Available online at www.sciencedirect.com

IO w— Molecular
Immunology

www.elsevier.com/locate/molimm

k)

o a'b ;,1
ELSEVIER Molecular Immunology 43 (2006) 509-518

Structural basis for epitope sharing between
group 1 allergens of cedar pollen

Terumi Midoro-Horiut®*, Catherine H. Schefh
Venkatarajan Mathur Werner Braufl, Edmund W. Czerwinslg,
Akihisa Togawd&, Yasuto Kondd, Tetsuo OKA,
Masanao WatanalSeRandall M. Goldblund

@ Department of Pediatrics, Child Health Research Center, University of Texas Medical Branch,
301 University Blvd., Galveston, TX 77555-0366, USA
b Human Biological Chemistry and Genetics, Sealy Center for Structural Biology,
University of Texas Medical Branch, Galveston, TX 77555, USA
¢ Oka Pharmacy, 5-24-333 Tai, Tamano 706-0001, Japan
d Tokyo Research Laboratories, Kowa Co. Ltd., 2-17-43 Noguchi-cho, Higashi-Murayama, Tokyo 189-0022, Japan

Received 8 March 2005
Available online 21 June 2005

Abstract

The group 1 allergens are a major cause of cedar pollen hypersensitivity in several geographic areas. Allergens from several taxa have beer
shown to cross-react. The goal of these studies was to compare the structural features of the shared and unique epitopes of the group 1 allerge
from mountain cedar (Jun a 1) and Japanese cedar (Cry j 1). An array of overlapping peptides from the sequerecé ahdua panel of
monoclonal anti-Gr j 1 antibodies were used to identify the IgE epitopes recognized by cedar-sensitive patients from Texas and Japan. IgE
from Japanese patients reacted with peptides representing one of the two linear epitopes within the highly ghsdicadore structure
and both epitopes within less ordered loops and turns near the N- and C-termini of Jun a 1. A three-dimensional (3D) model of the Cry j 1,
based on the crystal structure of Jun a 1, indicated a similar surface exposure for the four described epitoes ahdithe homologous
regions of Cry j 1. The monoclonal antibodies identified another shared epitope, which is most likely conformational and a unique Cry j 1
epitope that may be the previously recognized glycopeptide IgE epitope. Defining the structural basis for shared and unique epitopes will help
to identify critical features of IgE epitopes that can be used to develop mimotopes or identify allergen homologues for vaccine development.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction sphere. Group 1 allergens, which are structurally similar to
bacterial pectate and pectin lyas€zérwinski et al., 2005
Cedar pollen hypersensitivity is a major cause of seasonalhave been isolated from pollens of mountain cedar (Jun a 1,
airway symptoms in several regions of the Northern Hemi- Juniperus ashei, Cupressacea®jidoro-Horiuti et al., 1999,
eastern red cedar (Jun v dyniperus virginiana, Cupres-
Abbreviations: Cry j 1, group 1 allergen of Japanese cedaryp- saceaeMidoro-Horiuti et al., 200}, Italian cypress (Cup
tomeria japonica); Jun a 1, group 1 allergen of mountain cedamnfperus s 1, Cupressus sempervirens, Cupressaceadirilla et al.,
ashei); mAb, monoclonal antibody; MW, molecular weight; PDB, protein 2004, Japanese cypress (Cha oChamaecyparis obtusa,

data bank; PL, pectate lyase; RMSD, root-mean-square deviation; 3D, three- -
e P y guare ceviat Cupressacea&uzuki et al., 1996and Japanese cedar (Cry

* Corresponding author. Tel.: +1 409 772 3832; fax: +1409 772176, 1 1, Cryptomeria_ japonica, Taxodiaceae\Yasueda et al.,
E-mail address: tmidoro@utmb.edu (T. Midoro-Horiuti). 1983. A substantial proportion of the IgE anti-cedar pollen
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antibodies from patients with mountain cedar allergy react 2.2. Human sera and mouse mAb

with Cry j 1 (Midoro-Horiuti et al., 1999; Taniai et al., 1993

Thus, the high degree of sequence identity between group Sera from 11 mountain cedar allergic patients were
1 allergens could account for the cross-reactivity between obtained from volunteers from the Austin, Texas area. Two
these pollens, as demonstrated by skin testing with crudesets of sera from Japanese cedar allergic patients were
extracts Schwietz et al., 2000 In fact, we have previously  tested. One set was collected from Fukuyama as described
reported cross-reactivity between serum IgE antibodies to previously (age 7-10 years, &51.3), male/female =1/3,

Jun a1 and Cry j 1Midoro-Horiuti et al., 1999 However, Midoro-Horiuti et al., 1999 and a new set of 17 sera (age
the molecular basis for this cross-reactivity has yet to be 3-52 years, 19.2 14.1), male/female = 6/11 were collected
elucidated. from volunteers in Nagoya, Japan. The diagnosis of seasonal

We recently identified three major and one minor epitope allergic rhinitis due to cedar sensitivity was established in
ofJunal, using overlapping, synthetic peptides and sera fromall subjects by clinical history and CAP-RAST (Pharmacia)
patients allergic to mountain cedar pollénidloro-Horiuti et or scratch skin testing results. Sera from the Nagoya panel
al., 2003. Two of these epitopes are near the highly conserved were selected for analysis based on their reactivity to Cry j
pectate lyase catalytic site, making it likely that these epi- 1 in allergen-specific CAP-RAST.
topes are shared among many or all ceddid¢ro-Horiuti et Six monoclonal antibodies (mAbs) against native Cry j
al., 2003. The high-resolution crystal structure of Jun a 1 1 (S14, S36, S84, S91, S95 and S131) were described pre-
(Czerwinski et al., 2005 the first for any cedar allergen, viously (Sakaguchi et al., 1997These antibodies represent
identified aB-helical core structure that is highly conserved four of the five antibody groups defined by Sakaguchi et al,
between the microbial pectate and pectin lyases and this planincluding the three mAbs groups that competed with the IgE
protein. However, there are substantial structural differencesin the sera of Japanese cedar-sensitive patient for binding to
inthe loops and turns that protrude from their cores. Whilethe Cry j 1.
degree of amino acid sequence identity is very high among the
plant pectate lyase-like proteins, the structural and functional 2.3. Binding of IgE to Japanese cedar and mountain
similarities between these group 1 allergen remains to becedar pollen extracts, and inhibition with Cry j I and Jun
elucidated. al

The goal of the present study was to use our understanding
of the structure of IgE epitopes of Jun a 1 to identify similar ImmunoCAP assays (Pharmacia) were performed to quan-
regions in Cy | 1 and determine the extent to which these tify the binding of serum IgE from 17 Japanese cedar hyper-
structures represent shared and unique epitopes in the IgEsensitivity patients to Japanese cedar and mountain cedar
responses to these homologous group 1 allergens. Thuspollen extracts. Those sera with >0.70 U/ml of IgE to either
synthetic peptide arrays, designed from the amino acid pollen were used for inhibition assay. ImmunoCAP inhibi-
sequence of Jun a 1, were tested for their binding of IgE in tion assays were performed to estimate the contribution of
sera from patients sensitive to Japanese cedar pollen and ofun a 1 and Cry j 1-reactive IgE to the response to pollen
mouse monoclonal anti-Cry j 1 antibodies. Using our previ- extracts. Patients’ sera were preincubated with a final concen-
ously developed modeling toolS@man et al., 2000; Schein  tration of 0.25 mg/ml of purified Grj 1 or Jun a 1 or buffer
et al., 2001; Ivanciuc et al., 2004, 2002, 2003; Murtazina et control. After overnight preincubation at°’€, IgE binding
al., 2003, we prepared a 3D-model of the structure of Cry to Japanese cedar extracts was quantified using the Immuno-
j 1, based on the crystal structure ofnJa 1 and mapped CAP assay. The percentinhibition of IgE binding byt or
the linear epitopes on the model structure. This approachJun a 1 wasalculated by the formula: % inhibition = [(serum
allowed us to identify both shared and unique linear and alone— serum pre-incubated with € 1 or Jun al)/serum
probable conformational epitopes of these two group 1 cedaralone]x 100. The results were expressed as the range and
allergens. (meant- standard deviation).

2.4. Dot blot immunoassay for antibody binding to Jun a
1 and its overlapping, synthetic peptides
2. Material and methods
The reactivity of anti-Cy j 1 mAbs with purified, native
2.1. Allergen preparation Jun a 1 wasanalyzed using dot blot analysis. Proteins
(1g) were dotted on a cellulose membrane and dried.
Jun a 1 wagpurified from mountain cedar pollen (Bayer) Membranes were incubated with blocking buffer (Sigma
and Cry j 1 from Japanese cedar (collected in Tamano City, Genosys) containing 10% sucrose. Sections of the mem-
Japan) using Con-A Sepharose 4B (Pharmacia) chromatog-brane were incubated with [ig/ml of each mAb. The
raphy, as described previousMi@oro-Horiuti et al., 199%, washed membranes were then incubated with biotinylated
and dialyzed against 0.05M Tris—HCI buffer, pH 7.8, prior anti-mouse IgG (Zymed). After incubation with HRP-
to further analysis. streptavidin (Vector), membranes were placed in Enhanced
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Chemiluminescence (ECL, Pharmacia) to visualize the ation (RMSD) of the model to the template is 088The

signal. GETAREA program of our FANTOM program was used to
Individual 13 amino acid peptides, based on the Jun a determine residue surface exposuegzkiewicz and Braun,

1 amino acid sequence (7), with eight amino acid overlaps 1998. Graphical representation of the model and determina-

were synthesized on a derivatized cellulose membrane, usingion of nearest neighbor atoms was done with the MOLMOL
N-(9-fluorenyl)methoxycarbonyl(Fmoc) amino acid active program Koradi et al., 1995

esters by Sigma Genosys. The binding of IgE from patients’

sera was analyzed as described previousligd¢ro-Horiuti

et al., 2003. Briefly, we used two serum pools, each with 3, Results

four different sera from Japanese children who demonstrated

reactivity with Jun a 1 inELISA, followed by biotinylated 3.1. Direct and cross-reacting IgE antibodies in
goat anti-human IgE (Vector) as the second antibody. The jipanese

membranes were developed with HRP-streptavidin and ECL

(Pharmacia). The intensity of the |gE b|nd|ng to individual The sera from patients from Nagoya, who were a”ergic
peptides on photographic images was scored visually on atp Japanese cedar and were known to be reactive to Cry j
scale of 0-3. 1 were tested for IgE binding to Japanese cedar and moun-
To |dent|fy the minimal linear structures required for IgE tain cedar extracts. As shown F‘]g 1’ 13 out of 17 sera
binding to each epitope, detailed epitope mapping was per-from Japanese cedar sensitive patients (76.5%) contained
formed using another set of synthetic, overlapping peptides. detectable amounts of IgE that reacted with mountain cedar
These 13 or 8 amino acids long peptides were designed basedxtracts Fig. 1). Regression analysis indicated that the extent
on the sequences of the original 13-mer peptides that boundof |gE binding to the Japanese cedar and mountain cedar
IgE. Each of these peptides overlapped each other by eitherextract were significantly correlatec? 0.35 angp = 0.04).
11 or 6 residues, resulting in a set of peptides that differed by
only two amino acids. 3.2. Purified group 1 allergens inhibit IgE binding to

To identify the epitopes recognized by antiygd mAbs Japanese cedar pollen extracts
KW-S84, 91, 95 and 131, the membranes were incubated

overnight with Zug/ml of each mAb in blocking buffer. To quantify the extent of cross-reactivity between Jun a 1

Bound 1gG was detected with HRP conjugated anti-mouse gq Cry j 1, InmunoCAP inhibition assays were performed

I9G (Zymed) and ECL. with purified, native allergens. Preincubation of sera with
purified Cr j 1 inhibited 10.3-93.8% (54 & 20.8)% of the

2.5. Inhibition of IE-binding to Jun a I by mAbs binding of IgE from Japanese patients’ sera to Japanese cedar

caps, while preincubation with purified Jun a 1 inhibited
Jun a 1-coated plates were washed and incubated withg 542 39 (17.5-12.5)% of the binding. The distribution
20pg/ml of mAbs, KW-S84, 91, 95 and 131, at room tem-  of these values is shown Fig. 2 Both Ciy j 1 and Jun a 1
perature for 2h. Next, individual Texas sera were added 10 significantly inhibited IgE binding to Japanese cedar extracts
the same wells and incubated at room temperature for 1h.(, <0.0001, compared to buffer control). However, the degree

The binding of human IgE was quantified as described previ- of jnhipition of individual sera by the two allergens was not
ously Midoro-Horiuti et al., 1999. Results were expressed grelated £=0.09,p=0.27).

as the range of the percent inhibition of IgE binding, com-

pared to wells which did not contain any mAb, and computed 12
by the formula: % inhibition =[(serum aloreserum after
mAb)/(serum alone)k 100. 10 1 =

oo
L

2.6. Homology modeling of Cry j 1

MC (U/ml)

The amino acid sequence of\Cr 1 is 78.9% identical
to that of Jun a 1. A model of @rj 1 was prepared using
coordinates of the Jua 1 crystal structure as the template
(Czerwinski et al., 200band the MPACK modeling suite
(lvanciuc et al., 2004; Midoro-Horiuti et al., 2003; Soman et
al., 200). The structure shown has the lowest target function
of the 20 calculated by the self-correcting distance geom- JC (U/mI)
etry program DIAMOD. For the modeling, disulfides were _ _ .

- . . 107 ~126 Fig. 1. IgE to Japanese cedar and mountain cedar. The concentration of
SpeCIerd as constraints bet\Nger_] reS|_qu%£(E4, c=C IgE antibodies in sera from Japanese cedar sensitive patients that react with
and C®-C*! based on their identity between the tem- Japanese cedar and mountain cedar pollen were quantified by ImmunoCAP;
plate and the target. The backbone root-mean-square devi+2=0.35,,=0.04.

60
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100 with synthetic, overlapping peptides of Jun a 1. MAbs (S84)
] bound to a peptide that included the three N-terminal amino
c acids ll€Ph&2Ser® of Jun a 1 peptides representing IgE
2 60, epitope 1: [1E1-Prd?3. The binding pattern of the other mAbs
= (S91 and S95) paralleled that of IgE reactivity with epitope 2
S 4 - peptides: AI318-Arg229 (Fig. 3A). These mAbs did not react
< ) ii with the epitope 3 peptide (ME-Lel?3’). We previously
: divided the region AI&®-Lel?37 into two distinct epitope
o}

Cvil Tanat areas, based on IgE reactivitylidoro-Horiuti et al., 2003.
inhibitor The pattern of regctivity of _these Cry_j 1-spegific mAb with
the Jun a 1 peptides provides additional evidence that the
Fig. 2. ImmunoCAP inhibition. Inhibition by purified @j1and Junalof  region between residues Af&-Arg22° contains a strong B-

the binding of IgE from Japanese patients to Japanese cedar extracts. Meagel|l epitope that is distinct from that produced by the next
inhibition+ S.D. for Ciy j 1 and Jun a 1 are shown with bars. The extent of eight residues (Mégo_Leu237)

inhibition by Ciy j 1 and Jun a 1 wasignificantly greater that that by buffer
control (p <0.0001).

3.4. Definition of minimal IgE epitopes
3.3. Binding of human and mouse antibodies to
synthetic overlapping peptides define three To define the minimum span of amino acids required to
cross-reactive IgE epitopes form IgE epitopes recognized by Japanese cedar-sensitive
patients, we used the same serum pool from Fukuoka to
The sera from Fukuyama were tested for direct binding to probe a second set of overlapping peptides that represented
Junalbydadblotanalysis. All of the serawere positive inthis  the sequences around epitopic regions 1-4, but differed from
assay. Two sets of four sera with the strongest reactivity with their contiguous peptides by only two residues. The results
intact Jun a 1 were pooled and tested for binding to synthetic, are shown irFig. 4. For comparison, the results for a pool of
Jun a 1 peptides. The pooled sera reacted to peptidés lle sera from mountain cedar-sensitive patients are also shown.
Pra®3, Lys?-Gly?23, Thr?16.GIn??8, GIn?2%-Ala?33, Ala?26- This particular pool reacted less intensely with the epitope 1
Val?38 and Tr%-Tyr3%8 as shown irFig. 3. The reactivity ~ peptide (II€1-Prd3) than the pool used previously (Midoro
of the pooled sera from mountain cedar-sensitive patients iset al., 2003). Neither of the serum pools showed any reac-
shown for comparison. These findings suggest that the dis-tion with the 13-mer peptides with 11 amino acids overlap
play of these regions are similar innJa 1 and Cry j1 and  to this area. Thus, the minimal IgE epitope 1 that could
that the IgE in some Japanese cedar-sensitive patients readte defined was the 13-mer peptide’ iérd®®. Of the 10
with Jun a 1 epitopes 1, 2 and 4 (but not 3). 8-mers representing the epitope 2 and3 region, two pep-
Antibodies representing three of the six groups of anti- tides, Ph&2Arg??® and Met3%-Lel?®” bound IgE from
Cry j 1 mAbs (S84, S91/S95 and S131) cross-reacted with Texas sera most stronglyl{doro-Horiuti et al., 2003 There
intact Jun a 1. Two of these groups (S84 and S91/95) reactedvas also weaker reactivity with the peptides between these

Texas patient Japanese patients
® Bsnw san- L R
“OBDBRABE s Ar B @
(L R N
LR ]
—
(A)
Epitope 1 Epitope 2 and 3
K*ALWIIFSONMNI™ -  T**YDDDKSMKVIVA™® -
M NIKLKMPLYVAG™ - TT*VAFNQFGPNAGD™ +
Q**'FGPNAGDRMPRA™* 3+
A™GORMPRARYGLV™™ +
R*™ARYGLVHVANN™ -
Epitope 4

291.

ANWVWRSTRDAF™ -

*RSTRDAFINGRY™™ +

(B) D AFINGAYFVSSG™

C

Fig. 3. IgE binding to overlapping peptides. (A) Epitope mapping was performed by testing the binding of serum IgE from individual Texas p&tients (lef
pooled sera from four Japanese patients (right) to overlapping synthetic peptides base@dnsaguence. (B) The sequences of the synthetic peptides are
shown along with the antibody binding activity, scored 0-3+. The epitope regions are defined with boxes.
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Texas patients Japanese patients
Epitope 1 Epitope 1 =
Epitope 4 Epitope 4
(A)
Epitope 1 Epitope 2 Epitope 3 Epitope 4
ATLWIIFSQNMNIK™ - §™MRVTVAF - Q™RMPRARY™ - A™NWVWRSTRDAFI™ -
W’LIFSQNMNIKLK" - K“wTvpFNQ® +  M™'PRARYGL™ -  W'VWRSTRDAFING™ -
+ " rbgre . :
STONMNIKLEMPLY® - AT FNQFGPN™ + ST'TRDAFINGAYFV'® -
NMNIKLKMPLYVA" - N*'QFGPNAG™ - R*DAFINGAYFVSS™ -
F**GPNAGQR™ 3+
P*'NAGQRMP™ +
ATGORMPRA™  +
(B) Q" 'RMPRARY™® -

Fig. 4. IgE antibody reactivity with overlapping peptides representing sequences around thefadrepitopes defined Fig. 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 thepemanal epit
indicated by boxes.

(Fig. 4). The IgE from Japanese cedar-allergic patients’ serathe 11 mountain cedar-sensitive patients. Antibodies KW-
also reacted strongly with the PR&Arg?2° peptide, butdid S84, S91, S95 and S131 inhibited the binding of 0-16
not react with the M&E%-Lel?®"peptide. This difference in ~ (—1.643.7), 0-15 (3.6 11.6), 025 (15.6-7.8) and 6-34
reactivity of the two pools of sera clearly delineated IgE epi- (18.6+ 10.7)% of the Jun a 1-specific IgE antibodies, respec-
topes 2 and 3. IgE from both serum pools reacted with a tively. These findings and their potential relevance are sum-
single 13-mer that represents epitopeFg( 3). However, marized inTable 1

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 patientonly3‘ 7. Predicted structure of the IgE epitope on Cry j 1

6_T/r308 (i
reacted only Trg*>-Tyr® (Fig. 4) A 3D model of the Cy j 1 (Fig. 6A) was constructed

using the crystal structure of da 1 as theemplate and the
3.5. Comparison of amino acid sequences of group 1 sequence alignment shownfig. 5. The overall structure of
allergens from cedar pollen Cryj 1is verysimilar to the crystal structure of Jun a 1. How-
) ) ) ever, there are specific features, such as the location of the
The available amino acid sequences for the group 1 Cedarglycosylation sitesFigs. 5 and 8 that are quite different
and cypress allergens were compared with that of Jun a 1y the two proteins. As indicated by the surface plots of the
(Fig. 5). There was an overall high degree in sequence identity cry j 1 model Fig. 68), the surface exposure of all four epi-
(mean= 90.6%). W|.th|n the fua 1 epitope 1-4 regions, the  {ope regions are similar to those of Jun a 1. This observation
mean percent identity was 92.3, 98.3, 100 and 81.8, respecyyas confirmed quantitatively, using our GETAREA program

tively. Interestingly, even though the sequence of the epitope (ntp:/mww.scsb.utmb.edu/cgi-bin/gatform.tcl) (data not
3 region was identical for Jua 1 and Cry j 1, only the sera  gpown).

from mountain cedar-sensitive patients reacted with the pep- A giscussed above, epitope 3 ohJai1 was notecog-

tides representing that epitope. nized by Japanese patient sera, even though it has the same
sequence in both dua 1 and Cry j 1. We thus compared the

3.6. Inhibition of human IgE binding to Jun a 1 by mAbs surface exposure of the residues that define epitope 3 of Jun

toCryjl a 1 and the atoms within/ of these residues in the Cryjl

model with those in the Jua 1 crystal structure. The surface
MAbs KW-S84, S91, S95 and S131 were tested for exposure of epitope 3 varies between the two molecules in the
their ability to inhibit the binding to Jua 1 of IgEfrom crystal structure of Jun a Fig. 6C), due to a slightly different

Table 1
Summary of epitopes of monoclonal antibodies and human IgE
Cry j 1 epitope Inhibition Cross-reactivity Inhibition of IgE Reactivity to Jun a Interpretation
(Sakaguchi et al.) with mAb withJunal binding (%) 1 epitope
1(S14) 21/21 — NT — Cry j 1 unique epitope (glycopeptide?)
2 (NT) 0/21 NT NT — Mouse epitope
3(S131) 11/21 + 6-34 - Strong epitope in mice and human
conformational?
4 (S84) 0/21 + 0-16 Near epitope 1 Mouse epitope

5 (S95) 10/21 + 0-25 Epitope 2 Strong epitope in mice and human
linear



http://www.scsb.utmb.edu/cgi-bin/get_a_form.tcl

514 T. Midoro-Horiuti et al. / Molecular Immunology 43 (2006) 509-518

Jun a 1l: AF106663 -21 M ASPCLIAVLV FLCAIVSCYS

Jun v 1: AF151429 e Foo oo C.

Cup s 1: AF257495 e D e e e e

Cup a 1: AJ278498 e Veeor tiiinennn

Cha o 1: D45404 P L F.

Cry j 1: D26544 . D....V.L.. LSFV.G..F.

Jun a 1 DNPIDSCWRG DSNWDQNRMK LADCAVGFGS STMGGKGGDF YTVTSTDDNP 50
Jun v 1 ..o 3 A

CUP 8 L i iiitt it titteaanes caaenennen caenanans I ..... AE

CUPp @ 1 tiiiiiiiis it Vooo.o. Lo.oo.o... EI ..... S

Cha ol ... 2 AL A, ..., S..D

Cry J 1 ..oooionn. 7 L NS..D

Jun a 1 VNPTPGTLRY GATREKALWI [IFSQNMNIKL KMPLYVAGHK TIDGRGADVH 100
Jun v 1 oo v L

L8 o =

Cup a 1 tiiiiiiinn tiiiiianea e Q... . ... Y. oo,

Cha o1 Acieieer v RS .K.L. N I..N. ....... E

Cry j 1 BAuvinn. DRP G.... .. M.I..Y. .F..... Q.Y

Jun a 1 LGNGGPCLFM RKVSHVILHS LHIHGCNTSV LGDVLVSESI GVEPVHAQDG 150
Jun v 1 L.iieiiies i G ... [N Veeooo..

Cup s 1 .o i, G ...... e Noworoon ciienentn

Cup a 1 ... TA...... G ... et e ee e e

Cha o1 I......... T.oooo.. G .No....... S.N..I..AS Voo,

Cry 3 1 I...... v.I KR..N..I.G ..LY..S N..IN..F ...... P

Jun a 1

Jun v 1

Cup s 1

Cup a 1 .

Cha o 1 P .

Cry j 1 ..L.L.TA.. TI...... F.NS....V.... S...V..... Lo

Jun a 1 LGHDDTYDDD KSMKVTVAFN QFGPNAGQ. PRARYGILVHV ANNNYDPWNI 250
8 o e

L o [ Q

Cup a 1l ..Q..c..... [ I Q

Cha o1 O T I.. ceevn S.

Cry 3 1 ..... 2 R C...] oo oo T.

Jun a 1 YAIGGSSNPT 300
Jun v 1 ...,

Cup s 1 .oiuvennn.

Cupal ..........

Cha ol ..o,

Cry J 1 voiviinininn

Jun a 1|DAFINGAYEV 346
Jun v 1 .S..

Cup s 1 .S..

Cup a 1|...T..

Cha o 1|.S.N..

Cry J 1f.v.Y..

Jun a 1 **** Identity (%)

Jun v 1 *xx* 96.8

Cup s 1 **#** 95.4

Cup a 1 ***+* 94.8

Cha o 1 KPCS 85.8

Cry j 1 KRC* 80.1

Fig. 5. Comparison of the sequences of the IgE epitope regionsi@f Jand those of other group 1 allergens. Four IgE epitopes are shown with boxes. Proven
N-glycosylation sites are shown with double underlines and potevitgdycosylation sites are shown with single underlines. The PL active site is italicized.
Junv 1is 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 cec
Previously reported IgE epitope ASR-Arg®52 was marked.
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4A of the hydrophobic side chains of P& Phé?2, vall®

and Met®C. Interaction between C¥% 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 basueda
et al. (1983) A single IgE epitope was identified near the C-
terminus (AsA®l-Arg®2 Taniai et al., 1998 Recognition
of this epitope by patient IgE was shown to require glyco-
sylation. However, since none of the five known allergenic
homologues of Grj 1 share this glycosylation sitéAidoro-
Horiuti et al., 2001; Aceituno et al., 2000; Suzuki et al., 1996;
Sone et al., 1994this epitope cannot be shared with the other
known cedar allergendidoro-Horiuti etal., 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 @rj 1 of IgE
from the sera of patients with Japanese cedar hypersensitiv-
ity (Sakaguchi et al., 1997However, these epitopes have
not been localized to specific structural elements or regions
of Cryj 1.

4.1. Patients sensitized to Japanese cedars recognize
three of four linear Jun a 1 epitopes

K211 sidechain

The goal of the present study was to use our current under-
standing of the structure of dua 1 and its IgE epitopes to
identify structurally similar regions in @rj 1 and deter-
mine the extent to which these are responsible for the cross-
G dindodel reactivity between Jun a 1, €j1 and probably other group 1
cedar allergens. The sera from 13 out of 17 (76.5%) Japanese
patients which contained IgE reactive to Cry j 1, demon-
Fig. 6. Model structure of Grj 1 (A) Ribbon diagram (frontand back views) ~ Strated cross-reactivity to mountain cedar pollen extracts by
showing the epitopic regions previously defined fon &ul and colored: 1: ImmunoCAP. Regression analysis indicated that approxi-
aa 71-83, pink; 2: aa 218-230, coral; 3: aa 231-237, purple; 4: aa 296-308 mately 30% of the variability of IgE binding to Japanese
dark green. T_he thre_e potential glycosylation sites (resid_ues 137, _170, 272)cedar pollen could be explained by the extent of their bind-
and proven site (residue 333) are gold. Only glycosylation at residue 333 .

(arrow) has been confirmed. The three presumed disulfides (7—24, 107—126,Ing to mountain cedar p0||enr2(: 0.35,Fig. l)' The role of

285-291; specified in MPACK according to their linkage in the Jun a 1 fthe_g_r(_)up 1 aIIerge_zns in_this cros_s-r_eactivity was indicated by
crystal structure) are in blue and yellow. (B) Surface plot corresponding to inhibition assays, in which the binding of IgE from Japanese

thatin A, showing the solvent exposure of the four IgE reactive regions. See cedar hypersensitivity patients was inhibited by this purified
A.for cqloring scheme. (C_) (_Zoumpa_rison of the expoged surfa_ce area of the Jun a 1 and Cryj 1Rig. 2). The extent of inhibition sug-
third epitope and atoms within&X of it (cream colored) in the Grj 1 model .
(middle) and in the two molecules in thenJa 1 crystal structure. gested that a_bom half Of,the IQE reactivity to _Japanese cedar

pollen was directed against ¥y 1 and approximately 30%

of that anti-Cy j 1 reactivity could be inhibited by Jun a 1.
position of Lyg! in the two molecules in the unit cell. Our  Thus, the regression analysis of the direct and cross-reactivity
model of Cy j 1 is based on the A conformer, which is less and direct and cross-inhibition experiments both suggest that
exposed. As Ly&"l and most of the other residues withik7 approximately 30% of the serum IgE anti-Japanese cedar
of epitope 3 residues are identical inyGrl and Juna 1, we  pollen antibodies and the anti-Cry j 1 antibodies cross-react
looked for how the single alteration (&% is Cysin Cryj 1) with mountain cedar pollen and Jun a 1, respectively. We
in the sequence of epitope 2 could affect epitope 3. Although conclude that antibodies againstyJrl contribute to the
Cys%6 in Cry j 1, like Cys’! in Jun a 1, is not near any  cross-reactivity between Japanese cedar and mountain cedar
other cysteine in the molecule, the 8f Cys*28 lies within pollen.

(C) Jana 1-A Junal-B
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We have previously shown that two of the major IgE (data not shown). Another possible explanation for the differ-
epitopes of Jn a 1 (2 and 3) ardocated near the highly  encesinimmunologic recognition may be the proximity of a
conserved pectate lyase catalytic skgy( 5; Midoro-Horiuti T-cell epitope with the B-cell epitope 3. Genetic differences
et al., 2003 and postulated that antibodies directed against in response to this T-cell epitope could alter the IgE responses
those epitopes might cross-react extensively within group to this region.

1 cedar allergens. In fact, IgE from patients with Japanese The analysis of the responses to the epitope 4 region
cedar pollen hypersensitivity did react with synthetic pep- also gave unexpected results. ThenJu 1 13-mer pep-
tides representing epitope 2 of Jun a 1. We also found thattide Trp?%-Tyr3%8 was recognized by IgE antibodies from
these patients produced IgE antibodies that reacted with pep-Japanese cedar-sensitive patients, despite the three non-
tides representing two otherrda 1 epitopes (1 and 4). Thus, conserved amino acid differences betweeg Ct and Jun
the Japanese cedar-sensitive patients recognize three of tha 1. However, the detailed analysis for this area with 13-
four linear epitopes we have described for Jun a 1. How- mer peptides, which differed by two residues demonstrated
ever, despite the sequence identity and structural similarity thatthe Japanese cedar-sensitive patients recognized only one
between the epitope 3 regions ofida 1 and Cry j 1, the  of the three peptides recognized by mountain cedar sensi-
Japanese cedar patients we tested did not have IgE antibodietive patients. Taken together these finding suggest the IgE
that reacted with the peptides that representalli epitope 3. response to this region is driven by a structure that is con-
served despite extensive amino acid substitution.
4.2. Structural similarity between IgE epitopes of Jun a
landCryj 1 4.3. MAbs to Cry j I define additional shared and
unique epitopes

A 3D model of Cry j 1, based on the crystal structure of
Jun a1, suggested a structural basis for the sharing of the lin-  The results of our cross-reactivity and inhibition experi-
ear epitopes of Jua 1 and Cry j 1. In keeping with their high  ments indicate that @1j 1 also displays one or more epitopes
sequence identity, the RMSD between the template and thethat are not present on Jun a 1. In an attempt to map or char-
model was quite low (0.3@), and the solvent exposure of all  acterize the structure of these unique epitopes, we tested the
four epitope areas was quite similar. However, fine details of reactivity of a group of anti-Grj 1 mAb with Jun a 1 and its
the surface could not be fully discriminated between shared synthetic peptidestable J).
and unique epitopes. Cross-reactivity of epitopes in closely One of these mAbs (S95) inhibits the binding of IgE
related allergenic proteins from different species is a function antibodies in sera from 10 of 21 Japanese cedar-sensitive
both of the sequence and the structural contBrbfdslee et  patients Sakaguchietal., 19970 Cry|j 1. In the experiments
al., 2000; Ferreiraetal., 1998; Jenkins et al., 20B6r exam- described here, S95 also interfered with the binding of IgE
ple, although soybean glycinin and that of peanut share IgE antibodies from sera of mountain cedar-sensitive patients to
binding regions, alanine scanning of the peptides indicatesJun a 1. This suggests that the/¢Ct EP-5 epitope, described
that the structures recognized by IgE antibodies are probablyby Sakaguchi et al. is the same as oun dul epitope 2.
different in these two protein8gardslee et al., 2000 Another major IgE epitope of Cry j 1, identified by mAb

Similarly, subtle differences in the less ordered exterior S131 (EP-3) binds to Jun 1 and inhibits the binding of Texas
loops and side chain between the two cedar pollen allergenssera. However, S131 did not react with any of the synthetic
could account for the lack of immune responses to epitope 3 peptides representing Jun a 1, suggesting that S131 identifies
in Cry j 1-sensitized patients. In keeping with this suggestion, a conformational or discontinuous epitope shared by Cry j
there are slight differences in the solvent exposure of residuesl and Jun a 1. Finally, one group of mouse mAbs that iden-
in the epitope 3 region between the twadul moleculesin  tify EP-1 (Sakaguchi et al., 1996nly reacts with Cry j 1.
the crystallographic unit celHjg. 6B and C). This suggests It is possible that this epitope is formed by the glycopeptide
that within the ensemble of dua 1 structures in solution,  structure described Bianiai et al. (1993)The absence of this
there may be a subset oflda 1 molecules which permit  N-glycosylation site in all of the other group 1 cedar allergens
sufficient exposure of the epitope 3 region for IgE binding. might explain the unique nature of thisygrl epitope. None
The ensemble of @1j 1 structures may be more biased toward of the mouse mAbs we tested reacted with peptides repre-
the non-reactive state. Another possibility is that alterations senting Ja a 1 epitopes 1, 3 or 4 (all recognized by human
in the epitope 2 sequence could affect the overall exposurelgE anti-Cry j 1).
of the epitope 3 of Grj 1 (Fig. €D). In summary, the current study provides the first evidence

Alternatively, environmental alteration of Cry j 1, such as for Cry j 1 epitopes that are homologous tonJa 1 epi-
binding of an enzyme substrate or inhibitor near the pectin topes 1 and 4 and mapsyJrl epitope EP-5 to a genetically
lyase-like active site might reduce the immunogenicity of the conserved region of that allergen. Thus, our findings suggest
epitope 3 region. This concept is in keeping with the obser- that structurally similar regions are prominent components
vation that Cy j 1 has been shown to have some pectate lyase of the humoral immune response to group 1 allergens in
activity (Taniguchi et al., 1995 while we have been unable genetically distinct populations of humans. However, both of
to demonstrate any pectinolytic activity of purified Jun a 1 the homologous allergens we examined also display distinct
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epitopes. In fact, our cross-reactivity and cross-inhibition Beardslee, T.A., Zeece, M.G., Sarath, G., Markwell, J.P., 2000. Soybean
experiments suggest that the majority of anty¢rl IgE glycinin G1 acidic chain shares IgE epitopes with peanut allergen Ara
antibodies do not cross-react withnJa 1 linear epitopes. h 3. Int. Arch. Allergy Immunol. 123, 299-307.
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