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Summary

To investigate Ihe role of cereal a und ^-amylase in bakers' asthma, we have compared
the IgE response of 30 wheat-nour-a!lergic individuals to barley a and /jf-amylases with
that of fungal cc-amyiase tising radioaUergosorbent test {RAST), RAST inhibition
assays and Western b!olting. RAST analysis showed 29 ofthe 30 subjects witli inhalant
induced eereal allergy had positive IgE to cerea! amylases, but only 16 were positive to
fungal a-aniylase. Regression analysis showed an association between specific IgE to
wheat-flour and to barley a-amylase((—0-70) and barley/i-amy!ase(r^ 0-92) but a poor
association with fungal a-amylase (r^O-34). RAST inhibition showed minimal
erossreactivity between barley a or /i-amylase and barley and ftingal a-amylase. Sodium
dodecy! sulphate-polyacrylamide gel electrophoresis {SDS-1'AGE) and Western blot-
ting showed that non-reduced barley a-amylase had a molecular weight of 54 kDa and
barley /^-amylase a molecular weight of 64 kDa. Reduced fungal a-amylasc !iad a
molecular weight of 54 kDa. Cereal a and ^-amylase appear to be important allergens in
patients with allergy to flour.
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Introduction

Baker's asthma is an allergic occupaLional lung disease of
millers and bakers which is primarily caused by the
inhalation of cereal flour [1].

The working environment in bakeries contains many
additives in addition to cereal flour. It has been reported
that one additive, a-amylase from Aspergillus oryzae, is
aliergenic [2]. Brisman and Belin found that six of 20
individuals who had been exposed to fungal a-amylase
had a positive skin-prick test [3]. The cereals from which
flour is produeed contain both a-amylase (a-i,4-glucan
4-giueano hydrolase) and /i-amylase (a-1,4-glucan malto-
hydrolase) [4,5]. These cereal a and /i-amylases may also
be allergenic and stimulate specilic IgE production.

We have examined the IgE response of subjects with
bakers' asthma to barley a and /^-amylase and fuuga! a-
amylase using RAST and competitive RAST inhibitions.

Correspondence: MrC. P. Satidiford, Departmeni ofOccupational and
Environmental Medicine. Nalional Heart and Lung Institute, IB
Manrcsa Road. London SW3 6LR. UK.

Sodium dodecyl sulphate-polyacrylamide gel electro-
phoresis (SDS-PAGO) and Western blotting were used to
identify the molectilar weight of these allei-gens.

Materials and methods

Patient .selection

Sera were obtained from 30 wheat-flour-exposed indi-
viduals referred to an occupational asthma clinic because
of suspected hypersensitivity to wheat flour. Clinical data
were ttnavailable for two ofthe 30 referrals. Evidence of
occupational asthma was based on history in 10 cases,
history supported by peak expiratory flow rate records in
13 cases and history supported by bronchial provocation
tesl i[i two cases. One individual had a history of vvoi'k-
related respiratory symptoms and anaphylatic reactions
to flour. One individual had a history of work-related
respiratory symptoms to !\itigal a-amylase. One indi-
vidual was not diagnosed as having work related occupa-
tional asthma.

RAST was undertaken on each sample to barley a-
amylase barley /f-amylase, fungal a-amytase. Canadian
Western Red Spring (CWRS) and barley flour. Sera from
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1 1 of these individuals were used in a pool to undertake
RAST inhibitions and individually to probe Western
blots of non-reduced and reduced barley a-amylase.
barley /i-amylase and fungal a-arnylase.

E.xtractitm of flours and enzytnes

Canadian Western Red Spring (CWRS) flour and pearled
barley flour free from fungal a-amylase were obtained
from the Flour Milling and Baking Research Association
(Chorlcywood., Herts, UK). Fungamyi a-amylase 1600s
{derived from Aspergillus oryzae) was obtained from
Novo Nordisk Bioindustries (Surrey UK). Barley a-
amylase (A-2771) and barley /f-amylase (A-7130) were
obtained from Sigma Chemicals (Dorset UK.). We were
unable to obtain purified wheat -x and ^-amylase and have
therefore used barley a and /i-amylase enzymes as
surrogates for wheat a and )5-amylase in this study, as
these enzymes have similar struetures and funetion to
wheat a and /i-amylase [5]. The tlours and the fungamyi a-
amylase 1600s were extraeted In 01 M ammonium
hydrogen carbonate (Merck, UK) overnight by shaking.
The extracts were dialysed against distilled deionized
water for 16 h and freeze-dried.

RAST

Barley a-amylase, barley j^-amylase, fungal a-amylase,
CWRS and barley flour were coupled to CNBr activated
paper discs using the method of Ceska et al. [6]. The level
of specific IgF to eaeh allergen was measured by RAST
for 30 sera obtained from wheat flour hypersensitive
individuals [7]. Linear regression analysis was conducted
using the SAS statistical package to investigate the
relationship between the responses to the different aller-
gens.

Competitive RAST inhibitions

Competitive RAST inhibition assays were conducted
using pooled sera iVom 11 wheat flour hypersensitive
individuals. Barley a and ^-amylase, fungal a-amylase.
CWRS flour and barley flour were used to inhibit the
binding of IgE lo (i) barley a-amylasc, (ii) barley ^-
amylase and (iii) funga! a-amylase discs. Competitive
inhibitions were carried out using fourfold dilutions of
the inhibiting antigen (with values from 1000 (̂g ml"' to
0-015 /ig ml"') extract in phosphate-buffered saline
(PBS). The pereentage inhibition of IgE binding was
calculated and the resulting curves were examined for
parallelism as previously described [8].

Electrophoresis

The CWRS and barley Hours, barley a and /i-amylase,
fungal a-amylase and electrophoretic markers of known

molecular weight (Amersham. UK) were subjected to
reduced and non-reduced SDS-PAGE in a Protean II
system (Bio-Rad) using the method of Laemmli [9]. The
flours were reduced by heating for 5 min at 100'C in 0-3%
SDS 62-5 mM Tris-HCl buffer containing 5 niM DTT. The
enzymes were reduced by heating for 5 min at lOO'C in
0 3% SDS 62-5 niM Tris-HCl buffer containing 25 niM
DTT. I

Western blotting

Non-reduced and reduced samples of barley a-amylase..
barley /?-amylase and fungamyi 1600s a-amylase were
subjected to electrophoretic transfer on to 0-45 /IM
nitrocellulose membranes (Bio-Rad UK) using the meth-
od of Towbin et al. [10]. The remaining protein binding
sites on the membrane were blocked by ineubating in PBS
with 0-24'/';i RAST washing substance which contains
detergent (Kabi Pharmacia. UK) for 2 h. The membranes
were cut into strips and probed with the 11 individual
wheat flour hypersensitive human sera that had com-
prised the serum pool used for the RAST inhibitions. A
strip was incubated with PBS as a negative control. After
washing three times with PBS-RAST wash the strips were
incubated with '--̂ I anti-lgE for 16 h. Following a further
three washes the strips were air-dried and exposed lo
Hyperfilm MP (Amersham. UK) for 24 h at - 7 0 C.

Results

RAST

A specific IgE binding of ^ 1 Vu was delected in 100% of
the sera to CWRS flour, barley flour and barley /5-
amylase. Specilic IgE was found in 29 of the 30 sera to
barley a-amylase and in 16 to fungal a-amylase.

The level of IgE to fungal a-amylase was independent
ofthe level of IgE to the cereal allergens. Table 1 shows
the results ofthe linear regression analysis using the IgE
data from the 30 wheat allergic individuals. A good
assoeiation was observed between the CWRS flour and
both barley a-amylase (r = 0-74) and barley /i-amylase
(/• = 0-92) but a poor association between CWRS Hour
and fungal a-amylasc (r^O 29). The levels o!"specific IgE
for the individual sera used in RAST inhibitions and
Western blotting to CWRS flour, barley flour, barley a-
amytase. barley /^-amylase and !'ungal a-amylase are given
in Table 2.

Competitive RAST inhibitions

Low crossreactivity was found between the barley aniy-
lases and fungal a-amylase (Fig. !a, b and c). After logit
transformation of the curves, a common slope was not
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Table 1. Results of specific IgE regression analysis in 30 sera from wheal allergic individuals

Allergen disc CWRS fiour Barley flour Barley a-amylase Barley /^amylase Fungal a-amylasc

CWRS flour
Barley flour
Barley a-amy!ase
Barley /J-amylase
Funga! a-amylase

1-000 0-844
1-000

0-742
0-723
1-000

0-922
0-848
0-841
1 -000

0-290
0'221
0-159
0-202
1-000

l except for the following: CWRS vs fungal a-amyiasc /*^0-08; barley flour vs funga! a-amy!ase P = 0-\4;
barley a-amylase vs fungal a-amylase ^ = 0-32; barley /^amylase vs funga! a-amylase / '=0-I8,

Table 2. RAST binding {%) of 11 sera from wUcat-Hour-liypersensitive individuaLs used in RAST
inhibition assays and Westero blotting

Sera

1
2.
3

5
6
7

s:
9.

11

CWRS flour

43-12
30-94
49-98
14-01
11-59
36-16
27-! 6
20-57

8-25
22-76
24-57

Bar!ey flour

39-83
22-92
42-22

8-81
3-06
ND
8-65

13-42
3-56

13-07
13-54

Speciflc allergen

Barley a-amylase

29-87
12-04
35:26

1-83
23-6S

6;'88
M-87
3-52
4-56:
5-50

disc

Barley /i-amyhise

35-70
21-39
43-74
n i l
1-98

32-07
12 03
17-40
3-41
4-85
8-79

Fungal K-amyiase

5142
0-55
5-96
2-29
0'75

14-46
27-!8
0-64

28-70
14-78
0-87

ND. Not determined.
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Fig. I. Rast inhibitions of pooled sera from 1! wheat flour hypersensitive individuals of (a) barley «-amyltise RAST; (b) barley
/J-amylase RAST and {c) fungal a-amylase !^AST. Inhibitors: barley a-amylasc (O), bailey /f-amylase ( A ) , fungal a-amylasc ( A ) ,
CWRS {•), and barley flour (n).
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Fig. 2. Coomassie blue stain of a 15'>ii homogenous SDS-PAGE. Tracks 1 lo 5 non-r-ediiccd samples: ! CWRS flour. 2 barley !iour,
3 barley a-aniylase,4 barley/^amylasc, 5 fungal a-amylase. Tracks 6 lo 10 reduced samples of 6 CWRS flour, 7 barley ilour, 8 barley
cc-amylase., 9 barley /J-amylasc, 10 funga! a-amylase.

observed betvi'een the three enzytnes, indicating the
absence of antigenic identity between the barley amylases
and fungal a-amylase. A common slope was observed
between barley a and /j-amylase indicating immunologi-
cal identity.

Gel electrophoresis

Non-reduced and reduced SDS-PAGE were used to
compare CWRS and barley Hour with the cerea! a and
/f-amylases and fungal a-amy!ase (Fig. 2). The wheat and
barley flour samples (non-reduced tracks ! and 2, reduced
tracks 6 and 7) were observed to be complex mixtures of
proteins witli molecular weights ranging from 70 and
!OkDa. Proteins of molecular weight 68, 54., 39 and
27 kDa were observed in both the non-reduced and
reduced barley a-amylase samples (tracks 3 and 8). These
proteins were detected in both the reduced wheat flour
(track 6) and reduced barley Hour (track 7) samples. The
crude barley /^-ainylase (tracks 4 and 9) was seen to be a
complex mixture of proteins which resembled the non-
reduced and reduced barley flour. Proteins of molecular
weight 64, 45. 27, 21 and 14 kDa were observed in the
non-reduced sample and of molecular weight 58, 44, 27,

!4, and 12-5 kDa in the reduced sample. Electrophoresis
showed that non-reduced funga! a-amylase (track 5) had
a single band of 37 kDa. Reduction of fungal a-amylase
(track 10) produced proteins of molecular weights 54, 40,
34, 27 and 14 kDa.

Western hhiting

Immunoblotting showed that non-reduced barley a-
amylase had a strong IgE-binding band of molecular
weight 54 kDa (Fig. 3a). Minor bands of molecular
weight 30 kDa were seen in tracks 2, 3, 6. and 9
respectively. Reduced barley a-amylase wasalso shown to
have an intense IgE binding band of molecular weight
54 kDa (Fig. 3b). Bands of molecular weight 42 and
32 kDa were observed in tracks 3 and 6 while a band of
12 kDa was observed in tracks 3. 4 and 6; this band was
also weakly staining in tracks 7 and !0.

Non-reduced barley /^amylase (Fig. 4a) was observed
to have an intense IgE binding band of 64 kDa in all
tracks. A protein of 36 kDa was detected in tracks !, 2, 3,
6. 7. 8, !0 and 11. A further band of 30 kDa was found in
tracks I, 2, 3, 6, 7, 8, 10. and 11 with a protein of 24 kDa
seen in traeks ! to 4, 6, and 8. A protein of 14 kDa was also
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Fig. 3. Western biol; IgE response of 11 wheat-flour-hypcrscnsitive individuals against (a) non-reduced barley a-amyla.sc or
(b) reduced barley a-amylase.
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Fig. 4. Western b!ol: IgE response ol" 11 wheal-nour-hypersensilive iiidividtials against (a) non-reduced barley //-amylasc or
(b) reduced barley /(-amylase.
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observed in tracks !. 3, 4., and 6. Reduced barley /?-
amylase (Fig. 4b) was observed to have an intense IgE-
binding band of 60 kDa in all tracks. A band of 28 kDa
was rurc!ier found in Iracks 1., 2. 3.4, 6., 7, 8,9, and 11. This
protein was also faintly visible in track 10. Proteins of
molecular weight 14-12 kDa were detectable in all tracks.

Non-reduced fungal a-amyiase had a molecular weight
of 37 kDa by Western blotting (Fig. 5a). Reduced fungal
a-amylase (Fig. 5b) was found to have a main allergen of
52 kDA. Two other bands of 40 and 27 kDa were also
seen in traeks 6, 7 and 9.

Discussion

Bakers" asthma is an allergic occupational lung disease
whose primary causes are thought to be water and salt
soluble wheat flour proteins [1]. Bakers are also exposed
to flour improvers such as fungal a-amylase. which has
been reported to cause allergic reactions. Using a fungal
a-amylase skin-prick test solution at a concentration of
50 mg ml"'., Belin and Brisman [3] demonstrated Ihat six
of 20 individuals exposed in a bakery to fungal a-amylase
had an immediate skin-prick test reaction to this enzyme.
The prevalence of skin-prick test responses to funga! a-
amylase in a longitudinal examination within a cross-
sectional study increased with increasing exposure to
flour dust [11].

In the present study we have examined the IgE to cereal
a and /i-amy!ase enzymes in a group of flour allergic
individuals occupationally exposed to cereal Hour, the
great majority of whom had been diagnosed as having
occupational asthma. We also compared the IgE re-
sponses of these individuals to cereal a and /i-amylases
with their IgE response to fungal a-amylase. SDS-PAGE
and Western blotting have been used to identify the
nio!ecu!ar weights of these proteins.

RAST analysis showed that the level of specific IgE to
either cerea! a and /:?-amy!ase was correlated with the !evel
of specific IgE to wheat or barley fiour. Kruger et al.
found that wheat and barley a-amylase occurred only in
trace amounts [12] and that between 50-60'yn of cereal a-
amylase was removed by the milling process [13]. We have
therefore concluded that the high prevalence of specific
IgE to both cereal enzymes, coupled with their low
occurrence in flour indicates that they are potent aller-
gens.

Competitive RAST inhibition using a human serum
pool showed little crossreactivity between the cereal
amyiases and fungal a-amylase. This may be explained by
the low amino acid sequence homology observed between
cereal a-amylase and fungal a-amytase. Nakajima *.'/ al.
found that only 33 ofthe 438 (7-53%) amino acids that
comprise barley a-amylase are homologous with 33 of 5! 2

(6-44%) amino acids of fungal a-amy!ase from Aspergillus
oryzoe [!4].

Blandsc/c;/. found that over 40 proteins were present in
an ammonium acetate extract of Hour [15]. indicating the
large number of proteins released from flour following
water/salt extraction. Barley a-amylase has been shown
by non-reduced and reduced SDS-PAGE to be a water
soluble protein. The preparation that we have used in this
study was observed to be contaminated with proteins of
molecular weights 68, 39 and 27 kDa. The contaminaling
proteins were seen to bind Coomassie blue with an
intensity equal to, or greater than that of the barley a-
amy!ase suggesting that this enzyme may be present in
low concentrations in bar!ey flour. When the Bar!ey a-
amy!ase sample was compared with barley llotir, il was
observed that the enzyme was one of a !arge number ol'
water solub!e proteins visible foMowing electrophoretic
separation, further indicating that this protein is present
in low concentrations in Hour. The 54 kDa we have
observed as the molecu!ar weight of barley a-amylasc is
similar to the molecular weight 52 kDa found by Kruger
et ol. [!3] for wheat and bar!ey a-amy!ase. The mo!ecular
weight of this protein did not change with reduction
suggesting t!iat it is a monomer without interna! disul-
phide bridges. The crude bar!ey //-amy!ase sample is
water soluble and was shown to be a mixture of proteins.
The 45, 27 and !4 kDa proteins were observed to !iave the
same molecular weights following reduction suggesting
thai they are also monomers without internal disulphidc
bridges. The main staining band of barley /y-amylase
sample changed from a mo!ecu!ar weight of 64 kDa lo
58 kDa following reduction with DTT. This molecular
weight is similar to the 57-2 kDa found by Visuri and
Nummi [5]. Our electrophoresis data support previous
observations that a-amylase occurs in low concentrations
in cereal flour [12,13]. We observed a non-reduced
molecular weight of 37 kDa for funga! a-amylase which
increased to 54 kDa upon reduction. Tliis molecular
weight is similar to the 52 kDa observed by Baur ct al. [2\.

Western blotting has been used to idenlil'y Uiesc
proteins as allergens and has shown thai barley a-ainy!asc
is an allergen with a molecular weight or54 kDa which did
not change under reducing conditions. The 14/12 kDa
protein detected by Western blotting is probably the
barley a-amylase inhibitor, which is known to be asso-
ciated with barley a-amylase [16.! 7]. The 64 kDa baHey
/?-amylase protein was shown lo be an a!lergcn by
immunoblotting. When reduced barley /f-amylase was
examined by Western blotling, we could not clearly
observe a band of 58 kDa in all tracks. This is probably
caused by using crude bariey //-amylase which produced a
large number of allergenic bands after reduction wilh
DTT. The increased number of bands observed in both
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Fig. 5. Wcslcni blot: !gE response of ! 1 wlicat-floLir-hypcrscnsitivc individuals itgaiiist (LI) iion-rcduccd fungal a-amylasc or
(b) reduced funga! a-aniy!ase.
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the non-reduced and reduced samp!es is probably due to
immuno-staining being of greater sensitivity than Coom-
assie blue staining and by the large number of con-
taminating proteins present within the sample. Fungal
a-amylase was shown to be allergenic with a molecular
weight of 37 kDa in the non-reduced form and 52 kDa in
the reduced stale. Western blotting has sliown that the
cereal a and ^-amylase and fungal a-amylase enzymes are
allergens in both iheir non-reduced and reduced confor-
mations.

Enzymes used commercially such as subtilisin and
papain as we!l as fungal a-amylase [!8] are we!I described
causes of a!lergy and asthma amongst those exposed to
them at work. More recently the major allergens of the
house dust mite D. pterotiyssimis [19,20] and A.fwnigalus
[21] have also been shown to have enzyme activity. The
relationship of aMergenicity to enzyme activity remains
unclear.

We have found that cereal a and ^-amylase are water-
soluble allergens of difTereni molecular weights, which
have little immunotogical crossreactivity with fungal a-
amylase. These observations show ihat cereal a and (i-
amylase can stimulate specific IgE antibodies, indepen-
dently of IgE antibodies stimulated by funga! a-amylase.
Cereal a and /^amylase appear to be important a!lergens
in inducing occupationa! allergy and asthma in bakers
and millers.
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