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Abstract

Background: Aspergillus species are prevalent indoor
airborne fungi and have been identified to be a
causative agent of human allergic disorders. In the pre-
sent study, we identified, purified and characterized the
allergen(s) from Aspergillus flavus, a predominant air-
borne Aspergillus species in the Taipei area. Methods:
The IgE-binding components of A. flavus were identified
by SDS-PAGE immunoblotting with sera from asthmat-
ic patients. The N-terminal amino acid sequences of the
major allergens were determined by Edman degrada-
tion. The allergenic cross-reactivity among allergens
from different fungi was analyzed by immunoblot inhi-
bition using sera from asthmatic patients. The detected
major allergen was purified from the culture medium. It
was further characterized in terms of its N-terminal
amino acid sequence, its IgE-binding activity and its
enzymatic activity. Results: The results of the im-
munoblot analysis indicate that a 34-kD component that
has high IgE-binding (63%) frequency is a major aller-
gen of A. flavus. The N-terminus of this 34-kD major al-
lergen (GLTTQKSAP) has high sequence identity with

that of the 34-kD alkaline serine proteinase major aller-
gen of A. oryzae. Results from immunoblot inhibition
studies indicate that IgE cross-reactivity occurs among
the 34-kD major allergens of A. flavus, A. fumigatus
and Penicillium citrinum. The 34-kD major allergen of
A. flavus was purified from the culture medium by am-
monium sulfate precipitation and DEAE ion exchange
chromatography. The N-terminal amino acid sequence
of the purified allergen (Asp fl 13) is identical to that de-
termined previously for the 34-kD major allergen in the
crude extract of A. flavus. The IgE immunoblot reactivi-
ty to the 34-kD major allergen in the crude extract can be
dose-dependently inhibited by the purified Asp fl 13.
The degree of IgE binding to the 34-kD major allergen in
the crude extract correlates with that of the purified Asp
fl 13 in sera of 8 asthmatic patients. The purified Asp fl
13 has proteolytic activity with casein as substrate at pH
8.0. This enzymatic activity can be inhibited by either
phenylmethylsulfonyl fluoride or diethylpyrocarbonate.
Conclusion: Our results suggest that the 34-kD alkaline
serine proteinase is a major allergen of A. flavus. There
was IgE cross-reactivity among allergens of A. flavus,
A. fumigatus and P, citrinum.
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Introduction detected only irA. fumigatusand A. restrictus but not in

otherAspergillusspecies such a. flavus, A. niger, A. ter-

It has long been established that respiratory allergieus and A. nidulans[19]. It was suggested that Asp f 1
symptoms can be caused by the inhalation of airborne molulld be a specific virulence factor far fumigatug19].
spores [1]. Althougi€Cladosporiumis far more prevalentin  Recently, results from a survey of atopic children in the
the outdoor environment [2Renicillium and Aspergillus Taipei area showed that flavusandA. nigerwere the pre-
are the most common indoor fungal species associated vadtiminant airborne fungi in their homes, with an occurrence
human allergic disorders [1, 3, 4]. The study by Licorish &kquency of>50%. However, the occurrence rates of
al. [5] confirmed thatlternaria and Penicillium spores in  A. fumigatusandA. clavatuswere only 4% [21]A. flavus
relatively natural states and numbers were potesdA. nigerare, therefore, recommended to be included on
immunopathogens for asthmaspergillusmediated aller- a skin test panel. Glucoamylase, cellulase and hemicellu-
gic disorders include allergic asthma, allergic rhinitis, allelase preparations fromA. niger were shown to contain
gic sinusitis, allergic bronchopulmonary aspergillosiallergens by skin prick tests and immunoblotting [22, 23].
(ABPA), and hypersensitivity pneumonitis [6]. From skirRecently,3-xylosidase fromA. nigerwas shown to be a
tests with a variety of molds in 1,000 asthmatic children imew allergen in the baking industry [24]. However, little is
Taiwan, the positive rates &f. fumigatus, Cladosporium, known about the allergens &f flavus.In order to clarify
Penicillium, andAlternariawere observed to be 26.7, 22.8the allergenic profile of the prevalent airborgpergillus
22.3 and 16.7%, respectively [7]. However, immunodiagpecies, allergens &f. flavuswere analyzed in the present
nosis of mold-induced allergic diseases is greatly affectetlidy. Our results show that the alkaline serine proteinase
by nonavailability of reliable antigen preparatioRenicil- from A. flavusis a major allergen. There is IgE cross-
lium and Aspergillusbelong to two taxonomically closely reactivity among allergens &. flavus, A. fumigatuand
related genera, and more than 100 different species h&veitrinum.
been discovered [8, 9]. It is important to understand the al-
lergenic profiles of the prevalent airborRenicillium and
Aspergillus species and the allergenic cross-reactivities Materials and Methods
among allergens of these ubiquitous fungi.

We have previously shown thBt citrinumis the most ~ Serum Samples

L L L . Two batches of serum samples containing 68 and 41 sera each
prevalentPenicillium species in the Taipei area of Talwar\]/vere collected from adult patients (21-81 and 17-77 years old, re-

[10]. In addition toP. citrinum, P. chrysogenum (P. nota-pectively) with bronchial asthma attending the allergy clinics at the
tum), P. brevicompactum, P. oxalictemd P. spinulosum Veterans General Hospital, Taipei. Asthmatic subjects had a clinical
have also been identified as the five most frequently recduistory consistent with intermittent and reversible airway obstruction
ered species #fenicilliumindoors and outdoors in Topeka,_and were diagnosed according to the statement provided by the Amer-

an Thoracic Society [25]. After collection, the serum samples were
Kans., USA[11]. Our results also showed that the 32 (3 ored in aliquots at —70°C. The presence of IgE antibodies in these

kl? component§ of alkaline and/qr vacuolar serine prgsrum samples against components.dlavuswas analyzed by im-
teinase are major allergens [@f citrinum, P. notatum, P. munoblotting. The presence of IgE reactivity in the 41 serum samples
brevicompactunandP. oxalicum[12, 13]. In addition, IgE against components bfermatophagoides pteronyssirasdA. fumi-
cross-reactivity between major allergens of these preval@afuswas determined by the Pharmacia CAP system (RAST FEIA,

- . Pharmacia, Uppsala, Sweden). The results were expressed as RAST
Penicilliumspecies has also been detected [12-14].

. . . - class ranging from 0 to 6 according to the manufacturer’s suggestions.
For theAspergillusspecies, we have identified the 34-

kD alkaline serine proteinase as a major allerger.of  Allergenic Extracts
oryzae[15]. IgE cross-reactivity between the major serine A.flavusstrains used in the preparation of allergenic extracts were

proteinase allergens @. oryzaeandP. citrinumhas also obtained from the Food Industry Research and Development Institute,
Hsinchu, TaiwanA. flavusstrain CCRC32242 was originally isolated

been detected [15]. Studies using molecular approacgﬁé identified by Dr. S.S. Tzean at National Taiwan University from

have identified at least 12 differeAt fumigatusallergens  stored paddy rice in Changhua, Taiwan. The species identification
[16, 17]. Among them, a major 18-k& fumigatusallergen was reconfirmed by the Centraalbureau voor Schimmelcultures,
(Asp f 1) has been correlated as a cytotoxin from the nfiaarn, The Netherlands. flavusstrain CCRC30165 was originally

togillin family [18]. The complete nucleotide sequence (ﬁbtai_ngd from The American Type Culture Collection (ATC_C16883).
Asp f 1 has been determined [19], and recombinant Asp |- citrinum strain 52-5 (CCRC38014) [10] and. fumigatus
p ’ P éICRC33476) used for cross-reactivity studies were isolated from

with IgE-binding ac_tivity has Iqeen produced [20]. HOwWeWhe ajr of the Taipei and Tainan areas, respectively. Crude extracts of
er, Northern analysis has confirmed that Asp f 1 mMRNA waslividual fungal species were prepared essentially as described pre-
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viously [12-15]. The protein content of the extracts was determinadid residues (GLTTQKSAPWGLGSISHKG) [27] of the 34-kD alka-
by the dye-binding assay of Bio-Rad (Richmond, Calif., USA) adine serine proteinase major allergenfoforyzag[15, 27] were col-

cording to the manufacturer’s instructions. lected and pooled. The purity of the allergen preparation was analyzed
by SDS-PAGE, and the N-terminal amino acid sequence was deter-
Gel Electrophoresis and Immunoblotting mined as described above. The IgE-binding reactivity was analyzed

Immunoblot analysis oA. flavuscomponents with human IgE by SDS-PAGE immunoblot and immunoblot inhibition using sera
was performed essentially as described previously [12-15]. Brieffypm asthmatic patients.
components of the fungal extracts or the purified allergen preparation
were electrophoretically separated on sodium dodecy! sulfate-poly- Proteolytic Activity of the Purified 34-kD Major Allergen
acrylamide gel (SDS-PAGE) or by the two-dimensional (2-D) gel [12, The proteolytic reactivity of the purified allergen was analyzed
13] and transferred onto polyvinylidene difluoride (PVDF) memwith casein (L-5890; Sigma Chemical Co., St. Louis, Mo., USA) as
branes (0.45m; Millipore, Bedford, Miss., USA). The blots were substrate. The purified allergen preparation and casein (0.5%) were
blocked with 1% skimmed milk and incubated individually with dimixed to a final volume of 1.2 ml at different pH in either citrate (50
luted human serum samples and then with alkaline-phosphatase-¢oi, pH 4-6) or Tris-HCI buffer (50 M, pH 7-10). Incubation was
jugated monoclonal anti-human IgE antibodies (Pharmingen, Searried out at 37°C for 30 min. The reaction was stopped by adding
Diego, Calif., USA). The blots were washed and developed in a s@®% trichloroacetic acid, and precipitates were removed by centrifu-
strate solution. The deposition of the purple stain indicating antigegation. Soluble peptides remaining in the supernatant were measured
antibody binding was recorded by photography. A cord serum sampking the dye-binding assay from Bio-Rad. As a negative control,
was used as a negative control. Low molecular weight standabgyine serum albumin (Pierce, Rockford, Ill., USA) was used instead
(Pharmacia) were used to estimate the molecular weight of the pro®@fithe purified allergen preparation in the proteolytic assay.
components. Carbamylated creatine kinase obtained from BDH For the inhibition study, the purified allergen preparation was
(Poole, UK) was used as the charge standard for calculating the R@incubated with different amounts of inhibitors for 20 min at room

electric points of the resolved proteins. temperature. The residual proteolytic activity was measured by
adding the substrate which was dissolved in a Tris-HCI buffer (50
Immunoblot Inhibition mM, pH 8.0). A control containing the purified allergen preparation

Immunoblot inhibition was performed to test the presence of Igihd substrate only was assayed simultaneously. The inhibitors used
cross-reactivity among allergensAfflavus, A. fumigatuandP. cit- were phenylmethylsulfonyl fluoride (PMSF, Sigma), diethylpyrocar-
rinum. A mixture of IgE-positive serum samples was mixed individusonate (DEPC, Sigma) and ethylenediaminetetraacetic acid (EDTA,
ally with 200 or 60Qug of A. flavus, A. fumigatusr P. citrinumby  Merck, Germany).
end-over-end rotation for 1 h at 4°C. The PVDF blots were then incu-
bated individually with the IgE-positive serum mixture or with serum
extract mixtures for 16 h at 4°C. For control, the blots were incubated Rasults
with the same positive serum mixture which had been mixed with 200
or 600pg of aCandida albicangxtract that was prepared as reported .
previously [26]. The blots were washed and incubated with alkaline- /9E-Binding Components éf. flavus
phosphate-conjugated monoclonal anti-human IgE antibodies and deProtein components in a crude extract Af flavus
veloped with the enzyme substrate as described above. (CCRC32242) were separated by SDS-PAGE. The protein

) _ ) _ profile of the extract on a PVDF blot visualized by
N-Terminal Amino Acid Sequence Analysis

Components oA. flavusseparated by 2-D PAGE were transferreé:oor_nasSIe blue staining W?\S presented in figure 1a. At least
electrophoretically onto a PVDF membrane. The membrane-boud@l different components with an apparent molecular mass
proteins were visualized by Coomassie blue staining. Protein spotsafnging from 10 to 100 kD were detected. IgE antibodies in
interest were excised from the membrane and inserted into an /88 (44%) of the 68 different asthmatic serum samples test-

Procise Model 491 sequencer (Applied Biosystems, Foster Ci@@ reacted with the protein componentéoflavus and the

Calif., USA) for automated cycles of Edman degradation according to - L
the manufacturer’s instructions. results are presented in figure 1b. Fourteen IgE-binding

components ranging in apparent molecular mass from 17 to
Purification of the 34-kD Major Allergen >100 kD were observed. A 34-kD component that reacted
The 34-kD major allergen identified was isolated from a 6-day-o|ﬁten5e|y and most frequently (with the highest binding fre-
culture supernatant of the flavusstrain CCRC30165 grown at 25°C uency of 63%193) may be considered as a major allergen
in the same liquid culture medium as described previously [12, 1 Al C ' ts with t | |
The protein components in the culture medium were precipitated - flavus Lomponents wi a_m apparent molecuiar maS.S
adding powdered ammonium sulfate to a final concentration of 809 @bout 35 kD that reacted with 43% of the 30 asthmatic
saturation. The precipitated proteins were dissolved in distilled was#ra may be considered as an important allergen of
and dialyzed against 50MnTris-HCI, pH 8.7, before loading onto a A, flavus Other IgE-binding components reacted with IgE
DEAE SepraSorb cellulose ion exchange column (DE SeF’raSOH?itibodies in less than 25% of the 30 sera. Strong IgE bind-
Sepragen, Hayward, Calif., USA) preequilibrated with the same 0 ; 919

buffer. Fractions with positive immunoblot reactivity to a rabbit anting to the 19- and 20-kD, the 36- and the 32-kD components

serum (prepared by Genemed Biotechnologies, South San Franci§éd). flavuswas observed for sera No. 7, 11 and 15, respec-
Calif., USA) against a peptide containing the N-terminal 19 amirtovely (fig. 1).
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Fig. 1. IgE-binding components &. flavus 67-

CCRC32242 analyzed by SDS-PAGE im-
munoblot. The apparent molecular weigh
standards (Pharmacia) used were phosphony-
lase b (94 kD), bovine serum albumin (67 30-
kD), ovalbumin (43 kD), carbonic anhydrase
(30 kD), soybean trypsin inhibitor (20.1 kD)
and a-lactalbumin (14.4 kD)a Coomassie- 20.1-
blue-stained protein profile of th&. flavus
extract on PVDF membranb. Strips corre-
spond to immunoblots generated from 30 diff
ferent serum samples obtained from asthmat a
ic patients.

43-

14.4-

The allergenic profile oA. flavuswas also analyzed by

preparing an extract from the flavusstrain CCRC30165 123456 7 891011121314
and immunoblotted against another batch of 41 serum sam- kD 3| '

ples obtained from asthmatic patients (17-77 years old). g4~ sl | .
Fourteen (34%) of the 41 sera showed positive IgE binding e7- - ;’ E ol

(fig. 2). The 34-kD component with an IgE-binding fre
quency of 64% was recognized as a major allergen (fig. 2). 43 -
Twenty-five (61%) and 8 (19.5%) of the 41 sera showed
positive results in the analysis of IgE reactivity to compo- -
nents ofD. pteronyssinuandA. fumigatusrespectively, as 30 - . .H
analyzed by the Pharmacia CAP test. Seven of thef8-
migatuspositive sera also showed positive results in IgE
binding to A. flavusas shown in figure 2. Eleven of th
14 sera shown in figure 2 which showed positive IgE - -
I

Wi

i
;

20.1 =

fERRE TR RE
ARERE "EEEEE
CAP 2 22 22 0002 20000
a b

immunoblotting also gave a positive IgE response o
D. pteronyssinuanalyzed by the Pharmacia CAP test (data
not shown). A cord serum sample was used as negative ¢on-
trol in the immunoblot experiments (data not shown). In ad-

dition, sera from 5 normal laboratory personnel and from2

house dust mite-allergic patients showed negative iffig. 2. IgE-binding components &. flavusCCRC30165 analyzed

munoblotting results (data not shown) by SDS-PAGE immunoblot. The apparent molecular weight stan-
' dards used were the same as those described in figufeobmassie-

. blue-stained protein profile of th&. flavusextract on PVDF mem-
2-D |mmU”0b|0t AnaIyS|S. brane. b Strips correspond to immunoblots generated from 14
Protein components in theA. flavus extract asthmatic serum samples. The results of the commercial Pharmacia

(CCRC30165) were further analyzed by 2-D PAGE. ARAP test of the reactivity t&. fumigatusf individual serum samples
least 100 different spots were visualized in the Coomasdfsied are expressed as RAST classes.

blue-stained PVDF blot as shown in figure 3a. Components

with an apparent molecular mass of about 34 and 24 kD and

pl values ranging from 6.8 t8 7.0 and 6.5, respectively, re- N-Terminal Amino Acid Sequence Analysis

acted with IgE antibodies (fig. 3b) in a mixture of serum Spots 1 (AFLA1) and 2 (AFLA2) as indicated in figure
samples (sera No. 1, 2, 3 and 5 in fig. 2). Enzyme color B& showed relatively strong IgE immunoblot reactivity
activity was not detected when a control cord serum samffig. 3b). They were selected for N-terminal amino acid se-
was used (data not shown). quence analysis. AFLA1 and AFLA2 have been sequenced

14.4 -
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Fig. 3. 2-D immunoblot analysis of compo-

nents in the crude extract oA.flavus

CCRC30165 reacted with human IgE anti kD Pl

bodies. The same apparent molecular weigh

standards as shown in figure 1 were use%. 94=
S

=3

Carbamylated creatine kinase obtained fro iy
BDH (Poole) was used as charge standar 43—
for calculating the isoelectric point of the re-
solved proteinsa Coomassie-blue-stained 30—
2-D protein profile of the crude extract from
A. flavuson a PVDF blot. Arrows (AFLA1
and AFLAZ2) indicate protein spots corre-
sponding to those that showed enzymatic
color reaction in immunoblotting as . 14.4=
b Immunoblot reactivity of IgE antibodies in
a mixture of serum samples (serum no. 1, 2, a
3 and 5 in figure 2) to components in the
crudeAspergillusextract.

20.1=

serum samples (sera No. 1, 2, 3 and 5 in fig. 2). Inhibition of
AFLAT GLTTQKSAP*GL the IgE immunoblot reactivity to different fungal species
AFLA2 GLTTQKSAP*GL**I was detected when 20@ (strips 3, 5 and 7) and 60Q
AO GLTTQKSAPWGLGSI (strips 4, 6 and 8) of extracts frol flavus(strips 3 and 4),
A. fumigatugstrips 5 and 6) and fro citrinum(strips 7
and 8), respectively, were used as inhibitors. The 34-kD
Fig. 4. N-terminal amino acid sequences of AFLA1, AFLA2 andand inA. fumigatusnhibited was identified to be a vacuo-
AO. AFLA1 and AFLA2 were isolated by 2-D gel electrophoresis ggr serine proteinase (manuscript submitted) and reacted
indicated in flgure 3a and su_bject_ed to Edman degradation. C)_/(_‘\Iﬁﬁh MoAb PCM39 [13] against serine proteinase aller-
from the protein sequencer with signals that are too low for positive . A . .
amino acid identification are denoted with an asterisk. AO represegﬁ;ns' The 33-kD band i citrinuminhibited was identi-
the sequence of alkaline serine proteinase ffororyzaeas deter- fied to be an alkaline serine proteinase [12] and reacted with
mined by Tatsumi et al. [27]. PCM39 (data not shown). For all the immunoblots in figure
5b (strips 2—10), a band staining slightly below the 34-kD
position (in line with the major protein band) was observed.
It was considered a nonspecific binding in immunoblotting.
to the twelfth and the fifteenth residue, respectively (fig. 4\ similar weak binding band was also detectable when a
Although residue 10 of AFLA1 and AFLAZ2 and residues 18egative control cord serum sample was used (data not
and 14 of AFLA2 have not been identified, the other amirghown). Inhibition of IgE immunoblotting was not detected
acid residues determined are identical to the N-terminal seghen 200 (strip 9) and 6QQ (strip 10), respectively, of an
quence of the alkaline serine proteinase frAmoryzae extract from Candida albicanswas used as inhibitor

(fig. 4) [27]. (fig. 5).

IgE Cross-Reactivity Purification of the 34-kD Major Allergen

The presence of IgE cross-reactivity among allergens The 34-kD major allergen oA. flavus(CCRC30165)
of A. flavus, A. fumigatuand P. citrinum was analyzed was purified from the culture medium by ammonium sul-
by immunoblot inhibition. Strips 1 in figure 5a—c showfate precipitation and DEAE ion exchange chromatography.
the Coomassie-blue-stained protein profiles of the elethe N-terminal amino acid sequence of the purified aller-
trophoretically separated extracts ofA. flavus gen was determined to be GLTTQKSAR* which was
(CCRC30165),A. fumigatusand P. citrinum on PVDF found to be identical to that of the 34-kD major allergen in
blots, respectively. Strips 2 in these three panels show the crude extract dk. flavusas shown in figure 4. The pu-
IgE immunoblot reactivity to components Af flavus, A. rified allergen preparation showed dose-dependent (0.2, 1.0
fumigatusandP. citrinum respectively, using a mixture ofand 5.0ug) inhibition of the IgE immunoblot reactivity to

286 Int Arch Allergy Immunol 1999;119:282-290 Chou/Lin/Tam/Wang/Han/Shen



Fig. 5. Inhibition of IgE immunoblot reac-
tivity of a mixture of serum samples (serum
no. 1, 2, 3 and 5 in figure 2) that has shown
reactivity to components of\. flavus (a), kD
A. fumigatugb) andP. citrinum(e). Strips 1

1 2345678910 1 234 5678910 1 23456782910

' X 94~
in all three panels show the Coomassie-blug- g7
stained protein profile of an individual fungal &

extract on PVDF membranes. Strips 2 in al
three panels show the IgE immunoblot reag
tivity of the serum mixture against individual 30-
allergenic extracts tested. Strips 3—10 repr¢
sent immunoblot results obtained by incubatr  20.1=
ing the PVDF blots with the same serum
sample that has been mixed and preincubated 14.4=
with 200ug (3, 5, 7, 9) and 600g (4, 6, 8,
10) ofA. flavus(3 and 4) A. fumigatug5 and
6), P. citrinum (7 and 8), andCandida albi-
cans(9 and 10) respectively.

Fig. 6. Dose-dependent inhibition of IgE SDS-PAGE immunobloFig. 7. IgE-binding reactivity of the purified 34-kD major allergen of
reactivity (strip b1) to component(s) in the crude extradi.dfavus A. flavusanalyzed by SDS-PAGE immunoblot. The same apparent
CCRC301654) by 0.2 (strip b2), 1.0 (strip b3) and 3@ (strip b4) molecular weight standards as in figure 1 were uagdoomassie-

of the purified 34-kD major allergen @f. flavus respectively. For blue-stained protein profile of the purified allergen preparation on
control, 0.2 (strip b5), 1.0 (strip b6) and f@ (strip b7) of bovine PVDF membraneb Strips correspond to immunoblots generated
serum albumin were used as inhibitors, respectively. from the same 14 asthmatic serum samples as in figure 2.

the 34-kD allergen in the crude extractAafflavusstrain the 14 sera (sera No. 1-8 and 11) which showed positive
CCRC30165 (fig. 6, strips 2—4). A dose-dependent inhidgE binding to the 34-kD allergen in the crude extradh.of
tion was not detected when the same amounts of bovitavusalso reacted with the purified 34-kD allergen (fig. 7).
serum albumin were used as inhibitors (fig. 6, strips 5—A.close correlation can be observed for the intensities of
The IgE-binding reactivity of the purified allergen was andgE-binding to the purified allergen and the 34-kD allergen
lyzed with the 14 positive sera shown in figure 2. Nine a@f the crude extract with the asthmatic sera tested (fig. 2, 7).

Allergens ofA. flavus Int Arch Allergy Immunol 1999;119:282-290 287
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The N-terminal amino acid sequence of the 34-kD compo-
nent was found to be identical to that of the 34-kD alkaline
serine proteinase major allergenfoforyzaea typical sub-
tilisin-type serine proteinase [27]. The 24-kD component in
figure 3a shares the same N-terminal amino acid sequence
as that of the 34-kD component and probably represents a
C-terminally-truncated product of the 34-kD major aller-
gen. A similar finding has also been observeddooryzae

[15]. Components AO1, AO2 and AO3 have similar N-ter-
minal amino acid sequences. This suggests that AO2 and
AO3 with apparent molecular weights of about 24 and 18

kD, respectively, are possibly degraded products of AO1,
a 34-kD major alkaline serine proteinase allergen of
50 4 A. oryzag15].

The 34-kD IgE-binding component is present in the
crude extract oAA. flavus but can also be detected in the
culture medium (data not shown). It was purified from the
culture medium through ammonium sulfate precipitation
and DEAE ion exchange chromatography. The purified 34-
kD component showed IgE-binding activity and has the
Fig. 8. a Proteolytic reactivity of the purified 34-kD major aIIergenSame N__termmal amino acid sequence as that for the _m"’?Jor
of A. flavusto casein (0.5%) under different pH conditiohdnhibi-  allergen in the crude extract. It also dose-dependently inhib-
tion of the proteolytic reactivity of the purified 34-kD major allergerted the IgE-binding activity of an asthmatic serum pool
of A. flavusto casein (0.5%) at pH 8.0 by different concentrations efgainst the 34-kD major allergen in the fungal extract. The
PMSF. proteolytic activity of the purified protein is optimal at neu-

tral to alkaline pH and can be inhibited by PMSF and DEPC
but not EDTA. Therefore, it belongs to the family of alka-

Proteolytic Activitiy of the Purified 34-kD Major Allergenline serine proteinases that have already been identified as a

The purified allergen showed the highest proteolytic anajor allergen foP. citrinum[12]. P. brevicompacturfi2],
tivity with casein (0.5%) as substrate in neutral to alkalir® notatun{13], andA. oryzag15].
pH (fig. 8a). The protease reactivity was significantly inhib- The significance of alkaline serine proteinase being a
ited in a dose-dependent manner (fig. 8b) by PMSF, a clasajor allergen of prevalenmAspergillus and Penicillium
sical serine protease inhibitor. Serine proteases have a spécies has not been established. However, progress made
alytic triad involving serine, histidine, and a carboxyh allergen characterization has shown that the majority of
group. To further test for the involvement of such a catalydlinically important allergens have biochemical functions.
ic triad, the effect of a histidine-modifying agent, DEPC, oklost allergens are enzymes or regulatory proteins [28].
proteolytic acticity was also examined. Our results shoBerine proteinases such as trypsin and chymotrypsin have
that the proteolytic acticity of the purified allergen can bieeen identified as the group 3 and the group 6 major aller-
completely abolished by treating the enzyme with 0.5 mgens of the house dust mif. pteronyssinug29-31].
DEPC (data not shown). In addition, little to no inhibitorBacillus serine proteinase (subtilisins) have previously been
reactivity was observed when EDTA (0.5 and 1M)nan identified as occupational allergens in the detergent indus-
inhibitor of the metalloproteinase, was used in the reactity [32, 33]. In addition, extracellular proteases have been
(data not shown). considered to play a role in the pathogenesis of aspergillosis
[34-37]. The elastolytic activity of afl. fumigatusserine
protease may enhance invasion of tissues [35]. A chy-
motrypsin-like serine proteinase frod. fumigatuscan
induce human epithelial cell detachment [36]. Robinson et

The results obtained from the present study show that #ie[36] suggest that the proteinase might trigger the allergic
34-kD component is a major allergen from two differemesponse by detaching areas of the epithelium, causing an
strains of a prevalent airborAspergillusspeciesA. flavus increase in penetration &. fumigatusantigens into the

Activity (%)

T
0.0 0.5 1.0
b PMSE mM
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submucosa. Alternatively, the proteinases might act simghatus[45] and fromA. oryzad?27]. It was reported that the
taneously as antigens. In addition, recent work suggests s$etdreted alkaline proteaseAffumigatuglid not elicit IgE
some allergens, such as phospholipasédn bee venom antibodies in 19 patients with ABPA [46]. A 1:100 dilution
[38, 39] and Der p 1 from dust mite [39-42], have the imf human sera was used in the detection of protease-specif-
trinsic ability to subvert the regulatory process controllinig IgE [46]. However, it is worth noting that there may be a
IgE synthesis, thereby favoring an allergic outcome [43].difference betweeAspergillusallergens recognized by pa-
was found that Der p 1 is a potent inducer of IgE synthesisnts with asthma and the allergens frAmfumigatugec-
probably by exerting its proteolytic effect on CD23 andgnized by patients with other types of aspergillosis such as
CD25 [40-43]. The correlation of the allergenicitiy and thABPA. The immunoblot pattern in patients with ABPA as-
proteolytic activity of alkaline serine proteinase needs fupergillosis in different stages shows that a 32/34-kD band of
ther studies. A. fumigatuswas recognized by several sera but was not
Recognition of allergic cross-reactions is of major imdominant [47]. In this study, 7 of the 8 asthmatic sera with
portance for the management of allergic patients [44]. Opwsitive CAP IgE antibody response #. fumigatus
results show that IgE cross-reactivity exists among the femonstrated IgE binding to components Af flavus
to 34-kD major alkaline/vacuolar serine proteinase allgffig. 2). This finding also suggests the presence of IgE
gens of four prevalerenicillium species . citrinum, P. cross-reactivity between allergens Af fumigatusand A.
notatum, P. brevicompactuamdP. oxalicun) [13, 14]. The flavus Studies on the cross-reactive IgE epitopes of the ma-
results obtained also show the presence of IgE cross-rgacserine proteinase allergens of prevaRenicilliumand
tivity between alkaline serine proteinase allergen@®f Aspergillusspecies are under way.
pergillus (A. oryzae)[15], A. flavug and Penicillium Fungal extracts contain a mixture of allergenic and non-
specieqP. citrinum) In this study, IgE cross-reactivity be-allergenic components and are difficult to standardize. In
tween allergens of two differenfAspergillus species addition to the characterization and purification of the aller-
(A. flavusandA. fumigatuywas also detected. Results frongens of A. flavus monoclonal antibodies PCM39 and
our preliminary study show that the 34-kD vacuolar seriddJM20 that reacted with different epitopes of the 34-kD
proteinase is a major allergen A&f fumigatugmanuscript major alkaline serine proteinase allergen have also been
subtmitted]. The amino acid sequence identity was foundgenerated [manuscript in preparation]. The results obtained
be about 48% between the alkaline [45] and the vacuosdould be useful in clinical fungal allergy analyses.
(accession No. Y13338) serine proteinasesumigatus
The first 12 N-terminal amino acid residues of the alkaline
serine proteinase iA. fumigatusare ALTTQKGAPWGL Acknowledgments
[45] and were found to be very similar to those of the alka-
line serine proteinase i flavusandA. oryzaeas shown in Jr:‘éi ‘E"Org‘m""z% é‘;gpggff é))é%aonéz)frg,% tthhee N’\?;it?gr?z'il Sﬁ:{;gﬁ
figure 4. An amino acid .sequel?ce Ident!ty of 84% Wa_s aI(ﬁ‘cgsearchglnstitutes (grant DOH87-HR-508) of the Republic of China.
found between the alkaline serine proteinases fkofami-
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