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The group 1 allergens are a major cause of cedar pollen hypersensitivity in several geographic areas. Allergens from several tax
hown to cross-react. The goal of these studies was to compare the structural features of the shared and unique epitopes of the gro
rom mountain cedar (Jun a 1) and Japanese cedar (Cry j 1). An array of overlapping peptides from the sequence of Jun a 1 and a panel o
onoclonal anti-Cry j 1 antibodies were used to identify the IgE epitopes recognized by cedar-sensitive patients from Texas and J

rom Japanese patients reacted with peptides representing one of the two linear epitopes within the highly conserved�-helical core structur
nd both epitopes within less ordered loops and turns near the N- and C-termini of Jun a 1. A three-dimensional (3D) model of t
ased on the crystal structure of Jun a 1, indicated a similar surface exposure for the four described epitopes of Jun a 1 and the homologo
egions of Cry j 1. The monoclonal antibodies identified another shared epitope, which is most likely conformational and a uniqu
pitope that may be the previously recognized glycopeptide IgE epitope. Defining the structural basis for shared and unique epitop

o identify critical features of IgE epitopes that can be used to develop mimotopes or identify allergen homologues for vaccine dev
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Cedar pollen hypersensitivity is a major cause of seasonal
irway symptoms in several regions of the Northern Hemi-

Abbreviations: Cry j 1, group 1 allergen of Japanese cedar (Cryp-
omeria japonica); Jun a 1, group 1 allergen of mountain cedar (Juniperus
shei); mAb, monoclonal antibody; MW, molecular weight; PDB, protein
ata bank; PL, pectate lyase; RMSD, root-mean-square deviation; 3D, three-
imensional
∗ Corresponding author. Tel.: +1 409 772 3832; fax: +1 409 772 176.

E-mail address: tmidoro@utmb.edu (T. Midoro-Horiuti).

sphere. Group 1 allergens, which are structurally simila
bacterial pectate and pectin lyases (Czerwinski et al., 2005),
have been isolated from pollens of mountain cedar (Jun
Juniperus ashei, Cupressaceae;Midoro-Horiuti et al., 1999),
eastern red cedar (Jun v 1,Juniperus virginiana, Cupres
saceae;Midoro-Horiuti et al., 2001), Italian cypress (Cu
s 1, Cupressus sempervirens, Cupressaceae;Arilla et al.,
2004), Japanese cypress (Cha o 1,Chamaecyparis obtusa,
Cupressaceae;Suzuki et al., 1996) and Japanese cedar (C
j 1, Cryptomeria japonica, Taxodiaceae;Yasueda et al
1983). A substantial proportion of the IgE anti-cedar po

161-5890/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
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antibodies from patients with mountain cedar allergy react
with Cry j 1 (Midoro-Horiuti et al., 1999; Taniai et al., 1993).
Thus, the high degree of sequence identity between group
1 allergens could account for the cross-reactivity between
these pollens, as demonstrated by skin testing with crude
extracts (Schwietz et al., 2000). In fact, we have previously
reported cross-reactivity between serum IgE antibodies to
Jun a 1 and Cry j 1 (Midoro-Horiuti et al., 1999). However,
the molecular basis for this cross-reactivity has yet to be
elucidated.

We recently identified three major and one minor epitope
of Jun a 1, using overlapping, synthetic peptides and sera from
patients allergic to mountain cedar pollen (Midoro-Horiuti et
al., 2003). Two of these epitopes are near the highly conserved
pectate lyase catalytic site, making it likely that these epi-
topes are shared among many or all cedars (Midoro-Horiuti et
al., 2003). The high-resolution crystal structure of Jun a 1
(Czerwinski et al., 2005), the first for any cedar allergen,
identified a�-helical core structure that is highly conserved
between the microbial pectate and pectin lyases and this plant
protein. However, there are substantial structural differences
in the loops and turns that protrude from their cores. While the
degree of amino acid sequence identity is very high among the
plant pectate lyase-like proteins, the structural and functional
similarities between these group 1 allergen remains to be
elucidated.
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2.2. Human sera and mouse mAb

Sera from 11 mountain cedar allergic patients were
obtained from volunteers from the Austin, Texas area. Two
sets of sera from Japanese cedar allergic patients were
tested. One set was collected from Fukuyama as described
previously (age 7–10 years, 8.5± 1.3), male/female = 1/3,
Midoro-Horiuti et al., 1999) and a new set of 17 sera (age
3–52 years, 19.2± 14.1), male/female = 6/11 were collected
from volunteers in Nagoya, Japan. The diagnosis of seasonal
allergic rhinitis due to cedar sensitivity was established in
all subjects by clinical history and CAP-RAST (Pharmacia)
or scratch skin testing results. Sera from the Nagoya panel
were selected for analysis based on their reactivity to Cry j
1 in allergen-specific CAP-RAST.

Six monoclonal antibodies (mAbs) against native Cry j
1 (S14, S36, S84, S91, S95 and S131) were described pre-
viously (Sakaguchi et al., 1997). These antibodies represent
four of the five antibody groups defined by Sakaguchi et al,
including the three mAbs groups that competed with the IgE
in the sera of Japanese cedar-sensitive patient for binding to
Cry j 1.

2.3. Binding of IgE to Japanese cedar and mountain
cedar pollen extracts, and inhibition with Cry j 1 and Jun
a 1
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The goal of the present study was to use our understa
f the structure of IgE epitopes of Jun a 1 to identify sim
egions in Cry j 1 and determine the extent to which th
tructures represent shared and unique epitopes in th
esponses to these homologous group 1 allergens.
ynthetic peptide arrays, designed from the amino
equence of Jun a 1, were tested for their binding of Ig
era from patients sensitive to Japanese cedar pollen a
ouse monoclonal anti-Cry j 1 antibodies. Using our pr
usly developed modeling tools (Soman et al., 2000; Sche
t al., 2001; Ivanciuc et al., 2004, 2002, 2003; Murtazin
l., 2002), we prepared a 3D-model of the structure of
1, based on the crystal structure of Jun a 1 and mappe

he linear epitopes on the model structure. This appr
llowed us to identify both shared and unique linear
robable conformational epitopes of these two group 1 c
llergens.

. Material and methods

.1. Allergen preparation

Jun a 1 waspurified from mountain cedar pollen (Bay
nd Cry j 1 from Japanese cedar (collected in Tamano
apan) using Con-A Sepharose 4B (Pharmacia) chrom
aphy, as described previously (Midoro-Horiuti et al., 1999),
nd dialyzed against 0.05 M Tris–HCl buffer, pH 7.8, p

o further analysis.
f

ImmunoCAP assays (Pharmacia) were performed to q
ify the binding of serum IgE from 17 Japanese cedar hy
ensitivity patients to Japanese cedar and mountain
ollen extracts. Those sera with >0.70 U/ml of IgE to ei
ollen were used for inhibition assay. ImmunoCAP inh

ion assays were performed to estimate the contributio
un a 1 and Cry j 1-reactive IgE to the response to p
xtracts. Patients’ sera were preincubated with a final con
ration of 0.25 mg/ml of purified Cry j 1 or Jun a 1 or buffe
ontrol. After overnight preincubation at 4◦C, IgE binding
o Japanese cedar extracts was quantified using the Imm
AP assay. The percent inhibition of IgE binding by Cry j 1 or
un a 1 wascalculated by the formula: % inhibition = [(seru
lone− serum pre-incubated with Cry j 1 or Jun a1)/serum
lone]× 100. The results were expressed as the range
mean± standard deviation).

.4. Dot blot immunoassay for antibody binding to Jun a
and its overlapping, synthetic peptides

The reactivity of anti-Cry j 1 mAbs with purified, nativ
un a 1 wasanalyzed using dot blot analysis. Prote
1�g) were dotted on a cellulose membrane and d
embranes were incubated with blocking buffer (Sig
enosys) containing 10% sucrose. Sections of the m
rane were incubated with 2�g/ml of each mAb. Th
ashed membranes were then incubated with biotiny
nti-mouse IgG (Zymed). After incubation with HR
treptavidin (Vector), membranes were placed in Enha
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Chemiluminescence (ECL, Pharmacia) to visualize the
signal.

Individual 13 amino acid peptides, based on the Jun a
1 amino acid sequence (7), with eight amino acid overlaps
were synthesized on a derivatized cellulose membrane, using
N-(9-fluorenyl)methoxycarbonyl(Fmoc) amino acid active
esters by Sigma Genosys. The binding of IgE from patients’
sera was analyzed as described previously (Midoro-Horiuti
et al., 2003). Briefly, we used two serum pools, each with
four different sera from Japanese children who demonstrated
reactivity with Jun a 1 inELISA, followed by biotinylated
goat anti-human IgE (Vector) as the second antibody. The
membranes were developed with HRP-streptavidin and ECL
(Pharmacia). The intensity of the IgE binding to individual
peptides on photographic images was scored visually on a
scale of 0–3.

To identify the minimal linear structures required for IgE
binding to each epitope, detailed epitope mapping was per-
formed using another set of synthetic, overlapping peptides.
These 13 or 8 amino acids long peptides were designed based
on the sequences of the original 13-mer peptides that bound
IgE. Each of these peptides overlapped each other by either
11 or 6 residues, resulting in a set of peptides that differed by
only two amino acids.

To identify the epitopes recognized by anti-Cry j 1 mAbs
KW-S84, 91, 95 and 131, the membranes were incubated
o r.
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ation (RMSD) of the model to the template is 0.38Å. The
GETAREA program of our FANTOM program was used to
determine residue surface exposure (Fraczkiewicz and Braun,
1998). Graphical representation of the model and determina-
tion of nearest neighbor atoms was done with the MOLMOL
program (Koradi et al., 1996).

3. Results

3.1. Direct and cross-reacting IgE antibodies in
Japanese

The sera from patients from Nagoya, who were allergic
to Japanese cedar and were known to be reactive to Cry j
1 were tested for IgE binding to Japanese cedar and moun-
tain cedar extracts. As shown inFig. 1, 13 out of 17 sera
from Japanese cedar sensitive patients (76.5%) contained
detectable amounts of IgE that reacted with mountain cedar
extracts (Fig. 1). Regression analysis indicated that the extent
of IgE binding to the Japanese cedar and mountain cedar
extract were significantly correlated (r2 = 0.35 andp = 0.04).

3.2. Purified group 1 allergens inhibit IgE binding to
Japanese cedar pollen extracts
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.5. Inhibition of IgE-binding to Jun a 1 by mAbs

Jun a 1-coated plates were washed and incubated
0�g/ml of mAbs, KW-S84, 91, 95 and 131, at room te
erature for 2 h. Next, individual Texas sera were adde

he same wells and incubated at room temperature fo
he binding of human IgE was quantified as described p
usly (Midoro-Horiuti et al., 1999). Results were express
s the range of the percent inhibition of IgE binding, c
ared to wells which did not contain any mAb, and comp
y the formula: % inhibition = [(serum alone−serum afte
Ab)/(serum alone)]× 100.

.6. Homology modeling of Cry j 1

The amino acid sequence of Cry j 1 is 78.9% identica
o that of Jun a 1. A model of Cry j 1 wasprepared usin
oordinates of the Jun a 1 crystal structure as the templ
Czerwinski et al., 2005) and the MPACK modeling sui
Ivanciuc et al., 2004; Midoro-Horiuti et al., 2003; Soma
l., 2001). The structure shown has the lowest target func
f the 20 calculated by the self-correcting distance ge
try program DIAMOD. For the modeling, disulfides w
pecified as constraints between residues C7–C24, C107–C126

nd C285–C291 based on their identity between the te
late and the target. The backbone root-mean-square
To quantify the extent of cross-reactivity between Jun
nd Cry j 1, ImmunoCAP inhibition assays were perform
ith purified, native allergens. Preincubation of sera w
urified Cry j 1 inhibited 10.3–93.8% (54.1± 20.8)% of the
inding of IgE from Japanese patients’ sera to Japanese
aps, while preincubation with purified Jun a 1 inhib
.5–42.3% (17.5± 12.5)% of the binding. The distributio
f these values is shown inFig. 2. Both Cry j 1 and Jun a
ignificantly inhibited IgE binding to Japanese cedar extr
p < 0.0001, compared to buffer control). However, the de
f inhibition of individual sera by the two allergens was
orrelated (r2 = 0.09,p = 0.27).

ig. 1. IgE to Japanese cedar and mountain cedar. The concentra
gE antibodies in sera from Japanese cedar sensitive patients that rea
apanese cedar and mountain cedar pollen were quantified by Immun
2 = 0.35,p = 0.04.
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Fig. 2. ImmunoCAP inhibition. Inhibition by purified Cry j 1 and Jun a 1 of
the binding of IgE from Japanese patients to Japanese cedar extracts. Mean
inhibition± S.D. for Cry j 1 and Jun a 1 are shown with bars. The extent of
inhibition by Cry j 1 and Jun a 1 wassignificantly greater that that by buffer
control (p < 0.0001).

3.3. Binding of human and mouse antibodies to
synthetic overlapping peptides define three
cross-reactive IgE epitopes

The sera from Fukuyama were tested for direct binding to
Jun a 1 by dotblot analysis. All of the sera were positive in this
assay. Two sets of four sera with the strongest reactivity with
intact Jun a 1 were pooled and tested for binding to synthetic,
Jun a 1 peptides. The pooled sera reacted to peptides Ile71-
Pro83, Lys211-Gly223, Thr216-Gln228, Gln221-Ala233, Ala226-
Val238 and Trp296-Tyr308, as shown inFig. 3. The reactivity
of the pooled sera from mountain cedar-sensitive patients is
shown for comparison. These findings suggest that the dis-
play of these regions are similar in Jun a 1 and Cry j 1 and
that the IgE in some Japanese cedar-sensitive patients reac
with Jun a 1 epitopes 1, 2 and 4 (but not 3).

Antibodies representing three of the six groups of anti-
Cry j 1 mAbs (S84, S91/S95 and S131) cross-reacted with
intact Jun a 1. Two of these groups (S84 and S91/95) reacted

with synthetic, overlapping peptides of Jun a 1. MAbs (S84)
bound to a peptide that included the three N-terminal amino
acids Ile71Phe72Ser73 of Jun a 1 peptides representing IgE
epitope 1: Ile71-Pro83. The binding pattern of the other mAbs
(S91 and S95) paralleled that of IgE reactivity with epitope 2
peptides: Ala218-Arg229 (Fig. 3A). These mAbs did not react
with the epitope 3 peptide (Met230-Leu237). We previously
divided the region Ala218-Leu237 into two distinct epitope
areas, based on IgE reactivity (Midoro-Horiuti et al., 2003).
The pattern of reactivity of these Cry j 1-specific mAb with
the Jun a 1 peptides provides additional evidence that the
region between residues Ala218-Arg229 contains a strong B-
cell epitope that is distinct from that produced by the next
eight residues (Met230-Leu237).

3.4. Definition of minimal IgE epitopes

To define the minimum span of amino acids required to
form IgE epitopes recognized by Japanese cedar-sensitive
patients, we used the same serum pool from Fukuoka to
probe a second set of overlapping peptides that represented
the sequences around epitopic regions 1–4, but differed from
their contiguous peptides by only two residues. The results
are shown inFig. 4. For comparison, the results for a pool of
sera from mountain cedar-sensitive patients are also shown.
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ooled sera from four Japanese patients (right) to overlapping synthe
hown along with the antibody binding activity, scored 0–3+. The epit
t

his particular pool reacted less intensely with the epito
eptide (Ile71-Pro83) than the pool used previously (Mido
t al., 2003). Neither of the serum pools showed any r

ion with the 13-mer peptides with 11 amino acids ove
o this area. Thus, the minimal IgE epitope 1 that co
e defined was the 13-mer peptide Ile71-Pro83. Of the 10
-mers representing the epitope 2 and3 region, two

ides, Phe222-Arg229 and Met230-Leu237 bound IgE from
exas sera most strongly (Midoro-Horiuti et al., 2003). There
as also weaker reactivity with the peptides between t

ed by testing the binding of serum IgE from individual Texas patientt) and
tides based on Jun a 1 sequence. (B) The sequences of the synthetic peptid
ions are defined with boxes.
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Fig. 4. IgE antibody reactivity with overlapping peptides representing sequences around the four Jun a 1 epitopes defined inFig. 3. (A) Probed with sera from
mountain cedar (left) and Japanese cedar sensitive patients (right). (B) Sequences of the peptides to which IgE reacted are shown and the minimal epitopes are
indicated by boxes.

(Fig. 4). The IgE from Japanese cedar-allergic patients’ sera
also reacted strongly with the Phe222-Arg229 peptide, but did
not react with the Met230-Leu237peptide. This difference in
reactivity of the two pools of sera clearly delineated IgE epi-
topes 2 and 3. IgE from both serum pools reacted with a
single 13-mer that represents epitope 4 (Fig. 3). However,
on detailed analysis, using 10-mer peptides, the sera from
mountain cedar-sensitive patients recognized three overlap-
ping peptides, while the sera from Japanese cedar patient only
reacted only Trp296-Tyr308 (Fig. 4).

3.5. Comparison of amino acid sequences of group 1
allergens from cedar pollen

The available amino acid sequences for the group 1 cedar
and cypress allergens were compared with that of Jun a 1
(Fig. 5). There was an overall high degree in sequence identity
(mean = 90.6%). Within the Jun a 1 epitope 1–4 regions, the
mean percent identity was 92.3, 98.3, 100 and 81.8, respec-
tively. Interestingly, even though the sequence of the epitope
3 region was identical for Jun a 1 and Cry j 1, only the sera
from mountain cedar-sensitive patients reacted with the pep-
tides representing that epitope.

3.6. Inhibition of human IgE binding to Jun a 1 by mAbs
t

for
t

the 11 mountain cedar-sensitive patients. Antibodies KW-
S84, S91, S95 and S131 inhibited the binding of 0–16
(−1.6± 3.7), 0–15 (3.6± 11.6), 0–25 (15.6± 7.8) and 6–34
(18.6± 10.7)% of the Jun a 1-specific IgE antibodies, respec-
tively. These findings and their potential relevance are sum-
marized inTable 1.

3.7. Predicted structure of the IgE epitope on Cry j 1

A 3D model of the Cry j 1 (Fig. 6A) was constructed
using the crystal structure of Jun a 1 as thetemplate and the
sequence alignment shown inFig. 5. The overall structure of
Cry j 1 is verysimilar to the crystal structure of Jun a 1. How-
ever, there are specific features, such as the location of the
glycosylation sites (Figs. 5 and 6A) that are quite different
in the two proteins. As indicated by the surface plots of the
Cry j 1 model (Fig. 6B), the surface exposure of all four epi-
tope regions are similar to those of Jun a 1. This observation
was confirmed quantitatively, using our GETAREA program
(http://www.scsb.utmb.edu/cgi-bin/geta form.tcl) (data not
shown).

As discussed above, epitope 3 of Jun a 1 was notrecog-
nized by Japanese patient sera, even though it has the same
sequence in both Jun a 1 and Cry j 1. We thus compared the
surface exposure of the residues that define epitope 3 of Jun
a j 1
m ce
e in the
c t
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Fig. 5. Comparison of the sequences of the IgE epitope regions of Jun a 1 and those of other group 1 allergens. Four IgE epitopes are shown with boxes. Proven
N-glycosylation sites are shown with double underlines and potentialN-glycosylation sites are shown with single underlines. The PL active site is italicized.
Jun v 1 is from eastern red cedar, Cup a 1 from Arizona cypress, Cup s 1 from Italian cypress, Cha o 1 from Japanese cypress and Cry j 1 from Japanese cedar.
Previously reported IgE epitope Asn331-Arg352 was marked.
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Fig. 6. Model structure of Cry j 1 (A) Ribbon diagram (front and back views)
showing the epitopic regions previously defined for Jun a 1 and colored: 1:
aa 71–83, pink; 2: aa 218–230, coral; 3: aa 231–237, purple; 4: aa 296–308,
dark green. The three potential glycosylation sites (residues 137, 170, 272)
and proven site (residue 333) are gold. Only glycosylation at residue 333
(arrow) has been confirmed. The three presumed disulfides (7–24, 107–126,
285–291; specified in MPACK according to their linkage in the Jun a 1
crystal structure) are in blue and yellow. (B) Surface plot corresponding to
that in A, showing the solvent exposure of the four IgE reactive regions. See
A for coloring scheme. (C) Comparison of the exposed surface area of the
third epitope and atoms within 7̊A of it (cream colored) in the Cry j 1 model
(middle) and in the two molecules in the Jun a 1 crystal structure.

position of Lys211 in the two molecules in the unit cell. Our
model of Cry j 1 is based on the A conformer, which is less
exposed. As Lys211 and most of the other residues within 7Å
of epitope 3 residues are identical in Cry j 1 and Jun a 1, we
looked for how the single alteration (Ala266 is Cys in Cry j 1)
in the sequence of epitope 2 could affect epitope 3. Although
Cys266 in Cry j 1, like Cys171 in Jun a 1, is not near any
other cysteine in the molecule, the S� of Cys226 lies within

4Å of the hydrophobic side chains of Phe193, Phe222, Val198

and Met230. Interaction between Cys266 and other residues
in this group could affect the relative surface exposure of the
epitope 3 area of Cry j 1, and might also influence catalytic
activity.

4. Discussion

Cry j 1 wasfirst identified and characterized byYasueda
et al. (1983). A single IgE epitope was identified near the C-
terminus (Asn331-Arg352; Taniai et al., 1993). Recognition
of this epitope by patient IgE was shown to require glyco-
sylation. However, since none of the five known allergenic
homologues of Cry j 1 share this glycosylation site (Midoro-
Horiuti et al., 2001; Aceituno et al., 2000; Suzuki et al., 1996;
Sone et al., 1994), this epitope cannot be shared with the other
known cedar allergens (Midoro-Horiuti et al., 1992; Schwietz
et al., 2000). The presence of additional IgE epitopes on Cry
j 1 was demonstrated by the finding that three unique groups
of anti-Cry j 1 mAbs inhibited the binding to Cry j 1 of IgE
from the sera of patients with Japanese cedar hypersensitiv-
ity (Sakaguchi et al., 1997). However, these epitopes have
not been localized to specific structural elements or regions
of Cry j 1.
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The goal of the present study was to use our current u
tanding of the structure of Jun a 1 and its IgE epitopes
dentify structurally similar regions in Cry j 1 and deter

ine the extent to which these are responsible for the c
eactivity between Jun a 1, Cry j 1 and probably other group
edar allergens. The sera from 13 out of 17 (76.5%) Japa
atients which contained IgE reactive to Cry j 1, dem
trated cross-reactivity to mountain cedar pollen extrac
mmunoCAP. Regression analysis indicated that app
ately 30% of the variability of IgE binding to Japan

edar pollen could be explained by the extent of their b
ng to mountain cedar pollen (r2 = 0.35,Fig. 1). The role o
he group 1 allergens in this cross-reactivity was indicate
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edar hypersensitivity patients was inhibited by this pur
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We have previously shown that two of the major IgE
epitopes of Jun a 1 (2 and 3) arelocated near the highly
conserved pectate lyase catalytic site (Fig. 5; Midoro-Horiuti
et al., 2003) and postulated that antibodies directed against
those epitopes might cross-react extensively within group
1 cedar allergens. In fact, IgE from patients with Japanese
cedar pollen hypersensitivity did react with synthetic pep-
tides representing epitope 2 of Jun a 1. We also found that
these patients produced IgE antibodies that reacted with pep-
tides representing two other Jun a 1 epitopes (1 and 4). Thus,
the Japanese cedar-sensitive patients recognize three of the
four linear epitopes we have described for Jun a 1. How-
ever, despite the sequence identity and structural similarity
between the epitope 3 regions of Jun a 1 and Cry j 1, the
Japanese cedar patients we tested did not have IgE antibodies
that reacted with the peptides that represent Jun a 1 epitope 3.

4.2. Structural similarity between IgE epitopes of Jun a
1 and Cry j 1

A 3D model of Cry j 1, based on the crystal structure of
Jun a 1, suggested a structural basis for the sharing of the lin-
ear epitopes of Jun a 1 and Cry j 1. In keeping with their high
sequence identity, the RMSD between the template and the
model was quite low (0.39̊A), and the solvent exposure of all
four epitope areas was quite similar. However, fine details of
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(data not shown). Another possible explanation for the differ-
ences in immunologic recognition may be the proximity of a
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in response to this T-cell epitope could alter the IgE responses
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The analysis of the responses to the epitope 4 region
also gave unexpected results. The Jun a 1 13-mer pep-
tide Trp296-Tyr308 was recognized by IgE antibodies from
Japanese cedar-sensitive patients, despite the three non-
conserved amino acid differences between Cry j 1 and Jun
a 1. However, the detailed analysis for this area with 13-
mer peptides, which differed by two residues demonstrated
that the Japanese cedar-sensitive patients recognized only one
of the three peptides recognized by mountain cedar sensi-
tive patients. Taken together these finding suggest the IgE
response to this region is driven by a structure that is con-
served despite extensive amino acid substitution.

4.3. MAbs to Cry j 1 define additional shared and
unique epitopes

The results of our cross-reactivity and inhibition experi-
ments indicate that Cry j 1 also displays one or more epitopes
that are not present on Jun a 1. In an attempt to map or char-
acterize the structure of these unique epitopes, we tested the
reactivity of a group of anti-Cry j 1 mAb with Jun a 1 and its
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l., 2000; Ferreira et al., 1998; Jenkins et al., 2005). For exam
le, although soybean glycinin and that of peanut share
inding regions, alanine scanning of the peptides indic

hat the structures recognized by IgE antibodies are pro
ifferent in these two proteins (Beardslee et al., 2000).

Similarly, subtle differences in the less ordered exte
oops and side chain between the two cedar pollen alle
ould account for the lack of immune responses to epito
n Cry j 1-sensitized patients. In keeping with this sugges
here are slight differences in the solvent exposure of res
n the epitope 3 region between the two Jun a 1 molecules i
he crystallographic unit cell (Fig. 6B and C). This sugges
hat within the ensemble of Jun a 1 structures in solutio
here may be a subset of Jun a 1 molecules which perm
ufficient exposure of the epitope 3 region for IgE bind
he ensemble of Cry j 1 structures may be more biased tow

he non-reactive state. Another possibility is that alterat
n the epitope 2 sequence could affect the overall expo
f the epitope 3 of Cry j 1 (Fig. 6D).

Alternatively, environmental alteration of Cry j 1, such
inding of an enzyme substrate or inhibitor near the pe

yase-like active site might reduce the immunogenicity o
pitope 3 region. This concept is in keeping with the ob
ation that Cry j 1 has been shown to have some pectate l
ctivity (Taniguchi et al., 1995), while we have been unab

o demonstrate any pectinolytic activity of purified Jun
ynthetic peptides (Table 1).
One of these mAbs (S95) inhibits the binding of I

ntibodies in sera from 10 of 21 Japanese cedar-sen
atients (Sakaguchi et al., 1997) to Cry j 1. In the experimen
escribed here, S95 also interfered with the binding of
ntibodies from sera of mountain cedar-sensitive patien
un a 1. This suggests that the Cry j 1 EP-5 epitope, describe
y Sakaguchi et al. is the same as our Jun a 1 epitope 2
nother major IgE epitope of Cry j 1, identified by mA
131 (EP-3) binds to Jun 1 and inhibits the binding of Te
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f the mouse mAbs we tested reacted with peptides r
enting Jun a 1 epitopes 1, 3 or 4 (all recognized by hum
gE anti-Cry j 1).

In summary, the current study provides the first evide
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onserved region of that allergen. Thus, our findings sug
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epitopes. In fact, our cross-reactivity and cross-inhibition
experiments suggest that the majority of anti-Cry j 1 IgE
antibodies do not cross-react with Jun a 1 linear epitopes.
Some of these anti-Cry j 1 antibodies probably react with a
glycopeptide epitope(s) that are absent from other group 1
allergens. Interestingly, the one epitope that did not cross-
react has an identical sequence in all of the group 1 cedar
allergens. It is not clear why this region of Cry j 1 does not
induce the production of antibodies that cross-react with Jun
a 1, although analysis of that region suggests that this epitope
might be somewhat less exposed region in Cry j 1 than in some
Jun a 1 molecules. Resolving the crystal structure of Cry j 1
and mutagenesis of selected regions of these molecules will
be required to fully explain the shared and unique epitopes
of these highly homologous allergens.

The approach we used in the current study demonstrates
the value and limitations of using amino acid sequence iden-
tity, mAbs and 3D homology modeling to define new epitopes
and to characterize the structural basis of epitope sharing.
Identifying shared and unique epitopes may have both fun-
damental and clinical value. Understanding the structural
requirements for the IgE responses and reactions should pro-
vide a basis for identifying the allergenic potential of new
proteins, thereby preventing their introduction into the envi-
ronment or reducing the extent of contact by humans. In
addition, development of new generations of immunologic
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