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Abstract Monoclonal antibody R5 against rye secalin was
recently suggested to be useful in analysis of gluten in
food. The epitope specificity of R5 was characterized and
compared with those of eight other monoclonal antibod-
ies (mabs) against gliadins (gli) and secalins. Mabs were
tested for binding to synthetic peptides spanning in over-
lapping manner sequences of gli. In a luminescence assay
R5 bound to all peptides from the N-terminal part of α-
type gli hitherto known to induce in sensitive patients with
coeliac disease after in vivo instillation. Thus, R5 proves
to be very useful for gluten analysis. Sequences QQPFP,
QQQFP, LQPFP, and QLPFP were bound most strongly.
Substitution of glutamine by glutamic acid in the epitope
may decrease binding of R5 dependent on surrounding
amino acids. One of the positions of the substitutions dimin-
ishing antibody binding was a typical site of attack of tissue
transglutaminase, the enzyme converting by deamidation
cereal prolamins into their disease active form. Investiga-
tion of eight other mabs against gli and secalins showed
binding properties very similar to R5. We speculate the se-
quence QQQ/PFP seems to represent an immunodominant
structure in prolamins.
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Introduction

Patients with coeliac disease (CD) have to keep a lifelong
gluten-free diet. For control of gluten-free diet reliable
and sensitive methods of gluten analysis are necessary.
Recently, an ELISA was established based on monoclonal
antibody R5 [1] the use of which for food analysis
was suggested by Codex Alimentarius [2]. Antibody
R5 was raised against ethanolic rye extracts [1]. This
antibody detects, to the same extent, prolamins from wheat
(gliadins), rye (secalins), and barley (hordeins). The core
epitope of R5 was determined by means of phage display
technique and pepscan studies to be QQPFP [3].

The main requirement for an antibody to be applied for
food analysis is that it recognizes the peptides in prolamins
toxic for CD patients. In order to assess toxicity of gliadin
peptides different in vitro tests were used including or-
gan culture and T-cell stimulation. However, in vivo gluten
challenge and subsequent investigation of bioptically ob-
tained small intestinal tissue still remains the gold standard
for toxicity testing. Due to the invasive nature of jejunal
biopsy the number of peptides tested by in vivo instillation
is small and therefore, information on gliadin toxicity re-
mains limited. From the N-terminal part of α-type gliadin,
the peptides 31–49 of A-gliadin [4], peptides 31–43 and
44–55 of α-gliadins [5], and peptide G8 comprising amino
acids 56–75 of α2-gliadin [6] were shown to be toxic in
vivo. Another peptide from the C-terminal domain of α-
gliadin (206–217) was also shown to be toxic in vivo [7].

Native gliadin from wheat is subjected to different mod-
ifications until it reaches the intestinal mucosa where it
induces CD in sensitive patients. One of the reactions is
deamidation of glutamine residues a process which can be
elicited by food manufacturing [8] but might also be in-
duced by gastric acid [9] and is finally catalyzed by the
enzyme tissue transglutaminase (tTG) in the small intesti-
nal mucosa [9, 10]. Partially deamidated short peptides in



the N-terminal region of α-type gliadin were identified as
potent stimulators of intestinal T-cell response [11, 12].
These peptides in their native, amidated form are contained
in a 33-mer α-type gliadin peptide which was shown to be
resistant to gastric and pancreatic hydrolysis [13]. They are
also part of peptide G8 of the N-terminal region of α-type
gliadin shown to be toxic for CD patients in vivo [6].

The aim of the present work was to define the epitope of
R5 more precisely, to examine if R5 detects the putatively
CD-toxic gliadin peptides in the N-terminal domain of α-
type gliadin, to investigate if deamidation of glutamine
affects its reactivity, and to compare epitope specificity of
R5 with a panel of other monoclonal antibodies directed
against gliadins.

Materials and methods

Monoclonal antibodies

Mouse monoclonal antibodies R1, R4, R5 (against ethano-
lic rye extract isotype IgG2b [1]), 4D6 (against gliadin
from wheat [14] isotype IgG1), 5B10, 1C6 (against gliadin
from wheat [14] isotype IgM), 6H5, 8D4, and 5G7 (against
crude gliadin from Sigma-Aldrich, Taufkirchen, Germany,
isotype IgG1) were investigated.

Synthetic peptides

The following complete amino acid sequences of prolamins
(excluding the propeptide regions) were scanned for anti-
body binding: α-type gliadin (α/β-gliadin precursor, ac-
cession number C22364, 299 amino acids) [15], γ-type
gliadin (γ-gliadin precursor, accession number P21292,
283 amino acids) [16], ω-secalin (ω-secalin precursor, ac-
cession number S18235, 339 amino acids) [17], peptides
B3142 (53 amino acids), B3143 (53 amino acids), and
B3144 (54 amino acids) extending from amino acid 3 to
55 or 56 of α-gliadin, respectively [18], the correspond-
ing sequence of A-gliadin (54 amino acids) [19], and the
33-mer peptide remaining after gastric/pancreatic digestion
[13] of N-terminal region α2-recombinant gliadin [20]. Pep-
tides were synthesized as octapeptides (overlapping by six
amino acids) or as decapeptides (overlapping by eight or
nine amino acids). The peptides on cellulose membranes
were prepared by automated spot synthesis [21] as previ-
ously described in detail [22]. The peptides were covalently
bound to cellulose membrane (Abimed, Langenfeld, Ger-
many) via their C-termini. The peptides were N-terminally
acetylated. Several of the peptides carried Q-E substitu-
tions at defined positions. The single letter code for amino
acids was used throughout.

Pepscan

Binding of monoclonal antibodies to cellulose-bound
peptides was measured as described [3]. In brief, after

washing in methanol and Tris-buffered saline (TBS:
NaCl 137 mmol/l; KCl 2.7 mmol/l; Tris 50 mmol/l, pH
8.0) with 0.05% Tween 20 (TBST) the membranes were
blocked (blocking buffer: TBS-T with 5% sucrose and
2.5% skimmed milk). After blocking the membranes were
incubated with monoclonal antibody (1 µg/ml). After
washing the membranes were incubated with antimouse
immunoglobulin G (IgG) conjugated with peroxidase
(1:4000 in blocking buffer, Dianova GmbH, Hamburg,
Germany). After further washing, luminescence was
measured using the Supersignal CL-HRP kit (Pierce,
Rockford, USA) and the ChemiImager (Alpha Innotech
Corp., San Leandro, USA). Binding score was assessed
qualitatively on a scale from 0 to 3 and results are given as
mean luminescence score (MLS).

Sequence alignment

All peptides recognized by antibodies with a score of at
least 1 were considered. A set of successive peptides over-
lapping in sequence was aligned and the common amino
acids were defined as epitope. Due to the repetitive na-
ture, up to 38 epitope regions in the sequences tested could
be identified for a single antibody. These epitopes were
aligned again and the positions occupied by the most com-
mon amino acid expressed as a fraction of the number of
epitopes. A frequency of 1 means that the respective po-
sition is always part of the epitope. If one and the same
epitope sequence was recognised several times in differ-
ent regions of the prolamin sequences, this epitope was
included multiply into the calculation.

Database searching

The database of the U.S. National Center for Biotechnology
Information (http://www.ncbi.nlm.nih.gov) was searched
for short nearly exact matches with sequence QQPFP and
with other, homologous sequences recognized by R5 us-
ing BLASTP 2.2.10 (March 3, 2005; 793,074,205 letters
or 2,340,000 sequences in database, respectively). At this
time, the database contained 9236 entries for proteins from
Triticeae.

Transamidation assay

Binding of biotin-cadaverine (Molecular Probes, Invitro-
gen GmbH, Karlsruhe, Germany) to gliadin-homologous
decapeptides synthesized onto cellulose membranes was
studied in a transamidation assay. For this, membranes
were washed in methanol and TBST, blocked in TBS
with 2% Tween-20, and incubated for 2.5 h at 37 ◦C in
buffer (Tris 100 mmol/l, CaCl2 10 mmol/l, dithiothreitol
20 mmol/l, pH 8.5) with biotin-cadaverine (7.2 µMol/l) and
human recombinant tTG (3.5 µg/ml) [23]. After incubation
with tTG and biotin-cadaverine, the membranes were
washed in TBST, incubated with streptavidin-peroxidase



Table 1 Epitopes of R5 in gliadin and effects of Q→E substitutions on antibody binding

Motif MLSa Decapeptides tested

QQPFP 2.7 VPLVQQQQFP; PLVQQQQFPG; QQQQFPGQQ; QFPGQQQQFP; PGQQQQFPPQ; GQQQQFPPQQ;
QQQQFPPQQP; PQQPQQPFPQ; QQPQQPFPQP; QPQQPFPQPQ; PQQPFPQPQQ, QQPFPQPQQP

QQQFP 1.7 QFXGQQQPFP; FLGQQQPFPP; XGQQQPFPPQ; GQQQPFPPQQ; QQQPFPPQQP
LQPFP 1.9 LQLQPFPQPQP; QLQPFPQPQL; LQPFPQPQLP
QLPFP 3.0 PQQPQLPFPQ; QPQLPFPQPQ; QLPFPQPQQP
QQSFP 0.8 EQIISQQPFP; IISQQPFPLQ; SQQPFPLQPQ; PLQPQQSFPQ; QPQQSFPQPQ; QQSFPQPQHP
QLPYP 0.1 QPFPQPQLPY; PFPQPQLPYP; FPQPQLPYPQ; PQPQPPYPQP; QPQLPYPQPQ; PQLPYPQPQL; QLPYPQPQLP
QRPFA 1.0 QPQRPFAQQP
QEQPFP 3.0 XGQEQPFPPQ; QEQPFPPQQP
PEQPFP 0.1 PQQPEQPFPQ; QQPEQPFPQP; QPEQPFPQPQ; PEQPFPQPQQ
QQEPFP 0.5 XGQQEPFPPQ; QQEPFPPQQP

X=P or L
aMean luminescence score of the decapeptides indicated in the right column

(Roche Diagnostics, Mannheim, Germany, 1:5000), and
washed again in TBST. Luminescence was measured using
Supersignal CL-HPR kit in the ChemiImager. Specificity
of tTG was investigated by comparison of differently
Q→E substituted peptides.

Results

The N-terminal part of α2-gliadin comprises peptide B3142
(amino acid 3–55) and the 33-mer peptide (amino acid 56–
88). Monoclonal antibody R5 strongly detects two regions
in the N-terminal part of α2-gliadin. In peptide B3142, the
sequences QQQFP (27–31) and in close proximity QQPFP
(34–38) are recognized. In the 33-mer peptide, R5 reacts
with LQPFP (58–62). The core epitope of R5 comprises
not more than five amino acids. Our results confirm the
essential role of the dipeptide FP for antibody binding as
stressed earlier [3]. If F is replaced by Y, antibody binding
is strongly diminished, however, a weak reactivity remains
with PQLPYPQ occurring three times in the 33-mer (posi-
tions 64–70, 71–77, 78–84). Peptide PQPQPFPSQQ (44–
53, although possessing a PFP unit) is not recognized by
R5 showing that a P residue three positions upstream of F
deletes binding.

The sequence of B3142 differs in positions 31 (P→L sub-
stitution) and 36 (P→Q substitution) from peptides B3143
and 3144 as well as from A-gliadin. Both substitutions were
tested but did not affect antibody binding.

Scanning of the complete sequence of ω-secalin con-
firmed prominent binding of R5 to the motif QQPFP. The
sequence QLPFP was also found to be a strong binder. The
motifs QRPFA and QQSFP are recognized more weakly
(Table 1).

In the N-terminal region of α2-gliadin and in the fragment
of γ-gliadin (amino acid 89–106), the effects of substitution
of Q by E on binding of R5 were investigated (Table 1).
Substitutions outside of the epitope were without effect. In-
troduction of an E residue directly in front of the PFP motif
decreased antibody binding strongly. Substitution two po-
sitions in front of the PFP motif were only inhibitory if
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Fig. 1 Epitopes of nine different monoclonal antibodies against
wheat gliadins and rye secalins



preceded by proline but not if preceded by a glutamine (see
Table 1). This shows that further amino acids outside of the
core pentapeptide structure influence antibody binding.

tTG is able to bind biotin-cadaverine to the second glu-
tamine residue in the PQQPFP motif but not to other
residues (results not shown). This sequence specificity is
in accordance with previously published` results [24] and
shows that tTG can modify the sequence of gliadin peptides
such that binding of R5 may be decreased.

Epitope specificity was investigated of eight further
mouse monoclonal antibodies raised against gliadins and
secalins. To our surprise, binding properties of all anti-
bodies were very similar to that of R5 (Fig. 1). The motif
QQPFP is common for all antibodies investigated. The epi-
tope specificity differs slightly according to the length of
the sequence (range 5–8 amino acids). Furthermore, there
are slight differences if the respective position can also
be occupied by other amino acids. The amino acid pheny-
lalanine constitutes the main common requirement for anti-
body binding and in most cases substitution of this aromatic
amino acid by tyrosine is not tolerated.

The database of the U.S. National Center for Biotech-
nology Information was searched for exact matches with
the QQPFP motif and with other homologous sequences
recognized by R5. For QQPFP, 791 entries were found.
From these, 492 entries referred to proteins from Trit-
iceae (Triticum, Hordeum, Secale, Aegilops). Proteins from
Avena did not contain this sequence. Further, 10 hits were
found in Oryza sativa and 4 hits in Sorghum bicolor. The
sequence QQPFP was not found in proteins from maize.
There were 14 entries for vertebrate proteins, 12 of them
from man. The other sequences recognized by R5 were
less specific for coeliac toxic cereals. Only in Triticeae, the
epitopes were found to occur repetitively.

Discussion

Detailed knowledge of the epitope recognized by an an-
tibody used to detect harmful components in the diet is
important to enhance the safety of food control. For CD
patients gluten peptides have to be excluded from the diet.
Ideally, an antibody applied for detection of gluten should
recognize the partial sequence toxic for patients with CD
[25]. Our results show that monoclonal antibody R5 is able
to detect peptides, which are known to exert a toxic ef-
fect after instillation in CD patients in vivo. The number
of gliadin sequences with known in vivo toxicity is still
small. Gluten peptides remaining after gastrointestinal di-
gestion and after modification by tissue transglutaminase
and binding to MHC molecules on antigen presenting cells
stimulate gliadin-specific T cells, which elicit tissue dam-
age. Test systems assessing the stimulatory effect of gluten
peptides on human T-cell clones have revealed a large num-
ber of T-cell epitopes. Additionally, innate immune mech-
anisms might be triggered by gliadin peptides of unknown
sequence [26, 27]. In this investigation we have concen-
trated our search on gliadin sequences with established in
vivo toxicity in the N-terminal part of α-type gliadin.

The sequence QQPFP detected by R5 is very specific for
the cereal species toxic for CD patients. Five percent of
all cereal proteins in the database contained the QQPFP
sequence, but only 0.01% of the noncereal proteins. More-
over, in the noncereal proteins, the epitopes of R5 do not oc-
cur repetitively thus not allowing detection in the sandwich
ELISA system described [1] in which at least two epitopes
within one molecule are required. Other cereal proteins not
belonging to Triticeae (Avena, Oryza, Zea, Sorghum) are
nearly completely devoid of QQPFP. This corresponds well
with immunoblot data [1] showing a strong reaction of the
antibody with prolamins from wheat, rye, and barley but
insensitivity to oats, maize, and rice prolamins [1, 25].

Although oats are well tolerated by most CD patients,
some concerns remain [28]. Some patients have avenin-
reactive mucosal T-cells that can cause mucosal inflamma-
tion [29]. Therefore, to detect oats in the diet, monoclonal
antibodies with other epitope specificity should be applied.
Another point to take into account is that gluten response
can be directed not only to gliadins but also to glutenins
[30]. The main epitopes recognized by R5, QQPFP and
QQQFP are also contained in LMW glutenins, however,
not repetitively. Actually R5 recognizes glutenins only
very weakly, probably because the number of epitopes in
glutenins necessary to react with the R5 antibody is very
small as compared with gliadins. This was also recently
confirmed for HMW glutenin subunits by ELISA analysis
of a pure HMW subunit preparation from wheat flour [31].
In immunoblot, R5 recognizes the HMW glutenins but with
less intensity than gliadins, probably due to the existence
of a few epitopes in the HMW glutenins.

The reactivity of R5 with its epitope is decreased but not
abolished by deamidation processes. Such processes do not
only take place in vivo by the action of tTG but may also
occur during food processing [7], e.g., by acid treatment or
bacterial transglutaminases. Our investigations show that
deamidations actually may affect antigenicity of gliadin
and that investigation of processed food generally has to be
interpreted with caution. Nevertheless, we can show that
there is still some reactivity remaining.

The finding that a panel of different monoclonal antibod-
ies raised in three different laboratories against gliadins
and secalins more or less recognizes the same epitope
is amazing. The epitope of another monoclonal antibody
against gliadin PN3 [32] comprises the QQPFP pentapep-
tide as well, but differs from R5 epitope by an additional
N-terminal glutamine residue. In accordance with this, PN3
recognizes α-type gliadin better than γ-type gliadin (which
does not contain QQQPFP but only QQPFP or QQQP), and
ω-gliadins were detected only very weakly as it was also
the case with prolamins from rye, barley, and oats. Further
three monoclonal antibodies were described against cereal
proteins two of them detecting as core peptide the epitope
QPFP, one of them the homologous sequence QQSF/Y
[33], which is also recognized by R5. On the contrary, in
another study, epitopes of monoclonal antibodies against
gluten were described with very variable epitopes [34].
The authors, however, used for selection of antibodies not
only gliadins but also glutenin subunits.



Human antibodies of the IgE class with the QQPFP and
PQQPF specificity are also common in wheat allergic pa-
tients [35, 36]. Furthermore, the sequences QXQPFP (X for
Q, P, or L) and QPQQPF are also major epitopes for human
gliadin antibodies of patients with CD [37] the binding of
which to gliadin is considerably improved after conversion
by tTG into QEQPFP [38].

Thus, the sequence motif QQQ/PFP seems to represent
an immunodominant structure. Reasons for that may be that
the proline and glutamine-rich sequences of gliadins and of
other cereals form hydrophilic β-turns [39–41], which are
exposed at the surface of the protein. Another reason may
be the repetitive character. The sequence QQPFP occurs in
prolamins up to 15 times within one molecule. Repetitive
epitopes could enhance the immunological response of the
B cells [42]. In an ELISA system for detection of gliadin it
was recently demonstrated that R5 is able to act as capture
as well as detection antibody [1] suggesting that at least two
epitopes within the same molecule can be bound at the same
time. Such mechanism might contribute to stimulation of
B-cells even if only small amounts of polyvalent gliadin
molecules remain after digestion. Cross linking of patients’
IgE-antibodies via these epitopes was recently speculated
to trigger subsequent allergic reactions [35].

To summarize, we have shown that a monoclonal anti-
body raised against secalin, R5, specifically detects as core
epitope the sequence QQQ/PFP that is contained in gliadin
peptides with known toxicity for CD patients. Therefore,
this antibody proves to be very useful for analysis of
gluten-free food for CD patients. The QQQ/PFP sequence
seems to represent an immunodominant structure in
prolamins the possible pathogenetic importance of which
remains to be investigated.
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