Linear IgE epitope mapping of the
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food allergen, Jug r 1
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Background: Peanut and tree nut allergies can be life-threat-
ening, and they appear to be growing in prevalence. Jugr 1, a
2S albumin seed storage protein, was previously characterized
as a major English walnut food allergen.

Objective: We sought to identify the linear IgE-binding epi-
topes of Jug r 1 and to determine which, if any, amino acids
are necessary for this binding to occur.

Methods: Pools of sera from walnut-allergic patients and over-
lapping peptides synthesized on an activated cellulose mem-
brane were used to screen for IgE-binding epitopes. Mutation-
al analysis of the immunodominant epitope was carried out
through single and multisite amino acid substitutions. Inhibi-
tion assays were performed through use of affinity-purified
IgE, soluble forms of the epitope peptide, and the recombinant
2S albumin, rJugr 1.

Results: One immunodominant linear epitope was identified.
Amino acid mutations to the epitope demonstrated that the
residues RGEE, at positions 36 through 39, were minimally
required for IgE binding. Probing of this epitope with sera
from each of 20 patients revealed 15 of the sera to be positive.
Binding of patients’ IgE to the epitope was inhibited with a
soluble form of the peptide; however, soluble peptide did not
completely inhibit the binding of IgE to the intact rJug r 1.
Conclusion: One major linear IgE-reactive epitope and its crit-
ical core amino acid residues have been identified. Mutation of
any of these core amino acids resulted in loss of IgE binding to
the epitope, and this points toward the feasibility of reducing
allergenicity in genetically modified walnuts. However, strong
evidence for the existence of conformational epitopes was also
obtained. (J Allergy Clin Immunol 2002;109:143-9.)
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Abbreviations used
DMF: N,N-dimethylformamide
Fmoc: 9-fluorenlymethoxy carbonyl-derived
NC: Nitrocellulose
RT: Room temperature
TBS: Tris-buffered saline [solution]
TBS-T: Tris-buffered saline [solution] with 0.2% Tween-20

It is estimated that up to 8% of children less than 3
years of age and 2% of adults are affected by food aller-
gies.! Although food-induced allergic reactions are the
most common cause of outpatient anaphylaxis,? most
severe reactions of this kind are caused by peanuts and
tree nuts.3#4 Most plant food allergens can be found
among pathogenesis-related proteins, seed storage albu-
mins and globulins, and «-amylase and protease
inhibitors.5 A previous study by Teuber et al® document-
ed the cloning and sequencing of a gene encoding Jug r
1, a major allergen in the English walnut, Juglans regia.
Jug r 1 is a 2S albumin seed storage protein and possess-
es important homologies in amino acid sequence with
other 2S albumin proteins from Brazil nut, cottonseed,
castor bean, and mustard.® Like many 2S albumins, Jug r
1 is synthesized as a precursor protein and cleaved into a
large subunit and a small subunit, these being joined by
disulfide bridges. It is currently believed that patients
with life-threatening allergies to walnuts and other tree
nuts will rarely become tolerant of these foods’ and con-
sequently face a lifetime of avoidance.3 Avoidance, how-
ever, is often difficult because of the ubiquitous nature of
these foods and the potential for cross-contamination
during their processing.”

Many approaches to allergen immunotherapy under
investigation today are based on a detailed knowledge of
the amino acids found in IgE-reactive B-cell epitopes.9-12
These reactive sites can be either linear or conformation-
al. Typically, a linear epitope contains a stretch of con-
tiguous amino acids spanning 5 to 10 residues in the anti-
gen, whereas residues distant in the primary sequence but
proximate in the folded protein constitute a conforma-
tional epitope.!3 In recent years, the genes encoding sev-
eral proteins with allergenicity, such as Jug r 1, have been
cloned and expressed through use of molecular biology
techniques.5:14-16 Despite the rapidly increasing number
of recombinant allergens, relatively few IgE-reactive B-
cell epitopes have been defined.17-29
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The specific aim of this research was to screen the
large and small subunits of the English walnut allergen
Jug r 1 for linear IgE-binding epitopes. We report the
finding of a single immunodominant IgE-binding epitope
residing in the large subunit, and we have identified 4
core amino acids necessary for this binding to occur.

METHODS
Human sera

The study was approved by the Human Subjects Review Com-
mittee at the University of California, Davis. Sera from 20 walnut-
allergic patients with convincing histories of life-threatening sys-
temic allergic reactions to walnuts, positive ImmunoCAP assays
(Pharmacia Diagnostics, Columbus, Ohio), and evidence of IgE
against rJug r 1 (see below) were used in this investigation. Control
sera were obtained from atopic patients with no history of walnut
sensitivity and 1 patient who had life-threatening reactions to wal-
nuts, positive ImmunoCAP assay, and positive serum IgE
immunoblot to walnut proteins but was negative for binding to the
2S albumin.

Expression and isolation of rdug r 1

Two protocols for isolation of rJug r 1 were used. In the first,
used to produce rJug r 1 for screening patient sera by Western blot-
ting, the Jug r 1 insert was subcloned into the pPROEXHT expres-
sion vector (Gibco BRL, Invitrogen Life Technologies, Carlsbad,
Calif) and transformed into Escherichia coli BL21-CodonPlus
(Stratagene Inc, La Jolla, Calif). Cells were grown overnight at
37°Cin 5 mL 2X YT broth with 50 pg/mL ampicillin and chloram-
phenicol. This was then added to 500 mL 2X YT broth and grown
to an Ag of 1.0. Isopropyl thiogalactose was added to 0.5 mmol/L,
and the culture was grown at 37°C for 4 hours. Cells were pelleted,
washed with 0.02 mol/L. PBS (pH 7.3), and resuspended in BRL
Lysis Buffer (Gibco BRL). Lysozyme was added to 500 pg/mL on
ice for 15 minutes; this was followed by the addition of sarkosyl to
1% w/v. The cells were sonicated, and the insoluble matter was pel-
leted by centrifugation at 12,000g for 20 minutes at 4°C. Ni-NTA
resin (Gibco BRL) was added in BRL Buffer A (Gibco BRL) to the
supernatant and allowed to incubate overnight at 4°C. The resin was
washed 4 times with BRL Buffer A, and the His-tagged fusion pro-
tein was then eluted with BRL Buffer C (Gibco BRL) containing
0.25% sarkosyl.

In the second protocol, rJug r 1 was expressed in fusion with glu-
tathione-S-transferase and purified after the Frangioni and Neel30
protocol with slight modifications, as previously described by Teu-
ber et al.® This glutathione-S-transferase-rJug r 1 fusion protein was
used in all dot-blot assays, as described below.

Immunoblotting of rJug r 1

rJug r 1 samples were either subjected to SDS-PAGE and elec-
trophoretically transferred to nitrocellulose (NC) or blotted directly
onto the membrane. For SDS-PAGE analysis of rJug r 1, samples
were boiled for 5 minutes in sample buffer (60 mmol/L Tris-HCI,
pH 6.8, 2% SDS, 10% v/v glycerol, 0.01% w/v bromophenol blue)
and electrophoresis was carried out with an 8-mA constant current
through use of a SE600 Vertical Slab Gel Unit (Pharmacia Biotech,
Piscataway, NJ). An SDS-PAGE gel (13% monomer acrylamide
concentration) with 1 pug of protein per 4 mm was used for
immunoblotting, as previously described.® Protein was transferred
to a 0.22-um NC membrane (MSI, Westborough, Mass) overnight
at 30 V through use of a TE42 Transphor Electro-Transfer Unit
(Pharmacia Biotech). The blot was cut into 4-mm-wide strips and
blocked for 1 hour at room temperature (RT) in PBS/3% nonfat dry
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milk/0.2% Triton X-100 (TX-100). Diluted sera, 1:5 v:v in the
blocking buffer, were added to the strips and incubated overnight at
RT. The strips were then washed for 20 minutes 3 times in
PBS/0.01% TX-100 and incubated overnight at RT with equine
polyclonal !25[-antihuman IgE (Hycor Biomedical Inc, Garden
Grove, Calif) diluted 1:5 in the nonfat milk buffer. The strips were
washed for 20 minutes 3 times and exposed to Kodak Biomax x-ray
film (Kodak, Rochester, NY) at —70°C for 48 hours. All incubations
were carried out with rocking.

For dot-blot assays, a graphite pencil was used to circumscribe 4
mm X 8 mm elipses on a dry 0.4-um NC membrane (Shleicher &
Schuell, Keen, NH). The NC was incubated in distilled-deionized
water on a rocking table for 5 minutes and allowed to air-dry before
each dot was loaded with 0.11 pg of rJug r 1 in 2 pL distilled-deion-
ized water. The antigen-loaded NC was then rinsed in distilled-deion-
ized water as described above, placed protein-side—up on 3MM paper
(Whatman Intl Ltd, Maidstone, United Kingdom), and dried under a
60-W light until all moisture was removed. Once dry, dots were
rinsed for 2 minutes in TBS-T (Tris-buffered saline solution [TBS; 20
mmol/L Tris, 137 mmol/L NaCl, pH 7.6] containing 0.2 % Tween-
20), blocked for 1 hour at RT in TBS-T containing 2% BSA (Sigma,
St Louis, Mo), and then incubated overnight at 4°C with sera diluted
1:40 in TBS-T. Membranes were then washed once for 15 minutes
and 3 times for 5 minutes in TBS-T before being incubated for 1 hour
at RT with horseradish peroxidase—labeled goat-antihuman IgE
(Biosource International, Camarillo, Calif) diluted 1:2000 in TBS-T.
Washing in TBS-T was repeated as described above, and the reactive
dots were identified after (1) a 5-minute incubation in Enhanced
Chemiluminescence Plus (Amersham Pharmacia, Piscataway, NJ),
prepared according to the manufacturer’s instructions, and (2) subse-
quent exposure to Kodak X-OMAT x-ray film.

Solid-phase peptide (SPOTs) synthesis

On the basis of the published amino acid sequence of Jug r 1 and
our unpublished data determining the subunit cleavage sites,® twenty-
five overlapping 13—amino acid peptides, offset by 3 amino acids,
were synthesized; these corresponded to the entire 64—amino acid
length of the large subunit (Fig 1, A) and the 26—amino acid length
of the small subunit (Fig 1, B). Additional peptides bearing the tar-
get epitope (QGLRGEEMEEMYV), mutated forms of this peptide,
and a non—IgE-binding peptide (LSQRGLQSSSV) were also syn-
thesized. Thirteen versions of the target peptide were created
through a single-site alanine substitution at each position along the
amino acid sequence, and 6 mutated peptides were synthesized
through use of multiple alanine substitutions (Table I).

Peptides were synthesized on derivatized cellulose sheets through
use of 9-fluorenlymethoxy carbonyl-derived (Fmoc) amino acids, as
described by the manufacturer (Genosys Biotechnologies, Inc, The
Woodlands, Tex). Briefly, cellulose membranes containing free
hydroxy groups were esterfied with an Fmoc—amino acid dissolved
in 1-methyl-2 pyrrolidinone. The coupling reaction was followed by
washing in N,N-dimethylformamide (DMF), and the amino acids
were acetylated with acetic anhydride. The membranes were depro-
tected by washing in DMF and incubation with a solution of 20%
piperidine in DMF; this was followed by another wash in DMF.
Coupling, acetylation, and deprotection steps were repeated for each
cycle. During the final cycle, a mixture of dichloromethane, trifluo-
roacetic acid, and triisobutylsilane (1:1:0.05) was used to deprotect
the acid-labile amino acid side chains.

IgE binding to solid-phase synthetic peptides
(SPOTs analysis)

The peptide-containing membranes were washed in TBS and
incubated overnight at RT in blocking solution as directed by the
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FIG 1. Overlapping peptide synthesis of Jug r 1. A, Nineteen 13-amino acid peptides, offset by 3 amino acids,
were synthesized; they corresponded to the entire 64-amino acid large subunit. B, Similarly, 6 peptides were
synthesized; they corresponded to the entire 26-amino acid small subunit. Glycine residues were added to
the C-terminal end of each sequence (shaded) so that all synthesized peptides were of equal length.

manufacturer (Genosys Biotechnologies, Inc). Membranes were
then washed in TBS-T for 10 minutes and incubated overnight at
4°C with an individual patient’s serum or pooled patients’ sera dilut-
ed 1:5 in blocking buffer (total sera:blocking buffer). This incuba-
tion was followed by three 5-minute washes in TBS-T and an
overnight (4°C) incubation with 125[-antihuman IgE (Hycor Bio-
medical Inc, Garden Grove, Calif) diluted 1:10 in a mixture of PBS,
5% nonfat dry milk, and 0.05% Tween-20. Three final 10-minute
washes in PBS/0.05% Tween-20 were performed, and IgE-peptide
reactivity was identified after a 48-hour exposure at —70°C to Kodak
Biomax x-ray film.

Soluble epitope peptide synthesis

A soluble form of an identified IgE-reactive peptide
(QGLRGEEMEEMYV) was synthesized by Fmoc protocols on an
automated peptide synthesizer (Model 433A, Applied Biosystems,
Foster City, Calif).

Isolation and inhibition of epitope-specific
IgE

The epitope-reactive IgE was isolated from patients’ sera by affini-
ty chromatography. A 0.5-mL pool of patients’ sera, known to be reac-
tive to the reactive synthetic solid-phase epitope peptide, was slowly
added to a 5-mL disposable polypropylene column (Pierce Chemical
Company, Rockford, IlI) containing cyanogen-bromide-activated beads
(Sigma) to which 5 mg of the reactive peptide had been covalently cou-
pled, as described by the manufacturer; the effluent was collected.
Bound IgE was eluted with the addition of 0.2 mol/L glycine sulfate
(pH 2.3) collected in a beaker containing 10 uL. 1% BSA in buffered
saline solution borate and subsequently neutralized with 1.0 mol/L Tris.
The column was then rinsed with buffered saline solution borate and
the initial effluent repassed over the column. The process was repeated
for a total of 3 times, yielding 3 eluates and the column effluent.

To test the specificity and reactivity of the epitope-specific IgE,
control and pooled and fractionated patients’ sera were preincubat-
ed overnight at 4°C with different amounts (70, 7.0, and 0.7 ug) of
the soluble epitope peptide or a soluble nonspecific peptide. The
preincubated sera were used to probe either solid-phase IgE-reac-
tive and non-IgE-reactive peptides or rJug r 1. IgE binding to the
solid-phase synthetic peptides and dot-blotted rJug r 1 was detected

TABLE I. Mutational analysis of the Jug r 1 IgE binding
epitope, E1

IgE
Amino acid sequence* Substitution bindingt
AGLRGEEMEEMV QIA ++
QALRGEEMEEMV G2A ++
QGARGEEMEEMV L3A +
QGLAGEEMEEMV R4A -
QGLRAEEMEEMV G5A -
QGLRGAEMEEMV E6A -
QGLRGEAMEEMV E7A -
QGLRGEEAEEMV MSA ++
QGLRGEEMAEMV E9A ++
QGLRGEEMEAMYV E10A +
QGLRGEEMEEAV MI1A ++
QGLRGEEMEEMA V12A ++
QAARGEEMEEMV G2A,L3A +
QAAAGEEMEEMV G2A,L3A,R4A -
QAAAAEEMEEMV G2A,L3A,R4A,G5A -
QGLRGEEMEAAV EI0AMI11A +
QGLRGEEMAAAV E9A,E10AM11A -
QGLRGEEAAAAV MSA,E9A,E10A,M11A -

*The critical core amino acid residues, located at positions 36 through 39 of
the large subunit, and an influential glutamic acid residue at position 42 are
indicated in bold type. Mutated residues are underlined.

TPeptides were probed with pooled with pool 1, comprising sera from 6
walnut-sensitive patients.

through use of 125I-antihuman IgE and Enhanced Chemilumines-
cence Plus, respectively, as described earlier.

RESULTS
IgE binding to rJug r 1

IgE from 20 walnut-sensitive patients was shown to
bind the 20-kDa His-tagged rJug r 1 (Fig 2). Three sera
showed only faint binding, whereas the other 17 sera
gave moderate or strong signals. Recombinant Jug r 1
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FIG 2. IgE immunoblotting of rJug r 1. C7, Serum from a walnut-
allergic patient that does not bind to Jug r 1; C2, serum from an
atopic control patient not allergic to walnuts; 2Ab, the secondary
antibody alone.
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FIG 3. IgE binding analysis of Jug r 1. A, SPOTs array depicts all
25 overlapping 13-amino acid Jug r 1 large and small subunit
peptides probed with pool 1, comprising sera from 6 walnut-
sensitive patients. B, Sequence comparison of 3 adjacent over-
lapping peptides—10, 11, and 12—recognized by walnut-allergic
sera. The amino acid sequence common to each is indicated
(shading).

was previously shown to completely inhibit binding to
the native 2S albumin and to substantially inhibit binding
of patient sera IgE to English walnut in walnut Immuno-
CAP assays (up to 84% of measurable antiwalnut IgE);
the folding thus appears to preserve most of the pre-
sumed conformational epitopes present on the native
mature protein.

Identification and recognition of IgE-reactive
linear epitopes on rJug r 1

The entire lengths of both the large and the small subunits
of Jug r 1 were studied by probing overlapping solid-phase
synthetic peptides with sera from 20 patients randomly
assigned to 4 pools. Each pool recognized 3 adjacent pep-
tides from the large subunit; 2 peptides were recognized
very strongly (no. 11 and no. 12) and 1 peptide less so (no.
10); no peptides were identified from the small subunit (Fig
3, A). A common sequence, GLRGEEM, was observed in
all 3 large-subunit peptides (Fig 3, B). A fourth partially
overlapping sequence (no. 9 in Fig 3, A) showed a slight
positive reaction. Some other peptides showed slight posi-
tive signals in some assays (eg, no. 7 in Fig 3, A) but were
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FIG 4. Differential binding of IgE from the sera of 20 walnut-aller-
gic patients to the E1 epitope (+, left SPOT) and negative control
(-, right SPOT) peptides. A, Autoradiograph shows patients’ sera
binding to the E1 peptide strongly (nos. 32, 68, 139, 152, and 191),
moderately (nos. 38, 223, 237, 4, 218, and 172), weakly (nos. 35,
98, 78, and 173), or not at all (nos. 42, 160, 100, 115, and 178). B,
Longer exposure of weakly reactive sera (nos. 35, 98, 78, and 173).
C1, Serum from a walnut-allergic patient that does not react with
Jug r 1; C3, serum from an atopic subject not allergic to walnut.

not reproducible, leading us to examine only the identified
dominant linear epitope-bearing peptides. Additional pep-
tides were tested in which alanine was substituted at each of
the 12 amino residues of the IgE-reactive peptide,
QGLRGEEMEEMMV. In addition, peptides were tested with
varying numbers of alanines substituted at the N-terminus
and the C-terminus. Together, these data demonstrated that
the core amino acids RGEE, at positions 36 to 39, and an
additional glutamic acid residue at position 42, were neces-
sary for maximum IgE binding to occur (Table I).

SPOTs containing a 12-amino acid peptide
(QGLRGEEMEEMYV) bearing the immunodominant
epitope, designated E1, and SPOTSs containing a negative
control (-) peptide (LSQRSQQQCRQ) selected from the
large subunit of Jug r 1 were used to test the degree of
individual reactivity and specificity of allergic and con-
trol sera. Of the 20 sera tested, 5 exhibited strong recog-
nition of the epitope peptide, 6 exhibited moderate recog-
nition, 4 exhibited weak recognition, and 5 showed no
recognition; none reacted with the (-) peptide (Fig 4).

Isolation and inhibition of E1-specific IgE

To determine whether the identified epitope E1 is the
major epitope recognized by patients’ sera, we separated
El-specific IgE from the total antiserum and tested both
fractions for reactivity with rJug r 1. Epitope-specific IgE
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was isolated from patient serum by passage over an E1-
affinity column. To assure removal of anti-E1 antibodies,
the 3 sequential eluate and the serum effluent fractions
were first assayed against our solid-phase IgE-binding (+)
and non-IgE-binding (-) peptides. Fig 5, A shows binding
of IgE to the positive (E1) peptide in unfractionated
patient serum, progressively less binding in the first 2 elu-
ate fractions, and no binding in the third fraction, indicat-
ing complete removal of the El-reactive antibody by the
column. Significantly, the El-adsorbed serum (effluent)
also showed no reactivity to the E1 peptide, confirming
removal of El-specific IgE from the serum. The eluate
and effluent fractions were then used in dot-blot assays to
determine whether IgE antibodies to the E1 epitope rep-
resent the bulk of the rJug r 1-reactive IgE. As expected,
there was demonstration of binding of IgE to rJug r 1
from total sera and from the first 2 eluate (anti-E1) frac-
tions but not from the third (anti-El-depleted) fraction
(Fig 5, B). However, there was considerable rJug r 1-
specific IgE remaining in the effluent (anti-E1 depleted
fraction), demonstrating the presence of additional IgE
antibody specific for 1 or more conformational epitopes.

To further examine the specificity of both our peptide-
reactive fractions and unfractionated Jug r 1-reactive
IgE, a soluble form of the epitope peptide was preincu-
bated with whole patient serum as well as the E1-specif-
ic IgE antibodies in an attempt to inhibit their reaction
with both our solid-phase peptides and rJug r 1. Varying
amounts (70, 7.0, 0.7 ug) of the peptide were incubated
with whole patients’ sera before the E1 epitope (positive)
and negative solid-phase peptides were probed. Partial to
complete inhibition was achieved (Fig 5, C), demonstrat-
ing that the solid- and fluid-phase versions of the peptide
are similarly recognized.

The amount of soluble peptide (70 pg) needed to com-
pletely inhibit binding of El-specific IgE to the solid-
phase version of this epitope was similarly used for inhi-
bition studies involving unfractionated patient serum IgE
and affinity column purified IgE fractions against the
rJug r 1. Inhibition was again observed in the eluate (E1
epitope—specific) IgE fractions. These data demonstrate
that the epitope is similarly recognized in both the pep-
tide and the recombinant protein. However, IgE reactivi-
ty in both whole patient serum and the El-adsorbed
effluent fraction reacted with rJug r 1 (Fig 5, D), again
demonstrating the existence of additional (presumably
conformational) IgE-reactive epitopes on rJugr 1.

DISCUSSION

On a global basis, walnuts rank second in tree nut pro-
duction.3! In children, anaphylactic reactions to peanut and
tree nuts are responsible for most fatal and near-fatal food-
allergic reactions.3-32 In a recent study, 32 fatal cases of
anaphylactic reactions to foods reported to a national reg-
istry were analyzed; it was determined that up to 31% were
due to tree nuts.33 The severity and prevalence of some
food-induced allergic reactions have prompted investiga-
tion to identify and characterize offending allergens.
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FIG 5. Isolation and inhibition of E1-specific IgE. A, Strips con-
taining the E1 epitope peptide (top SPOT, +) and a negative con-
trol peptide (bottom SPOT, — ) probed with whole patient serum
(32), each of 3 E1 eluates (7st, 2nd, 3rd) and the effluent (ef). B,
Strips dotted with rJug r 1 and probed as in Fig 5, A. C3, Sera
from an atopic subject not allergic to walnut. C, Strips containing
SPOTs as in Fig 5, A and probed with whole patient serum (32)
containing varied amounts (in ug) of soluble E1 peptide. D, Strips
dotted with rJug r 1 and probed as in Fig 5, B, but with added sol-
uble E1 inhibitor.

Jug r 1, a major allergen in the English walnut, has
previously been characterized as a 2S albumin seed stor-
age protein.® 2S albumins are found in almost all edible
seeds. In view of the importance of the members of this
class of protein as food allergens and the possibility of
cross-reactivity among class-related proteins,3* a
detailed knowledge of these proteins would be valuable.
In particular, given the critical role that allergen-specific
IgE plays in the allergic reaction, determination of aller-
gen-specific IgE binding epitopes—be they linear or con-
formational—appears to be of great importance for a bet-
ter understanding of the allergenic nature of foods and
for possible therapeutic intervention.
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We have found a single linear IgE-reactive epitope and
have defined its core amino acid residues. To date, no
common structural character of linear IgE epitopes has
been identified,3> but this could change as more epitope
mapping studies are completed. A key step in the allergic
reaction is the binding of at least 2 IgE antibodies to a
multivalent allergen. The fact that we have found only 1
linear epitope on Jug r 1 is unique in that all previously
analyzed allergens have contained multiple linear IgE-
binding sites.35 Although we cannot rule out the exist-
ence of weakly binding peptides that are undetected by
our methods, the affinity of such peptides would be much
lower, as indicated by the high intensity of the signal on
the epitope El. Our findings, in combination with the
knowledge that allergens must be multivalent to elicit an
allergic response, point toward the existence of confor-
mational epitopes on Jug r 1 as well. Although the data
are qualitative, it is noteworthy that all 20 patients’ sera
bound rJug r 1 (Fig 2), whereas only 15 sera bound the
linear epitope, many of these exhibiting disproportion-
ately faint binding. This too is evidence that conforma-
tional epitopes are relevant and key in IgE binding for
some patients’ sera. In fact, it has been estimated that
most protein epitopes are conformational .36 It is worth-
while to note that the labeling of an epitope as “linear,”
based on the use of synthetic epitopes, is imprecise
because the identified epitope might be a fragmented part
of a larger, discontinuous epitope.35

Clinically, insight into the IgE-binding epitopes of
allergens, linear or conformational, is extremely useful.
Identifying the immunodominant linear IgE-binding
epitope of Jug r 1 might lead to better designs for wal-
nut allergy therapy. Currently, there is no generally
agreed-on treatment for IgE-mediated food allergy, and
complete avoidance of the food is therefore recom-
mended.37 With tree nuts such as walnuts, however,
avoidance is often difficult because equipment used for
food processing is often shared; the implicated allergen
thus might be present in trace amounts or might be
added to foods in which its presence is not expected by
the consumer. Because tree nut allergies are rarely
resolved, reactions can be severe, and accidental inges-
tion is almost inevitable, life for afflicted patients can be
fraught with anxiety.38

Among new approaches to allergen immunotherapy
and diagnosis are use of blocking peptides to inhibit the
triggering of IgE-mediated hypersensitivity reactions,
immunization with specific peptides to alter the type of
immune response elicited, allergen reengineering to
enhance protective responses, and use of defined pep-
tides in diagnostic assays.®-12 A common factor for the
application of these approaches is a required knowledge
of the amino acids in the IgE-reactive sites of the aller-
gen. We have mapped the major linear IgE epitope of Jug
r 1 and identified the critical core amino acid residues
within the epitope. Additional studies are planned to
identify the conformational epitopes on this allergen.

‘We thank Rich Peterson for his valuable assistance.
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