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Asp f 2, a 268 amino acid major allergen from As-
ergillus fumigatus (Af) demonstrated nine linear IgE
inding regions. It is not known whether any of these

inear epitopes are also conformatory epitopes. Hence,
e constructed deletion mutants of Asp f 2 devoid of
ne or more epitopes, and the IgE binding of these
roteins with sera from patients with ABPA was com-
ared with the full-length Asp f 2 expressed in E. coli
nd Pichia. The Pichia expressed protein reacted
eakly with IgE, but strongly with IgG of ABPA sera

ompared to E. coli expressed Asp f 2. Weak IgE bind-
ng only was seen when the C-terminal or N-terminal
as deleted, while depletion of both ends negated all

eactivity. The monoclonal antibody IL-B8 and IgE
nd IgG of ABPA sera bound significantly to the Asp f
E-4 fragment indicating that the major B-cell epitope

s located at the N-terminal end of Asp f 2. © 2000 Academic

ress

Key Words: Asp f 2; deletion mutants; Aspergillus
umigatus; IgE; immune response.

Aspergillus fumigatus major allergen Asp f 2 has
een cloned and the protein expressed (1). This protein
eacted with IgE antibody in the sera of over 90% of
atients with ABPA (2). When overlapping peptides
overing the whole sequence of Asp f 2 were evaluated
or IgE binding, nine linear regions were identified
panning the full-length of the allergen molecule (3).
lthough the antibody binding sites are sequestered
ased on the primary, secondary, and tertiary struc-
ures, the linear sequence may also be of significance
articularly when such synthetic peptides can bind to

Abbreviations used: Asp f 2 E, E. coli expressed Asp f 2; Asp f 2 P,
ichia expressed Asp f 2; Asp f 2 E1-5, E. coli expressed Asp f 2

ragments; SDS–PAGE, sodium dodecyl sulfate polyacrylamide gel
lectrophoresis; IPTG, isopropyl-b-D- galactopyranoside; PAS, peri-
dic acid Schiff; ELISA, enzyme-linked immunosorbent assay;
BPA, allergic bronchopulmonary aspergillosis.
1128006-291X/00 $35.00
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pitopes are predominantly linear, they are of value in
nderstanding the T-cell response and activation cas-
ades (4). The pathogenesis of ABPA could be better
nderstood by the use of these relevant synthetic pep-
ides representing T and B cell epitopes of the allergen
5, 6). The response of T-cell epitopes and their binding
o specific receptors may lead to a better understanding
f the regulatory events leading to the disease. As
-cell recognition and activation is based on the sec-
ndary and tertiary structures of the allergens and
ince such structures are lacking in the decamer syn-
hetic peptides, we devised Asp f 2 proteins depleted of
elected IgE binding regions. Asp f 2 gene was cloned
s mutants by targeted depletion of N- and C-terminal
equences representing epitopes of IgE binding re-
ions. Five truncated Asp f 2 proteins were compared
ith the full-length mature protein for their antibody
inding reactivity. The results indicate decreased IgE
inding when C-terminal or N-terminal ends were de-
eted, while depletion of both ends eliminated all reactiv-
ty. Both monoclonal antibody and ABPA sera reacted
ith the N-terminal IgE binding region of Asp f 2.

ATERIALS AND METHODS

Cloning of Aspergillus fumigatus gene encoding Asp f 2 and frag-
ents. A cDNA library was constructed from A. fumigatus in a

ZAP II vector and the protein expressed in a pET 23b(1) vector as
escribed previously (1, 7). Primers used for amplification of Asp f 2
NA and the different fragments of Asp f 2 are shown in Table 1. The

ense and antisense primers had BamHI and XhoI at their 59 ends.
he amplified fragments were subcloned into PCR II vector (Invitro-
en, San Diego, CA). The isolated plasmid DNA was digested with
amHI and XhoI and ligated to similarly digested expression vector
ET 23b(1) (pET Expression System; Novagen, Madison, WI). The
nduction and analysis of the fusion protein was performed according
o the pET expression protocol of the manufacturer. The cells carry-
ng expressed proteins were sonicated and the recombinant expres-
ion protein was analyzed on 15% Sodium dodecyl sulfate polyacryl-
mide gel electrophoresis (SDS–PAGE) (8). After electrophoresis, the
els were stained with Coomassie brilliant blue, and the proteins
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xpressed at different induction times were compared (3). The ex-
ressed proteins were affinity purified from the cell extracts using
i-NTA agarose column (Qiagen Inc., Valencia, CA). The purity,
olecular weights, and reactivity of the recombinant proteins with

ntibody were studied (1–3). The purified recombinant proteins were
yophilized and stored at 220°C.

The mature Asp f 2 E protein consists of 268 amino acids while the
ve deletion mutants expressed in E. coli using the pET vector varied
rom 135 to 238 amino acids (Figs. 1A and 1B). These deletion
utants were constructed based on the IgE binding regions deter-
ined in a previous study (3). Using the cDNA of Asp f 2, IgE binding

epitopes”-1, 2, 3, and 4 from the N-terminal end and “epitope”-9
rom the C-terminal ends were deleted in different mutants. Another
ragment was constructed by deleting two epitopes from the
-terminal end and one epitope from the C-terminal end (Fig. 1B).
he primers used to construct these mutants and the truncated
roteins expressed are shown in Table 1.

Sequencing the DNA. The DNA representing the full-length pro-
eins and fragments were sequenced and the sequences were com-

Primer Sequences Used for Ex

Asp f 2* Molecular size (kDa)

rAsp f 2 P 72

rAsp f 2 E 37

E1 35

E2 32

E3 24

E4 24

E5 20.5

* rAsp f 2 P, Pichia expressed in full-length Asp f 2. rAsp f 2 E, E. c
n E. coli.

FIG. 1. (A) The deduced amino acid sequence of Asp f 2 E. Nine
gE binding sites identified by epitope mapping are shown in bold
etters. (B) Schematic representation of six different cDNA con-
tructs of various fragments of Asp f 2 having IgE binding regions
nd glycosylation sites selectively depleted. These clones encoding
ecombinant polypeptides were over expressed in E. coli (pET-231

ector). The full-length protein was also expressed in Pichia pastoris
for details see Materials and Methods).
1129
ared (1, 3). The double stranded plasmid DNA of Asp f 2 and the
eletion mutants were used as template for the sequencing. The
equences were compared and the integrity of the mutants designed
as ascertained.

Expression of Asp f 2 in Pichia pastoris. The nucleotide sequence
nalysis of Asp f 2 gene demonstrated four possible glycosylation
ites (3). Evidence at hand from the study of native Aspergillus
llergens confirmed the presence of carbohydrates as constituent of
his molecule. Hence, we used the yeast Pichia pastoris an eukary-
tic organism to express the glycosylated Asp f 2 (9). Transformants
arrying Asp f 2 gene were linearized with Pme I. The restriction
nzyme site is located in the 59 AOX1 region of pPICZ-a. Transfor-
ation of GS115 with linearized constructs by electroporation re-

ulted in single crossover recombination at the AOX1 locus. The
ut1 phenotype (Methanol utilization) of the transformed GS115
as confirmed by growing the organism on MDH (minimal dextrose
istidine) and MMH (minimal methanol histidine) medium. There-
fter, 6–10 colonies of Mut1 phenotype were selected for small-scale
xpression. The small culture of each colony was induced with meth-
nol and cell pellets at different time intervals were analyzed by
DS–PAGE. The time point exhibiting maximum expression of the

usion protein was selected for large-scale expression and purifica-
ion of the recombinant Asp f 2 P.

Characterization of the various Asp f 2 proteins. All Asp f 2
roteins were characterized for their profile in 15% SDS–PAGE. The
roteins were stained with Coomassie brilliant blue and the molec-
lar weights compared with standards. The monoclonal antibody
eacting to native Asp f 2 was prepared as reported previously (10).
ll the recombinant proteins were studied for their reactivity against

he monoclonal antibody by Western blots and ELISA. The specificity
f the reactivity was ascertained by absorbing the antibody with Asp
2 E and testing it against Asp f 2 P by ELISA. The epitope directed
gainst the monoclonal antibody was determined by the reactivity of
ifferent fragments with the monoclonal antibody. The glycosylation
f the protein was determined by staining the SDS–PAGE gels with
eriodic Acid Schiff (PAS) stain (11, 12).

Sera from patients and normal controls. ABPA patients diag-
osed according to the criteria of Rosenberg et al. (13) were studied
long with patients with asthma and immediate skin test reactivity
o Aspergillus fumigatus antigen, but not having sufficient criteria
or diagnosing ABPA. Normal healthy controls without skin test
eactivity to Aspergillus species to other antigens also were studied.

ssing rAsp f 2 and Fragments

Primers’ sequences

1) 59GAATTCAGACGCTGGCGCGGTGACCTC39
2) 59TCTAGAAAAGTGCAATGAAGCTGTCCACCTT39
1) 59GGATCCGGACGCTGGCGCGGTGACCTCGT39
2) 59CTCGAGAAAGTGCAATGAAGCTGTCCACCTTC39
1) 59GGATCCGGAGCTCGCCCGGCACGCCA39
2) 59CTCGAGAAAGTGCAATGAAGCTGTCCACCTTC39
1) 59GGATCCGGTCATCGTGAACGGGGACAAG39
2) 59CTCGAGAAAGTGCAATGAAGCTGTCCACCTTC39
1) 59GGATCCGGGCTACACCGTCGCCGGCT39
2) 59CTCGAGAAAGTGCAATGAAGCTGTCCACCTTC39
1) 59GGATCCGGACGCTGGCGCGGTGACCTCGT39
2) 59CTCGAGAATCCGACACCGGGAGCAGCAATAT39
1) 59GGATCCGGTCATCGTGAACGGGGACAAG39
2) 59CTCGAGAATCCGACACCGGGAGCAGCAATAT39

expressed in full-length Asp f 2. E1-E5, Asp f 2 fragments expressed
pre

oli



Ten ABPA, 10 skin test positive asthmatics, and 10 normal healthy
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ontrols were studied. All sera were tested for specific IgE and IgG
ntibodies by ELISA using the different Asp f 2 antigens. The insti-
utional review committees approved the human study envisaged in
his study.

Antigen-specific ELISA for IgE and IgG in the sera of patients and
ontrols. The binding of IgE antibody in the sera of ABPA patients,
kin test positive asthmatics, and normal controls was studied
gainst Asp f 2 and the various fragments by a solid-phase ELISA
14–17). Immulon II polystyrene plates (Fisher Scientific, Itasca, IL)
ere coated overnight at 4°C with 2.5 mg/ml of the various recombi-
ant proteins in PBS (pH 7.4). The subsequent steps of incubations
ith serum, biotinylated anti-human IgE and IgG, and streptavidin
eroxidase were carried out as described previously (15). The color
eveloped with the chromogen OPD (orthophenylene diamine) was
ead at 490nm in an automatic ELISA plate reader (Dynatech, Chan-
illy, VA). All dilutions of the reagents were selected empirically after
heckerboard titrations with positive and negative control sera. Ap-
ropriate controls were included in all plates.

Competitive inhibition ELISA. In order to determine the cross-
eactivity between the glycosylated recombinant Asp f 2 P and E. coli
xpressed Asp f 2 E, a competitive ELISA was used. Microplates
ere coated overnight at 4°C with 100 ml of 5 mg/ml of the rAsp f 2 P.
ouse monoclonal antibody (IL-B-8) specific to native Asp f 2 and

ooled sera from patients with ABPA were incubated for 2 hours at
oom temperature with rAsp f 2 E at concentrations ranging from
.40 to 200 mg/ml. After incubation, 100 ml of the absorbed serum
as transferred to the ELISA plates coated with recombinant Asp f
P. ELISA was performed as described above, and the OD values of
re-incubated serum samples without rAsp f 2 E was taken as 100%
inding. Dose dependent inhibition was determined from the serum
bsorbed with various concentrations of rAsp f 2 E.

Western blot analysis of Asp f 2 and fragments. Five mg of rAsp f
E, rAsp f 2 P, and the five fragments were subjected to SDS–PAGE.
he proteins separated in the gel were transferred to nitrocellulose
embrane (Schleicher & Schuell) using a TransBlot apparatus (Bio-
ad) as described previously (7, 16). The free binding sites on the
embranes were blocked by PBS-T with 3% BSA. The membranes

hen were incubated overnight at 4°C in a 1:500 dilution of the
onoclonal antibody (IL-B8) or in a 1:10 dilution of the ABPA serum

ool. The membrane strips were treated with biotinylated rabbit
nti-mouse IgG1 antibody or biotinylated rabbit anti-human IgE
ntibody for 1 hour. This was followed by incubation with streptavi-
in alkaline phosphatase and the color development with 5-bromo-
-chloro-3-indolylphosphate toluidinium-nitroblue tetrazolium sub-
trate (Boehringer Mannheim, Indianapolis, IN) as described before
2, 3). The developed reactivity of the bands were compared.

Statistical analysis. The optical density (O.D.) values of the dif-
erent groups of subjects were compared by using Student’s t test
two-tailed independent samples). A P value of ,0.05 was taken as
ignificant.

ESULTS

The characteristics of Pichia expressed and E. coli
xpressed Asp f 2. The E. coli expressed Asp f 2 ap-
eared as a 35–37 kDa protein, while the protein ex-
ressed through Pichia pastoris (Asp f 2 P) appeared as
protein with a molecular mass of 70–75 kDa (Fig.

A). The Pichia expressed protein showed twice the
olecular mass of the E. coli expressed Asp f 2. Since

here were four possible glycosylation sites identified
n the sequence, Asp f 2 P was analyzed for the pres-
nce of carbohydrates. SDS–PAGE stained with PAS
emonstrated the presence of carbohydrates in the Asp
1130
2 P, while the staining was negative for the E. coli
xpressed proteins (data not shown).

he Reactivity of Asp f 2 P and Asp f 2 E
with Specific Antibody in the Sera

Enzyme linked immunosorbent assay (ELISA). The
. coli expressed and the Pichia expressed Asp f 2
roteins reacted with the sera from patients with
BPA by ELISA (Fig. 3). The reactivity of IgE with Asp
2 E was stronger than with rAsp f 2 P (Fig. 3A). Both
llergens demonstrated very weak binding to the spe-
ific IgE in the sera of asthmatics and normal control
ubjects. The IgG antibody in the sera of patients with
BPA showed stronger reactivity with Asp f 2 P com-
ared to Asp f 2 E (Fig. 3B). Both skin test positive
sthmatics and normal control sera also reacted with
sp f 2 P, although the levels were considerably lower
ompared to ABPA (Fig. 3B). Significantly high titers
ere detected with both Asp f 2 P and E when mono-

lonal antibody was studied (Fig. 4).
The structural conformation of Asp f 2 P and Asp f 2
was compared using ELISA inhibition with mouse
Ab to Asp f 2 and sera from ABPA patients. A

ompetitive inhibition assay demonstrated a dose-
ependent inhibition when the ABPA serum pool or
onoclonal antibody was absorbed with different con-

entrations of Asp f 2 E and evaluated against solid
hase coated with Asp f 2 P (Fig. 5). A dose-dependent

FIG. 2. SDS–PAGE and Western blots of rAsp f 2. (A) SDS–
AGE analysis of purified rAsp f 2 P and rAsp f 2 E. Five micrograms
f purified antigens were loaded and subjected to electrophoresis
efore staining with Coomassie brilliant blue R250. (B) Western blot
nalysis of rAsp f 2 P and rAsp f 2 E using pooled sera from ABPA
atients. (C) Western blot analysis of rAsp f 2 P and rAsp f 2 E using
ouse mAb (IL-B8). Lane 1: molecular weight standard; Lane 2:

Asp f 2 P expressed in Pichia pastoris; Lane 3: rAsp f 2 E expressed
n E. coli.
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nhibition of the binding reactivity of 30% or more
uggested that the monoclonal antibody and human
BPA sera reacted with the same epitopes of Asp f 2.

Western blot. Recombinant Asp f 2 E and P reacted
ith IgE from ABPA sera (Fig. 2B). However, the
ichia expressed allergen demonstrated a weaker re-
ction when compared to the E. coli expressed protein
Fig. 2B). Asp f 2 E demonstrated two IgE reacting
ands in the Western blots (Fig. 2B). One was a strong
and at the 35–37 kDa region and the other was at the
2–74 kDa region (Fig. 2B). Both Asp f 2 P and Asp f 2
also reacted with anti-Asp f 2 monoclonal antibody

L-B8 in Western blots; Asp f 2 E showed strong reac-
ion compared to Asp f 2 P (Fig. 2C). Similar to the
eactivity with ABPA sera in Western blot, Asp f 2 E
howed two bands reacting with the monoclonal anti-
ody (Fig. 3C). This suggests the possibility of the
espective protein existing as a dimer or as a result of
ggregation.

The immunochemical characteristics of Asp f 2 frag-
ents. The SDS profile of the five fragments of Asp f
E cloned and expressed are shown in Fig. 6. The

runcated Asp f 2 proteins demonstrated molecular
izes of 20 to 37 kDa. The nucleotide sequence analyses
f the five cDNA constructs agreed with the expected
equences. There were differences in the expected mo-
ecular weight calculated from the amino acid residues
nd the size determined from SDS–PAGE. All bands
tained with Coomassie blue, but not with PAS stain.

The reactivity of rAsp f 2 E fragments against sera
rom humans and monoclonal antibodies. The dele-
ion fragments with varying number of IgE binding
egions expressed in E. coli (E-1 to E-5) demonstrated

FIG. 3. IgE (A) and IgG (B) binding of rAsp f 2 P and rAsp f 2 E
sing 10 each of serum samples from ABPA, skin test positive asth-
atics, and normal control groups by ELISA. The statistical signif-

cance between different groups are shown as “*” for normal vs
BPA; “^” for asthmatics vs ABPA and significant reactivity among
ntigens are shown by “1”.
1131
o Asp f 2 E when studied by ELISA (Fig. 7A). The
ragment (E-5) with two glycosylation sites and six of
ine IgE binding regions but no N- and C-terminal
nds failed to react with sera from ABPA patients.
imilarly, E-3 lacking N-terminal end and with three
lycosylation sites and four IgE binding regions also
ailed to react with ABPA sera (Fig. 7A). Among the
ve fragments studied, three fragments, namely E-1,
-2, and E-4, reacted significantly (P , 0.05) with
BPA sera. The reactivity of the fragment E-2 was
omparable to Asp f 2 E IgE binding to ABPA sera (Fig.
A). However, sera from Aspergillus skin test positive
sthmatics failed to react with any of these allergens.
he lack of IgE or IgG response against Asp f 2 and the
eletion mutants may be due to the fact that the pa-
ients were tested with crude Aspergillus antigen,
hich may lack Asp f 2 or no apparent Asp f 2 response

n asthmatics. The other possibility is that the skin test
s considered a more sensitive indicator than the in
itro tests, which detects only high levels of antibody.
mong the Asp f 2 E fragments, only E-4 showed
ignificantly enhanced IgG in the sera from patients
ith ABPA compared to asthmatics and normal con-

rols (Fig. 7B). However, no significant IgG reactivity
as detected with remaining Asp f 2 fragments tested
gainst any of the sera studied.
Asp f 2 E and fragments E-2 and E-4 reacted with

gE in the sera of ABPA by Western blot (Fig. 6B). E-1
nd E-3 showed very weak reaction in Western blot,
hile E-5 was negative. The result indicates that for

he binding of IgE antibody to the allergen either the
C” terminal or “N” terminal containing relevant IgE
inding region is essential. Mutants lacking both the
C” and “N” terminal failed to react with IgE antibody
n the sera of ABPA patients by both ELISA and West-
rn blot.

FIG. 4. IgG1 binding activity of rAsp f 2 P, rAsp f 2 E, and
ragments against mouse mAb (IL-B8) by ELISA.
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Reactivity of Asp f 2 fragments with monoclonal an-
ibody. Although Asp f 2 E reacted strongly with the
onoclonal antibody IL-B8 by ELISA, only one frag-

FIG. 5. Inhibition of Asp f 2 P specific IgE and IgG1 by Asp f 2 E. S
onoclonal antibody were preincubated overnight with different c

ransferred to rAsp f 2 P coated wells and antibody binding was stud
re-incubated without antigen was taken as 100% binding.

FIG. 6. SDS–PAGE and Western blots of rAsp f 2 E fragments. (A
f purified proteins were subjected to electrophoresis, and the gels we
f rAsp f 2 E fragments using pooled sera from ABPA patients. (C) W
: molecular weight standard; Lanes 2–6: rAsp f 2 E fragments, E-1
1132
ent, Asp f 2 E-4, showed strong reactivity with the
onoclonal antibody (Fig. 4). The binding was compa-

able to that obtained with Asp f 2 E, while none of the

-phase was coated with rAsp f 2 P. ABPA patient’s serum and mouse
entrations of rAsp f 2 E. The preincubated serum samples were
by ELISA. The inhibition of titer was calculated. The titer of serum

S–PAGE analysis of purified rAsp f 2 E fragments. Five micrograms
tained with Coomassie brilliant blue R250. (B) Western blot analysis
tern blot analysis of rAsp f 2 E fragments using mouse mAb. Lane
-2, E-3, E-4, and E-5.
olid
onc
ied
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, E
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ther fragments showed any binding to IL-B8. In West-
rn blot both E-3 and E-4 showed reactivity, although
he former reacted weakly (Fig. 6C).

ISCUSSION

The two expression systems used in the present
tudy yielded recombinant Asp f 2 allergens with sev-
ral significant differences. The molecular size of the E.
oli expressed Asp f 2 was almost half the size that of
he Pichia expressed glycoprotein. The reactivity of
BPA serum IgE was much stronger with Asp f 2 E
hen compared to Asp f 2 P, both by ELISA and West-
rn blot, while the reverse was true with the IgG an-
ibody in the ABPA sera. The results indicate that the
gE binding to glycosylated Asp f 2 was weaker when
ompared to unglycosylated antigen expressed in E.
oli. Similar results have been reported with several
ther allergens (18, 19). Only one Asp f 2 fragment,
amely E-4, reacted significantly with ABPA serum
gG, while 3/5 fragments, E-1, E-2, and E-4, reacted
ith IgE in the sera of patients with ABPA evaluated
y ELISA. Since glycosylation leads to a lesser binding
f IgE than with Asp f 2 E, it can be concluded that no
gE binding epitopes are present in the carbohydrate
ortion of the glycosylated Asp f 2. Similar results have
lso been reported with other allergens including As-
ergillus fumigatus allergen gp55 (20–23). The cross-
eactive carbohydrates may at times result in discrep-

FIG. 7. IgE (A) and IgG (B) binding of rAsp f 2 E and five fragm
ositive asthmatics, and normal control groups by ELISA. The signi
*” for normal vs ABPA, “^” for asthmatic vs ABPA, and “1” for sig
1133
nt in vitro IgE and skin test results and such findings
ay lead to false interpretation (24).
The sizes of rAsp f 2 expressed in the two vector

ystems differed and this difference could be attributed
o the glycosylation of the protein. The molecular sizes
f the glycosylated and non-glycosylated Asp f 2 were
2 kDa and 37 kDa respectively. The glycosylation was
onfirmed by staining with PAS. Currently, there is no
nformation available regarding the site and type of
lycosylation of this antigen. Further studies are
eeded to understand the nature of the carbohydrate
ontent and the role of glycosylation in the overall
mmune responses in ABPA patients, as significant
athophysiological role for glycosylated protein anti-
en have been reported (24, 25).
In a previous study, we have demonstrated nine IgE

inding sites on the Asp f 2 molecule (3). The reactivity
f various deletion mutants indicates that either the
C” or “N” terminal is essential for significant binding
f IgE from patients with ABPA. Asp f 2 E-1 (aa 30–
68) showed weaker reactions compared to Asp f 2 E-2
aa 68–268) with two N-terminal epitopes lacking.
his difference in their binding may be due to the
onformational changes resulting from the N-terminal
earrangements of secondary structures of the frag-
ents. Mutant Asp f 2 E-4 (aa 1–203) also showed

trong binding to serum IgE from ABPA patients sug-
esting that intact N-terminal is essential for retaining
he IgE binding conformational structure.

s using 10 serum samples each from ABPA, A. fumigatus skin test
nce between different groups of patient is indicated by the symbols
cant reactivity among different antigen fragments.
ent
fica
nifi
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arious Asp f 2 mutants that epitopes 1 and 2 from the
-terminal end and epitope 9 from the C-terminal are
ot essential for IgE binding. However, when epitopes
–8 are expressed without the C- or N-terminal end, no
eactivity was detected, indicating the need of intact N-
r C-terminal end for strong binding to antibody. Sim-
larly, epitopes 5 to 9 with the C-terminal end also
ailed to bind to IgE or IgG in the sera of ABPA. The
bservation is consistent with epitopes 3 and 4 repre-
enting major antibody binding region of Asp f 2. Based
n the reactivity of the monoclonal antibody to the
arious fragments, it is likely that the N-terminal re-
ion encompasses the epitope binding site for the
onoclonal antibody. From the reactivity of the vari-

us Asp f 2 fragments with ABPA serum IgE and
onoclonal antibody and from the cross-inhibition

tudies, it can be concluded that epitopes 3 and 4 are
nvolved in the binding of human IgE and mouse mono-
lonal antibody.

In conclusion, the glycosylated recombinant Asp f 2
eacted weakly with IgE from ABPA patients, but
howed strong IgG reactivity, while rAsp f 2 expressed
n E. coli showed strong IgE binding and comparatively
ess IgG binding. Epitope mapping studies indicate
hat the monoclonal antibody IL-B8 binds specifically
o N-terminal epitopes of Asp f 2 similar to IgE in the
era from patients with ABPA. Understanding the spe-
ific reactivity of the epitopes may be useful in devising
ragments, which may be more specific in immunodi-
gnosis and may be of value in specific immunotherapy
nd in devising vaccines.
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