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Abstract

Resolution of the 3D structures and IgE epitopes of allergens may identify common or conserved features of allergens. Jun a 1, the
predominant allergen in mountain cedar pollen, was chosen as a model for identifying common structural and functional features among
a group of plant allergens. In this study, synthetic, overlapping peptidesi@f Iand sera from patients allergic to mountain cedar pollen
were used to identify linear epitopes. A 3D model ofi dul wagproduced using thBacillus subtilepectate lyase (PL) as a template and
validated with biophysical measurements. This allowed mappings of four IgE binding sites on Jun a 1. Two of the epitopes mapped to turns
or loops on the surface of the model structure. The other two epitopes mappe@sitbet region, homologous to the catalytic site of PL.

This region of Ju a 1 ishighly conserved in the group 1 allergens from other cedar trees as well as microbial PLs. The finding that two out
of three major IgE epitopes map to highly conserved catalytic regions of group 1 cedar allergens may help to explain the high degree of
cross-reactivity between cedar pollen allergens and might represent a pattern of reactivity common to other allergens with catalytic activity.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction within groups of allergens. We have chosen Jun a 1, the pre-
dominant allergen in mountain cedar pollen as a model for
Many steps of the cellular and molecular pathways in- defining structural features that may be common to other
volved in allergic reactions have been clearly elucidated. plant allergens.
However, the apparent diversity in allergenic proteins has Mountain cedarJuniperus ashgipollen is a major cause
limited our understanding of the structural requirements for of seasonal hypersensitivity in the central US and pollens of
triggering these pathways. For instance, the 3D structure ofother cedar and cypress trees cause similar illnesses in vari-
less than 25 allergens have been resolved and the IgE epious regions of the Northern Hemisphere. Although mountain
topes of only a few of these have been published. Defining cedar has a limited geographic distribution, the structural
common or conserved features of allergenic proteins could similarity between group 1 allergens of all the cedars and the
help elucidate structural, and perhaps functional patternshigh potency of mountain cedar pollen allergen have made
it standard for use in immunodiagnosis and therapy for the
AbbreviationsCry j 1, the major allergen in mountain cedaufiperus cedar/cypress allergic patientdr(dre et al., 2000 How-
ashe) pollen; FT-IR, Fourier transform-infrared spectroscopy; Jun a 1, ever, the molecular and structural bases for the high rate of
the major allergen in Japanese cedaryptomeria japonicipollen; MW, sensitization $ato et al., 1997and cross-reactivity between
molecular weig‘ht; PDB, Protein Data Bank; PL, pectate lyase members of the cedar familMdoro-Horiuti et al., 1992:
* Corresponding author. Tek:1-409-772-3832; fax-1-409-772-1761. g @i oo 2000are poorly understood. We have pre-
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1999h. A high degree of sequence identity among the group with patient serum, diluted 1:4 in blocking buffer. The
1 allergens of cedar and cypress trees is particularly appar-sheets were then incubated with a 1:500 dilution of biotiny-
ent within the PL active site. Conservation in this region lated goat anti-human IgE (Vector) in blocking buffer. After
may result from a requirement for PL activity in the pollen a further wash, they were incubated with HRP-streptavidin
to degrade the cell wall of the pistil of the female strombola and then ECL (Pharmacia). The intensity of the spots on
during fertilization Schwietz et al., 2000 (Midoro-Horiuti photographic film, representing serum IgE binding to indi-
et al., 1999§ (Taniguchi et al., 1995 vidual peptides was scored 0-3 visually.

The question we ask in the current study is whether al-  To identify the minimal linear structures required for IgE
lergens have common or conserved features that are combinding, detailed epitope mapping was performed. Synthetic,
monly recognized by the human immune system. We choseoverlapping peptides 8 or 13 amino acids in length were de-
Jun a 1 as anodel system for this study. A combination signed based on the sequences of the original 13-mer pep-
of experimental and computational approaches was used taides that bound IgE.
produce and validate a 3D model ofnJa 1 and to map lin-
ear IgE epitopes to its surface. The results suggest that two2.4. Homology modeling of Jun a 1
of the three dominant linear epitopes map near the highly
conserved PL active site, and are likely to be shared by the A BLAST search Altschul et al., 199D of the Protein
group 1 allergens of other cedars and cypresses, and perhap@ata Bank (PDB) $ussman et al., 1998using the Jun a 1
PLs from other plants and even microorganisms. sequence as a probe, identified sequence homologies to PLs

from bacterial and plant sources. Structure based alignment
of three bacterial pectate and one fungal pectin lyase with

2. Material and methods the amino acid sequence ofrJa 1 identified several areas
of conserved sequence and structural similarity (molegos)
2.1. Allergen preparation (indicated by boxes ifig. 1) (Schein et al., 2002 A region

of particularly high sequence identity was found around the
putative PL enzymatically active site. The crystal structure

Jun a 1 wagpurified from mountain cedar pollen (Bayer
4 pollen (Bayer) 1 o0& resolution) of the PL fronBacillus Subtilis(PBD:

using Con-A Sepharose 4B (Pharmacia) chromatography X i
as described previouslyidoro-Horiuti et al., 1099p The ~ 1BN8, EC 4.2.2.2Rickersgill et al., 1994was chosen as
purified Jw a 1 wasdialyzed against 0.05M Tris—HCI a template for h(_)molog)_/ modeling, since |t_ had the_hlghest
buffer, pH 7.8 or 0.% PBS (0.15M NaCl and 0.025M number of identical residues to Jun a 1, in the alignment
KHoPO4—KHPQO, at pH 7.1) for analysis. The purity of Jun shown (ca 25%).

a 1 was established by SDS-PAGE, reverse-phase HPLCf T:e pror?ram, EXDIIS,r[ttp://WWW.scsb.utmb.edu/fantom/
and mass spectrometry. m_home.htm], developed in our group, was used to ex-

tract interatomic distance constraints and dihedral angle
constraints from the 3D structure of the template as we
described previouslySoman et al., 2090 Structures were

) o generated from these constraints using our self-correcting
Sera from seven mountain cedar allergic individuals were gistance geometry-based program DIAMOD. The program

obtained from patients who were living or had lived in cen- EaANTOM was then used with the above constraints to
tral Texas. The diagnosis of seasonal allergic rhinitis due to inimize the conformational energy of the protein.

cedar sensitivity was established in these subjects by clinical
history and CAP-RAST or scratch tests results. Six MAbs 5 5 Fourier transform-infrared (FT-IR) spectroscopy
against native Grj 1 (S14, S36, S84, S91, S95 and S131)
were prepared as previously describ&hKaguchi et al.,
1997.

2.2. Human sera and mouse mAbs

The secondary structure of i 1 wasdetermined by
FT-IR with a Bomen MB-series FT-IR spectrometer (Que-
bec, Canada) equipped with a dTGS detector and purged
2.3. Dot blot immunoassay for antibody binding to Jun a 1 constantly with dry air generated by a Balston air dryer
and overlapping, synthetic peptides (Haverhill, MA). Two microlitres of a 13.1 mg/ml solution

of Jun a 1 in0.05 M Tris—HCI, pH 7.8, or buffer alone were

Individual 13 amino acid peptides, based on the Jun a 1 placed in a Caf cell of 6pm path length and allowed to
implied sequenceMidoro-Horiuti et al., 2009, with eight equilibrate with the temperature in the instrument for 10 min.
amino acid overlaps were synthesized on a derivatized cel-Two hundred scans of the FT-IR spectrum were collected at
lulose membrane using N-(9-fluorenyl) methoxycarbonyl room temperature with a resolution of 4 th The absorp-
(Fmoc) amino acid active esters by Sigma Genosys (Wood-tion spectrum of the buffer was subtracted from that of the
land, TX). The membranes containing synthetic peptides protein sample. The secondary structural content was cal-
were incubated in blocking buffer with 10% sucrose (Sigma culated using the ‘Factor Analysis’ function in the software
Genosys). After washing, the membranes were incubatedPROTA provided by BomenQong and Caughey, 1994
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Jun a 1 GHKTI DGRGADVHLGNGGPCLFMRK- - VIHVI LHSLHI HGONTSVLGDVLVSESI GVEPV
1BNSA ANTITI VGSETNAKVVGGEN- - - FQ K- - SONVI | RNl EFQDAYDYFPQADP- - - TDGSSGN

1PCL SNT[TT I GYASNGKFTNGS- - - LVI K- GVKHNVI LRNLY! ETPVDVAPHYES- - - G- - - - DG
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1AIR KA [TL1 GANG SSAN- FG- - - | W K- KSSDVWVCNVRI GYLPG- - - --------------
Jun a 1 HAQOGDAI TMRNVTNAW DHNSLSDCY- ----------------- DGE.| DVT- LGSTAd T
1BNSA VWNSQYDNI TI NGGTHI W DHQTFNDGSRPDSTSPKYYGRKYQ- HHDGQTDAS- NGANY|l T
1PCL VWNAEMDAAVI DNSTNVW/DHMTI SDGSFTDDKYTTKDGEKYV- QHDGAL DI [K- KGSD
1QCXA YVWECGDAI TVDDSDLVW DHMTITARI -f - --------------- GRQH! VLIGTSADN
1AIR GAKOGDM RVDDSPNVW/DHNEL FA- - ANHE- CDGT - - PDNDTTHESAVDI K- GAS

Jun a 1 SNNHFFN
1BNSA IVBYNYYHL

N TVAFNQHGPNAGORVPRA
TLHHNRY} KNI [VQRAPRV]

1PCL SYSRFEL VTFHNNVA DRTERAPRV]
1QCXA SYSLI DGRSDYSATCNG WTLKGNYF YNLISGRVPKV]
1AIR VSYNYI HG- | TYHHNYY NDUNARL PLQ
Jun a 1 [R YGVAVANNNYDP- - - - - - - VWi YA GGSSNATT LSEGNSATAPSE- - - - - - - BYKKE
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1PCL R- FGY HAYNNVYLIGDVKHSVYPYL YSFA.GTSGS! LSESNSATLSNLKSI DGKNPECS
1QCXA | QGNTLILHAVNNLFHNF- - - - - - - DGHAFEI GTGGYVLAEGNVAQD- - - - = - - - - - - VNW
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1QCXA  VETP--------- | - - - - SG QLFSSPDANTNQQCASVFGRSCQLNAFGN- - SGS- - - - -
1AIR (V2 RYDGKNFGTW/LK- - - - -« = === =2 o - - - G\N- - - - | TKPADFST
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IBNBA  <--e-eeaoeoe- ASAANGL SSSV- - GWTP- - SLHGSI DASA- NVKSNVI NQAGA
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o' ¢- W VB- - - - GSD- TSI | SKFAGKTI AAAHPPG- Al AQWIVKNAG

1AI R YSI TWIADTKPYVNAD- SWISTG

Fig. 1. Structure-based alignment of three bacterial pectate and one fungal pectin (LQCX) lyases with Jun a 1. The boxed areas indicate molegos (areas
of conserved sequence and structure) in the pectate lyases family, the motifs for which can be seen in the sequences of Jun a 1.

3. Results or four distinct linear IgE epitopes (or epitopic regions), as
shown inFig. 2A. The IgE in sera from five of the seven

3.1. Synthetic overlapping peptides identified four IgE mountain cedar hypersensitive patients bound to peptides 15

epitopes of Jun a 1 (Ile”*—Prd3). The same sera reacted to a set of four overlap-

ping peptides 43 (LY31-Gly?%d), 44 (ThP1E-GIr??8), 45
The distribution of the IgE reactivity within the overlap-  (GIn??’-Ala?33) and 46 (AlZ25-Val”38). Three of these sera
ping synthetic peptides suggested that du contains three  also recognized peptide 60 (FA3-Tyr%8).
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(A) 1 10 Epitope 1 20 (A) Epitope 1 Epitope 2 and 3

20
40

60 Epitope 4

Epitope >Epitope 3 Epitope 4 (B)

Epitope 1
(B) A LWIIFSQNMNIK 0
Epitope 1 WGQITI FSONMNIKLK 0
K*ALWIIFSONMNI™ 0/7 " FSQNMNT KLKMP®* 1
" FsONMNTKLEMP® 5/7(3) S’ QNMNIKLXMPLY"® 0
M NIKLKMPLYVAG™ 0/7 N'°MNTKLKMPLYVA®’ 0

Epitope 2
Epitope 2 and 3 S**MKVTVAF 0
T*°*YDDDKSMKVTVA* " 0/7 K VTVRFNQ™ 1
KM SMKV[TVAFNOFG™® 6/7(2) T VRFNQFGT® 1
T**VAFNQFGPNAGR® 6/7(1) A*T*FNQFGPN"*® 1
0**'FGPNAGDRMPRA™ 6/7(3) N**°QFGPNAG™ 0
A*°GDRMPRARY[ELV® 5/7(2) F**GPNAGOR ™’ 3
P* ' RARYGLVHVANN-*® 0/7 P**NAGQRMP™* 1
A**°GQRMPRA™ 1
Epitope 4 . Q" °RMPRARY**® 0

C**' ANWVWRSTRDAF 0/7 Epitope 3
W' *RSTRDAFINGRY 3/7(1) Q**’RMPRARY"™ 0
D AFINGAYFVSSG'™ 0/7 M**°PRARYGL™’ 2

Fig. 2. IgE binding to overlapping peptides. (A) Epitope mapping was Epitope 4
performed with the serum IgE from individual mountain cedar allergic A’ NWVWRSTRDAFI*®* 1
patients and overlapping synthetic peptides of dul sequence. A repre- W' VRS TRDAF ING[ 2
sentative dot blot is shown. (B) The sequences of the synthetic peptides W °RSTRDAFINGAY**® 2
are shown along with their antibody binding scores (0-3). The propor- S***TRDAFINGAYFV*"’ 0
tion of patients that reacted with each epitope are shown as fractions and R*“’DAFINGAYFVSS™ ™ 0

median intensity in (). The epitope regions are defined with boxes. ) ) o ) ) )
Fig. 3. IgE antibody reactivity with overlapping peptides that represent

sequences around the epitopes define®ign 2 (A) A membrane with

3.2. Definition of minimal IgE and mAb epitopes using synthetic peptides around the four epitopes and with four peptides designed
Overlapping peptides to mimic the IgE epitopes was probed with sera from Texas patients.

(B) Sequences of the peptides to which IgE reacted are shown and the
minimal epitopes are indicated by boxes.
To define the minimum span of amino acids required to

form each IgE epitope, we used a pool of sera from patients  |gg from pooled patient sera reacted with a single 13-mer
a!lerglc to mountain cedar to probe a second set of overlgp—in the epitope 4 regionf(g. 3.
ping peptides that represented the sequences around epitope
regions 1-4. These peptides differed from each other by only3.3. The model of Jua 1 structure
two residues. The results are showrFig. 3. The particu-
lar pool of sera used reacted less intensely with the original The model structure for Jua 1 has a3-helical core,
epitope 1 peptide (IE—Prd*?), and did not react with the  with several surface loops and helic€g 4). The central
13-mer peptides differing by two amino acids, which brack- B-helix is 40-42 A wide. At its widest point the molecule is
eted this peptide. This suggests that the minimal IgE epitope51 A. The length is approximately 68 A. Of the 330 residues
1 that could be defined by this approach was the 13-merof Jun a 1 in thenodel,~43% were in a3-conformation
peptide, l1é1-Prd®. in the B-helix, including 42 residues in 18 short strands, 85
Of the ten 8-mers representing the epitope 2—3 region, residues in3-bends and 16 iB-bridges. Twenty residues
two peptides, PH&%-Arg?2° and Me23-Lel?3" bound IgE  (6%) were in twoa-helices and three in 3/10 helices. The
most strongly. There was also weak reactivity with the pep- model was checked in several ways. Prochédtr(is et al.,
tides containing sequences that overlap these two peptided992); (Kelley et al., 200pindicated that the model had good
(Fig. 2). Two of the three mouse mAbs toyjrl that reacted stereochemistry with only six violations (in turns or loop re-
with Jun a 1 peptides bound to peptides in this region (re- gions)in 330 residues. The final conformational energies, af-
sults not shown), but they only reacted with peptides within ter minimization, were-636 kcal/mol. The Lennard—Jones
epitope 2, as defined iRig. 3. This finding suggests that potential was—1611 kcal/mol. Both of the potential glyco-
while epitopes 2 and 3 may be contiguous or even overlap- sylation sites, Ast'ThrSer and AstValThr, were located
ping, they are separate epitopes. on the surface of the model (sé&. 4).
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7\ dered structure”Nevskaya and Chirgadze, 197 reflect
’ the N-linked glycans of Jun a 1.

AR
K"/ X J_ .‘ 3
\ "& W 3.5. IgE epitopes map to surface-exposed area on the
. / Jun a 1 model structure
3 y/

Based on the results of experiments described above, we
proposed the minimal numbers of contiguous residues re-
quired for each of the four IgE epitopes. We then mapped

)'¥

,\/’_ | o g ) U these epitopes on the model structuFeg( 4). All four epi-
Ul ) N _'_,“,‘ﬁ_,. ‘. \ _ topes had areas of surface exposure on the model struc-

J ,ESW ) . ture. Epitope 1 was in an area of mixed structure near the
- D N-terminus. Epitopes 2 and 3 were located in a cleft in the
/§ 3~ A\:,ﬁ/ B-helix, close to or overlapping with the consensus PL ac-

R e -~ ) tive site. Epitope 4 lies in &-turn near the C-terminus.

Q?\ [ 3
296-308 S P/
/"? . 4. Discussion
<
Fig. 4. A ribbon diagram of the Jua 1 model structure. The glycosylation The limited number of 3D structures available for aller-

sites are shown in space filling. Cys are yellow and epitopes are shown gen make functional mapping of the molecules difficult.
as colored regions; epitope 1: IFSQNMNIKLKMP (blue); epitope 2 However Jun a 1, the most potent allergen in mountain cedar
AFNQFGPNAGQR (red); epitope 3: MPRARYGL (yellow) and epitope  pollen (Midoro-Horiuti et al., 1999 has sequence homol-
4: VWRSTRDAFING (green). . . .
ogy to bacterial PL proteins, for which crystal structures
have been determined. All of these PLs have characteris-
tic B-helical core regions, formed by a series of sequence
motifs that are conserved throughout this enzyme family.
Since Ja a 1 shares many of these maotifs, including the
characteristic Arg-X-Pro pair known to be involved in catal-
ysis Herron et al., 200) we were able to use consensus
template matching and homology modeling to produce a
Yalidated 3D model for Jun a 1. This model confirmed the
resemblance betweenrdwa 1 and PLs produced by the
bacteria (e.gErwinia) that feed on plantsHerron et al.,
2000. The IgE epitopes identified in overlapping, synthetic
peptides were mapped to the surface of the model structure.
Three of the IgE-binding regions (epitopes 1-3) repre-
sented major epitopes (recognized by 5-6 of 7 allergic sera)
while epitope 4 was a minor epitope (three of seven sera).
Two of the three major epitopes ofda 1 (2 and 3were
located near or within the PL putative catalytic site. Epi-
tope 3 contains two essential residues for PL catalysis, the
equivalents of Arg'® and Pré%° in PL-C from Erwinia
(Herron et al., 200p Since the sequence in the putative cat-
alytic region of Jm a 1 (R1SMPRARYGLVHVANNN 244
is conserved in Grj 1 from Japanese cedar, as well as
other group 1 cedar allergens (underlineFig. 6), IgE an-
tibodies directed against this region may be responsible for
cross-reactivity among cedar pollens. In fact, two mouse
IgG mAbs to Cy j 1 bound to Ja a 1 IgE epitope 2. One
. . . . of these mAbs (KW-S95) inhibited the binding of IgE from
1700 1680 1660 1640 1620 1600 10 of 21 Japanese cedar-sensitive patients from binding to
Cry j 1 (Sakaguchi et al., 1997These findings suggest that
epitope 2 might be a prominent feature of the humoral re-

Fig. 5. Secondary structure estimation of Jun a 1. Second derivative FT-IR SPONse to group 1 allergens from different geographic areas
spectrum (amide | region) for dua 1 is shown. and in genetically distinct populations.

3.4. The FT-IR spectrum of dwa 1 isconsistent with the
model structure

The second derivative FT-IR spectrum ohJu1 Fig. 5
indicated that the protein had about 4@%sheet and about
8% helix content (based on the relative area encompassin
the peaks at, 1634 and 1657 chrespectively). The spec-
trum (Fig. 5 generally agreed with that observed for pec-
tate lyase C (PL-C) and oth@-helical proteins Khurana
and Fink, 200D Thus, the general secondary structural fea-
tures predicted by modeling are supported by FT-IR anal-
ysis. A feature of the Jua 1 spectrum that is not shared
with the bacterial or funggB-helical proteins is the shoul-
der at 1646 cm?, which may indicate a random coil “disor-

d2A/dv2

Wavenumber (cm'1)
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Fig. 6. Comparison of the sequences of the IgE epitopes ofald and other group 1 allergens. Four IgE epitopes are shown with boxes. Proven
N-glycosylation sites are shown with double underlines and potential N-glycosylation sites are shown with single underlines. The PL active site is
underlined. Jo v 1 is from eastern red cedadyniperus virginiana Cupressaceae), wa 1 from Arizona cypressCupressus arizonicaCupressaceae),

Cup s 1 from ltalian cypresClpressus sempervirenSupressaceae), @lo 1 from Japanese cypressh@maecyparis obtus&upressaceae) and Cry j

1 from Japanese cedaErfyptomeria japonica Taxodiaceae).

Only one IgE epitope was previously identified on the glycosylation site Midoro-Horiuti et al., 2001; Aceituno
group 1 allergen Cry | 1. This epitope mapped to a glyco- et al., 2000; Sone et al., 1994hus, it is unlikely that this
peptide from near the C-terminus (ASh-Lel?3®), and the  epitope is shared by the other cedar spediesituno et al.,
N-linked glycan has required for IgE binding to this peptide 2000; Midoro-Horiuti et al., 1992; Schwietz et al., 2000
(Taniai et al., 1998 However, none of the other five group The finding of major allergenic epitopes in a region of Jun
1 allergens that have been sequenced share this potentiah 1 that is highly conserved in the group 1 allergens of cedars
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and PLs may have important implications. These epitopesHerron, S.R., Benen, J.A., Scavetta, R.D., Visser, J., Jurnak, F., 2000.
might contribute to the extensive cross-reactivity between  Structure and function of pectic enzymes: virulence factors of plant
the cedars, previously described with crude pollen extractsin ﬁ’ath‘igAe”SM P'gc'” Nat"R A’;adétsc'bu's'AM %7'2807502‘:7:9' .

. . - g : elley, L.A., MacCallum, R.M., Sternberg, M.J., . Enhanced genome
skin testing $ChWIEtZ etal., ZOQ(B,n,d for purlfled Joalin annotation using structural profiles in the program 3D-PSSM. J. Mol.
ELISA (Somgn et al., 20Q0In addition, repeated exposures Biol. 299, 499-520.
to an extensive array of plant and bacterial PLs might help khurana, R., Fink, A.L., 2000. Do parallel beta-helix proteins have a
to explain the high frequency of sensitization to the group 1 unique fourier transform infrared spectrum? Biophys. J. 78, 994
allergens of cedar pollens. A more detailed immunological ~ 1000. . . ,
analysis would be required to substantiate this Suggestion.M'doro'HO”u“’ T., Nouno, S., Seino, Y., 1992. Skin tests of pollen grains

H imil | H ted f tid of Taxodiaceae and Cupressaceae in children with bronchial asthma.
owever, a similar role was recently suggested for peptide 5. paediatr. Jpn. 34, 501-504.

homologues of a T-cell epitOpeS of the group 1 a"ergen Cha Midoro-Horiuti, T., Goldblum, R.M., Kurosky, A., Goetz, D.W., Brooks,

0 1 (Nakamura et al., 2001 E.G., 1999a. Isolation and characterization of the mountain cedar
Antibody responses to the catalytic regions of proteins  (Juniperus ashgipollen major allergen, Jun a 1. J. Allergy Clin.

are well described. In fact, the production of IgG and IgA  'mmunol. 104, 608-612.

. . . i . Midoro-Horiuti, T., Goldblum, R.M., Kurosky, A., Wood, T.G., Schein,
antibodies after immunization with Streptococcal glucosyl C.H., Brooks, E.G., 1999b. Molecular cloning of the mountain cedar

transferase may prevent dental carl"Em,(bman etal, 1995 (Juniperus ashgipollen major allergen, Jun a 1. J. Allergy Clin.

It is possible that catalytic regions are favored as epitopes immunol. 104, 613-617.

since the structural requirement to interact reversibly with Midoro-Horiuti, T., Goldblum, R.M., Kurosky, A., Wood, T.G., Brooks,

substrates and antibodies are similar. E.G., 2000. Variable expression of pathogenesis-related protein allergen
In summary, we describe here the results of a combined iznlsr)nzountain cedarJuniperus ashgipollen. J. Immunol. 164, 2188—

computational and experimental investigation that allowed Midoro-Horiuti, T., Goldblum, R.M., Brooks, E.G., 2001. Identification

us to develop a 3D model structure for the major allergen  of mutation in the genes for the pollen allergens of eastern red cedar

from mountain cedar pollen and to locate four IgE epitopes  (Juniperus virginiani Clin. Exp. Allergy 31, 771-778.

on this structure. The location of epitopes within the highly Morris, A.L., MacArthur, M.W., Hutchinson, E.G., Thornton, J.M., 1992.

conserved PL catalytic site of dua 1 may be a common gﬁregg;emical quality of protein structure coordinates. Proteins 12,

feature of th.e IgE response to the group 1 C.e.dar.a”ergens’Nakamura, Y., Takagi, S., Suzuki, M., Ito, H., Murakami, S., Ohta, N.,

and may be Important for the process of sensitization and/or 2001. Survival of memory T cells specific for Japanese cypress pollen

allergic reactions to this group of potent seasonal allergens. allergen is maintained by cross-stimulation of putative pectate lyases
from other plants. Allergy 56, 385-392.

Nevskaya, N.A., Chirgadze, Y.N., 1976. Infrared spectra and resonance
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