invasive as-
pergillosis (IA). A. fumigatus is the most common agent,
but other species such as A. flavus, A. terreus, and A.
niger can also cause human infections. Allergic Aspergil-
lus sinusites (AAS) is a comparatively new disease entity
that occurs in atopic patients with chronic sinusitis and
nasal polyps [5, 14]. A. flavus and A. fumigatus are the
Aspergillus species commonly detected after analysis of
surgical debris and mucus, and are also involved in
invasive mold sinusitis [3, 18].

A few A. flavus antigens have been described in the
literature. A 34-kDa (Asp fl 13) and a 33-kDa (Asp fl 1)
alkaline serine proteases were the major allergens of A.
flavus [6, 22]. Immunoblot inhibition studies indicated
that IgE cross-reactivity occurs among the 34-kDa anti-
gen of A. flavus, A. fumigatus, and Penicillium citrinum
[6]. By using monoclonal antibodies (Mabs), a 97-kDa
antigen was detected on the surface and in the superna-
tant fluids of A. flavus. This antigen, or a similar one, is
present in A. fumigatus and other Aspergillus species

[12]. In addition, a 58-kDa antigen [8] has been purified
from A. fumigatus mycelial extracts. This antigen is
stained by both Coomassie blue and the periodic acid
Schiff stains, indicating that it may be a glycoprotein or
a glucogalactomannan protein conjugate. It also reacts
with antibodies present in sera from patients with IA due
to A. flavus. It is apparently shared by both species of
Aspergillus.

By using hydrophobic interaction and affinity chro-
matography, Kurup et al. [15] isolated a glycoprotein
fraction from A. fumigatus with two components of 35
and 65 kDa. This fraction consistently showed binding to
IgG and IgE antibodies in sera from patients with ABPA.
The sera of patients with ABPA [11] recognized a 93-
kDa glycoprotein from A. fumigatus, purified by single-
step affinity chromatography with the mannose-specific
snowdrop lectin. Its relationship with a previously de-
scribed galactomannan antigen of 94 kDa [26], contain-
ing immunodominant �(135) galactofuranan side
chains, needs to be established.

In this paper, we describe the characterization of the
antigens present in a ConA-binding fraction of two A.
flavus strains that were recognized by rabbit antiserum
raised against whole cells of A. flavus and sera from
patients with proven aspergillosis.
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Material and Methods

Microorganisms. Aspergillus flavus NCPF 2008 (N strain) was kindly
supplied by C. K. Campbell of the Mycological Reference Laboratory,
Bristol Public Healthy Laboratory, UK. The A. flavus SP065 (S strain)
was isolated from a patient with sinusitis in Rio de Janeiro, Brazil.

Growth conditions. Fungal cells were grown on Sabouraud solid
slants (g.L�1): Difco peptone, 10; Difco yeast extract, 5; Difco agar,
20; Glucose, 40.Cells were inoculated into Erlenmeyer flasks (500 mL)
containing Sabouraud liquid medium (200 mL), which was incubated
with shaking for 7 days at 25°C. Cultures were then transferred to the
same medium (1 L) and incubated for 7 more days at the same
temperature with shaking. The mycelium then was filtered, washed
with distilled water, and dried.

Extraction and fractionation of glycoproteins. Crude glycoproteins
from both strains were obtained by extraction of the intact mycelium in
a phosphate buffer 50 mM pH 7.2, at 100°C for 2 h [10].

Affinity chromatography. The crude glycoproteins were fractionated
on a ConA-sepharose 4B column (0.5 � 20 cm) and equilibrated with
10 mM Tris-HCl, pH 7.2. The unbound material (UB) was eluted with
10 mM Tris-HCl, pH 7.2, and the bound material (B) was then eluted
with 0.2 M �-methylmannoside. Three-milliliter fractions were col-
lected and monitored at A280 for the presence of proteins.

Analytical procedures. The total contents of carbohydrates, proteins,
phosphate, and hexosamines were determined by the phenol-sulfuric
[7], Folin-phenol reagent [17], Ames [1], and Belcher [3] methods,
respectively.

Component monosaccharides. Fractions from ConA-affinity chroma-
tography (UB � B) were hydrolyzed with 3 N TFA for 3 h at 100°C.
The resulting monosaccharides were converted to their alditol acetates,
which were characterized and quantified by gas chromatography cou-
pled to mass spectrometry (GC-MS) [20].

SDS-PAGE. Samples (crude glycoprotein, UB and B fractions) were
separated by eletrophoresis in a 12% polyacrylamide gel and silver
stained. For additional details see Haido et al. [10].

Human sera. Human sera were provided by Claudine Pinel from the
Service de Parasitologie-Mycologie, Centre Hospitalier Universitaire
de Grenoble, Grenoble, France and Prof. Alfeu Franca, Hospital Uni-
versitario Prof. Clementino Fraga Filho, UFRJ, Rio de Janeiro, Brasil.
Sixteen serum samples were from patients with or without asthma. For
these patients, positive serology for Aspergillus, peripheral blood eo-
sinophilia, and an increase in total immunoglobulin E (IgE) were
detected. Serum antibody reactivity was monitored by both the
Ouchterlony diffusion assay or ELISA by using somatic and metabolic
extracts of A. fumigatus. Five (5) cases of proven invasive aspergillosis
(IA) were diagnosed by histologic evidence of the presence of hyphae
in tissue specimens and the in vitro growth of the Aspergillus species
in culture. Two probable IA cases presented positive Aspergillus sp, in
cultures from bronchoalveolar lavage fluid or bronchial aspirates. Two
serum samples were from aspergilloma patients who had been con-
firmed by X-ray analysis, clinical examinations, serological reactions,
and isolation of A. fumigatus and/or A. flavus from bronchial washings.
Serum samples from patients with proven mycotic diseases (coccid-
ioidomycosis, cryptococcosis, histoplasmosis, paracoccidioidomyco-
sis), and serum samples from tuberculosis patients were also used.
Seventy-five (75) control sera were obtained from healthy individuals.

Rabbit immune sera. Two white male rabbits were inoculated with
freeze-dried mycelium of A. flavus NCPF 2008 (2 mg/mL dry weight),
emulsified with an equal volume of complete Freund adjuvant, and

aliquots of 1 mL of emulsion were injected intradermally over a period
of several weeks. For further details, see Haido et al. [10].

Western blot analysis. Following eletrophoresis, the sample were
electrotransferred onto PVDF membranes as previously described by
Glass et al. [9]. Proteins were transferred for 60 min in 10% methanol,
12.2 mM Tris, 96 mM glycine, pH 8.3, at 400 mA in a Trans-Blot
Electrophoretic Transfer Cell (Bio-Rad, Hercules, CA, USA) onto
PVDF. After transfer, the PVDF membranes were blocked with 3%
skim milk plus 0.1% Tween 20 in PBS (10 mM phosphate buffer, 0.15
M NaCl) at room temperature and incubated for 1 h at 37°C with human
sera diluted 1:200. The PVDF membranes were washed in PBS Tween
plus 3% skim milk, incubated with goat anti-human IgG (Bio-Rad,
USA) (1:800) in the same buffer, washed as above, and developed with
diaminobenzidine (DAB) in 0.1 M PBS buffer and H2O2. For detection
of ConA-binding antigens, the PVDFs were blocked with a 10%
solution of fetal calf serum (FCS) in Tris buffer saline (TBS), rinsed
with TBS containing 1% FCS, and incubated with a ConA-horseradish
peroxidase conjugate (25–50 �g/mL) in blocking buffer for 30 min.
After washing, the PVDFs were developed as described above.

Periodate oxidation. Four mg of the A. flavus bound fractions were
treated with increasing concentrations (10–100 mM) of sodium meta-
periodate according to Haido et al. [10]. These preparations were
further tested in ELISA experiments.

ELISA. The method used for ELISA was essentially as described by
Voller et al. [21]. The wells of the flat-bottomed microtiter plates
(Hemobag) were coated with 100 �L of a 5 �g/mL solution of crude
and ConA- separated fractions from each of the two strains of A. flavus.
Human and rabbit sera were used at dilutions from 1:200 to 1:25,600
in the presence of BSA. The chromogen used was O-phenylenediamine
added together with hydrogen peroxide [10]. Inhibition tests were
performed with rabbit serum diluted 1:200 to 1:25,600 pre-incubated
for 30 min with 5 �g/mL of the A. flavus BF fraction.

Results and Discussion

Fractionation of glycoproteins from Aspergillus fla-
vus. Crude glycoproteins were extracted from the N and
S strains of A. flavus with hot phosphate buffer and
fractionated by ConA-Sepharose column chromatogra-
phy. As shown in Fig. 1, the glycoprotein preparation
was separated into ConA-unbound (UB) and bound frac-
tions (B), after elution with 0.2 M �-methyl-mannopyr-
anoside. The chemical composition of the crude glyco-
proteins and B and UB fractions from both strains of
A-flavus is shown in Table 1. Analysis of the ConA-
binding fraction showed that mannose, galactose, and
glucose were the monosaccharide components of the
carbohydrate portion. The proportion of mannose:galac-
tose was 1.4:1.0, suggesting the presence of a galacto-
mannan-protein conjugate. The ConA-binding fractions
isolated in this study are visualized as a band of 35 kDa
in Western blot with ConA-HRP (Fig. 2). The unbound
fractions (Fig. 2, lanes 2 and 5) were not reactive against
ConA, while B fractions strongly reacted with the lectin
conjugate (Fig. 2, lanes 3 and 6).
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Effect of chemical oxidation of carbohydrates on
the antigenicity of the B fraction. The immunological
relevance of the carbohydrate moiety of the B fraction
was demonstrated in this study. The B fraction was
treated with sodium metaperiodate, and its reactivity
with rabbit hyperimmune serum was evaluated by

ELISA. This chemical treatment reduced almost com-
pletely the recognition of the B fraction by antibodies,
suggesting that its carbohydrate portion significantly
contributes to antigenicity (Fig. 3). Similar results were
described for peptidogalactomannans isolated from the
mycelial surface of A. fumigatus [10], a 58-kDa antigen

Table 1. Chemical composition (%) of glycoprotein fractions of Aspergillus flavus N and S strains

Fractions Sugara Proteinb Hexosaminec Phosphated

Monosaccharide Components (%)e

Man Gal Glc

N-crude GP 70 30 trf tr 62 32 6
N-UB 53 47 tr tr 37 33 30
N-B 74 26 tr tr 54 38 8
S-crude GP 65 35 tr tr 43 46 11
S-UB 37 63 tr tr 19 48 32
S-B 75 25 tr tr 47 24 29

a Dubois et al. (1956).
b Lowry et al. (1951).
c Belcher et al. [3].
d Ames [1].
e *Determined by GC as alditol acetate derivatives.
f tr, traces.

Fig. 1. Isolation and purification of
Aspergillus flavus glycoprotein. For
details of purification, see Materials
and Methods.
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from the mycelial extract of A. fumigatus [8] and other
fungal antigens [19, 24].

Immunological reactivity of crude glycoprotein, UB
and B fractions with sera from patients with ABPA.
The reactivity of the fractions, after ConA-chromatography
with sera from infected individuals, was determined by
ELISA. The B fraction strongly reacted with a rabbit hy-
perimune serum, while the UB fraction was weakly reactive
(Fig. 4a). The antigenic reactivity of the N-strain crude
glycoprotein was completely inhibited by pre-incubation of
the serum with fraction B (Fig. 4b). This result showed that
the B fraction was a major antigenic compound present in
the crude glycoprotein. The specificity of the antigen-anti-
body reaction was tested by using sera from several myco-
ses and from a patient with tuberculosis (Fig. 5), which
revealed the occurrence of a weak cross-reactivity against
the B fraction. The wide distribution and similar chemical

structures of the galactomannans shared by pathogenic
fungi including C. immitis, H. capsulatum, and P. brasil-
iensis [2] could be responsible for these serological cross-
reactions. These results indicate that, under controlled con-
ditions, serology with the B antigen may be a tool for
differentiating infections caused by Aspergillus spp. from
those caused by other fungi.

Immunoblotting analysis of the ConA-binding frac-
tions. Following SDS-PAGE, the B fractions from the
Aspergillus N and S strains were electrotransferred to
PVDF membranes and probed with sera from patients
with various forms of aspergillosis. The immunoblot
pattern in 25 patients with aspergillosis revealed that the
35-kDa band of A. flavus is recognized by sera from IA,
ABPA, and aspergilloma patients and is the immuno-
dominant antigen present in the ConA-binding fraction
of A. flavus (Fig. 6 a, b, c, d). There were no reactions on

Fig. 2. Western blot analysis of N and S strain fractions of Aspergillus
flavus probed with a ConA-HPR conjugate. Lanes (1,4) crude glyco-
protein; (2,5) UB fraction; (3,6) B fraction.

Fig. 3. Antigenicity of Aspergillus flavus untreated N-B (circles) and
periodate-treated (squares) fractions probed with rabbit hyperimmune
serum in ELISA experiments. Control of the reactivity of pre-immune
rabbit serum is also shown (triangles).

Fig. 4. ELISA experiments showing the antigenic reactivity of Aspergillus flavus N-strain fractions against rabbit hyperimmune serum. (a) UB
fraction (squares), and B-fraction (circles). (b) Crude glycoprotein preparation (circles) or pre-incubation with B fraction (squares). Control systems
in this experiment are represented by the reactivity of pre-immune rabbit serum (triangles).
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the immunoblots incubated with a pool of normal sera
(Fig. 6 a, b; lane 1). Recently, Yuen et al. [23] and Chan
et al. [4] reported that patients with aspergilloma and
invasive aspergillosis due to A. fumigatus developed
specific antibodies against Afmp1p, an antigenic cell
wall galactomannoprotein of A. fumigatus.

Knowledge of shared or unique components among
different fungi is necessary for proper diagnosis and treat-
ment of patients with respiratory mycoses. Little is known
about the allergens of A. flavus. An alkaline serine protein-
ase was characterized as a major allergen of A. flavus that

cross reacts with A. fumigatus and P. citrinum [6]. The
ConA-binding antigen described in our study was ex-
pressed by both strains of A. flavus; it may be a useful tool
for the diagnosis of some forms of aspergillosis.
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