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Hypersensitivity to foodstuffs is well recognized, and
distinct components induce reactions of hypersensitivity
when ingested. In some specific cases food ingredients pro-
voke immune reactions when they are inhaled as particles.
Thus, hypersensitivity to inhaled flour allergens provides an
excellent model of occupational-induced type-I allergic
asthma. Of main interest is the relationship between the
clinical symptoms of the disease and the agents which trig-
ger the allergic reactions. One major group of allergenic
factors are flours to which bakers are exposed at their work-
ing place. The sensitizationof bakers towards wheat and rye
flour, especially towards the water-soluble protein constitu-
ents, has been described ll,2l.In addition to the different
kinds of common flours, baking ingredients, especially the
enzyme a-amylase, may contribute to these allergic reac-
tions as has been described in other studies [3].

Three major allergens of wheat flour with molecular
weights of 47,17 and 15 kD were identifiedbytheirabilityto
bind IgE from the sera of sensitized bakers and with regard
to the IUIS allergen nomenclature called (Triticum vulga-

Abstract
We isolated a major wheat flour allergen with a molecular weight of 15-kD. The
l5-kD allergen was purified from an extract of wheat flourby ammonium sulfate
precipitation followed by gel filtration. Using the immunoblot technique, IgE,
specifically directed towards the single isolated allergen, was detectable in 50Yo
of the applied sera. We determined the N-terminal amino acid sequence of the
allergen and identified it as an c,-amylase inhibitor protein. Our data emphasize
that low molecular weight wheat flour allergens play an important role in the
pathogenesis of baker's asthma disease.

ris) (Tri v) band (Bd) 47, Tii v Bd 15 and Tri v Bd 17. The
15-kD component was detected by IgE in nearly 50% of the
applied sera, and the release of histamine from the corre-
sponding basophil leukocytes correlated with the presence
of IgE antibodies against the low molecular weight compo-
nent [4]. These results may indicate an important role of the
l5-kD component as an initiating allergen in the etiology of
baker's asthma. It was the purpose of our studies to puri$r
the allergen and to identiff its primary structure.

Commercially available wheat flour (type 405) was used
to produce a water-soluble extract as described previously
[a]. The extract was fractionated by stepwise addition of
crystalline ammonium sulfate (ammonium sulfate precip-
itation) and resulting fractions were collected by centrifu-
gation.

The fractions were then applied for further purification
by gelfiltration on AcA 44 columns (LKB, Gràfeling, FRG;
2.4x90 cm). Phosphate-buffered saline (PBS; pH 7.3) was
used as elution buffer. Filtration fractions of 5 ml were col-
lected and analyzedby measuring their optical density (OD)
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Fig. 1. Purification of the l5-kD allergen from wheat flour by the gel filtration technique. One typical representative

diagram out of several runs is shown. Results are expressed as optical density (y axis) vs. sampled fractions of the run (x

axis). The inlet shows the purified l5-kD allergen and complete wheat flour extract by SDS-PAGE and subsequent

stainins with Coomassie brilliant blue R 250.

at280 nm. The corresponding filtration fractions of the runs
were pooled, lyophilized and resuspended in PBS for fur-
ther analyses by SDS-PAGE. After electrophoresis the gels
were stained with Coomassie brilliant blue R 250 (Serva,
Heidelberg, FRG).

The subsequent identification ofthe primary structure of
an isolated allergen was achieved by N-terminal protein se-
quence analysis. Edman degradation was performed with an
Applied Biosystem 470A gas-phase sequencer using the
O3RPTH standard program. The resulting PTH amino acid
derivatives were analyzed using an Applied Biosystems
Model l20A on-line PTH analyzer.

In addition we analyzedthe IgE-binding pattern towards
the isolated allergen in individuals exposed to wheat flour
dust. The protein was transferred to nitrocellulose by the
Western blot technique [5] followed by probing with sera
from allergic bakers.

The bound human IgE was detected with a secondary ra-
diolabelled ('"I) anti-human IgE, (40,000-50,000 cpm/4 ml
: 1.48-2.22k8q; Thgo, distributed by Medac, Hamburg,
FRG) as described previously [6].

Wheat flour extract was fractionated by stepwise addi-
tion of crystalline ammonium sulfate. Four fractions precip-
itating at20,40,60 and 80% ammonium sulfate saturation
were collected by centrifugation. SDS-PAGE was used to
analyze the protein pattern of the fractions. Most of the low

molecular weight components were precipitated in the pres-
ence of 20o/o ammonium sulfate (data not shown). There-
fore, we took this fraction (20oA precipitation) for gel fil-
tration. As an example, figure I is a diagram of such a sep-
aration by gel filtration.

Four UV-positive (OD) fractions (l-4) from each single
gel filtration were collected: fraction I (sample 30-37);
fraction 2 (sample 60-68); fraction 3 (sample 73-78), and
fraction 4 (sample 81-92). The highest protein concentra-
tion was determined in fraction I (OD up to 0.36), contain-
ing proteins of higher molecular weight. Lower protein con-
centrations were obtained in fraction s 2,3 and 4. Fraction 4
only contained the 15-kD component as revealed by SDS-
PAGE analysis (fig. l).

We then analyzed the lgE-binding pattern towards the
15-kD component in individuals exposed to wheat flour
dust. Therefore a sample from peak 4 (purified 15-kD com-
ponent) was separated on SDS-PAGE and electroblotted on-
to nitrocellulose sheets.

The sera used for these experiments were not the same as
in the previous studies [a] in which IgE binding towards
complete wheat flour extract was demonstrated. The selec-
tion principles for atopic bakers were in line with previous
studies with regard to the RAST criteria (wheat >2), prick
test (wheat >++) and a personal history of atopy. As is ap-
parent the control (buffer instead of serum : nonspecific

e
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Fig.2.ldentification of IgE binding to-

wards the purified l5-kD wheat allergen by
autoradiography (Western blot): I : wheat
flour extract; 2 : nonspecific binding; 3-10:
sera from atopic bakers.

Fig.3. Sequence analysis of the isolated
and purified wheat flour protein with a mo-
lecular weight of l5 kD. The yield (pmole) of
each amino acid in each degradation steps is
plotted against the cycle number.

binding; ftg. 2,lane 2) exhibits no binding of the radiola-
belled antibody to the l5-kD component. Sera from 4 bakers
showed a detectable IgE binding towards the purified com-
ponent. The sera from the remaining 4 bakers (50%) did not
reveal binding towards the 15-kD component (fig. 2). How-
ever, no binding of serum IgE antibodies towards any pro-
tein band besides the l5-kD component was apparent. Bind-
ing of IgE antibodies towards the 15-kD component was not
detectable in the pooled sera from 5 nonallergic bakers (data
not shown).

Further identification of the 15-kD component (a sample
from peak 4: purified l5-kD component) was achieved by
NH2 terminal sequence analysis. The N-terminal amino
acid sequence of the isolated allergen was identical within
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the first 25 positions with the published primary structure of
the a-amylase inhibitor. In positions 19 (alanine and gly-
cine) and25 (arginin and lysin), two different amino acids
in equimolar quantities were identified demonstrating the
presence of an equimolarmixture oftwo known isoforms of
the inhibitor called 0.53 and 0.19 (fig. 3).

These inhibitors form dimers and show very high se-
quence homology with amino substitutions at seven posi-
tions. They belong to the 24-kD family of a-amylase inhib-
itors acting on mammalian and insect c-amylases [7]. The
in vitro allergenic capacity as well as the purity of the isolat-
ed component was proven by the immunoblot technique us-
ing sera from atopic bakers. The reactivity of the 15-kD al-
lergen on immunoblot towards specific human IgE demon-
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strates its immunological activify in vitro. 50% of the
applied sera from atopic bakers possessed specific IgE anti-
bodies towards the isolated 15-kD component which cone-
lates with the results concerning the IgE-binding pattern of
complete wheat flour extract [4].

Besides the l5-kD band, no other band was detected by
IgE in sera from bakers. This proves the accuracy of the pu-
rification procedure and the purity of the l5-kD component.
Normally all components of wheat flour extract between
L34 and 12 kD exhibit IgE binding in wheat flour-exposed
donors, as detected by Western blot analysis [4].

Recently other investigators not only described the pres-
ence of o,-amylase inhibitory activity in wheat kernel but
also their role as important allergens causing baker's asthma

[8 ,9 ] .
It has been demonstrated by in vitro and in vivo immun-

ological tests that the most prominent allergenic compo-
nents are glycoproteins which belong to the subunits of te-
trameric a-amylase inhibitors; the allergenic activity of the
dimeric form of the c-amylase inhibitor 0.53 was found to
be of negligible importance. Armentia et al. [0] suggested
that the carbohydrate moieties of the proteins are due to the
higher reactivities of the glycoproteins. In addition, aller-
genic activity was described for the monomeric wheat cr-
amylase inhibitor protein 0.28. The strong IgE-binding ca-
pacity of the l5-kD component was described for complete

wheat flour extract and was obviously not influenced by the
purification methods shown by our results with the isolated
component. One may assume that the allergenicity of the
isolated l5-kD protein is due to the composition of the al-
lergen as a mixture of two isoforms although each single
isoform seems to be of minor allergenicity. Recently cross-
reactivities between the low molecular weight allergens of
wheat flour with a molecular weight of 15- and l7-kD and a
main allergen of rye flour has been described [6]. One may
suggest that members of the a-amylase/trypsin inhibitor
family will also be shown to be allergens in rye flour as de-
scribed for other cereals [8]. Our results support the impor-
tant role of proteins from the c-amylase/trypsin inhibitor
family as allergens for baker's asthma. In addition, for the
possible consequences of a more effective diagnosis and
treatment of allergy to flours, it is of great interest to deter-
mine the influence of proteins on immunological functions
possessing both allergenic and enzymatic or enzyme-inhib-
itory activity. An association between enzymaticlenzyme
inhibitory activity and allergenicity was discussed for par-
ticular allergens from the mite Dermatophagoides ptero-
nyssinus [1]. The results require further investigations into
the role of the main flour allergens in baker's disease espe-
cially of the enzymaticlenzyme inhibitory activity of char-
actenzed purifi ed allergens.
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