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Abstract

Cockroach is one of the major indoor allergens for IgE-mediated allergic respiratory illnesses throughout the world. The American
cockroach Periplaneta americanaPer a 1 allergen is antigenically cross-reactive with the German cockr&datte(la germanic
Bla g 1 allergen. The aim of this study was to identify linear B cell epitopes ofaPk that are recognized by human IgE. Per a 1
deletion mutants were generated from the recombinant Per a 1.0104 allergen (274 amino acid residues), and antigenicities were as-
sessed by immunoblotting, enzyme-linked immunosorbent assay (ELISA), and binding inhibition. Human atopic sera were not able to
recognize deletion mutants consisting of amino acids 1-77, 86—-205, and 200-266. However, human sera did recognize the N-terminal
mutant containing amino acids 1-87 and the C-terminal mutant containing amino acids 200-274, demonstrating positive IgE binding that
was heterogeneously distributed among the different sera tested. Amino acid residues 78—85 and 267—-274, containing internal repeats,
were shown to be required for IgE binding to the Per a 1.0104 protein. Two peptides corresponding to these IgE-binding amino acid
sequences were synthesized. Peptide 78-85 showed a positive IgE interaction with 80% of the sera, while peptide 267-274 was capable
of IgE binding to all of the sera tested. Moreover, preincubation of atopic sera with IgE-positive recombinants and peptides resulted in
marked inhibition of the IgE binding to purified Per a 1.0104 allergen. Amino acid sequéidBALFGL®® and26"IRSWFGLFP ™4
of the American cockroach Per a 1.0104 allergen were involved in IgE binding. These findings will advance the understanding of the
specific reactivity of the epitopes of cockroach allergens, thereby contributing to the development of specific immunotherapies for clinical
use.
© 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction 94% nucleotide sequence homology to Bla g Bd90K and is
now designated as Bla g 1.0102. Most cockroach allergens
Airborne cockroach allergens play a central role in al- appear to be species specific. The only cross-reactive aller-
lergic disease, especially asthmde(m, 1999. Protein al- gens that have so far been sequenced fromBatmericana
lergens with masses ranging from 6 to 120 kDa from both andB. germanicare Bla g 1 and Per a 1. Several cockroach
American and German cockroaches, the two most commonallergens have already been cloned and expressed, but in-
domiciliary species, have been identified by various tech- formation concerning their allergenic determinants has been
niques Helm, 1999; Chapman et al., 1996; Wu and Lan, unavailable thus far.
1988 Wu et al., 1996a,p Over the past few years, three The Per a 1 molecule containing isoallergens shares
Periplaneta americanallergens, Pea 3 (Wu et al., 1995,  high sequence homology (52-71%) with Bla g 1, and both
1996a,b, 1997 Per a 1 Vu et al., 1998; Melen et al., 1999; molecules contain internal repeat sequences, phosphoryla-
Wang et al., 1999; Yang et al., 200@nd Per a 7Astrurias tion sites, and mitochondrial energy transfer protein sig-
et al., 1999; Santos et al., 199and sixBlatella germanica ~ natures \Wu et al., 1998; Melen et al., 1999; Yang et al.,
allergens, Bla glRomes et al., 1998Bla g 2 @Arruda et al., 2000. In addition, Pea 1 and Bla g 1 contain no cysteine
1995a,h, Bla g 4 Arruda et al., 1995a)pBla g 5 @Arruda residues and no potential N-glycosylation sites. Per a 1
et al., 1997, Bla g Bd90K {Helm et al., 199%and Bla g 6 isoallergens show 54—77% skin reactivity in atopic patients,
(Chapman et al., 1996have been cloned. Blg 1 showed  and are also found to have 27-32% sequence identity to the
precursor protein of the female African mosquifnphe-
mpondmg author. Tel: 886-4-2359-2525: les gambiag _tljat is induced_ following a plood meal. _
fax: +886-4-2359-2705. Allergen-specific IgE plays an important role in hypersensi-
E-mail addressw051441@vghtc.vghtc.gov.tw (C.-H. Wu). tivity reactions Gutton and Gould, 1993The identification
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of IgE binding of cockroach allergens is essential in order 2.5. Construction and expression of Per a 1.0104 deletion
to understand the antigenic structures responsible for aller-mutants
genicity to the American cockroach. In the present study,

linear B cell epitopes of Per a 1.0104 (GenBHAkacces- Restriction enzymes generated mutant residuel-87 was
sion number U69261Wu et al., 1998; Yang et al., 20p0  ligated into cloning vectors pET30a. The PCR-generated
that are recognized by atopic sera are characterized. deletion mutant, residues 1-77, 85-205, 200-266 and

200-274, were ligated into pGEM-T vector plasmid
(Promega, Madison, WI), double digested witanH|/Sal,

2. Materials and methods and cDNA were then ligated into cloning vectors pET30b.
Sequences of deleted cDNA inserts were determined using
2.1. Antibodies to cockroach allergens a 310 DNA sequencer (Applied Biosystems, Forster City,

CA). The resulting plasmids were then transformed iBto

Human serum samples were obtained from patients sen-C0li BL21 (DE3) for expressionWu et al., 1998
sitive to American cockroach and assayed for Per 1.0104- o .
specific IgE antibodies by enzyme-linked immunosorbent 2-6- Purification of recombinant allergens
assay (ELISA). Equal volumes of sera of 10 patients with
Per a 1.0104-specific IgE were used or pooled to constitute
an atopic serum pool.

Recombinant proteins were over-expressedEin coli
BL21 (DE3). The culture was harvested and the cells were
washed with sonication buffer (50 mM Tris—HCI, pH 8,
200mM NaCl, 0.1 mM EDTA, and 0.1% Nonidet P-40).
The pellets were resuspended in sonication buffer contain-
. L ing 2 mM phenylmethylsulfony fluoride and the cells were
The biotinylated and non-biotinylated were purchased g,hicateqd. The lysate was purified using the rapid affinity

from United Bipchemigal Research Inc_. (Seattle, WA). column chromatography with pET His-Tag System as de-
They were purified by high-performance liquid chromatog- ¢ ipeq by Novagen (Madison, WIAu et al., 1996a)

raphy (greater than 85% purity) and characterized using Purified recombinant proteins were used for immunoblot-
matrix-assisted laser desorption mass spectrometry by theting ELISA and inhibition ELISA.

manufacturer.

2.2. Synthetic peptides

2.7. SDS-PAGE and immunoblotting
2.3. Deletion mutant generated by internal restriction
enzyme sites Recombinant proteins were suspended in SDS sample
buffer containing 2-mercaptoethanol and loaded on a 5%
The cDNA of Per a 1.0104 was isolated from plasmid polyacrylamide stacking gel above a 12% separating gel, and
(PET 30) and purified by QIApréb Miniprep (QIAGEN, SDS-PAGE was run with discontinuous buffer according to
Valencia, CA). The fragment encoding residue 1-87 were | gemmli’'s method (aemmli, 1970. After electrophoresis,
generated by digestion of purified Per a 1.0104 with restric- gels were fixed and stained with 0.2% Coomassie Brilliant
tion enzymesBanH|/Xhd (Promega, Madison, WI) using  Blue R-250. For immunoblotting, gels were transferred elec-

standard methodsSambrook et al., 1999 trophoretically Towbin et al., 1979to polyvinyl difluoride
(PVDF) membranes (Millipore Corp., Marlborough, MA).
2.4. Deletion mutants generated by PCR amplification Immunodetection was performed using atopic human sera

as previously described\u et al., 1998

The gene segments of interest were generated by PCR to
create restriction for cloning purposes. The cDNA of Per 2.8. Immunodetection by direct binding ELISA
a 1.0104 was isolated from plasmid (pET 30) and puri-
fied by QIApref® Miniprep (QIAGEN, Valencia, CA). Pu- The reactivities of purified intact Per a 1.0104 and
rified plasmid was combined with oligonucleotide primers IgE-positive deletion mutant proteins, and synthetic pep-
specific for the target areas with appropriate restriction en- tides with IgE antibodies were evaluated in a direct binding
zyme cleavage sites in a solution containing 50 MM KCI, ELISA. ELISA was performed as described previously
10 mM Tris—HCI (pH 8.3), 1.5mM MgGl and 20Qw.M of (Wu et al., 1996a,pb Optimal concentration of antigen and
each dNTP (Pharmacia, Piscataway, NJ). The PCR was perconjugate were determined by checkerboard titration. Plate
formed with an initial denaturation at 9€ for 3 min, and was prewashed with washing buffer, PBS, pH 7.4 con-
subsequent 35 cycles of amplification was done under thetaining 0.05% Tween 20 (PBST). Purified recombinants
following conditions: annealing at 5% for 2 min, extension ~ (3.0,g per well) or biotin-labeled synthesized peptides
at 72°C for 3min, and denaturation at 9€ for 1 min. The (10 ng per well) in coating buffer (0.1 M sodium carbonate,
PCR product was separated by agarose gel electrophoresipH 9.6) were coated onto the microtiter plate (Immunolon
and purified. II; Dynatech, Alexandria, VA) or streptavidin immobilizer
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plate (Exigon, Bygstubbeb, Denmark) in triplicate and in- 1.0104-sensitive atopic sera are shown Hig. 1 The
cubated at 37C for 2h. Plate was washed with PBST polypeptides 1-87 lacking the C-terminkgy. 1B, lane c),
and incubated overnight at°€ with human IgE (1:10 deletion mutant 200-274 without the N-terminésg 1B,
dilution). After washing, antibody binding was detected lane g) and Per a 1.0104g. 1B, lane b) recognized atopic
using peroxidase-labeled goat anti-human IgE along with IgE. On the other hand, no detectable reactivity was found
2,2-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid) con- for deletion mutants 1-77, 86—205 and 200-Z66. 1B,
taining 0.03% HO, as a substrataNang et al., 199P The lanes d—f). These preliminary results indicate that the human
optical density was determined at 415nm on a SLT SPEC- linear IgE-binding epitopes are located within the internal

TRA Reader (SLT Labinstruments, Salzburg, Austria). repeat amino acid sequences 78-85 and 267-274 of Per
a 1.0104 Fig. 2. Two biotinylated and non-biotinylated
2.9. Inhibition ELISA peptides corresponding to these two IgE-binding amino

acid sequences, peptide 78-85 and peptide 267-274 were

Optimal concentration of antigen and conjugate were de- Synthesized.
termined by checkerboard titration. Purified Per a 1.0104 re-
combinant allergen (3g per well) in coating buffer was ~ 3.2. IgE binding of recombinant and synthesized peptides
coated onto each well in triplicate and incubated at@7
for 2 h. After incubation, wells were washed five times with Interactions of specific atopic IgE antibodies with intact
PBST and then filled with 1.0% normal goat serum and in- Per a 1.0104, deletion mutant proteins, and synthesized pep-
cubated for 2 h at room temperature. Wells were washed andtides were demonstrated by ELISA with 10 sera obtained
then incubated with patient serum pool (1:10) which have from Per a 1.0104 skin test-positive patients and two sera
been preincubated 2 h at room temperature with the solutionfrom healthy non-allergic adult subjects. All of the atopic
of the different concentrations of non-biotin labeled pep- sera recognized intact Per a 1.0104, and no IgE binding
tide or purified recombinants. The wells were incubated at was detected in deletion mutants 1-77, 86-205, 200-266,
4°C overnight, and then processed as standard ELISA (de-or in the negative control ser&i@s. 3 and } Deletion mu-
scribed above) using peroxidase-conjugated goat anti-humartants 1-87, 200-274, peptide 78-85 and peptide 267-274
IgE as the secondary antibody. Per a 1.0104 was used ashowed positive IgE binding that was heterogeneously dis-
inhibitor for positive control, and preincubation of inhibitor  tributed among the different sera testdeigé. 3 and %
with non-allergic sera was used as negative control. ResultsThe IgE from patients 2 and 3 recognized deletion mutant
were expressed as the percent inhibition of the reaction of 200-274 and peptide 267-274, but were unable to bind
antibody without any inhibitorWang et al., 1999 1-87 or peptide 78-85, while IgE from the remainder of
patients recognized deletion mutant 1-87, peptide 78-85,
and peptide 267-274. Truncated protein 1-87 and peptide
3. Resultsand discussion 78-85 were capable of IgE binding to 80% (8/10) of atopic
sera tested at a dilution of 1:10. Truncated protein 200-274
3.1. Identification of IgE-binding epitopes of Per a 1.0104 and peptide 267—274 showed a positive IgE interaction with
100% (10/10) of the sera analyzed. Both our IgE-E binding
Per a 1.0104 serial deletion mutant cDNAs were ex- results and our immunoblotting results indicate that amino
pressed as fusion proteins and assayed for IgE reactivity.acid sequences 78-85 and 267-274 of Per a 1.0104 are
Affinity-purified recombinant proteins were subjected to directly involved in the interaction to human IgE. Results
SDS-PAGE and the results of immunoblotting using Per are summarized, and the schematic map of the location of

Pabed e f g

97.4
66.2

45.0

A B

Fig. 1. SDS-PAGE (A) and immunoblotting (B) of proteins expressed from deleted Per a 1.0104 cDNA. Proteins were stained with Coomassie brilliant
blue (A), or probed with atopic sera (Bt. coli BL21(DE3) (lane a), Per a 1.0104 (lane b), Per a 1.0104:1-87 (lane c), Per a 1.0104:1-77 (lane d), Per a
1.0104:86—205 (lane e). Per a 1.0104:200-266 (lane f) and Per a 1.0104:200-267 (lane g). Numbers at left indicate sizes (kDa) of protein marker (lane p
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1 VGVDGLIDDIIAILPIDDLKALFQEKLETSLDFKAFYDAVRSPEFQSIVOTLNAMPEYQD 60
61 LLOKLRDKGVDVDHYTIELIRALFGLTREARNLQDDLNDFLALIPTDQILATIAMDYLANDA 120
121 EVQELVAYLQSDDFHKIINTIEALPEFANFYNFLKGHGLDVANYINEIHSIIGLPPFVPP 180
181 SRRHARRGVGINGLIDDVIAILPVDELKTLFQEKLETSPDFKALYDATIRSPEFQSIISTL 240
241 NAMPEYQELLONLRDKGVDVDHFIELIRSWFGLP 274

Fig. 2. The deduced primary structure of Per a 1.0104. Internal repeat sequences (amino acid residues 5-85 and 93-273) are underlined, and sequen
required to bind IgE (sequences 78-85 and 267-274) are shown in bold.
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Fig. 3. Binding profiles of IgE antibodies to Per a 1.0104 and deletion mutant proteins by ELISA. Ten human atopic sera and two sera from health
non-allergic adults (patients 11 and 12) were analyzed.

recombinant fragments on the complete Per a 1.0104titive inhibition assays were performed using purified intact
molecule is presented iRig. 5. Per a 1.0104, deletion mutant proteins, and non-biotinylated
synthetic peptides as competitors. Pooled sera from the
3.3. IgE binding inhibition of recombinants and synthetic 10 Per a 1.0104-positive patients were used for the inhi-
peptides bition studies. Full-length Per a 1.0104, deletion mutant
1-87, deletion mutant 200-274, peptide 78-85, and peptide
To confirm the binding specificity of IgE antibodies to 267-274 inhibited 84, 69, 67, 54, and 50% of IgE binding
deletion mutant proteins and synthesized peptides, compe+to Per a 1.0104 at concentration of f@/ml in solution,

1.0 o
ide 78-85
s B Peptide 78-85
A agtn
ke
Lih ] .
0.8 _'-:-_._'-:-_. 5 [E§ peptide 267-274
-, Pl
Y (ORI ey
Ciata o S5,
e g n S
A ) bk
Ly e, P
E 064 o o (ot
. T by oh, Fo
= 0.6 Tats by ':'-'u':"T.' Pt
w (R Erer Y S P
— e R e S Lo
-+ LR utn el ik i
ey, W ] e
g "an e
2 04 S R Ly G L
R Y et o
o re Fry L TR ek
ik i . h e
el i LR ", L
e e e e,
eI o Y = e W ==
0.2 4 D] ke e men]
. T, e ey o
Ak (i) Sar P
oy T )
255 CHLy G N 2
Lo, R T et e
oty N o e s
T KL Tt B B
0.0 I ann o Rty o R
. 1 ] !

[ ]
w
-
(9]

Patients

Fig. 4. Binding profiles of IgE antibodies to synthetic peptides by ELISA. Ten human atopic sera and two sera from health non-allergic adults (patients
11 and 12) were analyzed.
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Endonuclease/PCR Human IgE

Immunoblotting ELISA

cDNA 1-274 + +
78 ¢ 85
BamHlxhol  1-87 -_— ¥ +
PCR 1-77 — - _
PCR 86-205 - _
PCR 200-266 _— - _
267 'l’ 274
PCR 200-274 —_— + "

Fig. 5. B cell epitopes mapping on the Per a 1.0104. Schematic map location of deletion mutants on the complete Per a 1.0104. THE)symbol (
represent the regions recognized by human IgE.

respectively Fig. 6). No significant inhibition was observed 1994, birch pollen allergen (Bet 1) (Vik et al., 1993,
when peptides were preincubated with non-allergic sera Chironomus thummallergen (Chit I) Liebers et al., 1993
(Fig. 6), and no significant inhibition was detected on dele- shrimp allergen Penaeus aztecu$en a 1) Reese et al.,
tion mutants 1-77, 86—205 and 200266 (data not shown).1995, and latex allergen (Hev b 5Béezhold et al., 1999
These results reconfirmed those amino acid sequencesll contain continuous epitopes. Group | velvet grass pollen
78-85 and 267-274 of Per a 1.0104 are directly involved in allergen (Hol | 1) Schramm et al., 1997and house dust
binding of human IgE antibodies. mite allergen Dep 2 and Der f 2 $mith and Chapman,
Certain evidence has indicated that allergen degradation1996; Takai et al., 1997contain conformational and con-
products are natural targets of B cell recognition, reinforc- tinuous epitopes for IgE recognition. These findings suggest
ing the importance of continuous epitop&e¢ker, 199Y. that both linear and conformational epitopes are important
Group V timothy grass pollen allergen (Phl p vBufe et al., in allergic reactions. Immunotherapy by repeated subcuta-
neous injection has been shown to be an effective method in
the treatment of allergieDhman, 199)1. Immunotherapies
containing specific recombinant allergens or epitopes, rather
than crude allergen vaccine mixtures, may prove to be more
efficacious. Encouraging results using recombinant aller-
gens forimmunotherapy have already been repoktak(ita
and Kraft, 1995; Hoyne et al., 1999FRecently, small pep-
tides carrying only one IgE-binding epitope have been pro-
posed for immunotherapy in order to increase specificity
of the immune respons®4ll et al., 1994. Information on
IgE-binding epitopes is required for further immunotherapy
studies. The CD# allergen-specific T cell is crucial for in-
duction of IgE. Nevertheless, allergens with no or very low
IgE-binding capacities are also important inimmunotherapy.
In this study, we have performed B cell linear epitope
analysis of the major American cockroach allergen Per
a 1.0104 using a number of deletion mutants. We have
shown that the amino acid sequen¢@sIRALFGL®® and
267\RSWFGLP"4, located within internal repeats of Per a
Inhibitor concentration (pg/ml) 1.0104, are the minimum sequences required for IgE bind-
ing. Our current findings are important for the understand-
Fig. 6. Binding inhibition of IgE to Per a 1.0104 by Per a 1.0104 (a), Per ing of the antigenic structures responsible for allergenicity

a 1.0104:200-274 (b), Per a 1.0104:1-87 (c), peptide 78-85 (d), peptide . . .
267-274 (e), and non-allergic sera (f). Microtiter plates were coated with to the American cockroach, thereby contrlbutlng to the

purified Per a 1.0104, and results are average of experiment pen‘ormedStr_ateQ_iC deye|0pment of more specific and potentially more
in triplicate as described. efficacious immunotherapy.
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