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The cDNA of Aspergillus fumigatus encoding an allergen was cloned and expressed 
in Escherichia co i l  The 987 bp long cDNA clone expressed a recombinant protein 
Asp f l l o f  34 kd. This protein exhibited binding to immunoglobulin E (IgE) in the serum 
samples from patients with allergic bronchopuimonary aspergillosis (ABPA). The 
patients with ABPA and central bronchiectasis demonstrated high levels of serum 
IgE antibodies, whereas patients with ABPA without central bronchiectasis, patients 
with asthma and Aspergillus skin test reactivity but no evidence of ABPA, and 
patients with aspergilloma showed only low levels of IgE antibody to Asp f II. In 
two-dimensional electrophoresis, a native antigen electroeluted from an A. fumiga- 
tus culture filtrate antigen preparation showed an isoelectric point and molecular 
weight similar to that of Asp f II. In a competitive enzyme-linked immunosorbent 
assay (ELISA), the IgE antibody reactivity of Asp f l lw i th  patient serum samples could 
be significantly inhibited by culture filtrate antigens of A. fumigatus. These results 
indicate that Asp f II has immunologic reactivities comparable to those of native 
A. fumigatus antigens. The recombinant Asp f II can be expressed in E. col i  in large 
quantities and should prove useful as a standardized allergen for sensitive and 
specific immunodiagnosis of ABPA, especially in patients with central bronchiec- 
tasis. (J LAB CLIN MED 1996;127:253-62) 

Abbreviations: ABPA = Allergic bronchopulmonary aspergillosis; ABPA-CB = ABPA with central 
bronchiectasis; ABPA-S = ABPA serology positive; Af = Aspergillus furnigatus; ELISA = enzyme- 
linked immunosorbent assay; IgE = immunoglobulin E; igG = immunoglobulin G; IPTG = 
isopropyl-13-D thiogalacfepyranoside; LB = Lauria Berfarni; PBS = phosphate-buffered saline 
solution; SDS-PAGE = sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
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Aspergillus fumigatus causes a wide spectrum of 
human diseases ranging from invasive aspergillosis 
in immunocompromised patients, aspergilloma in 
pulmonary cavitary lesions, and ABPA in patients 
with allergic asthma. 1-3 ABPA complicates allergic 
asthma and results from colonization of ~If in the 
respiratory tract, leading to immune injury and in- 
flammatory responses. 4's 

The demonstration of serum IgE and IgG anti- 
bodies to Af  in patients with ABPA is important in 
the diagnosis of the disease. 3'6'7 The accurate diag- 
nosis and clinical evaluation of the disease by im- 
mediate cutaneous reactivity, agar gel diffusion, ra- 
dioallergosorbent test, ELISA, and Western blot 
requires purified, well-characterized, and biologi- 
cally standardized antigenic preparations. In addi- 
tion, it is essential to have antigens with known 
structural and functional properties to understand 
the immunopathogenesis of the disease. 

Semipurified or purified antigens prepared by us- 
ing conventional purification techniques often ex- 
hibit batch-to-batch variation and heterogeneity in 
their compositions, s'9 To circumvent the problems 
related to standardization of antigenic preparations, 
attempts are being directed to obtain biologically 
active recombinant antigens/allergens olAf. An 18 
kd allergen o la f  having immunodiagnostic specific- 
ity that can differentiate patients with ABPA from 
those without the disease has been cloned, ex- 
pressed, and evaluated. 1°'11 Recently we have 
cloned a gene f romAf  encoding a heat shock protein 
(HSP-1) that binds to IgE and lgG Af  antibodies in 
the serum samples of patients with aspergillosis. ~2 
Another Af  recombinant protein, a 32 kd nonglyco- 
sylated alkaline protease recently isolated, failed to 
exhibit any significant allergenicity or antigenicity in 
the study reported by Moser et al. 13 However, clon- 
ing of cDNA that encodes additional relevant aller- 
gens o l A f  would facilitate a more reliable diagnosis 
and should provide useful information in the under- 
standing of Af-mediated disease. Such purified and 
standardized allergens would provide reliable re- 
sults, leading to consistent diagnosis. In addition, 
cloning could be used to express large quantities of 
invariable allergens. 

In this report we describe the molecular cloning 
of a cDNA clone from ~If that expresses an immu- 
nologically active recombinant allergen Asp f H as- 
sociated with ABPA and especially with ABPA pa- 
tients with central bronchiectasis, the cardinal and 
unique feature of the disease. 4'5 This purified re- 
combinant protein exhibits specific IgE binding ac- 
tivity with serum samples from patients with ABPA 
and discriminates ABPA-S from ABPA-CB. 
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METHODS 

Construction of cDNA library. A strain of A. fumigatus 
(AF 102, ATCC 42202) originally isolated from the spu- 
tum of a patient with an aspergilloma was grown in syn- 
thetic broth (AOAC, Difco Laboratories Inc., Detroit, 
Mich.) under constant agitation at 37 ° C for 96 hours. 14 
The total ~if RNA from the mycelium was extracted with 
guanidium isothiocyanate as previously described, is The 
poly (A) RNA was obtained from the total RNA by oligo 
dT cellulose chromatography. 16 A cDNA expression li- 
brary was constructed in X ZAP II vector (Stratagene, La 
Jolla, Calif.) after reverse transcribing the poly A RNA. A 
primary library of 2 × l0 s recombinants was amplified to 
generate a high titer phage stock. 12 

Library screening and DNA sequencing. E. coli strain 
XL1-Blue was infected with 5 × 104 phages containing the 
cDNA and plated on LB agar (Difco) in 150 mm Petri 
dishes. The plates were incubated at 37 ° C for 4 hours and 
layered on nitrocellulose filters (Schleicher and Schuell, 
Keene, N.H.) presoaked with 10 mmol/L IPTG (Sigma, 
St. Louis, Mo.) on top of the agar. The plates were again 
incubated at 37 ° C for 4 hours before blocking with Tris- 
buffered saline solution containing 1% bovine serum al- 
bumin and E. coil lysate. The membranes were screened 
with anti-Af rabbit hyperimmune serum and pooled serum 
samples from patients with ABPA, as previously de- 
scribed. 12 

The positive clones were isolated and purified to homo- 
geneity. One of the positive clones exhibiting strong reac- 
tivity with serum samples from patients with ABPA was 
selected for sequencing and characterization. 17 Double 
stranded plasmid DNA was used as a template for DNA 
sequencing. The plasmid was isolated from an overnight 
culture of XL1-Blue cells by using a plasmid midi kit 
according to the protocol of the manufacturer (Qiagen 
Inc., Chatsworth, Calif.). The starting primers for se- 
quencing were 5' ATGGAAACAGCTATGACCATG- 
ATTACG and 3' TTGTAAAACGACGGCCAGTGA- 
ATTG. The entire cDNA insert was sequenced by primer 
walking. Sequencing was carried out on a 6% polyacryl- 
amide gel with a vertical gel sequencing apparatus (model 
$2; GIBCO/BRL, Life Technologies Inc., Gaithersburg, 
Md.). All sequences were read and recorded manually. 
The primers used at different stages of sequencing were 
obtained from Biosynthesis Inc., Lewisville, Tex. The se- 
quence similarity searches were done with the BLAST 
program of the National Center for Biotechnology Infor- 
mation and with the Genetic Computer Groups (Madison, 
Wis.) package. 18'19 

Subcloning of Asp f II gene and high expression of 
protein in E. co i l  The cDNA clone of A. fumigatus was 
amplified by polymerase chain reaction with sense primer 
5' GGATCCGTCGGCACGAGACGAGGCCGGC 3' 
and antisense primer 5' CTCGAGCTAAGTGCAAT- 
GAAGCTGTCCACC 3'. 2o These primers were designed 
from the nucleotide sequences of the open reading frame 
of the cDNA clone. The amplified fragments were sub- 
cloned into PCR II vector (Invitrogen, San Diego, Calif.). 
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The isolated plasmid DNA was digested with BamHI and 
XhoI and ligated to similarly digested expression vector 
pET23b (pET expression system; Novagen, Madison, 
Wis.). The induction and analysis of the fusion protein was 
performed according to the pET expression protocol of 
the manufacturer. In brief, E. coli strain HMS174 was 
transformed with the recombinant plasmid vectors by 
electroporation with E. coli pulser apparatus (BioRad, 
Hercules, Calif.). The transformed cells were plated on 
LB agar containing ampicillin (100 txg/ml). Plasmid iso- 
lated from overnight culture was further transformed into 
BL21DE3pLysS by electroporation followed by plating on 
LB agar containing ampicillin (100 ~g/ml) and chloram- 
phenicol (34 ~g/ml). When the cells reached the log 
growth phase (A~o o = 0.4), IPTG was added to a final 
concentration of l mmol/L to induce the expression of 
fusion protein by the recombinant ~If clone. Cells were 
harvested at intervals of 1 hour for 4 hours after IPTG 
induction and were sonicated. The cell lysates containing 
recombinant expression protein were analyzed on a 12% 
polyacrylamide gel containing 0.5% SDS under reducing 
and denaturing conditions. The gels were stained with 
Coomassie brilliant blue dye, and the expression at differ- 
ent periods of induction was compared.: '  Because histi- 
dine was not incorporated in the fusion protein, electro- 
elution of the band from the SDS-gels was used for its 
purification. The purity of the protein preparation was 
ascertained by two-dimensional gel electrophoresis. 
Eluted protein was lyophilized and stored at -20  ° C. 

Rabbit hyperimmune serum against Asp f II. Rabbit 
anti-Af antibody was raised as previously described. 12 
Polyclonal antibody against Asp f H was raised with the 
following modifications. In brief, 100 ~g of purified pro- 
tein was emulsified in an equal volume of Titer Max 
research adjuvant (CytRX, Narcross, Ga.) and injected 
subcutaneously at multiple sites. Four consecutive injec- 
tions were given at weekly intervals. The fifth injection 
was given after an interval of another 15 days, and the 
animal was bled 1 week after the last injection. The serum 
titer for anti-recombinant protein antibody was checked 
by ELISA and immunodiffusion with Asp f l I  and culture 
filtrate preparations of Af 

Human serum samples .  Serum samples fi-om groups of 
patients were used for this study. They included 11 pa- 
tients with ABPA-S, 9 patients with ABPA-CB, 8 patients 
with allergic asthma and immediate wheal and flare cuta- 
neous reactivity to Af, and 9 patients with aspergilloma. 3 
The serum samples were collected from patients attending 
the Allergy-Immunology Clinics of the Medical College of 
Wisconsin affiliated hospitals and from the Allergy Clinics 
of Northwestern University Medical School. Serum sam- 
ples from five normal control subjects with no clinical 
evidence of respiratory disease also were studied. 

Purification of native A. fumigatus antigen. The ~If cul- 
ture filtrate antigen was prepared as previously de- 
scribed. 7'14'2~' The antigen was analyzed on a 15% poly- 
acrylamide gel under reducing and denaturing conditions 
by using a BioRad Mini Protean II electrophoresis unit 
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(BioRad, Richmond, Calif.) and staining with Coomassie 
brilliant blue. 12 The protein band in the same molecular 
range and showing the same reactivity with patient and 
rabbit anti-Af serum in Western blots as the recombinant 
protein was cut off from the gel. It was then subjected to 
electroelution (BioRad, model 422) and dialyzed over- 
night against distilled water to remove SDS from the 
eluted protein. The native antigen was lyophilized and 
stored at -20  ° C. 

Two-dimensional electrophoresis of Asp f II and purified 
native antigen of A. fumigatus. Two-dimensional electro- 
phoresis of purified recombinant protein and a native ~If 
antigen was performed as previously described. 22-24 Pro- 
tein samples (100 ixg/tubc) were applied to prefocused 4% 
acrylamide gel in capillary tubes containing 9.2 mol/L of 
urea, 20% Triton X-100, and 3.5% pharmalyte 3-10 am- 
pholyte (Pharmacia, Piscataway, N.J.). Electrofocusing 
was performed at a constant voltage of 500 V for 10 
minutes and thereafter at 750 V for 5 hours. After iso- 
electric focusing, the second dimension separation was 
carried out on a 12% SDS polyacrylamide gel for 45 
minutes at a constant voltage of 200 V. The resolved 
proteins on the second dimension gel were visualized by 
silver staining. 21'22 

Western blot analysis of Asp f II and purified native A. 
fumigatus antigen using rabbit anti-Asp f II antibodies. 
Both Asp f l I  and native ~If antigen proteins (10 to 20 Ixg 
per gel) were separated on a 12% SDS-PAGE gel and 
transferred to nitrocellulose membrane (Schleicher & 
Schuell) by using a Trans-Blot apparatus (BioRad) as 
previously described. 7'12 After blocking and washing, the 
membranes were incubated overnight at 4 ° C with a 1:250 
dilution of rabbit hyperimmune serum against Asp f H. 
After overnight incubation at 4 ° C, the strips were treated 
with biotinylated goat anti-rabbit IgG antibody for 1 hour, 
followed by incubation with streptavidin alkaline phos- 
phatase at room temperature for 1 hour. Color was then 
developed with 5-bromo-4-chloro-3-indolylphosphate 
toluidinium-nitroblue tetrazolium substrate (Boehringer 
Mannheim, Indianapolis, Ind.) and the developed bands 
were compared. 

Lectin (concanavalin A) binding properly of native A. 

fumigatus antigen. The native A. fumigatus antigen was 
resolved on a 12% SDS-PAGE gel and transferred to 
nitrocellulose membrane as described above. After wash- 
ing and blocking, the membrane was incubated with a 
1:100 dilution of biotinylated concanavalin A for 1 hour at 
room temperature. This was followed by treating the blot 
with streptavidin alkaline phosphatase for 1 hour at room 
temperature. The enzyme substrate reaction was carried 
out as described above. 

Antigenicitylallergenicity of Asp f I I  

Antigen-specific ELISA. The binding of anti-Af antibod- 
ies to fusion protein was analyzed by a solid-phase 
ELISA. 6'25"26 In brief, Immulon II polystyrene plates (Dy- 
natech Laboratories, Chantilly, Va.) were coated over- 
night at 4 ° C with 10 ixg per ml of recombinant protein in 
PBS, pH 7.4. The wells were then washed with PBS con- 
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taining 0.05% Tween 20. The coated plates were blocked 
with PBS containing 0.05% Tween 20 and 1% (wt/vol) 
nonfat dry milk powder (blocking buffer) for 1 hour at 
room temperature. After the wells were washed, patient 
serum samples diluted 1:50 in blocking buffer for IgE and 
1:500 for IgG were added to the wells and incubated for 3 
hours at room temperature. The wells were again washed, 
and biotin-conjugated anti-human IgE (Vector, Burl- 
ingame, Calif.) diluted 1:500 and biotin-conjugated anti- 
human IgG (Sigma) diluted 1:1000 were added and incu- 
bated for 1 hour. Streptavidin peroxidase (Zymed, San 
Francisco, Calif.) was then added and the color developed 
with the chromogen substrate (O-phenylene diamine, 
0.015% hydrogen peroxide in citrate buffer). The color 
was read at 490 nm in an automatic ELISA plate reader 
(Dynatech). All dilutions of the reagents were selected 
empirically after checkerboard titrations with positive and 
negative control sera. Appropriate controls were included 
in all plates. 

Competitive inhibition ELISA. Anti-Af rabbit serum 
(1:500 dilution) and a human serum sample (1:50 dilu- 
tion) from a patient with ABPA were incubated with 100 
Ixg to 10 ng of the culture filtrate antigens. The serum 
samples were then centrifuged, and the supernatants were 
transferred to the washed and blocked Asp f//-coated 
plates. Further steps were carried out with various re- 
agents as in the antigen-specific ELISA described above. 
The dose-dependent inhibition of titers was determined 
from the ELISA values. 

RESULTS 

cDNA clones expressing Aspergillus proteins. A to ta l  

of 136 positive clones were identified by screening 
the cDNA library with rabbit antiserum and serum 
samples from patients with ABPA. The pure recom- 
binant X ZAP phages that contained the cDNA 
inserts were treated individually by the in vivo exci- 
sion protocol to subclone into pBlue script SK 
( + / - )  plasmid. One of the recombinant phages was 
selected for further studies. The double-stranded 
plasmid DNA was used as template for nucleotide 
sequencing. The nucleotides and deduced amino 
acid sequences of cDNA encoding Asp f II are 
shown in Fig. 1. The insert is 987 base pairs in length 
and encoded a protein of 34 kd. Sequence analysis 
of cDNA revealed that the correct nucleotide se- 
quence is in the same phase with the open reading 
frame of the [3-galactosidase gene of the X ZAP 
vector. The starting TCG codon represents serine at 
the 'N' terminal end and indicates lack of a start 
codon, suggesting that the 'N' terminal end is incom- 
plete. The clone has a complete 3' untranslated 
region with a poly A tail. The possible polyadenyl- 
ation signal AATATA was present 42 base pairs 
upstream of the poly A tail. Three potential N- 
glycosylation sites--27-29, 83-86, and 156-158--dis- 
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played Asn-x-Ser/Thr motifs. The T-sites program 
analysis with a window size of 11 amino acids re- 
vealed a major amphipathic region at residue 124 to 
150 that also may have alpha helical structure. 27 

The IPTG-induced E. coli cell lysate containing a 
recombinant expression vector was analyzed by 
SDS-PAGE. The high expression of the recombi- 
nant protein Asp f H was observed at the molecular 
weight range of 34 kd (Fig. 2, lanes b, d, f and h). A 
gradual increase in the concentration of the fusion 
protein was noticed, with an increase in the time of 
induction with IPTG from 1 hour to 4 hours. Unin- 
duced cell lysate at identical intervals of growth 
failed to show the fusion protein (Fig. 2, lanes a, c, e, 
and g). Cell extract obtained after 4 hours of IPTG 
induction was used for purification of the fusion 
protein. The purified protein did not show any au- 
todegradation as analyzed by SDS-PAGE but ap- 
peared to have an additional band at the higher 
molecular weight range of 60 to 65 kd (Fig. 3, A 
[lane c]). The culture filtrate preparation of ~If ex- 
hibited a strong protein band at the molecular 
weight range of 30 to 40 kd (Fig. 3, B [lane hi) in the 
same molecular weight range as the recombinant 
protein (Fig. 3, B [lane c]). 

Immunoreactivity against anti Asp f It antibodies. Re- 
combinant Asp f II and native Af  protein demon- 
strated immunoreactivity against anti Asp f H anti- 
bodies. The native antigen purified from Af  culture 
filtrate preparation reacted strongly with rabbit hy- 
perimmune serum raised againstAspfH. The native 
antigen showed size and isoelectric point identical to 
that of the Asp f H  when studied by two-dimensional 
gel electrophoresis (Fig. 4). Both proteins exhibited 
isoelectric points in the range of 5.5 to 6.6 and a size 
of approximately 34 kd. In Western blot analysis, 
purified Af  antigen from culture filtrate showed 
strong binding activity with rabbit hyperimmune se- 
rum raised against Asp f I I  (Fig. 5, lane a), compa- 
rable to that of Asp fH (Fig. 5, lane b). The Western 
blot analysis of concanavalin A binding of native Af  
antigen did not demonstrate glucose and mannose 
molecules in the purified antigen (result not shown). 

Reaction of protein with antibodies in serum. Recom- 
binant protein reacted with IgE and IgG antibodies 
in the serum samples of patients with ABPA. In the 
ELISA, when Asp f H  was used, levels of serum IgE 
antibody were elevated in patients with ABPA-CB 
as compared with levels in patients with ABPA-S, 
allergic asthma, and aspergilloma and in normal 
control subjects (Fig. 6, A). The ELISA optical den- 
sity values of Asp f//-specific IgE antibodies in 
ABPA-CB patients ranged from 0.076 to 1.44, in 
comparison with a range of 0.04 to 0.08 for normal 
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TCGGCACGAGACGAGGCCGGCCTGAACGAGGCGGTCGAGCTCGCCCGGCACGCCAAGGCC 61 
SerAlaArgAspGluAlaGlyLeuAsnGluAlaValGluLeuAlaArgHisAlaLysAla 

CACATCCTCCGCTGGGGCAACGAGAGCGAGATCTACCGGAAGTACTTTGGCAACCGGCCC 121 
HisIleLeuArgTrpGlyA~nGluSerGluIleTyrArgLysTyrPheGlyAsnArgPro 

ACCATGGAGGCCGTCGGTGCCTACGATGTCATCGTGAACGGGGACAAGGCCAACGTGCTC 181 
ThrMetGluAlaValGlyAlaTyrAspValIleValAsnGlyAspLysAlaAsnValLeu 

TTCCGGTGTGACAACCCCGACGGCAACTGTGCTTTGGAAGGCTGGGGCGGCCACTGGCGC 241 
PheArgCysAspAsnProAspGlyAsnCysAlaLeuGluGlyTrpGlyGlyHisTrpArg 

GGCGCGAACGCCACCTCCGAAACCGTCATCTGTGATCGCAGCTACACCACCCGCCGCTGG 301 
GlyAlaA~r~laThrSerGluThrValIleCysAspArgSerTyrThrThrArgArgTrp 

CTTGTCTCCATGTGCTCCCAGGGCTACACCGTCGCCGGCTCCGAGACCAACACCTTCTGG 361 
LeuValSerMetCysSerGlnGlyTyrThrValAlaGlySerGluThrAsnThrPheTrp 

GCTTCGGACCTGATGCACCGTCTGTACCATGTGCCTGCTGTGGGTCAAGGCTGGGTCGAC 421 
AlaSerAspLeuMetHisArgLeuTyrHisValProAlaValGlyGlnGlyTrpValAsp 

CACTTCGCCGACGGCTACGACGAGGTGATTGCCCTGGCCAAGAGCAACGGCACCGAGTCC 481 
HisPheAlaAspGlyTyrAspGluValIleAlaLeuAlaLysSerAsnGlyThrGluSer 

ACGCATGACTCGGAGGCGTTCGAGTATTTCGCCCTTGAGGCGTATGCGTTTGATATTGCT 541 
ThrHisAspSerGluAlaPheGluTyrPheAlaLeuGluAlaTyrAlaPheAspIleAla 

GCTCCCGGTGTCGGATGTGCTGGCGAGAGTCACGGCCCTGACCAGGGACATGACACCGGG 601 
AlaProGlyValGlyCysAlaGlyGluSerHisGlyProAspGlnGlyHisAspThrGly 

TCTGCCTCGGCGCCTGCGTCTACCTCCACCTCTAGCTCCAGCTCGGGCTCGGGCTCGGGC 661 
SerAlaSerAlaProAla$erThrSerThrSerSerSerSerSerGlySerGlySerGiv 

GCCACGACTACCCCGACGGATTCTCCCAGTGCCACTATTGATGTGCCGTCGAACTGCCAT 721 
AlaThrThrThrProThrAspSerProSerAlaThrIleAspValProSerAsnCysHis 

ACCCATGAAGGTGGACAGCTTCATTGCACTTAGGCGAGGACACGATATTTTATGACCGTA 781 
ThrHisGluGlyGlyGlnLeuHisCysThr * 

TGCTTGACGCCGTATGTTAACGCCGTATACTCCCGGTTGGACCGGCCCTGAGTAATTGGG 

ATTAATATCTATTGTTTAAAAGGAAGTGTTATGGACGCGCGTTTACGTATTGGATTGCTT 

GCCGAATATACATGCTATATAGCAATGTAAACCCAATAGAGACGTTCTTTATAAAAAAAA 

AAAAAAAAAAAAAAAAAAAAA AAAAA 

841 

901 

961 

987 

Fig. 1. The nucleotide sequence of the cloned DNA fragment showing the open reading frame encoding 
the proteinAspfH. The three possible glycosylation sites, 27-29, 83-86, and 156-158, are in boldface. The 
underlined sequence showed homology with a surface antigen of Plasmodium falciparum. Gene bank 
accession no. U20722. 

control subjects. No differences were detected in the 
IgE antibody levels among patients with ABPA-S, 
asthma, and aspergilloma. The Asp f II serum IgE 
antibody in ABPA-CB showed significant differ- 
ences from serum from patients with ABPA-S, al- 
lergic asthma, aspergilloma, and normal control sub- 
jects (p < 0. 05). Serum IgG levels to Asp fH were 
elevated in patients with ABPA-S, ABPA-CB, and 
aspergilloma as compared with levels in patients 
with allergic asthma and levels in normal control 

subjects (Fig. 6, B). However, when compared with 
samples from normal control subjects, samples from 
patients with allergic asthma had moderately ele- 
vated levels of IgG toAspfH. Patients with aspergil- 
loma demonstrated high levels of Asp fH serum IgG 
antibodies, ranging from absorbency values of 0.36 
to 1.56 (Fig. 6, B). 

In the competitive ELISA, a gradual dose-depen- 
dent decrease of over 35% binding of serum IgE 
antibody from a patient with ABPA was detected 



258 Banerjee et  al, 
J Lab Clin Med 

March ] 996 

kD 

200 

97..-~ 
68 

43 .-=.- 

2 9 . - ~  

18"-~  

a b c d e f g h 

Fig. 2. SDS-PAGE gel (12%) stained with Coomassie brilliant blue showing expression of recombinant 
protein at different intervals of IPTG induction. Induced cell lysates at 1, 2, 3, and 4 hours of IPTG 
induction (lanes b, d, )'; and h, respectively) and uninduced cell lysates at the same intervals of growth 
(lanes a, c, e, and g, respectively) are shown. 
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Fig. 3. A, SDS-PAGE gel (12%) stained with Coomassie blue, showing purified Asp f H sample (lane c) 
in comparison with E. coli extract (lane b) and molecular weight markers (lane a). B, SDS-PAGE gel 
(15%) stained with Coomassie blue, showing culture filtrate antigen preparation ofA. fumigatus (lane b), 
purified Asp f H (lane c), and molecular weight markers (lane a). 

(Fig. 7). The solid p h a s e - b o u n d  Asp f H demon-  
strated a decrease in the serum titer of  all_/tf culture 
filtrate ant igen-pre incubated  serum. Rabbi t  anti-Af 
immune serum preincubated with Aspergillus anti- 
gens also showed a gradual decrease in IgG binding 
to Asp fH.  Incubat ion of  rabbit hyper immune serum 
with culture filtrate antigens demonst ra ted  75% to 
80% inhibition of  antibodies to Asp f H  in the reac- 

tion mixture. These findings indicate that ~If culture 
filtrate antigen contains Asp f H. 

DISCUSSION 
A diagnostically relevant A f  allergen showing sig- 

nificant reactivity with A B P A  was identified and 
expressed in E. coli by using molecular  cloning. This 
recombinant  allergen demonst ra ted  specific IgE 
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Fig. 4, Two-dimensional electrophoresis pattern of AspflI (top) 
and a native protein purified from A. fumigatus culture filtrate 
antigen (bottom) by electroelution. In the first dimension, the 
proteins were separated by using ampholytes with an isoelectric 
point range from 3.0 to 10.0; in the second dimension, a 12% 
SDS-PAGE was used. Spots in both gels have comparable iso- 
electric points and molecular weights. 

binding in the serum samples from patients with 
ABPA while binding to serum samples from patients 
with allergic asthma, and skin prick test reactivity to 
~If antigens was negligible. 

A major 18 kd IgE binding protein, Asp fI  has 
been purified and characterized as a member of the 
mitogillin family of cytotoxin and has been detected 
in several species of Af. 26'2s A recombinant ~if aller- 
gen, Asp f(I/a), which is of the same molecular 
weight as that of Asp f l  and has a 99% sequencing 
homology to restrictocin (another ribotoxin from A. 
restrictus), has been reported by Moser et al. la This 
fusion protein demonstrated IgE binding activity 
and immediate cutaneous reactivity in 75% of pa- 
tients with ABPA. 29 We previously have isolated a 
heat shock protein encoding gene from ~If. This 
protein had binding activity to IgE in the serum 
samples of patients, t2 Although several other genes 
have been cloned and proteins expressed, no signif- 
icant reactivity with IgE has been demonstrated with 
any of them. 3°-3a Further, of the large number of 
antigens demonstrable in crude ~If preparations, 

a b 

Fig. 5. Western blot of Asp f II and native A. fumigatus antigen 
when using rabbit hyperimmune serum raised against Asp f IL 
IgG binding of native antigen (lane a) and binding of Asp f II 
(lane b). 

only a small proportion react with serum IgE from 
patients. The variability of the reactivity withAspfI,  
mitogillin, and restrictocin has also been document- 
ed. 26 Therefore, because of the demonstrable wide 
spectrum of A f  antigen reactivity, the use of several 
relevant antigens would be of value in the diagnosis 
of ABPA. 

The database search results indicate that the 
present allergen did not show significant homology 
to other proteins in the data bank, but a stretch of 
serine and threonine present at nucleotide positions 
620-61 near the C-terminal end imparts a sequence 
homology to the surface antigen of Plasmodium fal- 
ciparum. The possible polyadenylation site is repre- 
sented by a hexamer AATATA at nucleotide posi- 
tion 906-911, followed by a CATG motif. 33 The 
sequence data indicate that the clone expressingAsp 
f H  has a complete 3' untranslated region with a poly 
(A) tail, but it is not a full-length cDNA clone 
because of a lack of appropriate start codon at the 5' 
terminal end. The protein expressed by the cDNA 
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Fig. 6. A, Reactivity of IgE antibody in serum samples against Asp f II, classified by different groups of 
patients: Q, allergic asthma; @, ABPA-S; El, ABPA-CB; I~, aspergilloma; • normal control subjects. B, 
The reactivity of serum IgG against Asp f H by allergic asthma (Q), ABPA-S ((2)), ABPA-CB ([~), 
aspergilloma (I)), and normal controls (•)  by ELISA. The mean optical density values at 490 nm are 
represented by the bar. 

clone may be a fragment of the full molecule. Be- 
cause the recombinant and the native Asp fH are of 
identical molecular size, we conclude that a very 
small fragment of the entire Asp fH  gene is missing 
from the 5' end of this cDNA clone. The fact that 
the patients' serum samples reacted with this pro- 
tein indicates the protein's significance as a relevant 
antigen. In addition, the reactivity with bands of the 
culture filtrate antigen in immunoblot at the same 
position as the recombinant protein indicates the 
significance of Asp f H as a significant allergen of 
ABPA. 

The antibody binding sites of Asp f H were ana- 
lyzed by its amphipathic profile. The N-terminal 
(1-50 amino acids) was highly hydrophilic, indicating 
its role as a major B cell epitope. 34 In addition, two 
other hydrophilic regions were located in regions 
160-170 and 190-200, and this hydrophilicity of the 
cloned protein could be responsible for its allerge- 
nicity. 

Three possible glycosylation sites are present in 
the cloned protein, although no evidence is available 
at present regarding the glycoprotein nature of the 
fusion protein. We have used a prokaryotic expres- 
sion system in this study, and the recombinant pro- 
tein was expressed in a nonglycosylated form. There 
is also no evidence of concanavalin A binding by the 
native antigen. 

The results of the competitive ELISA, when using 

both anti-Af rabbit serum and serum from a patient 
with ABPA, indicated that the recombinant protein 
has an immunologic reactivity comparable to that of 
native Af proteins. Moreover, rabbit hyperimmune 
serum raised againstAsp fH  reacted strongly with a 
native antigen purified from/if  culture filtrate prep- 
aration. The native antigen appeared to have the 
same isoelectric point and molecular weight as that 
of Asp f II in two-dimensional gel electrophoresis. 

The serologic studies--which used a limited num- 
ber of serum samples from four different groups of 
patients, including patients with ABPA-S, ABPA- 
CB, and aspergilloma and asthmatic patients with 
immediate wheal and flare skin reactivity to Af, 
along with normal control subjects--demonstrates a 
distinct IgE binding activity of Asp f H with serum 
samples from patients with ABPA-CB. Patients with 
ABPA-S were found to have high levels of IgG but 
not IgE antibodies to Asp f H. Although patients 
with ABPA-S have sharply elevated isotypic anti- 
bodies to Af--as compared with patients with 
asthma and Af skin reactivity and as compared with 
normal control subjects35--serum samples from pa- 
tients with ABPA-CB have even greater antibody 
levels to Af. This potential difference, which was 
unexpected, might provide insight into why central 
bronchiectasis develops in certain patients (those 
with ABPA-CB) and not in others (those with 
APBA-S) and may be useful in the clinical diagnosis 
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Fig. 7. Inhibition of antibody binding to solid phase coated with Asp f II. Rabbit antiserum and serum 
from a patient with ABPA were preincubated with different concentrations of crude culture filtrate antigens of 
A. fumigatus. Preincubated serum samples were then transferred to recombinantAspfII-coated wells, and the 
remaining IgG and IgE binding activities were analyzed by ELISA. The absorbency values of serum samples 
without preincubation with crude culture filtrate antigens were set as 100%. 

of the disease. In this context, the epitopes ex- 
pressed byAsp fH might contribute to the reactivity 
olaf in producing bronchial wall injury. No specific 
IgG binding pattern of Asp f H was observed in the 
different patient groups, because all groups of pa- 
tients and healthy control subjects demonstrated 
occasional increases in IgG antibody levels against 
Asp flI. This finding is not surprising, because Af is 
a ubiquitous fungus present in environments and 
thus results in frequent exposure leading to IgG 
production. Similar results were reported when us- 
ing serum samples from healthy control subjects and 
different groups of patients when recombinant pro- 
tein Asp f(1/a), alkaline protease, and heat shock 
protein-1 were studied, n-13 

In conclusion, a recombinant protein was pro- 
duced fromA, fumigatus that has a molecular weight 
and isoelectric point similar to that of a native ~If 
antigen, and it demonstrated reactivity with IgE 
antibody in the serum samples of patients with 
ABPA. 

We thank Laura Castillo and Yiyong Wu for technical assis- 
tance and Donna Schrubbe for editorial assistance. 
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