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Purpose: Fusarium species are among prevalent airborne fungi and causative agents of human respiratory atopic disorders. We previously identi-
fied a 36.5-kDa . proliferatum component recognized by IgE antibodies in 9 (53%) of the 17 F. proliferatum-sensitized atopic serum samples. The
purpose of this study is to characterize the 36.5-kDa allergen of £ proliferatum. Methods: Characterization of allergens and determination of IgE
cross-reactivity were performed by cDNA cloning/expression and immunoblot inhibition studies. Results: Based on the finding that the 36.5-kDa
IgE-binding component reacted with the mouse monaclonal antibody FUMZ0 against fungal vacuolar serine protease allergens, the cDNA of £ pro-
liferatum vacuolar serine protease (Fus p 9.0101) was subsequently cloned. Nine serum samples from respiratory atopic patients with IgE binding to
the vacuolar serine protease allergen of Penicillium chrysogenum (Pen ch 18) also showed IgE-immunoblot reactivity to rFus p 9.0101. The purified
rFus p 9.0101 can inhibit IgE and FUMZ0 binding to the 36.5-kDa component of £ proliferatum. Thus, a novel and important Fus p 9.0101 was identi-
fied. The rPen ch 18 can inhibit IgE binding to Fus p 9.0101. It indicates that IgE cross-reactivity between Fus p 9.0101 and Pen ch 18 also exists. Fur-
thermore, neither rFus p 9.0101 K88A nor rPen ch 18 K89A mutants inhibited IgE binding to rFus p 9.0101. Lys88 was considered a critical core ami-
no acid in IgE binding to r Fus p 9.0101 and a residue responsible for IgE cross-reactivity between Fus p 9.0101 and Pen ch 18 allergens. Conclu-
sions: Results obtained from this study indicate that vacuolar serine protease may be a major allergen of £ proliferatum and an important IgE cross-
reactive pan-fungal allergen, and provide important bases for clinical diagnosis of fungal allergy.
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INTRODUCTION

Airborne fungi which are ubiquitous in our environment have
been identified as important causative agents of human respi-
ratory atopic disorders."” Characterization of major allergens of
environmental fungi is beneficial in the diagnosis and treat-
ment of clinical fungal allergy.>*

We have identified previously serine proteases as major aller-
gens of prevalent airborne Penicillium (Pen ch 13, Pen ch 18),*”
Aspergillus (Asp f 13, Asp f 18),>*° and Cladosporium (Cla ¢ 9)"°
species. Recently, in our characterization of Fusarium aller-
gens, a 36.5-kDa component of E proliferatum which showed a
frequency of IgE binding of 53% (9/17) was identified." In addi-
tion, the 36.5-kDa component also showed a relatively higher
intensity of IgE-immunoblot reactivity than other IgE-binding
proteins of E proliferatum." Since it reacts with a MoAb
FUM20" against fungal vacuolar serine protease allergens (data
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not shown), we putatively considered that the IgE-reacting
36.5-kDa component from F proliferatum was possibly a vacu-
olar serine protease. It is important to further characterize the
major 36.5-kDa IgE-binding component of E proliferatum.
Clinically, respiratory atopic patients usually show IgE sensiti-
zation to more than 1 fungal species.”*'* The patient may be
sensitized individually by different fungal species. Their multi-
ple IgE sensitivity may also be due to IgE cross-reactivity be-
tween the homologous allergens from different fungal species.
It is crucial to characterize IgE cross-reactivity among allergens
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from different fungal species. To further characterize important
IgE-binding determinants of major fungal allergens, we found
that the Lys89 and Phe91 played a significant role in IgE bind-
ingtoPench18."”

In this study, to characterize the 36.5-kDa IgE-binding com-
ponent of E proliferatum, we cloned the cDNA of the vacuolar
serine protease of E proliferatum, identified its IgE cross-reac-
tivity to the Pen ch 18 allergen. In addition, the Lys88 of the Fu-
sarium vacuolar serine protease was evaluated uthether it plays
a critical role in contributing to IgE cross-reactivity between this
36.5-kDa allergen of E proliferatum (Fus p 9.0101) and the cor-
responding allergen of P. chrysogenum (Pen ch 18).

MATERIALS AND METHODS

Serum samples

The de-linked residual serum samples used in the present
study were obtained from the Biobank at the Taipei Veterans
General Hospital. All these serum samples were obtained origi-
nally from respiratory atopic patients (allergic asthma and/or
atopic rhinitis) who attended the allergy clinics of Taipei Veter-
ans General Hospital and were stored in aliquots at -80°C. This
study without written consent has been approved by the Insti-
tutional Review Board of Taipei Veterans General Hospital.

Crude extracts of F. proliferatum

The E proliferatum strain BCRC 30972 was used in this study.
It was isolated from the air of Taiwan and provided by the Food
Industry Research and Development Institute, Hsinchu, Tai-
wan. The crude extracts of E proliferatum were prepared essen-
tially as described previously." Briefly, E proliferatum was cul-
tured in a CYA medium without agitation at 26°C for 5 days.
The CYA medium contains yeast carbon base (Difco Laborato-
ries, Detroit, MI, USA; 11.7 g/L), glucose (Mallinckrodt Baker,
Inc., Phillipsburg, NJ, USA; 10 g/L) and casein enzymatic hydro-
lysate (Sigma Chemical Co., St. Louis, MO, USA; 10 g/L). The
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protein content of crude extracts was determined with a dye-
binding method according to the manufacturer’s instructions
(Bio-Rad, Richmond, CA, USA).

cDNA cloning

The cDNA encoding the E proliferatum vacuolar serine prote-
ase was isolated with an AffinityScript Multiple Temperature
cDNA Synthesis kit (Stratagene, La Jolla, CA, USA) and poly-
merase chain reactions (PCR) as previously described.®"'*"!
Primers used in the cloning experiments are listed in Table. The
degenerate primers VSP-F-1 and VSP-R-1 were used in the first
set of polymerase chain reaction (PCR). They encode conserved
amino acid sequences (KNAPWG and MASPHVAG) near the N-
and C-termini of fungal serine proteases. The PCR product (first-
strand cDNA) was purified electrophoretically on agarose gel,
subcloned into the pGem-Teasy vector (Promega, Madison, WI,
USA), and then transformed into E. coli Topl0F" competent
cells. The plasmid DNA was purified, and the nucleotide se-
quence of the cDNA insert was determined with an automatic
sequencer (Applied Biosystems, Foster City, CA, USA).

The 5°-and 3’-end RACE (rapid amplification of cDNA ends)
reactions were used to obtain the full-length cDNA of the vacu-
olar serine protease. The primers used were the anchor prim-
ers (AP and AAP) together with the gene-specific primers (Fu-
VSP-GSP1 and FuVSP-GSP2) that were synthesized according
to the internal sequences of the Fusarium vacuolar serine pro-
tease obtained in the previous PCR reaction. FuvVSP-GSP2 (for
3’-end RACE) and FuVSP-GSP1 (for 5”-end RACE) cover nucle-
otides 661 to 684 and 164 to 186, respectively, of the truncated
Fusarium vacuolar serine protease cDNA. Primer AP used in
the 3’-end RACE reaction contains the sequence of primer
AUAP plus a stretch of oligo-(dT). The primer AAP used in the
5’-RACE reaction contains the sequence of primer AUAP and a
stretch of oligo-(dG). The first-strand cDNA isolated was used
as a template in the 3’-end RACE reaction. An oligo-(dC) was
added to the end of the first-strand cDNA with terminal deoxy-

Table. Primers used in cDNA cloning, expression and site-directed mutagenesis of the vacuolar serine protease of Fusarium proliferatum

Name Nucleotide sequence in 5" to 3'-end orientation

VSP-F-1 5'-BAA(G/AJA(A/G)(C/T)GC(T/C)CC(T/C/ATGGGG-3'

VSP-R-1 57¥1CC{A/G)GO(A/GIATIA/GITGIA/G/TIGGIA/GIA/G/TIAIA/C/GIGOCAT™-3
FuVSP-GSP1 5'-"GGCAGGCCCTCGAAGTCGACGT™-3" (For 5' race)
FuVSP-GSP2 5'-BTATCTTCGCTCCCGGTCTGAACATT®-3 (For 3' race)

AP 5'-GGCCACGCGTCGACTAGTACTHdT)16-3'

AUAP 5'-GGCCACGCGTCGACTAGTAC-3'

AAP 5'-GGCCACGCGTCGACTAGTACGGGIIGGGIGGIG-3'

FuVSP-5" Sma | 5'-TCCCCCGGGGGACGGCGAGACCGAGCGACAGGC™-3'
FuVSP-3" Hind Il 5'-CCCAAGCTTTTA®GTAGCTACCAGCCTCAACAATCTTCTT™®-3'
FVSP K88A-f 5'-$GGTACTGTCGCCGGTGCGAAGTACGGTGTTGC?-3'

FVSP K88A-r 5'-®'GCAACACCGTACTTCGCACCGGCGACAGTACC™-3'

Allergy Asthma Immunol Res. 2016 September;8(5):438-444. http://dx.doi.org/10.4168/aair.2016.8.5.438

http://e-aairorg 439



Yeh etal.

nucleotidyl transferase (Promega) before using as a template in
the 5’-RACE reaction. Products of the RACE reactions were pu-
rified individually, subcloned, transformed, and sequenced as
described above.

Preparation of recombinant F. proliferatum vacuolar serine
protease protein

Fungal vacuolar serine proteases were hypothesized to be
synthesized as a larger precursor that undergoes both N- and
C-terminal cleavage upon maturation.”'*" The E proliferatum
vacuolar serine protease was expressed as 6x His-tagged pro-
tein according to the manufacturer’s instructions (Qiagen Inc.,
Valencia, CA, USA). The cDNA of the Fusarium vacuolar serine
protease was amplified through PCR. The forward primer (Fu-
VSP-5" Sma I, Table) used in the reaction contains the Smal re-
striction site in addition to the cDNA sequence (nucleotides 10-
32) encoding the putative N-terminus of the mature Fusarium
vacuolar serine protease. We hypothesize that this vacuolar ser-
ine protease precursor is cleaved at or near the Tyr (Y) residue
encoded by nucleotides 967-969 of the isolated clone, analo-
gous to the proposed C-terminus of the vacuolar serine prote-
ase (pepC) of A. niger.” Thus, the reverse primer FuvVSP-3’
Hind III (Table) contains a Hind I1I restriction site, a newly add-
ed stop codon (TAA) and the sequence encoding the hypothet-
ical C-terminus (KKIVEAGSY, nucleotides 943-969) of the Fu-
sarium vacuolar serine protease. The PCR product was restrict-
ed, ligated into the pQE-80 vector, and then transformed into E.
coli M15 for protein expression. The recombinant protein of
putative mature vacuolar serine protease was affinity-purified
with a Ni-NTA resin column (Qiagen) under the denaturing
condition according to the manufacturer’s instructions. In ad-
dition, the purified recombinant 6x His-tagged vacuolar serine
protease allergen of P. chrysogenum (Pen ch 18) and the Pen ch
18 K89A mutant were also prepared as previously described."”
Immuno-reactivity of the recombinant proteins to IgE antibod-
ies and MoAb FUM20 was analyzed by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE)-immunoblot-
ting.

SDS-PAGE and immunoblotting

Proteins in the crude Fusarium fungal extracts or the purified
recombinant proteins were separated by SDS-PAGE*"*"" and
then transferred electrophoretically onto polyvinylidene difluo-
ride (PVDF) membranes (0.45 pm, Millipore, Bedford, MS,
USA). Protein components reacting to human IgE antibodies or
MoAb FUM20 against fungal vacuolar serine protease aller-
gen'” were determined as previously described.*'*** The mem-
branes were blocked with 1% skimmed milk and incubated
with serum samples for 16 hours at 4°C or with MoAb FUM20
for 1 hour at room temperature. The membranes were washed,
incubated with alkaline phosphatase-conjugated monoclonal
anti-human IgE antibodies (Pharmingen, San Diego, CA, USA)
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or with horseradish peroxidase labeled goat anti-mouse IgG
(H+L) (Jackson ImmunoResearch Laboratories, Inc., West
Grove, PA, USA), and then developed with enzyme substrates
as previously described.®'*"? Serum from a house dust mite-
sensitized atopic individual and a MoAb WH9* against house
dust mite allergen Der p 7 were used as controls.

Site-directed mutagenesis

The Fusarium vacuolar serine protease mutant carrying sin-
gle alanine substitute at Lys88 was prepared as previously de-
scried.” A plasmid encoding the vacuolar serine protease ob-
tained as described above was used as a template in PCR. The
primers used in the mutagenesis experiment (FVSP K88A-f and
FVSP K88A-r) are shown in Table. The newly synthesized DNA
carrying the point mutation was purified and inserted into the
PQEB80 expression vector (Qiagen) and transformed into E. coli
JM109 for the expression of the Fusarium vacuolar serine ptote-
ase K88A mutant. The mutant construct was confirmed by
DNA sequencing and affinity-purified with Ni-NTA resin col-
umns (Qiagen) according to the manufacturer’s instructions.

Immunoblot inhibition

For immunoblot inhibition studies, IgE-containing serum
samples were first reacted with purified recombinant Fusarium
vacuolar serine protease, its K88A mutant, rPen ch 18, or rPen
ch 18 K89A before incubation with PVDF blots containing F
proliferatum extracts or purified recombinant Fusarium vacuo-
lar serine protease at 4°C for 16 hours. As controls, the blots
were incubated with similar serum samples that had been pre-
incubated with equivalent amounts of bovine serum albumin
(BSA, Pierce, Rockford, IL, USA). The blots were then washed
and incubated with alkaline phosphatase-conjugated mono-
clonal anti-human IgE antibodies (Pharmingen) and devel-
oped with enzyme substrates as previously described.®'*"!

RESULTS

Characterization of an IgE-binding 36.5-kDa F. proliferatum
component

In our previous study, a 36.5-kDa FE proliferatum component
was found to bind IgE antibodies in 9 (53%) of 17 E prolifera-
tum-sensitized serum samples from respiratory atopic pa-
tients." In addition, this 36.5-kDa IgE-binding component also
showed immunoblot reactivity to MoAb FUM20 against the
vacuolar serine protease fungal allergens of Penicillium, Asper-
gillus, Rhodotorula, and Cladosporium species' (data not
shown). Results obtained suggest that the 36.5-kDa allergen
may be a vacuolar serine protease of E proliferatum. Thus, in
this study the cDNA encoding the vacuolar serine protease of £
proliferatum was cloned.

The full-length cDNA encoding the E proliferatum vacuolar
serine protease was obtained through RT-PCR coupled with the
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Pen_o_18 DNADACNYSPAAARKAVTVGASTLADERAYFSNYGKCTDIFAPGLNILSTWIGSKYAVNT
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Fig. 1. (A) The nucleotide and deduced amino acid sequences of the vacuolar serine protease protein of £ proliferatum (Fus p 9.0101, GenBank accession no.
KJ462778). Numbers to the right indicate the positions of the nucleotides and the deduced amino acid residues of the sequences. The amino acid triad (D45, H77
and S243) which is characteristic of serine proteases is depicted in bold type and shaded. Three potential N-glycosylation sites are in bold letters and underlined.
The vertical arrow marks the proposed amino terminus of the mature vacuolar serine protease. The stop codon TAA is denoted with an asterisk. Nucleotides in gray
correspond to those synthesized and used as primers for PCR in the cDNA cloning of the vacuolar serine protease of £ proliferatum as shown in Table. The sequenc-
es corresponding to primers FuVSP-5'Sma | and FuVSP-3'Hind Il used in the preparation of recombinant mature Fusarium vacuolar serine protease protein and its
K88A mutant (FVSP K88A-f and FVSP K88A-r) are boxed. (B) Composite alignment of the deduced amino acid sequences of the proposed mature Fus p 9.0101, Pen
ch 18, Pen 0 18 and the Pen ch 13 fungal serine protease allergens. Dashes denote spaces introduced to optimize the alignment. Identical amino acid residues are

denoted with asterisks.

- and 3’-end RACE reactions. The isolated cDNA clone has
1,394 bp (GenBank accession no. KJ462778). The nucleotide
and the deduced amino acid sequences (383 residues) of the
open reading frame are presented in Fig. 1. A potential polyad-
enylation signal (AATACA) for mRNAs of higher eukaryotes was
found at 13-18 bases upstream from the poly-A tail.

Sequence alignment suggests that this cDNA from E prolifera-
tum encodes a vacuolar serine protease. Assuming that the ma-
ture protein starts from Aspl, a protein of 40,478 Da can be
translated from this cDNA. There are 4 cysteines (Cys81,
Cys184, Cys215, and Cys308), 3 putative N-glycosylation sites

(*"NGS'™®, 'NMS", and *NYS"), and 3 active-site residues
for serine proteases (Asp45, His77, and Ser243) on this protein
(Fig. 1). The encoded protein has 67%-72% sequence identity
with that of vacuolar serine proteases from Penicillium, Asper-
gillus, and Cladosporium species (Pen ch 18; accession no.
AF263454; Pen o 18, accession no. AF243425; Pen c 18, acces-
sion no. AF245168; Asp f 18, accession no. Y13338; and Cla c 9,
accession no. EF407520) plus 54% and 57% sequence identity
with those from Rhodotorula mucilaginosa (Rho m 2, accession
no. AY547285)”" and Saccharomyces cerevisiae (protease B, ac-
cession no. M18097),"" respectively. All these mature fungal ser-

Allergy Asthma Immunol Res. 2016 September;8(5):438-444. http://dx.doi.org/10.4168/aair.2016.8.5.438 http://e-aairorg 441



Yeh etal.
| (AN (C]

1 2 3 4 5 6 71 8 9 10
LA LY
Fus p 9.0101

K88A

I 006 C)
1 2 3 4 5 6 7 8 9 10
Pench 18
K89A

Fig. 2. Antigenicity of the wild-type and mutant fungal vacuolar serine protease
allergens. (A) Coomassie blue-stained protein profiles of the recombinant wild-
type Fus p 9.0101 and Pen ch 18 allergens as well as the Fus p 9.0101K88A and
Pen ch 18 K89A mutants on PVDF membranes. (B) Immunoblot reactivities to
MoAb FUMZ20. (C) Immunoblot reactivities to IgE antibodies in 9 sera from asth-
matic patients (strip nos. 1-9) and 1 serum from 1 house dust mite-sensitized
asthmatic patient (strip no. 10).

ine proteases contain 3 cysteine residues. The most likely can-
didate for the free cysteine of the Saccharomyces protease B is
Cys 81, located near the active-site His77."” The remaining 2
may be responsible for a di-sulfide bond. Analogous to prote-
ase B, the 2 Cys (Cys184, Cys215) may form a disulfide bond.

Antigenicity of the recombinant vacuolar serine protease of
F. proliferatum

Our results from immunoblotting demonstrated that the re-
combinant vacuolar serine protease from E proliferatum (rFus
p 9.0101) and the recombinant Pen ch 18 both reacted with
MoAb FUM20 (panel B of Fig. 2). In addition, 9 atopic serum
samples with IgE binding to Pen ch 18 allergen (Fig. 2, section
11, strip nos. 1-9 of panel C) also demonstrated IgE immunoblot
reactivity to rFus p 9.0101 (Fig. 2, section I, strip nos. 1-9 of pan-
el C). For control experiments, MoAb WH9 against Der p 7 al-
lergen® and serum from a house dust mite-atopic subject
showed negative immunoblot reactivity to rFus p 9.0101 and
rPen ch 18 (data not shown and Fig. 2, strip no. 10 of panel C,
respectively). This Fusarium vacuolar serine protease allergen
has been designated as Fus p 9.0101 by the IUIS Allergen No-
menclature Sub-committee.

Inhibition of IgE and FUM20-binding to the 36.5-kDa
component of F. proliferatum by rFus p 9.0101

In this study, the intensity of IgE-immunoblot reactivity to the
36.5-kDa and 30-kDa components of E proliferatum by using
serum no. 1 of panel C in Fig. 2 (Fig. 3, strip 1 of panel B) was
decreased dose-dependently after pre-absorption of the same
serum sample by 20 pg and 5 pg of purified rFus p 9.0101 (Fig. 3,
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Fig. 3. Immunoblot inhibition of IgE- (panel B) and MoAb FUMZ20- (panel C)
binding to nFus p 9.0101 in crude £ proliferatum extracts with purified rFus p
9.0101 and BSA as inhibitors. (A) Coomassie blue-stained protein profile of £
proliferatum extracts and protein molecular weight markers. (B) IgE binding to
the 36.5-kDa component using serum no. 1 from Fig. 2C (lane 1); this binding
activity was inhibited dose-dependently by 20 ug (lane 2) and 5 pg (lane 3) of
rFus p 9.0101, but not 20 g of BSA (lane 4). (C) MoAb FUMZ20 binding to the

36.5-kDa component of £ proliferatum extracts (lane 1); this binding activity
was inhibited by 20 pg (lane 2) of rFus p 9.0101, but not 20 pg of BSA (lane 3).

45—

30-

201 =

144-

strips 2 and 3 of panel B). For the control experiment, a de-
crease in the intensity of IgE-immunoblot was not detectable
following pre-absorption of the same serum sample by 20 pg of
bovine serum albumin (BSA) (Fig. 3, strip 4 of panel B). In addi-
tion, the same 36.5-kDa component of F proliferatum showed
positive immunoblot reactivity to MoAb FUM20 (Fig. 3, strip 1
of panel C). MoAb WH9 as a control antibody showed negative
immunoblot reactivity (data not shown). FUM20 binding to the
36.5-kDa E proliferatum component was inhibited by 20 pg of
rFus p 9.0101 (Fig. 3, strip 2 of panel C), but not by the same
amount of BSA (Fig. 3, strip 3 of panel C). Results obtained indi-
cate that the 36.5-kDa allergen (Fus p 9.0101) is a vacuolar ser-
ine protease of E proliferatum. The 30-kDa component may be
a degradation product of the 36.5-kDa vacuolar serine protease
of E proliferatum.

IgE determinant of Fus p 9.0101 and Pen ch 18

Results of Fig. 2 showed that in addition to Fus p 9.0101 and
Pen ch 18, MoAb FUM20 reacted with the Fus p 9.0101 K88A
mutant (section I, panel B) and the Pen ch 18 K89A mutant
(section II, panel B). For control, MoAb WH9 showed negative
immunoblot reactivity (data not shown).

In this study, the intensities of bands on the immunoblots
were quantified with AlphaEaseFCTM software (version 4.0.0,
Alpha Innotech Corpration, San Leandro, CA, USA). IgE bind-
ing to the rFus p 9.0101 K88A mutant was decreased by <20%
inhibition for serum nos. 1 and 3, by 25%-30% for serum nos. 4,
5, and 7, by 50%-65% for serum nos. 8 and 9, and by about 80%
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Fig. 4. Inhibition of IgE-immunablot reactivity to Fus p 9.0101. IgE-immunoblot
experiment was carried out with serum no. 9 from Fig. 2C (lane 9). Serum was
pre-absorbed with 10 pg of the wild-type Fus p 9.0101, the wild-type Pen ch 18,
the Fus p 9.0101K88A mutant, the Pen ch 18 K83A mutant, or BSA as indicated.

for serum nos. 2 and 6 as compared to those against Fus p
9.0101 (Fig. 2, section I, panel C).

Immunoblot reactivity to IgE antibodies in 7 of the 9 atopic se-
rum samples (strip nos. 2, 3, 4, 6, 7, 8, and 9 of Fig. 2, section II,
panel C) tested demonstrated significantly decreased IgE bind-
ing (by >70% inhibition) to the rPen ch 18 K89A mutant com-
pared to those to rPen ch 18. For the control experiment, serum
sample from a house dust mite-sensitized atopic individual
(Fig. 2, sections I and II, panel C, serum no. 10) showed nega-
tive immunoblot reacticity to both wild type allergens and their
site-directed mutants. Results obtained indicate that the K88
and the K89 play a significant role in IgE binding to Fus p 9.0101
and Pen ch 18 allergens, respectively.

IgE cross-reactivity

Results in Fig. 4 showed that serum no. 9 from Fig. 2, panel C
has IgE-binding activity to rFus p 9.0101. For this serum sam-
ple, purified rFus p 9.0101 and rPen ch 18 decreased IgE bind-
ing to rFus p 9.0101 when the serum sample was pre-absorbed
with 10 pg of the wild type rFus p 9.0101 or rPen ch 18 as indi-
cated (Fig. 4). Pre-absorption of the same serum sample with
10 pg of the purified Fus p 9.0101 K88A mutant, the Pen ch 18
K89A mutant, or BSA did not inhibit its IgE binding to rFus p
9.0101 as indicated.

DISCUSSION

In this study, the 36.5-kDa IgE-binding component of E pro-
liferatum reacted with MoAb FUM20 against fungal vacuolar
serine protease allergens. The cDNA of E proliferatum vacuolar
serine protease was subsequently cloned and expressed in E.
coli. Moreover, the purified recombinant protein obtained re-
acted with human IgE antibodies (Fig. 2) and demonstrated
dose-dependent inhibition of IgE- and FUM20-binding to the
36.5-kDa component of E proliferatum (Fig. 3). Our results ob-
tained indicate that the 36.5-kDa major allergen (Fus p 9.0101)
is a vacuolar serine protease of F, proliferatum.

We have previously identified that the alkaline and/or vacuo-
lar serine proteases are major allergens in 8 prevalent airborne
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Penicillium and Aspergillus species, including P. citrinum (Pen
¢ 13), P, chrysogenum (Pen ch 13, Pen ch 18), P. oxalicum (Pen o
18), P. brevicompactum (Pen b 13), A. fumigates (Asp £ 13, Asp f
18), A. flavus (Asp 11 13), A. oryzae (Asp o 13), and A. niger (Asp
n 18).>%! In addition, the vacuolar serine protease is also iden-
tified as a major allergen of C. cladosporioides (Cla c 4.0101)"°
and R. mucilaginosa (Rho m 2).* Thus, our results obtained in-
dicate that serine proteases belong to the classes of highly con-
served important pan-fungal allergens. Furthermore, results
from Gupta et al.? also demonstrated serine protease as a ma-
jor allergen of Curvularia lunata (Cur 1 1). IgE reactivity to Cur 1
1 was detectable in sera from 80% of C. lunata hypersensitive
patients.”

In this study, rPen ch 18 demonstrated inhibition of IgE bind-
ing to Fus p 9.0101 (Fig. 4), which suggests the presence of IgE
cross-reactivity between the vacuolar serine protease allergens
from Fusarium and Penicillium fungi. IgE cross-reactivity
among alkaline/vacuolar serine protease major allergens from
Penicillium, Aspergillus, Rhodotorula, and Cladosporium spe-
cies has previously been reported.>*'**' In the present study,
Fusarium vacuolar serine protease may also display IgE cross-
reactivity to other fungal serine protease major allergens
through its cross-reactivity to the corresponding Penicillium
Pen ch 18 allergen. The result that inhibition of IgE binding to
rFus p 9.0101 was not detected when the same serum was pre-
absorbed with 10 pg of the rFus p 9.0101 K88A and the rPen ch
18 K89A mutants confirms that K88 is a critical amino acid in
IgE binding to Fus p 9.0101 and plays a significant role in IgE
cross-reaction between Fus p 9.0101 and Pen ch 18 vacuolar
serine protease fungal allergens.

Results from our previous study showed that the alkaline ser-
ine protease from P. chrysogenum (Pen ch 13) degrades the
tight junction protein occludin and stimulates release of proin-
flammatory mediators from human bronchial epithelial cells.”®
In addition to induction of IgE and inflammatory airway re-
sponses, the alkaline serine protease allergen from A. fumiga-
tus (Asp f 13) has also been shown to have synergistic effects on
Asp f2-induced immune response in mice.* Furthermore, Pen
ch 13 major fungal allergen has been found to decrease CD44
expression in human bronchial epithelial cells,”” which may
contribute to atopic diseases by influencing the resolution of
lung inflammation and by prolonging the repair response of
damaged bronchial epithelial cells. Results from Tripathi et al.*®
demonstrated the serine protease activity of Curl1 from C. lu-
nata augments Th2 response in mice. Recently, Namvar et al.*’
found that the Aspergillus fumigatus proteases Asp f 5, and Asp
f 13 are essential for airway inflammation and remodelling in a
murine inhalation model.

In conclusion, in this study, the vacuolar serine protease was
identified as a major allergen of E proliferatum and confirmed
that serine proteases are important IgE cross-reactive pan-fun-
gal allergens. In addition to providing important bases for the
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clinical diagnosis of fungal allergy, studies of these serine prote-
ase major allergens may elucidate diverse allergic disease
mechanisms and facilitate development of better therapeutic
strategies.
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