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Abstract

Background: Gluten proteins can be modified by deamidation to enhance their
solubility and technological applications. However, severe allergic reactions have
been reported after the consumption of food products containing deamidated
gluten (DG) in subjects tolerant to wheat. This work aimed to characterize aller-
gen profiles for these patients in comparison with those of patients allergic to
wheat and to identify IgE-binding epitopes.

Methods: Sera were obtained from 15 patients allergic to DG and from nine
patients allergic to wheat proteins (WP). IgE-binding profiles were characterized
both in ELISA and in a humanized rat basophilic leukaemia (RBL) cell model.
Epitopes were mapped on y- and o2-gliadin sequences by Pepscan, and effect of
glutamine/glutamic acid substitutions was studied.

Results: Compared to the heterogeneous pattern of allergens detected by IgE
from patients allergic to WP, responses of patients allergic to DG were homoge-
neous. In ELISA, all the sera displayed IgE binding to deamidated y- and ®2-
gliadins and deamidated total gliadins, frequently with high concentrations. These
modified proteins induced RBL degranulation with most of the sera from DG-
allergic patients. A consensus epitope was found on native y- and w2-gliadins
(QPQQPFPQ); it was repeated several times in their sequences. The substitution
of two or three glutamines of this epitope into glutamic acid at positions Q3 or
Q4 and Q8 (QPEEPFPE) increased its recognition the best.

Conclusion: Allergy to DG is a separate entity from wheat allergy. It can be
evidenced by strong IgE binding to deamidated gliadins or peptides of the type
QPEEPFPE.

Gluten proteins (gliadins and glutenin subunits) play a major
role in bread making. Their amino acid sequences are
remarkable, because they contain a high amount of proline
(about 30%) and glutamine (about 40%), and repetitive
sequences. Four classes of gliadins are separated (o, v-, ®2
and ®5) according to their sequences and electrophoretic
mobility. The ®2- and 5-gliadins only contain a single
repetitive domain (1), while the o- and y-gliadins also contain
a non-repetitive C-terminal domain including intramolecular
disulphide bonds (2). Viscoelasticity and insolubility of gluten
proteins are the basis of their functionality, but also limit
their use. Diversification of gluten applications was achieved
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through the creation of water-soluble or water-dispersible
products. Deamidation, one of the methods for this purpose,
may be obtained with either acid or alkali treatment (3).
Removing the amide group from some of the many gluta-
mine residues to form corresponding glutamic acid reduces
gluten protein aggregation (hydrogen bonding) and increases
the potential charge. Several of such gluten-derived products
can be found in the food industry, for example isolated
wheat proteins (WP), used as a food emulsifier, that are
acidic deamidated WP with enhanced protein solubility (4).
In 2003, Leduc et al. (5) described the first case of food
allergy to a wheat isolate, without allergy to native wheat
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flour. The symptoms were severe, angioedema with general-
ized urticaria, and occurred after consumption of meat-based
products. Since then, 14 cases of severe allergic reactions to
deamidated gluten (DG) in patients tolerant to wheat have
been reported in France through the Allergy Vigilance
Network (www.allergyvigilance.org). A solution of wheat
isolate for skin prick test was proposed in order to help the
diagnosis of allergy to DG (6). However, a differential diag-
nosis between a specific allergy to DG and an allergy to
native WP is not always easy, as the isolate fraction contains
not only modified wheat allergens but also some native
allergens involved in WP allergy. Moreover, a double-blind,
placebo-controlled food challenge with native and modified
WP may not be possible notably because of symptom
severity. Unlike allergy to WP, no study was yet carried out
to identify allergens and epitopes bound by IgE in DG
allergy. A previous work (7) on gliadin epitope mapping
included the serum of only one patient allergic to DG. In
coeliac disease, influence of deamidation on the recognition
of B-cell and T-cell epitopes of gliadins is well known; this
has never been studied in the context of food allergy to DG.
However, an epitope-based method might be useful to allow
a specific diagnosis of allergy to DG.

Our work aimed to study the IgE binding of patients
allergic to DG towards different wheat protein fractions,
both in ELISA and in a model of basophil activation, and to
compare their allergen profiles with those of patients allergic
to WP. IgE-binding epitopes were also mapped on gliadins
for the patients allergic to DG.

Material and methods
Gliadin and glutenin subunit purification

Gliadins were extracted from wheat flour (cultivar Hardi)
using a sequential procedure (8). Briefly, the albumins/globu-
lins (water-/salt-soluble proteins from wheat flour) were
extracted from the flour with a saline buffer; after several
washings, the flour was suspended in 70% ethanol for 1 h at
room temperature; after centrifugation, the supernatant, that
is the total gliadins, was collected. The gliadin classes (a-, 7y,
w2 and w5) were then prepared by ion-exchange chromatog-
raphy and reverse-phase HPLC (9-11). Low-molecular-
weight (LMW) glutenin subunits were obtained by the
procedure of Verbruggen et al. (12). After pre-extraction of
gliadins, glutenin subunits were solubilized from flour at 60°
C with 50% propanol containing 1% dithiothreitol. Low-
molecular-weight subunits were then precipitated with a final
concentration of 85% propanol.

Preparation of deamidated wheat protein fractions

Purified o-, y-, ®2- and w5-gliadins, total gliadins and LMW
glutenin subunits were deamidated by acidic treatment (13).
Briefly, 20mg of proteins was dispersed in 1 ml of 0.IN
hydrochloric acid. The temperature was increased to 90°C
and maintained for 1 h. The reaction was stopped by neu-
tralization with 0.IN NaOH. After dialysis against water and
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centrifugation to recover the supernatant, the fractions were
freeze-dried. Deamidation was controlled by native PAGE
(without SDS) in a gel at 10% acrylamide in comparison
with native fractions. As gliadins and glutenin subunits con-
tain very few charged residues, their migration is much
reduced in the absence of SDS, whereas the negative charges
induced by deamidation allow the protein migration; the
deamidation percentage was calculated by determining the
level of Glu and Gln and was in the range of 36-51% for the
different fractions (13).

Studied population

Fifteen patients (five children and ten adults) tolerant to
wheat but allergic to DG were recruited (Table 1). They
experienced acute urticaria (U), exercise-induced anaphylaxis
(EIA) or anaphylactic shock (AS). Repetitive episodes
occurred. Attention was drawn to DG, a common feature
of different food products that had elicited allergy: sau-
sages, pork pie, meats with bread crumbs, reconstituted
meats, ready-cooked vegetable dishes, industry-processed
soups or industrial cakes and cookies. In this group,
patients 30, 34 and 91 also had contact urticaria with cos-
metics containing wheat hydrolysates (creams, eye-liners,
shampoo). Nine patients allergic to wheat (six children and
three adults) were also tested. They had atopic eczema der-
matitis syndrome (AEDS), AS, U or EIA (Table 1). Sera
from non-atopic patients without any past or present his-
tory of atopic diseases, and negative prick test to 12 com-
mon aero-allergens were used as controls.

Skin prick tests

Prick-in-prick tests (PIP) were carried out to natural wheat
flour, natural gluten and DG (isolate from ALK-Abello,
Courbevoie, France). Patient 91 was tested to two cosmetics
(containing wheat hydrolysate). All subjects had a positive
control to codeine phosphate and negative control to saline.
A wheal diameter of 2.5 mm was considered positive.

Oral challenge

Oral challenge was performed after at least 3 weeks of strict
avoidance of wheat and DG. The double-blind placebo-con-
trolled food challenge (DBPCFC) procedure was used. The
placebo mixture was maize or potato starch included in
stewed apple. The vehicle was stewed apple. Raw wheat flour
and raw DG were tested. Deamidated gluten (isolate) was
obtained (GemtecTM functional WP; Manildra group,
Auburn, New South Wales, Australia). Increasing doses were
given at 20-min interval. The starting dose was generally 1 g
of wheat in the case of suspected wheat allergy and 10 g in
wheat-tolerant subjects. Two DBPCFCs to wheat were cou-
pled to a 30-min exercise on a treadmill. For gluten isolate,
the two-first doses were 100 mg and then 400 mg (cases 30,
34 and 352). For cases 91 and 390, the scale was 40, 100 and
300 mg (cumulated dose of 440 mg). Criteria of positivity
were objective symptoms in all cases except case 390, but in
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this case laryngeal pruritus lasted 1 h30 and besides, placebo
challenge was asymptomatic. When the oral challenge was
not performed, the final diagnosis was set on both criteria: a
convincing history incriminating either wheat or gluten iso-
late and a total recovery after the specific avoidance. Blood
collection, PIP and DBPCFC were performed with informed
consent of the patients or their parents and after ethical com-
mittee approval (authorization number DGS2007-0066).

Analysis of IgE reactivity towards native and deamidated
fractions by ELISA

Sera were analysed for specific IgE by fluorimetric ELISA
(14). Concentrations of specific IgE were calculated from the
adjusted standard human IgE curves provided that the
fluorescence exceeded the quantification limit. The mean
quantification limit calculated from 16 experiments was
0.24 + 0.16 ng/ml. All determinations were carried out in
duplicate and are expressed as mean values. For two sera (34
and 299), enough volume was available to perform eight
replicates, resulting in about 10% variation. Matched data
per serum were submitted to repeated-measures one-way
ANovA and subsequent Tukey’s multiple-comparisons test
with level of significance set at 0.05 using GRAPHPAD PRISM
version 5.02 (GraphPad Software, Inc., San Diego, CA,
USA).

Inhibition experiments were carried out using the same
methodology except that plates were coated with the
deamidated 2-gliadin fraction (1 pg/ml) and sera were
incubated during 4 h in the presence of inhibitors: ®2-
gliadins native or deamidated (concentration range of 1.25—
0.0125 nmol/ml) or synthetic peptides LQPQQPFPQQ and
LQPEEPFPEQ (concentration range of 95-2.9 nmol/ml).

Analysis of biological activity of native and deamidated
fractions with humanized rat basophilic leukaemia (RBL)
cells

The RBL degranulation test was carried out with RBL cells
expressing the human FceRI a-, f and y-chains (clone SX38
P4B7) as described (14). IgE-sensitized cells were stimulated
in Tyrode buffer containing 50% deuterium oxide with
proteins (0.02-0.2-2 pg/ml) or 1 pg/ml anti-human IgE (posi-
tive control). Rat basophilic leukaemia degranulation was
measured in duplicate and expressed as a percentage of total
B-hexosaminidase release. A positive threshold of 5% of
degranulation was calculated by analysing 27 control sera
(non-atopic subjects or grass pollen allergy) and corre-
sponded to the mean + 2 SD.

Epitope mapping on gliadins with solid-phase synthetic
peptides (Pepscan)

IgE-binding epitopes were searched among sequences of y-
[P08453] and ,-gliadins [QIFUW7] with decapeptides
overlapping by eight amino acids as described (7, 15). Critical
amino acids and effect of substitutions of glutamine into
glutamic acid were analysed. Peptides were prepared by
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automated spot synthesis and covalently fixed by their C-
terminal end on a cellulose membrane (Abimed, Lanenfeld,
Germany). After washing 5 min with ethanol and three times
5 min with a Tris 50 mM buffer, pH 8.0, containing 0.05%
Tween 20 (v/v) (TBS/T), membranes were blocked with 2.5%
(w/v) skimmed dried milk and 5% (w/v) sucrose in TBS/T for
1 h, washed in TBS-T and incubated overnight with sera from
patients diluted in blocking buffer. After further washing,
anti-human IgE antibodies labelled with peroxidase (P0295;
Dako, Glostrup, Denmark) diluted 1/10 000 in blocking buf-
fer were added for 1 h and washed. Membranes were then
incubated with a chemiluminescent substrate (SuperSignal
West Dura Extended Duration Substrate; Pierce, Rockford,
IL, USA). IgE binding was revealed by chemiluminescence
with a CCD camera (Luminescent Image Analyzer LAS 3000;
Fujifilm, Tokyo, Japan). A semi-quantitative evaluation of
IgE binding was carried out with the MULTI GAUGE version 3.0
software (Fujifilm). For each serum, the spot detected with
the highest intensity was taken as a reference. IgE bindings to
peptides were then classified according to this reference. Non-
atopic control sera displayed no binding to the peptides; the
same was observed for a serum from an allergic patient (total
IgE about 5000 ng/ml) not sensitized to wheat.

Results
Characterization of deamidated gliadins

Modified fractions migrated in electrophoresis without SDS,
showing the effectiveness of the deamidation reaction (Data
S1). These fractions displayed a large migration area in
relation to the heterogeneity of the deamidation process.
Their percentages of deamidation were in the range of 36%
(£12)-51% (£15) as described (13).

Comparison of IgE-binding profiles in ELISA between
patients allergic to DG and those allergic to WP

IgE binding to native gluten fractions

IgE responses for patients allergic to DG were homoge-
neous (Fig. 1A), all but one patients presenting IgE bind-
ing to w2- or y-gliadins. No sera displayed IgE binding to
w5-gliadins nor to the albumin/globulin extract (water/salt-
soluble proteins from flour — not shown), and few
responses were observed towards a-gliadins and LMW
glutenin subunits. Responses of patients allergic to WP
were heterogeneous (Fig. 1B), with IgE binding to different
fractions according to sera and, for some of them, high
concentrations in IgE specific for albumins/globulins (not
shown).

IgE binding to deamidated gluten fractions

All the sera of patients allergic to DG displayed IgE binding
to deamidated y- and w2-gliadins as well as to deamidated
total gliadins, and the majority of them showed very high
concentrations in IgE specific for these fractions (Fig. 1C).
Most of these sera also showed IgE binding to deamidated o-
and o5-gliadins and LMW glutenin subunits. The IgE
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Patients allergic to DG

100 A A
E 80 4
o
£
c 3
s 9 s
E A
;E, n N
8 40
8
o n A
w
> 204 u AA x
n
. e as LI 4 x
0l ommese— s .4 wwwwr ompe%—— e —
T : ¢ & = 3
El ) ] o
3 &~ =
°
-
Gluten fractions
250 - Cc
E 200 A :l N
o L ]
5 A
A
§ 150 . R v x
£ x
c
2 1001 " 4 o
g A xX*
8 . . %
w E [ A <
o 50 oo . N vv o x
.' - : v ve® X x
01 vy u" A e X
a a Q a a [=}
2 k s e g k]
0% 55
3 > =
°
[

Deamidated gluten fractions

Figure 1 IgE reactivity profiles in ELISA of sera from patients aller-
gic to deamidated gluten (DG: A, C) and patients allergic to native
wheat proteins (WP: B, D). Concentrations of specific IgE towards
native (A, B) and deamidated (C, D) gluten fractions are expressed
in ng/ml. Bars stand for median concentrations. a-gliad, y-gliad, ®2,

responses towards DG proteins from patients allergic to WP
were unchanged or decreased compared to responses towards
native proteins (Fig. 1D).

Comparison of IgE reactivity in the two groups of patients by
a statistical analysis

One-way ANovA of matched observations revealed
insignificant differences between means for IgE reactivity of
sera from WP patients towards native gluten proteins
(P = 0.42), deamidated proteins (P = 0.28) or both types (P =
0.20). However, significant differences were observed
(P <0.0001) for sera from DG patients. For these patients,
IgE reactivity of sera was significantly higher (1) towards
native ®2-gliadins than towards the other native fractions,
(2) towards deamidated ®2-, y- and total gliadins than for
the other deamidated fractions and (3) towards deamidated
®2-, y- and total gliadins than for their respective native
fraction.
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5 and total gliad: o, v, ®2, w5 and total gliadins; LMW: low molec-
ular weight glutenin subunits — a-gliad D, y-gliad D, 2 D, 5 D and
total gliad D: deamidated o, vy, ®2, w5 and total gliadins; LMW D:
deamidated LMW glutenin subunits.

Triggering potential in the RBL assay of native and
deamidated y-, ®2- and total gliadins for patients allergic to
DG or to WP

As shown in Table 2, degranulation was observed for nine of
12 sera from patients allergic to DG in the presence of
deamidated total gliadins; the degranulation percentage was
often strong (>25%). Lower or no degranulation was mea-
sured with native gliadins. Degranulation was elicited by
native and deamidated w2-gliadins for eight sera (seven with
a response >25%). Yet, for most of these sera, the deamida-
tion of 2-gliadins increased the response intensity or
decreased the reactivity threshold (Data S2). No degranula-
tion was induced by the native y-gliadins for these 12 sera,
while the deamidated y-gliadins triggered the reaction with
half of them.

Only five sera from patients allergic to WP out of nine
displayed positive responses in the degranulation test.
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Table 2 Degranulation percentages obtained in a RBL test with
sera from patients allergic to deamidated gluten (DG) or patients
allergic to native wheat proteins (WP) in presence of native or
deamidated antigens

Tot Tot
Serum gliad gliaD ®2-gliad ®2-gliadD  y-gliad  y-gliadD

Patients allergic to deamidated gluten

30 0

34 0

78 0 0 0

88 0 0 0

91 0 0 0

137 0 0

280 12 0

285 13 0

299 0

352 17 0

390 0 0 0 0 0

497 0 13 10 10 0

Patients allergic to native wheat proteins

9 0 0 0 0 0 0
32 0 0 0 0 0 0
35 8 7 12 7 8 8
36 6 0 0 0 0 0
11 0 0 0 0 0 0
120 17 15 1 6 10 13
302 [[420086 I O 0 8 8
324 0 0 0 0 0 0
834 0 0 0 0 5 0

RBL, rat basophilic leukaemia.

Tot gliad, w2-gliad, y-gliad: total, ®2 and y-gliadins.

Tot gliadD, w2-gliadD, y-gliadD: deamidated total, 2 and y-gliadins.
Colors indicate the range of degranulation percentages: [] <thresh-
old; [J5% < x <25%; [0 25% < x <50%; @ >50%.

Percentages of degranulation were generally low, and no
clear differences were detectable between deamidated and
native proteins.

Continuous epitopes detected by IgE from patients allergic to
DG

As y- and 2-gliadins were the native WP the most
frequently bound by IgE from patients allergic to DG, IgE-
binding epitopes were mapped among the entire sequences of
these proteins. Sera from 12 patients were used, and eight of
them detected several peptides (Data S3) distributed along
the sequences of both proteins. The sequences detected with
the highest intensity and by the larger number of sera were
as follows: LQPQQPFPQQ and QQPQQPFPQQ present on
both y- and ®w2-gliadins, QQPQQPFPQT, QQPQQPFPQL
on y-gliadin and IQPQQPFPQQ on w2-gliadin. Remarkably,
all these sequences contained the octapeptide QPQQPFPQ.
This consensus native sequence was chosen to investigate the
critical amino acids for IgE binding, first by scanning the
peptide sequence by alanine and then by shortening its
sequence by removing the N- or C-terminal residues
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(Table 3). Three alanine sequential replacements on positions
Q4, P5 and F6 eliminated the octapeptide recognition for
more than 50% of the sera. Deletion of the first residue in
N-terminal or of the two residues from the C-terminal end
(P7Q8) abolished the peptide recognition by all sera.

To address the effect of deamidation, the four glutamine
residues were sequentially or simultaneously substituted with
glutamic acids at their different positions (Table 4). The sub-
stitution of a single Gln of the consensus peptide into Glu
induced its recognition by additional sera or increased recog-
nition in other cases. Simultaneous substitution of two Gln
generally increased the response intensities. Substitutions of
three of the four GIn enhanced again the response, and the
peptide detected with the highest intensity was QPEEPFPE
with substitutions at positions Q3, Q4 and Q8. Replacement
of all Gln into Glu did not increase the intensities more
(except for one serum) and even abolished the recognition
for one serum.

Inhibition experiments were carried out with four sera
from DG-allergic patients to check the specificity of the
response towards deamidated epitopes. The peptide
LQPEEPFPEQ was used in comparison with the correspond-
ing sequence in native proteins LQPQQPFPQQ); native or
deamidated w2-gliadins were used as controls. Inhibition of
IgE binding to the deamidated w2-gliadin coated on the plate
was observed for the peptide LQPEEPFPEQ with the four
sera, whereas no inhibition was observed with the native
sequence (Fig. 2).

Discussion

Allergic reactions to food containing DG or cosmetics con-
taining wheat hydrolysates have been reported (5, 16-18).
In this work, we examined sera from patients who devel-
oped severe symptoms of food allergy to gluten proteins
modified by deamidation. To elucidate which molecular
structures were involved among the complexity of wheat
flour proteins, a range of purified proteins in native and
deamidated forms was used as well as synthetic peptides, to
study the effect of different levels and positions of Glu/Gln
substitutions.

In food allergy to native wheat flour, several allergens are
known among the albumin/globulin and the gluten fractions
(19), and IgE-binding profiles are heterogeneous (10). The
IgE-binding profile from patients allergic to DG was com-
pletely homogeneous with frequent IgE binding to y- and
m2-gliadin fractions in their native state. Despite ®5-gliadin
is known as a major allergen in cases of EIA caused by
wheat, no IgE specific for w5-gliadins could be detected in
DGe-allergic patients with symptoms of EIA. The deamidated
v- and ®2-gliadins appeared to be the dominant allergens for
patients allergic to DG, as all sera displayed IgE specific for
these fractions, mostly with high concentrations (>50 ng/ml
IgE); lower reactivity to other DG fractions was probably
due to cross-reactions because of sequence homologies. This
result was confirmed in a functional assay using RBL cells.

Native y-gliadin was unable to elicit degranulation of RBL
cells for DG-allergic patients, whereas native w2-gliadin did
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Table 3 Effect of alanine scanning and truncation on the recognition of the peptide QPQQPFPQ in Pepscan by the sera from patients

allergic to deamidated gluten

Patients 30 78 137 275

Number of

276 280 281 299 positive sera

Peptides
QPQQPFPQ
APQQPFPQ
QAQQPFPQ
QPAQPFPQ
QPQAPFPQ
QPQQAFPQ
QPQQPAPQ
QPQQPFAQ
QPQQPFPA
PQQPFPQ
QPQQPFP
QPQQPF

O+ 0+ + 0+ 0+ + + +
O+ 00+ 0+ 0+ 0o +
O+ 0000000 OO +
Oooocooooooo + +

O OO0 + 0000 o + + +
Ccoo + + 00+ + + + +
O+ 0+ + 0+ + + + + +
O OO0 O0O0O0O0OOoOOoO + O +
oo rpOWNDOGIO®

+: positive response; 0: response suppression; gray shade: response suppression for all sera.

Table 4 Effects of substitution of GIn/Glu at different positions on the recognition of the peptide QPQQPFPQ in Pepscan by the sera from

patients allergic to deamidated gluten

Serum 30 Patients 30 34 78 88 137 275 276 280 281 285 299 352
Peptides
QPQQPFPQ (+) 0 (+) 0 (+) + ++ (+) +++ 0 (+) 0
EPQQPFPQ (+) (+) (+) 0 (+)  +++ ++ 0 ++ (+) (+) 0
QPEQPFPQ (+) (+) ++ 0  + 0 +(+) e () (H) (+)
QPQEPFPQ + (+) + 0 + 0 ++ 0 ++ (+)  (+) +
QPQQPFPE + (+) ++ 0 + 0 + (+) ++ (+) (+) (+)
EPEQPFPQ  (+) + + 0 + nd nd (+) nd (+)  (+)  (+)
EPQEPFPQ + (+) (+) 0 ++ 0 ++ 0 ++ (+) (+) +
EPQQPFPE  (+) (+) () 0  + 0 ) () () (D)
. QPEEPFPQ + + + 0 + nd nd (+) nd + (+) +
. QPEQPFPE + ++ +++ O + ++ +++  (+) . (4) (+) +
¢ QPQEPFPE ++ + ++ 0 + nd nd (+) nd + (+) ++
® EPEEPFPQ ++ + 0 0 + nd nd (+) nd + + +
: EPQEPFPE ++ + 0 0 + nd nd (+) nd ++ + ++
° EPEQPFPE ++ ++ (+) O + nd nd + nd ++ ++ +
" QPEEPFPE +++  +++ H++ 0 4+ nd nd +++ nd +++ ++ +++
EPEEPFPE +++ 0 0  +++ nd nd +++ nd -+

The response intensity for each serum is indicated as follows: taking as reference, the spot detected with the highest intensity: 0: no
response, (+): <20%; +: 20-40%; ++: 45-70%; +++: 70-100%; nd, not determined because of lack of volume.

Example of the results obtained by Pepscan with serum 30.

with most tested sera. A similar result was observed in vivo
by skin prick tests performed on six of the DG-allergic
patients. Native ®w2-gliadin provoked a clear positive reaction
in these six patients, while only two of them reacted weakly
with the native y-gliadin (data not shown). Deamidated ®2-
gliadin still elicited higher degranulation percentages than
deamidated y-gliadin in the RBL assay.

The Pepscan analysis on these two allergens and on the
substitution library revealed many peptides bound with high
intensity by most sera, indicating the ability of IgE from
DG-allergic patients to detect continuous epitopes. Remark-

Allergy 67 (2012) 1023-1032 © 2012 John Wiley & Sons A/S

ably, all the Pepscan-positive sera detected similar peptides of
the y- and ®2-gliadins, and all these peptides contained a
common sequence QPQQPFPQ. It is very close to the typical
repeat units of ®2 (PQQPFPQQ) and of y-gliadins
(QPQQPFP) and absent on a- or w5-gliadins or glutenin sub-
units. The substitution of some GIn into Glu increased the
peptide recognition and induced its detection by additional
sera. When substituting two or three of the four Gln into
Glu, the positions that increased the response intensity the
most were Q3 or Q4 and Q8. The peptide detected with the
highest intensity was QPEEPFPE. Peptide truncation and
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Figure 2 Inhibition of IgE-binding to the deamidated w2-gliadin in
ELISA, for four patients allergic to deamidated gluten. Inhibitors
were the native (close symbols) and deamidated (open symbols)

alanine replacements indicated that the first position could
not be deleted nor the Phe in the sixth position substituted.

As observed for the allergen profile, the epitope profile was
completely homogeneous for this group of patients allergic to
DG. This is an unusual observation; in the case of WP-aller-
gic patients, interpatient variability was much greater even
though dominant epitopes could be found (on w5-gliadin for
example) (15, 20). When comparing epitopes bound on ®2-gli-
adins in patients allergic to WP and DG, it is interesting to
note that the (Q)PQQPFP(Q) sequence was also bound by
IgE from some children (but not from adults) allergic to WP
(15).

The difference between ®2- and y-gliadins in their ability
to elicit RBL activation is not easy to understand. The num-
ber of repetitions of the QPQQPFPQ sequence is almost the
same in both proteins (eight or nine repetitions), and similar
deamidation percentages were obtained. An explanation may
come from the presence of a folded non-repetitive domain in
the y-gliadin which may hamper the accessibility of antibod-
ies to the repeated domain containing all IgE-binding
epitopes.

Most of the DG-allergic patients possessed IgE directed
towards the native y- or w2-gliadins or epitopes, despite the
fact that they could eat normal wheat products. This may be
explained either by cross-reactions between native and
deamidated sequences or by the partial deamidation of
products (usually 20-50% of deamidation according to
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w2-gliadins or a native peptide (LQPQQPFPQQ) and a deamidated
peptide (peptide D: LQPEEPFPEQ).

manufacturers), leading to possible sensitization to non-
deamidated portions of the proteins.

Deamidation of gluten proteins can also be achieved by
transglutaminases (TG) (21). In coeliac disease, selective
deamidation by tissue TG greatly enhances peptide binding
in the context of both B- and T-cell epitopes (22-26). Even
though a-gliadins are considered to be the dominant
T-cell-stimulating proteins, peptides from y- and ®2-gliadins
were also reported as T-cell-stimulating epitopes (27). Some
homologies exist between the epitope QPQQPFPQ
deamidated at some positions reported in this study and
several peptides found as relevant IgA-/IgG-binding
sequences (PLQPEQPFP) (28) or T-cell epitopes
(QPQQPFPQPQQPFPWQP...) (27) in coeliac disease.

The involvement of ®2- and y-gliadins was also shown in
immediate hypersensitivity to hydrolysed wheat proteins
(HWP) present in certain foods and cosmetics (29). In this
pathology, there was no evidence of chemical modification of
protein sequences. Unmodified epitopes seemed primarily
involved in the context of high MW entities originating from
partial hydrolysis and re-aggregation of the fragments (30).
In our case, no hydrolysis induced by deamidation could be
observed.

Allergies to DG or HWP and EIA dependent on wheat, all
result in severe symptoms: generalized urticaria or anaphy-
laxis. This may be related to the recognition of w-gliadins
even though two different w-gliadins, ®5 and ®2, are bound

Allergy 67 (2012) 1023-1032 © 2012 John Wiley & Sons A/S
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by patient IgE with a high specificity in the three pathologies.
o-Gliadins possess a particular sequence organization in a
unique repeated domain and are assumed to have an
unordered and flexible form. There may be adequate spacing
and accessibility of repeated epitopes, allowing very efficient
mast cell activation.

A common aspect of these three pathologies is the
modification of the exposition to allergens. Hydrolysed
wheat proteins and DG have an enhanced solubility com-
pared to WP; exercise (or aspirin) increases intestinal barrier
permeability and crossing of gliadin peptides (31). The
combination of different factors (solubility or increased
crossing, repetition or assemblies of epitopes, their easy
accessibility) may boost the sensitization and elicitation steps
of the allergic reaction.

Similar observation was made in a mouse model in which
we compared native and deamidated gliadins for their ability
to sensitize Balb/c mice (13). Like in human patients and
despite different sensitization routes (oral and intraperito-
neal), deamidated gliadins were much more efficient in sensi-
tizing mice and induced a more severe elicitation phase.

In conclusion, DG allergy is a separate entity, character-
ized by a homogeneous IgE response. This entity is a direct
consequence of present technologies applied to industrial
food products. Deamidated o2-gliadins or the dominant
IgE-binding epitope QPEEPFPE could be used as tools for
the diagnosis of this new allergy.
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