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Characterization of New 18-kDa IgE-Binding Proteins in Beer
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The IgE-binding proteins in beer were examined by

immunoblotting analysis with sera of patients sensitive

to beer. Several proteins were immunoblotted with the

sera, and among these, 18-kDa proteins were identified

as new IgE-binding proteins in beer. Perhaps they

originated from barley as a raw material.
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In recent years, only a small number of allergic
patients have been reported to be sensitive to beer. The
proteins responsible for the allergic symptoms induced
by beer have been reported to exist in malt, barley,
rice, corn, and wheat.1–5) 10-kDa, 16-kDa, and 45-kDa
proteins from barley were found to be allergens in
beer.1–3) Among these, the 10-kDa and 16-kDa allergens
have been investigated, and were identified as lipid
transfer protein I and �-amylase inhibitor respective-
ly,1–3) but other allergens in beer, including a 45-kDa
protein, are not well understood. In the present study,
we identified new IgE-binding proteins in beer with sera
of patients sensitive to beer.

Beer samples (500ml), purchased from four repre-
sentative brewer companies in Japan, were degassed,
and solid ammonium sulfate was added to the beer
samples to 100% saturation in order to concentrate the
proteins in the samples. The precipitate formed was
collected by centrifugation at 10;000� g for 30min.
The precipitate was dissolved in 25ml of 10mM Tris–
HCl buffer, pH 8.6 (buffer A), and then dialyzed against
buffer A. For identification of the IgE-binding proteins
in the beer, the proteins in the dialysate were concen-
trated by fractionation with ammonium sulfate and by Q
sepharose chromatography. Briefly, solid ammonium
sulfate and was added to the dialysate to 40% saturation.

The precipitate formed, in which the IgE-binding
proteins were confirmed to be localized by immunoblot-
ting with the sera of beer-sensitive patients, as described
below. It was collected by centrifugation, dissolved
in buffer A, and dialyzed against the same buffer. The
dialysate was applied to a Q sepharose column
(2:0� 50 cm) equilibrated with buffer A. The column
was washed with 300ml of buffer A, and then the
proteins adsorbed on the column were eluted with the
same buffer, containing 100mM NaCl. The eluate
containing the IgE-binding proteins was pooled and
concentrated by ultrafiltration with a PM-10 membrane.
The proteins obtained from the four beer samples

were separated by SDS–PAGE by the method of
Laemmli and transferred onto nitrocellulose mem-
branes.6,7) Subsequently, the IgE-binding proteins on
the membrane were detected by immunostaining in the
manner described in a previous paper.7)

The sera of three patients sensitive to beer and/or
wheat, with RAST values of 1–4, which were used
in this work, were obtained from National Hospital
Organization at the Minami-Okayama Medical Center
(Okayama, Japan) and from the University of
Tokushima Faculty of Medicine (Tokushima, Japan).
These patients suffered from uriticaria. The above sera
were diluted to between 1/5 and 1/20 and used in the
subsequent experiments. Myeloma IgE antibody was
utilized as a negative control. Informed consent was
obtained from the patients. The experiments were done
in accordance with ethical standards as formulated in
the Helsinki Declaration.
The IgE antibodies in the serum of a representative

beer-sensitive patient gave an intensive band corre-
sponding to a protein with a molecular mass of 18 kDa,
and a faint band corresponding to a protein with a
molecular mass of 10 kDa (Fig. 1). These beer samples
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also gave similar patterns on immunoblot with the sera
of the other two beer-sensitive patients. These two
proteins were found to be recognized by both the sera of
the three beer-sensitive patients and those of cereals-
sensitive patients (data not shown). Among the beer
samples, sample 1 was the beer consumed in the largest
quantity in Japan recently. Hence sample 1 was used as
the representative sample in the subsequent experiments.
The 18-kDa protein moved above the position corre-
sponding to the �-amylase inhibitor, with a molecular
mass of about 16 kDa on SDS–PAGE, suggesting that it
might have been different from the inhibitor.

In order to elucidate further the properties of these
proteins, the IgE-binding proteins were subjected to
two-dimensional PAGE (2D-PAGE). This was per-
formed according to the manual of Multiphor II 2-D
of Pharmacia (Uppsala, Sweden). Briefly, proteins were
separated on short instruction immobiline dry strips,
pH 3–10, by isoelectrophoresis focusing with the
Multiphor II Electrophoresis Unit, after which the strips
were subjected to SDS–PAGE, as described above.

The 18-kDa IgE-binding protein was found to give six
spots, corresponding to proteins (proteins 1–6) with
different isoelectric points (pIs) and different molecular
masses, and the 10-kDa protein was also found to
separate into two components (proteins 7 and 8), with pI
values of 8.3 and 7.3 (Fig. 2). Proteins 1–3 and 4–6
appeared to belong to two groups with the pI values of
7.3 and 8.3 respectively. Of the six proteins, proteins 1,
2, 4, 5 were found shown to have sugar moieties by
glycan analysis using G. P. Sensore (Honen, Tokyo), a
kit for the detection of the sugar moiety of glycoprotein
(data not shown). The above-mentioned heterogeneity of
the 18-kDa IgE-binding proteins can be explained by the
occurrence of the glycan moieties, but the heterogeneity
of the IgE-binding proteins should be further elucidated.

In order to determine the N-terminal amino acid

sequences of proteins 1–8, they were separated into
clear, distinct spots by 2D-PAGE with larger slab gels,
as described in Fig. 2, after which the proteins separated
were electrophoretically transferred onto PVDF mem-
brane in the manner described above. The spots
corresponding to the proteins positive to the sera of
allergic patients were cut off, and the N-terminal amino
acid sequences of the proteins on the spots were
analyzed with an Applied Biosystems, 473 protein
sequencer (Applied Biosystems, Foster City, CA).
The N-terminal amino acid sequences of proteins 1–8
were as follows: Protein 1, LDAAGHQLMR; 2,
LDAAHGQLYR; 3, LDAAHGQLYR; 4, LQAA-
GHQLMR; 5, LQAAGHQLMR; 6, LQAAGHQLMR;
7, ADGHQLMRQQ; and 8, LNHGQVDSKMKP-
QLTYVQGG. The results indicate that all of the
18-kDa proteins (proteins 1–6) and the 10-kDa protein
with a pI value of 8.3 (protein 7) were highly
homologous with one another, but homology analysis
with FAST software indicated that these seven proteins
did not exhibit significant homology with any known
proteins. These findings indicate that these components
are unknown IgE-binding proteins and that they belong
to the same protein family. On the other hand, protein 8,
the 10-kDa protein with a pI value of 7.3, was highly
homologous (90%) with that of the lipid transfer protein
1 (LTP1: accession no. X60292) from barley, suggesting
that protein 8 is likely to be LTP 1.
It is very important to determine from which raw

material, barley or yeast, the 18-kDa IgE-binding
proteins originate. In the present study, the proteins in
wheat were also examined with regard to their allerge-
nicity using the sera of beer-sensitive patients, because
such sera have been reported to react with the proteins in
wheat,4) and because barley grains been found to contain
allergens similar to those in wheat, such as �-amylase
inhibitornakan8) and peroxidase.9) As shown in Fig. 3,
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Fig. 1. Immunoblot of Proteins in Commercial Beers with Serum of a Patient Sensitive to Beer.

The proteins obtained from beers were electrophoresed on 17.5% polyacrylamide gels and electroblotted to two nitrocellulose membranes.

Then the membranes were stained with Ponceau S (A), and immunoblotted with serum of a patient sensitive to beer (B) and myeloma human IgE

antibodies (C), as described in the text. Lanes 1–4 correspond to the proteins in each beer from four domestic brewing companies. The closed

arrows represent bands corresponding to the 18-kDa protein recognized by the IgE antibodies in the serum. The open arrows represent bands

corresponding to the 10-kDa protein detected by the IgE antibodies in the serum. Standard protein markers are shown on the left side of panel A.
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the occurrence of a protein with a molecular mass of
18 kDa was observed in immunoblots obtained with both
barley proteins and wheat proteins. When the barley
proteins were applied to the Q sepharose column, the 18-
kDa protein was adsorbed on the column like that
in beer, whereas that in wheat flew through without
adsorption on the column. These observations suggest
that the 18-kDa IgE-binding proteins in beer might
originate in barley.

The 18-kDa protein in barley was further elucidated
by 2D-PAGE and immunoblotting (data not shown). It

was found to give six spots, which corresponded to
proteins 1–6 in beer, and were immunostained with the
sera of the patients sensitive to beer. The proteins
corresponding to the six spots were named proteins 10–
60. The N-Terminal amino acid sequences of the protein
components 10–60 in barley were as follows: Protein 10,
LDDTHHQLYR; 20, LDDTHHQLYR; 30, LDDTH-
HQLYR; 40, LQAAGHQLMR; 50, LQAAGHQLMR;
and 60, LQAAGHQLMR. These IgE-binding proteins in
barley showed high homology (70–100%) with proteins
1–6 in beer. The origin of the barleys utilized in the
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Fig. 3. Immunoblot of Proteins in the Raw Materials of Beer with the Serum of the Beer-Sensitive Patient.

Proteins extracted from the raw materials of the beer were electrophoresed on 17.5% polyacrylamide gels and electroblotted onto

nitrocellulose membranes. Then the membranes were stained with Ponceau S (A), and immunostained with the serum of the beer-sensitive

patient (B) or myeloma human IgE anitbodies (C). Lane 1, beer; lane 2, barley; lane 3, wheat; lane 4, beer yeast. The closed arrows represent

the 18-kDa proteins. The open arrow represents the 10-kDa protein. Standard protein markers are shown on the left side of panel A.
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Fig. 2. 2D-PAGE and Immunoblot of the Proteins in Beer.

Proteins obtained from beer sample 1 were separated by two-dimensional electrophoresis (pH 3.0–10.0), as described in the text. The proteins

on these slab gels were electroblotted to nitrocellulose membranes, and the membranes were stained with Ponceau S (A) and then immunostained

with IgE antibodies in the serum of the beer-sensitive patient (B), or with myeloma IgE antibody, used as a control (C). The spots corresponding

to the 18-kDa proteins are enclosed by the solid circle. The spots corresponding to the 10-kDa proteins are indicated by arrows. In order to

separate more clearly the protein spots corresponding to the 18-kDa protein, SDS–PAGE of the proteins in sample 1 was done with larger slab

gels (160� 160mm) than the ones (106� 100mm) used in SDS–PAGE. The patterns obtained are shown in the inside panels in panels A, B,

and C. Spots 1–8 in panel A, corresponding to spots 1–8 in panel B respectively, were detected by the serum of the beer-sensitive patient. Spots

7 and 8 in panel A correspond to the respective 10-kDa proteins positive to the serum, which are shown in panel B. The proteins corresponding

to spots 1–8 were electroblotted onto a PVDF membrane, cut out, and subjected to N-terminal amino acid sequencing. Standard protein markers

are shown on the left side of panel A.
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production of the beer samples remains unknown a
manufacturing secret. The difference between the amino
acid sequences of the IgE-binding proteins in the beer
sample and barley grain would be explained if the barley
used in the production of the beer sample was be
different from that used in the present study. Although
the amino acid sequencing of the proteins in barley and
those in beer was done repeatedly, the same results
were obtained. These findings suggest, again, that these
IgE-binding proteins in beer may originate from barley.

In conclusion, the present study indicates that the 18-
kDa proteins are major IgE-binding proteins in beer and
that the proteins originate from barley. The 10-kDa
protein with a pI value of 7.3 as another major IgE-
binding protein was found to belong to the LTP family.
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