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A barley flour inhibitor of insect a-amylase is a major allergen
associated with baker’s asthma disease
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A barley salt-soluble protein of 14.5 kDa, which inhibits the a-amylase from the insect Tenebrio molitor, has been identi-
fied as a major IgE-binding component of sera from baker’s asthma patients. The N-terminal amino acid sequence of
this protein indicates that it is a member of a previously described family of a-amylase/trypsin inhibitors.

Amylase inhibitor, a-; Allergen; Baker’s asthma; (Barley)

1. INTRODUCTION

Baker’s asthma, an allergy to inhalation of
cereal flours, is a widespread disease affecting a
considerable number of people involved in flour
manipulation [1,2]. Although this has been known
for many years, little progress has been made in the
identification of major flour allergens [3]. The
most prominent components involved in flour
allergy are salt-soluble proteins [4,5], and a
number of allergens included in this protein class
have been detected in wheat, however, their
purification has not been reported [3,5]. A sub-
stantial fraction of the salt-soluble proteins of
wheat and barley endosperms is represented by a
single protein family of a-amylase/trypsin in-
hibitors [6], in which a clear homology has been
reported between the corresponding components
from both species [6,7].
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The fact that bread wheat is an allohexaploid
(genomes AABBDD), with potentially triplicate
sets of genes encoding homologous products, fur-
ther hinders the study of their allergenic proteins. It
has been shown that sera from subjects sensitized
to wheat flour react significantly with seed extracts
from barley [8], which is closely related to wheat
and has a less complex mixture of genetic variants
due to its diploid nature. We report here the iden-
tification of a member of the barley a-
amylase/trypsin inhibitor family as a major
allergen associated with baker’s asthma disease.

2. MATERIALS AND METHODS

Salt-soluble proteins from endosperms (Hordeum vulgare cv.
Bomi) were obtained as described [9)]. Preparative RP-HPLC of
the 150 mM NaCl, extract, precipitated with 50% saturated
(NH4),SO,4, was performed on a Vydac C4 column
(22 x 250 mm, particle size 10 zm) eluted with a two-step linear
gradient (20-50%) of acetronitrile in 0.1% trifluoroacetic acid
(linear 20-35% in 150 min, linear 35-50% in 100 min;
2 ml/min). Mini-slab SDS-PAGE [10] and two-dimensional gel
electrophoresis [9] were carried out as described. N-terminal
amino acid sequencing of C-carboxymethylated allergen was
performed by automated Edman degradation using an Applied
Biosystems model 477A sequencer; the resulting phenyithio-
hydantoin amino acid derivatives were identified using a model
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120 A on-line PTH analyzer and the standard Applied Bio-
systems program. «-Amylase inhibitor tests were performed as
in [11] and included 0.1 mM CaCl, in the buffers.

A pool of seven sera from patients with baker’s asthma was
used in immunoblotting and RAST inhibition experiments. The
pool was RAST class 4 when assayed with wheat or barley flour
disks from Pharmacia. Anti-human IgE-Mab Hamlet®-'2°1
(Algeria e Inmunologia Abello) was used as detection reagent in
both types of experiments. Immunoblotting of proteins from
SDS-PAGE gels was carried out according to Lughtenberg et al.
[12] and RAST inhibition essentially as in [13].

3. RESULTS AND DISCUSSION

A salt-soluble protein preparation, obtained
from barley flour by extraction with 0.15 M NaCl
and precipitation with 50% (NH4)2SO4, was frac-
tionated by reversed-phase HPLC (fig.1A). 14
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fractions were collected as indicated (fig.1A). Ap-
propriate aliquots from these fractions were sub-
jected to SDS-PAGE and either stained with
Coomassie blue (fig.1B) or immunoblotted
(fig.1C). Most of the allergenic activity was
associated with two protein bands of apparent
molecular mass 27 and 14.5 kDa, respectively
(fig.1C). The 27 kDa allergen did not appear to be
eluted from the column, whereas practically all the
14.5 kDa IgE-fixing capacity was associated with a
single peak, which upon re-chromatography yield-
ed a single component, as judged by SDS-PAGE
and two-dimensional electrophoresis (fig.2).

Two independent RAST-inhibition experiments
were carried out, using a 0.15 M NaCl extract from
barley endosperm, coupled to cellulose, and an ap-
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Fig.1. (A) HPLC fractionation on Vydac-C4 of the 0.15 M NaCl extract from barley flour precipitated with 50% saturated (NH4),SO4.

Fractions further analyzed by SDS-PAGE and immunoblotting are indicated by numbers. The peak corresponding to the 14.5 kDa

allergen is denoted by an arrow. (B) SDS-PAGE of the following samples: (T) 0.15 M NaCl extract precipitated with (NH4),SOs; (1-14)

HPLC fractions as indicated in A. (C) Immunoblot of a replica of the gel in B probed with pooled sera from baker’s asthma patients
and radiolabelled anti-IgE.
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Fig.2. Two-dimensional electrophoresis (electrofocusing, pH

4-9 x starch-gel electrophoresis, pH 3.2) of the following

samples: (A) 0.15 M Nacl extract precipitated with (NH4),SO.;
(B) purified 14.5 kDa barley allergen.

propriate dilution of the pooled sera. The pure
allergenic protein, at a concentration of 10 zg/ml,
caused inhibition which was 40 + 10% of that
caused by a 1 mg/ml solution of the total extract.
This result is in agreement with the semi-
quantitative estimation that can be inferred from
the immunoblot of the total extract in fig.1C.

The N-terminal amino acid sequence of the C-
carboxymethylated protein was determined. A
single sequence was obtained, confirming that the
allergen was a single protein. The sequence clearly
indicated homology of this protein with mono-
meric and dimeric a-amylase inhibitors from
barley and wheat (fig.3) and appeared to be iden-
tical to that described as S15 by Barber et al. [14].
Whether wheat flour contains proteins with a
closer sequence relationship to the allergen
reported here than those aligned in fig.3 remains to
be investigated.

To characterize the possible inhibitory properties
of the protein, inhibition tests were carried out with

14.5 kDa allergen
BDAI-}

0.28

0.19
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Table 1

Inhibitory activity of the 14.5 kDa barley allergen against a-
amylases from the insect Tenebrio molitor and from human

saliva
Inhibitor Amount of Inhibition of a-amylase (%)
protein (ug) Tenebrio Salivary
14.5 kDa allergen 1 70 0
5 85 0
BDAI-1 1 21 0
5 38 0
0.28 1 100 27
5 100 64
0.19 1 51 78
5 76 95

1 unit of enzyme, defined as the amount of the enzyme that
produces the reducing equivalents of 1zmol maltose in
30 min, was used per assay

The barley dimeric inhibitor, BDAI-1, and the wheat mono-

meric (0.28) and dimeric (0.19) inhibitors were used for com-

parison

a-amylases from the insect Tenebrio molitor and
from human saliva (table 1). The protein was an ef-
fective inhibitor of the insect enzyme at concentra-
tions that had no effect on that of human.

In investigation of the stability of this allergen
during the processing of foods that include barley
products, e.g. beers, soups, etc., is warranted in
connection with prevention of its adverse effects.

Comparison of the amino acid sequence of the
allergen, when completed, with those of the other
members of the same protein family which are not
allergenic should be of great help in the identifica-
tion of the critical epitopes.

A study of wheat allergens that would corre-
spond to the 14.5 kDa barley species is underway.

NUMBER OF IDENTICAL
RESIDUES

Fig.3. Alignment of the N-terminal sequence of the 14.5 kDa barley allergen with those of the barley dimeric inhibitor BDAI-1 [15] and
the wheat monomeric, 0.28 [16], and dimeric, 0.19 [17], inhibitors. Numbers of identical residues for all binary comparisons are listed
on the right.
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