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The detection, analysis, and quantification of individual celiac disease (CD) immune responsive gluten
proteins in wheat and related cereals (barley, rye) require an adequate and reliable extraction pro-
tocol. Because different types of gluten proteins behave differently in terms of solubility, currently
different extraction protocols exist. The performance of various documented gluten extraction proto-
cols is evaluated for specificity and completeness by gel electrophoresis (SDS-PAGE), immunoblotting

®

eliac disease
luten protein extraction
liadins
lutenins

mmunoblotting
onoclonal antibodies
heat

and RIDASCREEN Gliadin competitive ELISA. Based on these results, an optimized, two-step extraction
protocol has been developed.

© 2009 Elsevier B.V. All rights reserved.
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. Introduction

Gluten proteins (prolamins) from wheat, rye, and barley are
haracterized by high proline and glutamine content. Due to the
ccurrence of especially these amino acids in specific motifs, these
roteins can provoke celiac disease (CD) in susceptible individuals
ossessing T-cells with HLA-DQ2 or HLA-DQ8 receptors. HLA-DQ2

s present in 90–95% of CD patients [1] and HLA-DQ8 is found in
he remaining 5–10% [2–4]. Exposure to gluten proteins leads to
amage of the small intestine [5,6], which causes a range of symp-
oms including altered bowel habits, malnutrition and weight loss.
bout 0.5–1% of the Western population suffers from CD, which
akes it one of the largest food sensitivities worldwide. The only
ay to avoid symptoms is to maintain a life-long strict gluten-

ree diet. Currently, there is an increasing application of wheat

luten in various processed food products, ranging from meats
o sweets, with several of these products unexpectedly contain-
ng gluten proteins. This increasing application in food products
inders CD-patients to maintain their gluten-free diet and makes

∗ Corresponding author. Tel.: +31 317 480974; fax: +31 317 418094.
E-mail address: hetty.busink@wur.nl (H.C. van den Broeck).

570-0232/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2009.02.035
them dependent on reliable testing and labeling by food producers.
Such testings require optimal gluten detection and quantification
protocols.

In wheat, gluten proteins are comprised of monomeric gliadins
and polymeric glutenins, which are present in approximately equal
amounts. Together they form 80% of the total storage protein con-
tent in the wheat kernel. The remaining proteins are albumins
(12%) and globulins (8%). These storage proteins have been classi-
fied based on their solubility in water, salt, and alcohol solutions [7].
Albumins are soluble in water and diluted (neutral) buffers, glob-
ulins are salt-soluble, gliadins are alcohol-soluble (40–70%), and
glutenins are soluble in alcohol under reducing conditions and in
diluted acid or alkali. The gliadins form a large protein family in
which �/�-, �-, and �-gliadins can be distinguished [8], whereas
the glutenins are subdivided into low-molecular weight glutenin
subunits (LMW-GS) and high-molecular weight glutenin subunits
(HMW-GS) [9]. Gliadins and glutenins are in general extracted
by alcohol solutions, containing a reducing agent for extracting
glutenins [10–19]. In spite of the differences in solubility character-

istics, co-extraction of glutenins in gliadin extracts and vice versa
appears to be inevitable.

Gluten extracts can be tested for the presence of T-cell stimula-
tory proteins by immunoassays and immunoblotting using mAbs
against T-cell stimulatory gluten peptides. Existing immunoas-

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:hetty.busink@wur.nl
dx.doi.org/10.1016/j.jchromb.2009.02.035
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ays differ in the antibodies used and in the test format [20–27].
drawback of these immunoassays is their extraction proto-

ol. It uses only 60% aqueous ethanol, because the presence of
educing agents would interfere with the immunoassay [22,28].
owever, the use of reducing agents (2-mercaptoethanol, DTT)
as been shown to improve the extraction efficiency of glutenins.
urther studies have shown that the use of reducing agents (2-
ercaptoethanol and guanidiniumchloride) in a 1:100 dilution

oes not affect immunoreactivity and is used in the R5 capture
LISA [24,26,29]. This ELISA is approved by the Codex Alimentarius
ommission (2008) [30]. The monoclonal antibody in this assay,
amed R5, mainly recognizes QQPFP, QQQFP, LQPFP, and QLPFP
equences that occur in gliadins, secalins, and hordeins [24,31].
he R5 assay thus focuses on gliadins and not on T-cell stimulatory
pitopes. However, also T-cell stimulatory motifs are known from
lutenins [33,34], which will not be detected using the R5 antibody.
t is not known to what extent the R5 assay yields different results
rom direct detection of T-cell stimulatory epitopes.

Here, we describe the development of a fast and efficient two-
tep extraction protocol for gluten proteins from wheat flour, based
n a combination and optimization of documented extraction pro-
ocols for gliadins and glutenins. First, we analyzed the degree of
co-)extraction of individual extraction protocols by SDS-PAGE and
el staining, followed by comparative testing of the efficiency with
ur two-step protocol. Our two-step extraction protocol was com-
ared to an existing 60% aqueous ethanol extraction protocol, first
y immunoblotting using specific monoclonal antibodies against T-
ell stimulatory epitopes Glia-�9 [25,32] and LMW-GS [32,33], and
econd in the RIDASCREEN® Gliadin competitive ELISA based on
he R5 monoclonal antibody. We used the RIDASCREEN® Gliadin
ompetitive ELISA instead of the RIDASCREEN® Gliadin, because
hat is a sandwich ELISA that needs at least two epitopes for detec-
ion. Our two-step protocol enabled a highly complete extraction
f gliadins and glutenins from wheat, compatible with a reliable
etection assay to test for CD-toxicity of foods using specific mAbs
ased on T-cell stimulatory peptides.

. Experimental

.1. Flour

Wheat grains of four hexaploid wheat varieties, Bovictus, Combi,
ektor, and Bussard, were obtained from Limagrain, Lelystad, The
etherlands, and were ground in an analytical mill (A 11 Basic, IKA-
erke) and sieved through mesh (0.5 mm).
Different protocols for extraction of gluten proteins from wheat

our were tested as illustrated in Fig. 1 and are described
elow.

.2. Extraction of gluten proteins from wheat flour

.2.1. Separate ‘gliadin’ and ‘glutenin’ extracts
See Fig. 1A. According to Singh et al. [12] first, gliadins were

xtracted from 200 mg wheat flour by addition of 1 ml of 50% (v/v)
queous iso-propanol with continuous mixing (MS1 Minishaker,
KA Works, Inc.) at 1000 rpm for 30 min at room temperature, fol-
owed by centrifugation at 2500 × g for 15 min at room temperature.
he supernatant is referred to as ‘1st gliadin extract’. The residue
as extracted twice with 50% (v/v) aqueous iso-propanol resulting

n a ‘2nd and 3rd gliadin extract’. Second, the ‘glutenin extract’ was
btained by extraction of the residue with 1 ml of 50% (v/v) aqueous

so-propanol, 50 mM Tris–HCl (pH 7.5) containing 1% (w/v) DTT for
0 min at 60 ◦C with mixing every 5 to 10 min, followed by centrifu-
ation at 10,000 × g for 10 min at room temperature. Extracts were
nalyzed by SDS-PAGE followed by silver staining and PageBlueTM

taining.
atogr. B 877 (2009) 975–982

2.2.2. Reducing agent extract
See Fig. 1B. For developing a method for combined extraction

of both gliadins and glutenins, we tested whether the total gluten
protein content could be extracted directly using 50% (v/v) aque-
ous iso-propanol containing 1% (w/v) DTT as reducing agent. Fifty
milligrams of flour was extracted with 0.5 ml 50% (v/v) aqueous
iso-propanol, 50 mM Tris–HCl (pH 7.5) containing 1% (w/v) DTT for
30 min at 60 ◦C followed by centrifugation at 10,000 × g for 10 min
at room temperature. The supernatant is referred to as the ‘DTT
extract’ and was analyzed by SDS-PAGE followed by silver staining
and PageBlueTM staining.

2.2.3. 60% ethanol extract
See Fig. 1C. To obtain 60% aqueous ethanol extracts, 50 mg

of flour was extracted with 1.5 ml 60% (v/v) aqueous ethanol for
1 h with continuous mixing at room temperature followed by
centrifugation at 10,000 × g for 10 min at room temperature. The
supernatant is referred to as the ‘60% EtOH extract’ and was ana-
lyzed by SDS-PAGE followed by silver staining, immunoblotting and
RIDASCREEN® Gliadin competitive ELISA (see below). The residue
was extracted once with 60% ethanol.

2.2.4. Two-step gluten extract
See Fig. 1D. Gluten protein extraction from wheat flour in our

two-step protocol, as proposed and evaluated here, was carried
out in 50% (v/v) aqueous iso-propanol (1:10, w/v) and continuous
mixing (MS1 Minishaker, IKA Works, Inc.) at 1000 rpm for 30 min
at room temperature, followed by centrifugation at 10,000 × g for
10 min at room temperature. The residue was extracted twice with
50% (v/v) aqueous iso-propanol, 50 mM Tris–HCl (pH 7.5) contain-
ing 1% (w/v) DTT (1:10) for 30 min at 60 ◦C with mixing every
5–10 min, followed by centrifugation at 10,000 × g for 10 min at
room temperature. Upon addition of each sequential extraction
solution the residue was resuspended by shaking in a Fastprep
FP220A Instrument for 10 s at speed 6.5 m/s followed by sonication
for 10 min in an ultrasonic bath (Branson 3510, Branson Ultrason-
ics Corporation). The supernatants are referred to as the ‘1st gluten
extract’, ‘2nd gluten extract’ and ‘3rd gluten extract’. The extracts
were analyzed separately, than combined and referred to as the
‘two-step gluten extract’. Extracts were analyzed by SDS-PAGE,
immunoblotting and RIDASCREEN® Gliadin competitive ELISA. The
remaining proteins (mostly albumins and globulins) in the residue
were extracted with 25 mM Tris–HCl (pH 8.0) containing 2% SDS
(1:20, w/v) and finally with 25 mM Tris–HCl (pH 8.0) containing
2% (w/v) SDS and 1% (w/v) DTT (1:20, w/v) [35]. Both for 30 min
at 60 ◦C with mixing every 5–10 min, followed by centrifugation
at 14,000 rpm for 10 min at room temperature. The supernatants,
referred to as the 1st and 2nd residual extracts, were analyzed
for protein content and analyzed by SDS-PAGE followed by silver
staining and by immunoblotting to test for any remaining T-cell
stimulatory gluten proteins.

2.3. SDS-PAGE and immunoblotting

The protein content of all extracts was quantified using Bio-
Rad Protein Assay, based on the Bradford dye-binding procedure,
according to manufacturer’s instruction.

Proteins were separated on SDS-PAGE gels (10%) as described
[36] using a Hoefer SE 260 mighty small II system (GE Health-
care) followed by silver staining [37] or staining with PageBlueTM

(Fermentas).

For immunoblotting, proteins were blotted onto nitrocellulose

(0.2 �m, Bio-Rad Laboratories), omitting methanol from the blot-
ting buffer, using a Mini Trans-Blot Cell (Bio-Rad Laboratories) at
100 V for 1 h. Blots were incubated and visualized as described [38]
using monoclonal antibodies (mAbs) specific for T-cell stimulatory
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ig. 1. Protocols used for extraction of gluten proteins from wheat flour. (A) Separ
xtraction. (D) Two-step gluten extraction (gray box). Extracts from boxes with bold

pitope Glia-�9 [25,32], LMW glutenin (LMW-2) [32,33] and HMW
lutenin [25,32] obtained from Dr. L. Dekking and Prof. F. Koning,
eiden University Medical Centre, The Netherlands.

.4. RIDASCREEN® Gliadin competitive ELISA
For detection of T-cell stimulatory epitopes by the peroxidase R5
onjugated antibody (R5-HRP), we used the RIDASCREEN® Gliadin
ompetitive ELISA instead of the RIDASCREEN® Gliadin, which is
sandwich ELISA and needs at least two epitopes for detection.

he RIDASCREEN® Gliadin competitive assay (R-Biopharm AG) was
adin and glutenin extraction. (B) Extraction using reducing agent. (C) 60% ethanol
were analyzed.

used according to manufacturer’s instruction. The 60% ethanol
extracts were compared to the two-step gluten extracts of the four
hexaploid wheat varieties. Extracts were diluted to fit the standard
curve. The same extracts were analyzed by immunoblotting using
the R5-HRP antibody, visualized by chemiluminescence.
2.5. Database searching

The protein database of the National Center for Biotechnol-
ogy Information (http://www.ncbi.nlm.nih.gov/) was searched on
November 6, 2008, for the presence of the sequences recognized by

http://www.ncbi.nlm.nih.gov/


9 hrom

t
a
f
w
G
(
L
t
D

3

3

f
f
P
i
c
e
T
e
w

F
i
T

78 H.C. van den Broeck et al. / J. C

he mAbs R5 (QQPFP, QQQFP, LQPFP and QLPFP), Glia-�9 (QPFPQPQ)
nd LMW glutenin (QSPF). From the NCBI protein database, five dif-
erent groups of gluten protein sequences from Triticum aestivum
ere extracted: �/�-gliadins, �-gliadins, �-gliadins/D-type LMW-
S, LMW-GS, and HMW-GS. Within the �-gliadins, four sequences

AAA34286, P04729, P04730, and AAA34285) were more similar to
MW-GS and were transferred to the LMW-GS. The �-gliadins/D-
ype LMW-GS group consisted three �-gliadin sequences and three
-type LMW-GS sequences.

. Results

.1. Separate ‘gliadin’ and ‘glutenin’ extracts

To develop a quantitative gluten protein extraction protocol
or wheat, several described extraction protocols were analyzed
or their level of co-extraction of glutenins and gliadins (Fig. 1).
re-extraction of gliadins from flour with 50% iso-propanol is
n general performed prior to glutenin extraction to prevent

ross-contamination of gliadins in the glutenin fraction. How-
ver, pre-extraction could also remove glutenins from the sample.
o analyze the level of co-extraction of glutenins while pre-
xtracting gliadins with 50% iso-propanol, three ‘gliadin’ extracts
ere obtained by sequential extraction with 50% iso-propanol

ig. 2. Gluten proteins (1 �g) from wheat varieties Bovictus, Combi, Rektor, and Bussar
so-propanol (1st gliadin and 2nd gliadin extract); 50% (v/v) iso-propanol, 50 mM Tris–H
ris–HCl (pH 7.5) containing 1% DTT (DTT extract). (A) Silver staining. (B) PageBlueTM stai
atogr. B 877 (2009) 975–982

(Fig. 1A). Finally, a ‘glutenin’ extract was obtained by extraction
of the residue with 50% iso-propanol, 50 mM Tris–HCl (pH 7.5)
containing 1% DTT (Fig. 1A). The average protein content in the
‘1st gliadin extract’ of the four hexaploid wheat varieties was 1.21
(±0.01) mg/ml. In the ‘2nd gliadin extract’ the average protein con-
tent was 0.71 (±0.03) mg/ml, while in the ‘3rd gliadin extract’
it was only 0.02 (±0.01) mg/ml, demonstrating that all ‘gliadins’
were extracted from the flour before the final glutenin extraction.
The average protein content in the ‘glutenin extracts’ was 0.61
(±0.01) mg/ml. The ‘1st and 2nd gliadin extracts’ and the ‘glutenin
extracts’ were compared to analyze the level of co-extraction of
gliadins in glutenin extracts and vice versa. The ‘3rd gliadin extract’
was not analyzed further because of the low protein content. These
extracts were compared with ‘DTT extracts’. Proteins were sep-
arated on SDS-PAGE gels followed by silver staining (Fig. 2A) or
staining with PageBlueTM (Fig. 2B). PageBlueTM is an end-stain pro-
cedure that stains HMW-GS more efficiently than silver nitrate
does [39]. Results in Fig. 2 show that large amounts of overlap-
ping proteins are present in the ‘gliadin’ and ‘glutenin’ extracts. In

all four varieties the amount of HMW-GS is even higher in the ‘2nd
gliadin extract’ than in the ‘1st gliadin extract’, showing that HMW-
GS are easily extracted with 50% iso-propanol without reducing
agent. Proteins from the �-gliadins/D-type LMW-GS region are
more abundantly present in the ‘1st and 2nd gliadin extracts’ com-

d separated on SDS-PAGE gels (10%) after various extraction protocols: 50% (v/v)
Cl (pH 7.5) containing 1% DTT (glutenin extract); 50% (v/v) iso-propanol, 50 mM

ning.
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ared to the ‘glutenin extracts’ and ‘DTT extracts’ (Fig. 2, boxed
roteins), especially for variety Bovictus.
.2. Reducing agent extract

To analyze whether the total gluten protein content could be
xtracted by one single extraction using a reducing agent, wheat
our was extracted with 50% iso-propanol containing 1% DTT. The

ig. 3. Gluten proteins (1 �g) from wheat varieties Bovictus, Combi, Rektor, and Bussard
60% EtOH); 50% iso-propanol (1st gluten extract); 50% iso-propanol, 50 mM Tris–HCl (p
sing mAb against Glia-�9. (C) Immunoblot using mAb against LMW glutenin (LMW-2).
atogr. B 877 (2009) 975–982 979

average protein content in these extracts was 1.01 mg/ml (±0.00).
Proteins were separated on SDS-PAGE gels followed by silver stain-
ing (Fig. 2A) or staining with PageBlueTM (Fig. 2B). Results in

Fig. 2 (boxed proteins) show that proteins from the �-gliadins/D-
type LMW-GS region are more abundantly present in the ‘1st and
2nd gliadin extracts’ compared to the ‘glutenin extracts’ and ‘DTT
extracts’, especially for variety Bovictus. These results show that
the gluten proteins cannot be extracted quantitatively by one single

separated on SDS-PAGE gels (10%) after various extraction protocols: 60% ethanol
H 7.5) containing 1% DTT (2nd gluten extract). (A) Silver staining. (B) Immunoblot
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mAb against LMW-glutenin showed increased levels of proteins
in both the 50% iso-propanol extracts and the extracts obtained
by 50% iso-propanol, 50 mM Tris–HCl (pH 7.5) containing 1% DTT,
in comparison to the 60% ethanol extracts (Fig. 3C). Proteins from

Table 1
RIDASCREEN® Gliadin competitive ELISA.

ppm (×106)

60% ethanol extract
Bovictus 21.30 (±3.5)
Combi 13.94 (±0.7)
Rektor 8.32 (±0.7)
ig. 4. Proteins (1 �g) from varieties Bovictus, Combi, Rektor, and Bussard separat
DS and with 25 mM Tris–HCl (pH 8.0) containing 2% (w/v) SDS and 1% (w/v) DTT. (A
MW glutenin (D), compared to the two-step gluten extract from variety Bovictus.

xtraction including 1% DTT. In addition, these results show that to
xtract gluten proteins quantitatively from wheat flour, the protocol
hould start with a 50% iso-propanol extraction without DTT.

.3. 60% ethanol extract

To test gluten protein extracts in immunoassays, in general,
xtraction is performed with 60% ethanol. Extractions were per-
ormed on the flour of the four wheat varieties and the average
rotein content of the 1st 60% ethanol extracts was 0.33 mg/ml
±0.03). The residue obtained after the 1st 60% aqueous ethanol
xtraction was extracted once more, but the average protein con-
ent of the supernatants was only 0.03 mg/ml (±0.00). Proteins from
he 1st 60% ethanol extract were separated on SDS-PAGE gels fol-
owed by silver staining (Fig. 3).

.4. Two-step gluten protein extract

To determine whether we could completely extract gluten pro-
eins in a two-step protocol, we performed sequential extractions
tarting first with 50% iso-propanol followed by extracting the
esidue twice with 50% iso-propanol, 50 mM Tris–HCl (pH 7.5) con-
aining 1% DTT (Fig. 1D). To optimize the extraction of the gluten
roteins from the flour, a ratio flour to buffer of 1:10 (w/v) was used

nstead of 1:5 (w/v). The average protein content in the three gluten
xtractions obtained was 1.52 (±0.14) mg/ml, 0.33 (±0.03) mg/ml,
nd 0.06 (±0.01) mg/ml, respectively. The 3rd extraction resulted
n very low protein concentrations indicating that three extrac-
ions were sufficient to highly complete extract the gluten proteins.
roteins from the 1st and 2nd gluten extracts were separated on
DS-PAGE gels followed by silver staining (Fig. 3). Extraction of
he residue with 25 mM Tris–HCl (pH 8.0) containing 2% SDS (1st
esidual extract) and with 25 mM Tris–HCl (pH 8.0) containing 2%

DS and 1% DTT (2nd residual extract) resulted in an average pro-
ein concentration of 0.84 (±0.09) mg/ml and 0.08 (±0.02) mg/ml,
espectively. Proteins from the residual extracts were separated
n SDS-PAGE gels followed by silver staining and immunoblot-
ing. Silver stained gels showed that some HMW-GS and probably
ome �-gliadins/D-type LMW-GS were still extracted with 25 mM
ris–HCl (pH 8.0) containing 2% SDS (Fig. 4A).
SDS-PAGE gels (10%) after extraction with 25 mM Tris–HCl (pH 8.0) containing 2%
er staining. Immunoblotting using mAbs against Glia-�9 (B), LMW glutenin (C), and

3.5. Immunoblotting

The extracts obtained by 60% ethanol (Fig. 1C, 1st 60% EtOH
extract) and by our two-step protocol (Fig. 1D, 1st and 2nd gluten
extracts) were subsequently compared. They were analyzed for T-
cell stimulatory gliadins and glutenins by immunoblotting using
mAbs specific for T-cell stimulatory epitopes Glia-�9 (Fig. 3B),
LMW glutenin (Fig. 3C), and for the R5-HRP antibody (results
not shown). Immunoblotting was followed by analysis using the
RIDASCREEN® Gliadin competitive ELISA (Table 1) to determine
the degree of completeness of both extraction protocols in order
to relate the protocols to CD. Results showed that by extraction
with 50% iso-propanol in our two-step protocol, higher concen-
trations of HMW-GS were obtained compared to extraction with
60% ethanol (Fig. 3A). This result suggests that 60% ethanol is less
efficient to extract HMW-GS, maybe because 50% iso-propanol is
more a-polar. Immunoblotting using mAb Glia-�9 showed that
60% ethanol extracts and 50% iso-propanol extracts gave compa-
rable results (Fig. 3B). Extracts obtained by extraction with 50%
iso-propanol, 50 mM Tris–HCl (pH 7.5) containing 1% DTT showed
less proteins reacting with mAb Glia-�9, because most gliadins
already had been extracted with 50% aqueous iso-propanol. Using
Bussard 13.88 (±0.2)
Two-step gluten extract

Bovictus 21.17 (±0.2)
Combi 11.32 (±0.9)
Rektor 8.26 (±0.2)
Bussard 10.03 (±0.4)

Comparison of 60% ethanol extracts and two-step gluten extracts of hexaploid wheat
varieties. Errors are standard errors of the mean of duplicate measurements.
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Table 2
Database search result for epitope sequences present in gluten proteins from Triticum aestivum.

mAb �/�-gliadins �-gliadins �-gliadins/D-type LMW-GS LMW-GS HMW-GS Total

R5
QQPFP 63 (65) 91 (354) 3a (47) 60 (79) 0 218 (545)
QQQFP 42 (59) 78 (134) 5b (56) 17 (43) 0 142 (292)
LQPFP 69 (77) 0 0 0 0 69 (77)
QLPFP 0 36 (36) 1c(1) 0 0 37 (37)

LMW-2
QSPF 0 0 0 155 (155) 0 155 (155)

Glia-�9
QPFPQPQ 68 (68) 67 (152) 3d (10) 0 0 138 (230)

Total number of protein sequences in database 84 94 6 236 68 420

Number of gluten proteins that contain the different sequences recognized by the mAbs R5, LMW-2, and Glia-�9. In brackets the total number of epitope sequences present
in the proteins.

a 2 �-gliadins, 1 D-type LMW-GS.
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3 �-gliadins, 2 D-type LMW-GS.
c 1 �-gliadin.
d 2 �-gliadins, 1 D-type LMW-GS.

he residual extracts were separated on SDS-PAGE gels followed by
mmunoblotting using mAbs specific for T-cell stimulatory epitope
lia-�9, LMW glutenin, and HMW glutenin. Immunoblots did not
how any reaction of proteins with the mAbs Glia-�9 (Fig. 4B) and
MW glutenin (Fig. 4C). In contrast, some HMW-GS were indeed
till present that reacted with the mAb against HMW glutenin
Fig. 4D). Apparently, these HMW-GS are part of a complex that
ould not be extracted by 50% iso-propanol or by 50% iso-propanol,
0 mM Tris–HCl (pH 7.5) containing 1% DTT. Peptides from HMW-GS
ere identified to bind to HLA-DQ8 receptors [40,41], whereas puri-
ed HMW-GS were shown to stimulate T-cells of patients that were
LA-DQ2 and HLA-DQ8 [42,43]. As the largest part of the HMW-
S was extracted in our two-step protocol, it was concluded that

he main gluten protein content was extracted with our two-step
rotocol.

.6. RIDASCREEN® Gliadin competitive ELISA

The sequentially obtained extracts in our two-step protocol were
ombined to obtain two-step gluten extracts (Fig. 1D). The two-
tep gluten extracts and the 60% ethanol extracts were analyzed
nd compared using the RIDASCREEN® Gliadin competitive ELISA.
he results (Table 1) showed no major differences between the two
ifferent extracts of each variety, only differences among the vari-
ties were observed. The values measured for total gluten content
in ppm) were high, which is expected if pure wheat samples are
nalyzed. In accordance with the RIDASCREEN® Gliadin competi-
ive ELISA, the immunoblot resulted in similar patterns for the 60%
thanol extracts and two-step gluten extracts from each variety
results not shown).

.7. Database searching

A protein database search (http://www.ncbi.nlm.nih.gov/) of
luten protein sequences from T. aestivum was searched for the
resence of the sequences recognized by the mAbs R5 (QQPFP,
QQFP, LQPFP and QLPFP), Glia-�9 (QPFPQPQ) and LMW-2 (QSPF).
his search resulted in three �-gliadin/D-type LMW-GS sequences
ut of six that contained the QQPFP sequence (Table 2). Within
wo �-gliadin sequences, the QQPFP sequence appeared 13 and 14

imes. Within �-gliadin sequences, QQPFP appeared with a max-
mum of eight times per sequence. Within �-gliadin sequences,
QPFP appeared mostly once per sequence. Within LMW-GS

equences, 60 out of 236 contained the QQPFP sequence, while
s many as 155 LMW-GS sequences contained the LMW-2 mAb
sequence (QSPF). This explains the higher signals in immunoblot-
ting in both the 1st gluten extracts (50% iso-propanol) and 2nd
gluten extracts (50% iso-propanol, 50 mM Tris–HCl (pH 7.5) con-
taining 1% DTT) compared to 60% ethanol extracts, when using the
LMW glutenin mAb (Fig. 3C). No HMW-GS sequences were found
that contained QQPFP, QQQFP, LQPFP, or QLPFP sequences.

4. Discussion

Here we describe a two-step extraction protocol that is espe-
cially suitable for highly complete extraction of gluten proteins
and is compatible with assays for detection and quantification of
T-cell stimulatory epitopes with specific monoclonal antibodies.
The protocol is based on the subsequent combination of extrac-
tion of gliadins and glutenins. Based on comparison with other
existing gluten extraction protocols, we obtained more complete
and higher overall gluten protein content and specifically higher
concentrations of glutenins. The strength of our two-step extrac-
tion protocol is that it starts directly with the extraction of gluten
proteins without pre-extraction to remove albumins and globulins.
Starting the protocol with 50% iso-propanol enables the extrac-
tion of �-gliadins/D-type LMW-GS that are not extracted in 50%
iso-propanol containing DTT.

Bread and pasta wheat breeding has resulted in thousands of dif-
ferent wheat varieties. Recent research using crude extracts from
a limited selection of wheat varieties showed large variation of
epitope-specific T-cell responses and antibody binding between
these varieties [33]. It is relevant to analyze the variation in immune
response among these existing varieties in detail in order to find
varieties having low (or non) T-cell stimulatory epitopes for direct
use or for further breeding. Multiple T-cell stimulatory gluten epi-
topes are especially found in �-gliadins, but also in �-gliadins
and glutenins [33,34]. To analyze the immune response of many
wheat varieties and species (including diploids, tetraploids, and
hexaploids), our two-step extraction protocol proved to be highly
useful.

Obtained gluten protein extracts were tested with the
RIDASCREEN® Gliadin competitive ELISA. Competitive ELISA is pre-
ferred over the sandwich ELISA because the latter requires at
least two epitope sequences if the same mAb is used for bind-

ing and detection. In that case, the sandwich ELISA may result in
underestimation of T-cell stimulatory epitopes. On the other hand,
competitive ELISA will only produce an accurate estimation of T-cell
stimulatory epitopes if specific mAbs are used. Less specific anti-
bodies may result in false negative or false positive results. The high

http://www.ncbi.nlm.nih.gov/


9 hrom

s
c
a
t
G
L
a
g
c
s
c
p
p
s
u
i
i
B
t
c
i
m
t
a
t
a
T
e
w
s

5

p
q
t
a

A

a
t
a
(
a
N

R

[
[
[
[
[
[

[
[

[
[
[

[
[
[

[

[

[

[

[
[

[

[

[

[

[

[
[
[
[

[

[

[

[

[

[

[

[46] T.W.J.M. van Herpen, S.V. Goryunova, J. van der Schoot, M. Mitreva, E.M.J. Salen-
tijn, O. Vorst, M.F. Schenk, P. van Veelen, F. Koning, L.J.M. van Soest, B. Vosman,
82 H.C. van den Broeck et al. / J. C

ignals generated by the antibody used in the RIDASCREEN® Gliadin
ompetitive ELISA correlates with the known presence of multiple
nd diverse epitope sequences within the proteins. The low sensi-
ivity of the R5 mAb for LMW-GS explains why the RIDASCREEN®

liadin competitive ELISA did not detect obvious differences in
MW-GS presence across extraction protocols. Although no remark-
ble differences between the 60% ethanol extracts and the two-step
luten extracts were observed using the RIDASCREEN® Gliadin
ompetitive ELISA, clear differences between the extracts were
hown by immunoblotting using specific mAbs against other T-
ell stimulatory epitopes. The R5 mAb recognizes different small
eptide sequences (QQPFP, QQQFP, LQPFP, and QLPFP) which are
resent mainly in gliadin proteins. The sequence LQPFP, which is
trongly recognized by the R5 mAb, is present in the T-cell stim-
latory proteolysis-resistant 33-mer [44]. However, this sequence

s only present in �-gliadins. The RIDASCREEN® Gliadin compet-
tive ELISA is used to detect ‘gluten’ in general in food products.
ecause of the presence of many recognition sites for the R5 mAb,
his may lead to overestimation of T-cell stimulatory epitopes. In
ase of the recognition of the R5 mAb of LMW-GS epitopes, there
s an underestimation of T-cell stimulatory epitopes. These facts

ake the R5 mAb not well suitable for quantification. Immunoblot-
ing using specific mAbs against CD immune responsive epitopes
s applied in our protocol is therefore more useful to characterize
he T-cell stimulatory capacity of wheat varieties, as the epitopes
re not distributed randomly across gliadins and glutenins [45–47].
he antibodies used in the present study, which are specifically gen-
rated against specific T-cell stimulatory epitopes, in combination
ith our two-step extraction protocol, thus enable to quantify T-cell

timulatory epitopes in a certain food product.

. Conclusion

The extraction protocol proposed here enables to highly com-
lete extraction of the gluten proteins from wheat flour. For
uantification of the ‘epitope load’ for CD-patients, the combina-
ion with a set of CD-related T-cell stimulatory epitope specific
ntibodies is essential.
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