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Asp f 2 is a major Aspergillus fumigatus allergen involved in allergic bronchopulmonary aspergillosis.
Knowledge of the B-cell epitopes may contribute to the understanding of immunoregulation and immunodi-
agnosis. To elucidate the immunoglobulin E (IgE) binding epitopes in the linear sequence of Asp f 2, we
synthesized decamer peptides spanning the whole molecule of Asp f 2 on derivatized cellulose membranes and
evaluated IgE binding in ABPA patient and control sera. Peptides three to five amino acids long were
synthesized based on amino acid sequences within the IgE binding regions and evaluated for the specificity of
epitope antibody interactions. Nine IgE binding regions were recognized in this protein of 268 amino acid
residues. Of the nine epitopes, seven (ATQRRQI, RKYFG, HWR, YTTRR, DHFAD, ALEAYA, and THEGGQ)
are present in the hydrophilic regions of Asp f 2. Immunologic evaluation of the three recombinant fragments,
Asp f 2A encompassing the N-terminal epitope region, Asp f 2B without N- and C-terminal regions of the
protein, and Asp f 2C representing C-terminal epitopes, revealed that either the N- or C-terminal region of the
protein is essential for the correct folding and conformation for IgE antibody binding.

Allergic inhalant diseases such as asthma, allergic rhinitis,
and conjunctivitis affect about 20% of the population in the
industrialized countries worldwide (16, 31, 40). Fungal spores
are universally recovered both indoors and outdoors and are
recognized as an important cause of respiratory allergy (8, 19).
In the presence of major histocompatibility complex mole-
cules, the allergen protein encountering the host immune sys-
tem is recognized by its conformational and linear structures
by immunoglobulin (B-cell epitopes) or after ingestion and
processing by antigen-presenting cells as small peptide frag-
ments by T cells (T-cell epitopes). Identification and charac-
terization of B- and T-cell epitopes of fungal allergens from
various sources are essential for the understanding of patho-
physiology of the allergic reactions and to develop sensitive
and specific diagnosis and treatment of these diseases.

Over the last few years, several proteins with allergenicity
have been cloned and expressed by molecular biology tech-
niques (14, 18, 34). These recombinant allergens and polypep-
tides are now the important source of reliable and standard-
ized antigens for improved diagnosis and immunotherapy.
Despite the rapidly increasing number of recombinant al-
lergens, very few immunoglobulin E (IgE)-reactive B cell
epitopes have been identified for various allergens from dif-
ferent sources (34). In several studies, enzymatically cleaved
antigens or synthetic overlapping peptides were immunologi-
cally evaluated for defining IgE epitopes of allergens from
pollen, mite, milk, and codfish (2, 14, 15, 17, 30, 36, 38).
Recently recombinant DNA techniques have been used also to
express a series of overlapping cDNAs for identification of the

epitopes, using mouse antibodies and sera from sensitized pa-
tients (38, 41).

A. fumigatus, a ubiquitous fungus present in nature, causes a
variety of respiratory disorders, including allergic bronchopul-
monary aspergillosis (ABPA). A. fumigatus antigens are di-
verse in their physicochemical and immunological characteris-
tics; the molecular structures and biological functions of most
of them are poorly understood (6, 7, 26). By using molecular
cloning techniques, some of the major allergens of A. fumigatus
have been cloned and sequenced (1, 4, 5, 12, 13, 21, 29).
Among the recombinant A. fumigatus allergens, Asp f 1 and
Asp f 3 exhibited IgE antibody binding with sera from ABPA
patients as well as from A. fumigatus skin prick test-positive
allergic asthma patients. On the other hand, intracellular al-
lergens Asp f 4 and Asp f 6 are reported to demonstrate
distinct IgE binding exclusively with sera from ABPA patients
(12). The distinct IgE binding properties of A. fumigatus aller-
gens indicate that the characteristic features of A. fumigatus-
sensitized allergic disorders, to some extent, depend on the
proteins involved and their cellular localization, as well as on
their structures and conformations. However, information
about the B- and T-cell epitopes of these major A. fumigatus
allergens is still not available.

Recently we have reported another major allergen of A.
fumigatus, Asp f 2, which reacts with IgE antibodies from
ABPA patients, especially those with central bronchiectasis.
More than 90% of the patients with ABPA used in this study
displayed significant IgE reactivity with recombinant Asp f 2
(3). To investigate the role of Asp f 2 in IgE-mediated immune
responses of the patients, we have extended our study by an-
alyzing the major IgE binding epitopes and recombinant con-
structs of Asp f 2 fragments containing various epitopes. The
immunological evaluation of Asp f 2 overlapping peptides re-
vealed nine distinct IgE binding epitopes varying in length
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from 3 to 7 amino acids (aa) throughout the molecule. How-
ever, the recombinant fragments representing several epitopes
evaluated in this study showed distinct differences in IgE bind-
ing properties, indicating that in the recombinant peptides,
these epitopes are under conformational constraints and need
to be expressed in appropriate conformation to react with IgE
antibody in patient.

MATERIALS AND METHODS

Subjects. Three groups of subjects were included in this study. Serum samples
were collected from the patients with ABPA (n 5 24) attending the Allergy-
Immunology Clinics of Medical College of Wisconsin Affiliated Hospitals and
the Allergy-Immunology Clinic of Northwestern University Medical School.
These patients fulfilled the criteria for the disease as described by Rosenberg et
al. (32). The serum samples from 10 patients with asthma and immediate wheal
and flare skin reactivity to A. fumigatus antigens but without clinical features of
ABPA and from 10 normal subjects with no history of respiratory disease were
also tested. The institutional review committee had approved all human studies.

Solid-phase peptide synthesis. Peptide synthesis was carried out on derivatized
cellulose membranes, 9-fluorenylmethoxy carbonyl-derived amino acids (Fmoc-
amino acids) as specified by the manufacturer (SPOTs; Genosys Biotechnologies
Inc., The Woodlands, Tex.). The free amino functional group present on the spot
was used in the synthesis of the various peptides, and the carboxyl group of the
N-terminal amino acid of the peptide was linked with the NH2 group of the
Fmoc-amino acid on the particular spot on the membrane (24). Based on pub-
lished amino acid sequence of Asp f 2, 259 decapeptides were synthesized at an
offset of 1 aa to span the complete Asp f 2 molecule (4). Once the IgE binding
regions of Asp f 2 were identified, in order to evaluate the specificity of the
epitope-IgE interaction, small overlapping peptides of 3 to 5 aa encompassing
the identified epitopes RKYFG (epitope 2), HWR (epitope 3), and YTTRR
(epitope 4) were synthesized. All of these synthetic peptides were then evaluated
with sera from ABPA patients and controls for IgE antibody binding.

Antibody binding of the synthetic peptides. After synthesis of various Asp f 2
peptides, the membranes were blocked overnight before incubation with pooled
sera from patients with ABPA (25). Washings were carried out between incu-
bations with 0.1% Tween 20 in Tris-buffered saline (T-TBS). Biotinylated anti-
human IgE (Vector Laboratories, Burlingame, Calif.) diluted 1:1,000 in T-TBS
was then added to the membranes and incubated for 1 h at room temperature.
The membranes were then treated with 1:27,000-diluted streptavidin-alkaline
phosphatase (Sigma, St. Louis, Mo.) for 45 min and washed as before. The color
was developed by using as a substrate nitroblue tetrazolium–5-bromo-4-chloro-
3-indolylphosphate (Bio-Rad Laboratories, Richmond, Calif.) as described pre-
viously (23). The intensities of the color reactions were analyzed by densitometric
scanning of the SPOTs membranes with an AMBIS (San Diego, Calif.) image
acquisition and analysis instrument. Various identified epitopes were then syn-
thesized as described above and treated with pooled normal sera at a dilution of
1:25 for specific IgE binding. The subsequent steps were the same as described
above. The sequence similarity searches were done with the BLAST program of
the National Center for Biotechnology Information and with the Genetics Com-
puter Group (Madison, Wis.) package (11). The hydrophilic and hydrophobic
regions of Asp f 2 were also predicted with the Seq Vu 1.0 program (Garvan
Institute of Medical Research, Sydney, New South Wales, Australia) with a
window size of 7 aa.

Competitive ELISA using linear peptides and solid-phase coated Asp f 2. The
IgE antibody binding of Asp f 2 and synthetic peptides were studied by inhibition
enzyme-linked immunosorbent assay (ELISA). Wells of a 96-well microtiter
plate were coated with recombinant Asp f 2 at 5 mg/ml in phosphate-buffered
saline (PBS) and incubated at 4°C overnight. The plate was then washed with
PBS, and the wells were incubated with blocking buffer (0.3% gelatin in PBS) for
2 h at room temperature. A second plate was incubated with blocking buffer in
the same manner. Serum samples from ABPA patients 1 and 2 were diluted
1:250 and those from patient 3 were diluted 1:25 in blocking buffer and allowed
to react with various concentrations of peptides PA (aa 29 to 43; NCALEGWG
GHWRGAN), PB (aa 292 to 310; TIDVPSNCHTHEGGQLHCT), and Asp f 2
from 0.05 to 50 mg/ml in the second plate for 2 h at room temperature. The
reaction mixtures then were added to the Asp f 2-coated plate and incubated
overnight at 4°C. The binding of free antibodies in the preincubated sera to Asp
f 2 on the solid phase was detected by a procedure previously described (4). Two
individual sera (1:25) from each group of allergic asthma patients and healthy
controls were also included in this study. The ELISA IgE absorbance of Asp f 2
with uninhibited sera was considered to represent 100% binding. The percent-
ages of inhibition of IgE antibody binding of the peptides and antigen-incubated
sera were calculated in comparison to the binding with uninhibited sera.

Preparation of full-length Asp f 2 (aa 1 to 268) and recombinant constructs
Asp f 2A (aa 1 to 203), Asp f 2B (aa 68 to 203), and Asp f 2C (aa 68 to 268). After
identification of sequential IgE-reactive epitopes, we constructed recombinant
polypeptides representing different epitopes in order to analyze the involvement
of conformational constraints of Asp f 2 in expressing these epitopes.

The genes encoding different fragments of Asp f 2 were amplified by PCR. The

template DNA used was the clone encoding Asp f 2. Primers used for amplifi-
cation of the complete Asp f 2 were sense 59 GACGCTGGCGCGGTGACCT
CGT 39 (Asp f 2 59) and antisense 59 AGTGCAATGAAGCTGTCCACCTTC 39
(Asp f 2 39). The other primers used were sense 59 GTCATCGTGAACGGGG
ACAAG 39 (Asp f 2B 59) and antisense 59 TCCGACACCGGGAGCAGCAA
TAT 39 (Asp f 2B 39). A schematic diagram of the sizes of different constructs is
shown in Fig. 1. The amplified fragments were subcloned into pCR 2.1 vector
(Invitrogen, San Diego, Calif.).

Expression and purification of recombinant fragments of Asp f 2. Plasmids
encoding the recombinant polypeptides of Asp f 2 were sequenced by primer
walking using the dideoxy-chain termination method (33). All sequences were
read and recorded manually. The primers used at different stages of sequencing
were synthesized by Biosynthesis Inc., Lewisville, Tex. Escherichia coli HMS174
was transformed with pET-23b(1) vectors with or without inserts, and final
expression was carried out in E. coli BL21(DE3)(PLYsS) as described before (4).

Antigen-specific ELISA. The binding of specific IgE antibodies in sera from
various subjects to the recombinant constructs of Asp f 2 was analyzed by a
solid-phase ELISA as described before (3, 22).

Statistical analysis. The different groups of patients, healthy subjects, and
antigens were compared for reactivity with the antibody by unpaired t test by
using Statworks software (Computer Associates International, Islandia, N.Y.).

RESULTS

Identification of linear IgE binding epitopes of Asp f 2.
From the IgE antibody binding to the various decapeptides of
Asp f 2, we identified several regions of strong reactivity with

FIG. 1. Schematic representation of four cDNA constructs of Asp f 2 encod-
ing various fragments containing IgE binding epitopes. These DNA clones en-
coding recombinant polypeptides were overexpressed in pET-23b(1) vector (for
details, see Materials and Methods).

FIG. 2. IgE binding of synthetic peptides of Asp f 2 with sera from ABPA
patients. Linear decapeptides were synthesized on derivatized cellulose mem-
branes with an offset of 1 aa. On each spot on the membrane marked for peptide
synthesis, a free amino functional group was available for coupling with the
carboxyl group of the N-terminal amino acid of the peptide. Ten cycles of amino
acid addition were carried out for synthesis of decapeptides. After completion of
the peptide synthesis, the protecting groups on the side chains of the amino acids
were removed. The IgE binding epitopes were identified at various regions of
Asp f 2 based on the antibody peptide reaction demonstrated by enzyme immu-
nostaining (for details, see Materials and Methods).
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the pooled sera of patients with ABPA (Fig. 2). The specificity
of IgE antibody binding was ascertained from the lack of re-
action to peptides with random sequences and the synthetic
peptides representing nonepitope regions. Densitometric scan-

ning of the peptide-antibody reactions on the membranes is
shown in Fig. 3. Nine IgE binding regions were identified in
this allergen, as determined from the densitometric counts of
the spots on the cellulose membrane. Based on the primary

FIG. 3. Densitometric counts of the intensity of IgE peptide interaction on the cellulose membrane were determined; based on the counts of the individual spots,
the IgE binding regions of Asp f 2 were identified.

FIG. 4. Amino acid sequences representing nine IgE binding epitopes of Asp f 2. The continuous linear epitopes were identified by synthesizing overlapping
peptides spanning the complete protein. The length of the epitopes varied from 3 (HWR; epitope 3) to 7 (ATQRRQI; epitope 1) aa. Various amino acids in epitope
4 are shown at the right as an example of how the epitope was derived by synthesizing various overlapping peptides.
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structure of the protein, amino acid residues of the overlapping
decapeptides involved in antibody binding were selected as
shown in Fig. 4. The six IgE binding overlapping decapeptides
on spots 4 to 9 of row D (Fig. 2) have common amino acid
residues YTTRR (aa 113 to 117), indicating that these 5 aa are
involved in IgE binding with sera from ABPA patients and
hence represent an IgE binding epitope region (epitope 4) of
Asp f 2 (Fig. 4, right). Similarly, the amino acid residues of the
remaining epitopes were also identified and listed in Fig. 4.
The lengths of these IgE binding regions ranged from 3
(HWR; epitope 3) to 7 (ATQRRQI; epitope 1) aa.

Specificity of IgE binding to the B-cell epitopes of Asp f 2.
The specificity of IgE binding regions was further evaluated by
synthesizing overlapping peptides of various lengths of 3 to 10
aa and tested for IgE binding with sera from ABPA patients.
The effects of adjacent amino acids on IgE antibody binding of
these epitope regions of Asp f 2 are shown in Fig. 5. Spots 1 to
7 in Fig. 5A represent 3-aa-long peptides of Asp f 2, synthe-
sized at an offset of 1 aa. Amino acid sequence of spot 5
represents the selected epitope HWR (epitope 3). The open-
lettered amino acids are the part of the IgE binding region.
There is a gradual increase in IgE antibody binding from spots
4 to 6, and the peptides at spots 1, 2, and 3 did not show IgE
binding, indicating the specificity of the epitope-antibody in-

teraction. As shown on spots 8, 9, and 10 (Fig. 5A), the addi-
tional amino acids at the N- and C-terminal ends of HWR had
increased the intensity of the reaction. The WGGHWRG at
spot 9 (Fig. 5A) with flanking amino acids WGG and G at the
N- and C-terminal ends, respectively, showed the strongest
reaction with patient sera. Detailed analysis of IgE antibody
binding specificity of 5-aa-long RKYFG (epitope 2) is shown in
Fig. 5B. Spot six represents the selected epitope 2 of Asp f 2.
Marked differences were seen in the IgE binding when substi-
tution of one amino acid residue at a time was made in the
selected epitope. The peptide KYFGN at spot 7 (Fig. 5B) also
showed a strong antibody binding reaction, whereas no reac-
tivity was seen on spot 11, representing peptide NRPTM with-
out any amino acid residues from the identified epitope region.
The decapeptide on spot 12 (Fig. 5B) with a flanking amino
acid Y at the N-terminal end and amino acid residues NRPT at
the C-terminal end also exhibited strong IgE antibody binding.
Similarly, another 5-aa-long epitope YTTRR (epitope 4) was
evaluated for IgE antibody binding (Fig. 5C). The selected
epitope on spot six shows distinct IgE binding with patient sera.
The addition of five alanine molecules at the N-terminal and
C-terminal ends (Fig. 5C, spots 12 and 13, respectively) have
shown reduced intensity indicating a weaker IgE antibody
binding of this peptides.

FIG. 5. (A) Specificity of IgE binding of 3-aa-long peptides of Asp f 2, synthesized at an offset of 1 aa encompassing epitope 3 HWR (spot 5). Open-lettered amino
acids are the part of the selected epitopes. (B) IgE antibody binding of 5-aa-long peptides synthesized at an offset of 1 aa; spot 6 represents the selected epitope 2
(RKYFG) of Asp f 2. (C) IgE binding of overlapping peptides encompassing epitope 4 (YTTRR) of Asp f 2. All peptides were evaluated for IgE binding by using pooled
ABPA sera at a dilution of 1:10. The left panel represents densitometric scanning of the spots as a measure of intensity of IgE-peptide reaction (for details, see Materials
and Methods).

VOL. 67, 1999 B-CELL EPITOPES OF A. FUMIGATUS ALLERGEN Asp f 2 2287



Peptide-mediated inhibition of Asp f 2 IgE binding. Syn-
thetic peptides representing two of the above-identified
epitopes were further evaluated for their structural and con-
formational similarities with the B-cell epitopes present on the
Asp f 2 molecule, using competitive ELISA. As shown in Fig.
6, peptides PA and PB, representing epitopes 3 and 9 of Asp f
2, respectively, demonstrated significant IgE binding with se-
rum from an ABPA patient. This is evident from 86% inhibi-
tion in IgE binding with serum 1 when the percentages of
inhibition by the two peptides are taken together and is com-
parable to the inhibition noted with homologous allergen Asp
f 2. Similarly, peptide-preincubated sera 2 and 3 resulted in 52
and 51% inhibition in IgE antibody binding, respectively, to
solid-phase coated Asp f 2. However, normals and allergic
asthmatic sera showed only very low IgE binding, and no sig-
nificant inhibition was noted.

N-terminal/C-terminal region of Asp f 2 is essential for IgE
antibody binding. After determining the precise amino acid
residues interacting with antibodies, we devised cDNA frag-
ments encoding these epitopes to examine the role of properly
folded polypeptides in antigen-antibody binding. Recombinant
constructs Asp f 2A (aa 1 to 203), Asp f 2B (aa 68 to 203), and
Asp f 2C (aa 68 to 268) as well as the complete Asp f 2 (aa 1
to 268) were cloned and expressed in the pET expression
system (Fig. 1). The expressed proteins were purified by Ni21-
agarose affinity chromatography. The complete allergen Asp f
2 expressed a protein of 37 kDa, whereas recombinant
polypeptides Asp f 2A, Asp f 2B, and Asp f 2C demonstrated
proteins at 24, 17, and 28.6 kDa, respectively (data not shown).
In an indirect ELISA, 24 individual sera from ABPA patients
and 10 each from Aspergillus skin prick test-positive patients
with asthma and healthy controls were tested for IgE binding
with the recombinant peptides of Asp f 2 (Fig. 7). The mature

allergen Asp f 2 (aa 1 to 268) recognized IgE antibodies in the
sera of 22 of 24 ABPA patients (92%). Asp f 2A (aa 1 to 203)
expressing the polypeptide without the one C-terminal-end
epitope (epitope 9) reacted with 17 of 24 patients (71%),
whereas Asp f 2C (aa 68 to 268), without the N-terminal-end
epitopes 1 and 2, demonstrated reaction with 14 of 24 ABPA
patients (58%). Levels of IgE binding of Asp f 2 and Asp f 2A
with ABPA in comparison to healthy controls are statistically
significant (P , 0.05). Although six of the nine epitopes are
common in all three fragments, Asp f 2B failed to show IgE
antibody binding with sera from patients with ABPA. None of
these recombinant polypeptides exhibited significant IgE bind-
ing with sera from Aspergillus skin prick test-positive patients
with asthma and from healthy controls (Fig. 7).

DISCUSSION

Insight into the allergen-mediated humoral reactions in al-
lergic diseases may facilitate the development of more efficient
immunodiagnosis and treatment of these diseases. Thus, the
present study was undertaken to identify and characterize the
IgE binding epitopes of a major A. fumigatus allergen, Asp f 2,
using solid-phase peptide synthesis and recombinant DNA
technology. The epitope mapping of linear peptides synthe-
sized on derivatized cellulose membranes demonstrated dis-
tinct IgE binding regions throughout the molecule. However,
the recombinant fragment Asp f 2B (aa 68 to 203) without the
N- and C-terminal regions of Asp f 2 failed to bind IgE anti-
body from ABPA patients, indicating the possible involvement
of various regions of the protein and other structural con-
straints in maintaining the proper folding and three-dimen-
sional structure of Asp f 2. In contrast to the epitopes from the
majority of allergens, which reside in the C-terminal regions of

FIG. 6. Competitive inhibition ELISA of IgE binding of the peptides with sera from ABPA and allergic asthma patients and from healthy controls. ELISA plates
were coated with Asp f 2. The IgE absorbance (O.D., optical density) of uninhibited sera is shown as gray bars; also shown are ELISA absorbances of preincubated
sera with peptide with PB-(TIDVPSNCHTHEGGQLHCT) (hatched bars), PA-(NCALEGWGGHWRGAN) (open bars), and with Asp f 2 (closed bars). Peptides and
protein were used at a concentration of 50 mg/ml for the inhibition study.
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the proteins, both N- and C-terminal regions of Asp f 2 rep-
resent IgE binding epitopes.

The identified epitopes are 3 (HWR) to 7 (ATQRRQI) aa
long, and seven of these identified epitopes are present in the
hydrophilic regions of Asp f 2. The specificities of these IgE
binding epitopes were studied further by synthesizing 3- to
10-aa peptides. A representative result as shown in Fig. 5
indicates the specificity of antibody binding of the epitope
RKYFG, a 5-aa-long peptide, with a gradual increase in the
intensity of the reaction by the incorporation of the amino
acids from the identified epitope region (Fig. 5B, spots 5 and 6)
and the decrease in the IgE binding with the deletion of the
amino acids comprising the epitope region (Fig. 5B, spots 10
and 11). In addition, with similar small peptides without the
putative amino acids of the epitopes, no significant IgE binding
was detected, as with the tripeptides in spots 1, 2, and 3 in Fig.
5A. The present findings, thus, indicate that IgE binding
epitopes of Asp f 2 are specifically directed to a few amino acid
residues and involve amino acid sequences arranged in a pre-
defined way as seen in the primary structure of the protein.

A protein data bank search for the conserved amino acid
sequences representing these epitopes showed significant se-
quence homology to three other fungal proteins but not to any
other known allergen. These proteins are ASPND1, a cytosolic
protein from A. nidulans, and the fibrinogen binding and the
pH-regulated proteins from Candida albicans. The amino acid
residues of Asp f 2 representing IgE binding epitopes and the

homologous sequences of ASPND1 and C. albicans proteins
are shown in Table 1. However, these three proteins are not yet
known to contribute to IgE-mediated fungal diseases; there are
reports of ABPA-like diseases caused by other members of the
genus Aspergillus as well as by other fungi such as Candida,
Curvularia, Stephylium, and Helminthosporium spp. (26). Re-
cently we have reported significant IgE antibody binding of
ASPND1 in sera from A. fumigatus-sensitized patients. Al-
though we have not evaluated the IgE antibody binding of the
two proteins from C. albicans, all the three proteins have con-
served amino acid sequences as in IgE binding regions of Asp
f 2 (5, 9, 27, 35). The cross-reactivity among allergens or anti-
gens from phylogenetically unrelated fungi may be determined
by further investigating the roles of these defined epitopes in
the immune mechanism of the disease process.

Immunological evaluation of the decapeptides enables the
identification of the epitopes with the minimum number of
amino acid residues precisely interacting with antibodies. To
evaluate the immunoreactivity of the epitopes in solution, we
carried out competitive inhibition ELISA. The extents of inhi-
bition in IgE binding to solid-phase coated Asp f 2 by two
peptides representing epitopes 3 (HWR) and 9 (THEGGQ)
were studied in sera from patients with ABPA and allergic
asthma and from healthy controls. Although the percentages of
inhibition differed for the two peptides, together they showed
.50% inhibition in IgE binding with all three sera from ABPA
patients. The IgE epitopes identified in the present study failed
to show significant IgG antibody binding with ABPA (data not
shown), indicating the specificity of IgE and IgG binding
epitopes in Asp f 2.

IgE epitope analyses of various allergens have revealed that
depending on the primary amino acid sequences, the epitopes
may be continuous as in Der p 2, Fel d 1, Phl p 1, Lol p VB,
b-lactoglobulin from bovine milk, Myr p 1 from ant venom,
and Poa p 9, the Kentucky blue grass pollen allergen. On the
other hand, for allergens such as Der p 1 and Bet v 1, the IgE
epitopes are reported to be discontinuous, whereas both con-
tinuous and discontinuous epitopes are present in all vespid
allergens (17, 20, 34, 38, 39, 41). For Asp f 2, we have demon-
strated the presence of both continuous and discontinuous
epitopes. As fragment Asp f 2B with six of nine identified
epitopes appeared to be under conformational constraints and
may be due to incorrect folding, the epitopes are not available
on the surface to interact with IgE antibodies. At the same
time, the identified linear epitopes when used as synthetic
peptides compete with the epitopes present in Asp f 2 in
competitive ELISA, indicating structural and conformational
similarities between them.

FIG. 7. IgE antibody binding of sera from patients with ABPA (n 5 24; h),
allergic asthma (n 5 10; E) and from healthy controls (n 5 10; ‚) to purified
recombinant Asp f 2, Asp f 2A (aa 1 to 203), Asp f 2B (aa 68 to 203), and Asp
f 2C (aa 68 to 268). The cutoff level for positive reaction (mean optical density
[O.D.] 1 2 standard deviations of the control values) is indicated by the solid
line. The statistical significance of IgE antibody binding of the recombinant Asp
f 2 and the fragments with sera from ABPA in comparison to healthy controls are
as follows: Asp f 2, P , 0.008; Asp f 2A, P , 0.05); Asp f 2B, P , 0.116); and
Asp f 2C, P , 0.06.

TABLE 1. Sequence homology of identified IgE epitopes of Asp f
2 with proteins from A. nidulans and C. albicans

Epitope

Sequence

Asp f 2
(A. fumigatus)

Asp n d1
(A. nidulans)

Fibrinogen
binding protein

(C. albicans)

pH-regulated
protein

(C. albicans)

1 ATQRRQI ATEQRQL ATQYNQL ATQYNQL
2 RKYFG RKYFG RKYFG RKYFG
3 HWR HWR YWR YWR
4 YTTRR YTTRR FVTRR FVTRR
5 ASDLM AGDLL AGDLL AGDLL
6 YHVP YHMP WHLK WHLK
7 DHFAD EHYAD EHYAD EHYAD
8 ALEAYA ALEVYA ALDVYA ALDVYA
9 THEGGQ THEGGE THADGE THADGE
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Not much work has been carried out on defining B- and
T-cell epitopes of major A. fumigatus allergens; recently Asp f
1-specific T-cell clones have been established from ABPA pa-
tients (10). These HLA-DR 2/5-restricted T-cell clones are
mainly directed against two immunodominant epitopes of Asp
f 1 in the region from aa 106 to 125. In line with these findings,
recently we have reported two immunodominant epitopes of
Asp f 1 representing the C-terminal region of the protein (aa
115 to 149) with strong proliferative responses as well as IgE
antibody binding with sera from patients with ABPA (24).
Hence, the assembly of multimers of short defined epitopes or
chimeric construction of B- and T-cell epitopes as a multiple
antigen-presenting system may be a useful approach for the
design of a polyvalent subunit immunogen for fungal diseases
(28, 37).

In conclusion, using solid-phase peptide synthesis and mo-
lecular cloning techniques, we have identified the immuno-
dominant B-cell epitopes of a major A. fumigatus allergen, Asp
f 2. Although linear IgE binding regions are identified through-
out the protein by synthetic peptide analysis of the complete
protein, it is evident that these epitopes are presented in a
conformational manner. Evaluations of these IgE epitopes and
recombinant polyepitopes suggest the usefulness of multimeric
epitopes as possible candidates for the development of specific
serodiagnosis and probably in the treatment of allergic as-
pergillosis.
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