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Summary

An in vitro model was established to study the stability of baker's yeast (Saccharomyces
cerevisiae) allergens in conditions simulating the gastrointestinal tract. The protocol
consisted of 2 hr incubation under gastric conditions (pH 1-2, +37 C and gastric
enzymes) and 2 hr incubation under duodenal conditions (pH 68, + 37 C and duodenal
enzymes). These were studied together and separately, as well as under pure acidic
conditions without gastric enzymes. The yeast extracts contained equal amounts of
allergen and were analysed by IgE-immunoblotting. The acidic conditions had partly an
enhancing and slightly degrading effect on the yeast allergens, whereas the gastric
enzymes destroyed several allergens, including the important intermediate allergens of
31 and 45 kD. After treatment under both gastric and duodenal conditions most of the
yeast allergens were destroyed, except mannan and a 10 kD protein component. The
findings suggest that the allergen exposure caused by baker's yeast takes place mainly on
the mucosal surfaces orally and oesophageally and through viable baker's yeast
organisms that manage to pass the stomach and duodenum and possibly lead to
intestinal growth of the organism. Patients with IgE production against the 10 kD
allergen and mannan are, however, moderately exposed to allergens consisting of
soluble antigenic material only.
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Introduction

Saccharomyces cerevisiae (baker's yeast) is a ubiquitous
yeast in our environment—it is used in bakery, brewery
and winery products. Occasionally, it also grows in the
gastrointestinal (GI) tract [I] where it is subject to
digestion which may change the structure of the yeast or
destroy it.

Several approaches have been made to study the
influence of the GI tract on the antigenicity and allergeni-
city of food components [2 9]. The uim of this study was
to investigate the degradation of baker's yeast allergens
with an in vitro model that has been validated in earlier
studies [4,7,8]. Commercially available gastric and duode-
nal enzyme solutions were used as well as appropriate pH
values. The effect on the allergenicity of degraded S.
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cerevisiae was assessed by immunoblotting, a technique
that allows monitoring of the IgE-binding to important
individual allergens.

Materials and methods

Preparation of baker's yeast extracts

A crude cytoplasmic extract of S. cerevisiae was prepared
as previously reported [10].

Gastrointestinal in vitro model

The GI //) ritro model was performed as shown in Fig. I.
Briefly, gastric conditions were simulated by dissolving
too mg of antigen in 13 ml PBS, after which 1-3 ml
'gastric solution' was added and the pH was adjusted to
I 25 with 01 N HCl. The gastric solution consisted of 1
Enzynorm® tablet, a mixture of pepsin, cathepsin and
mucin (Nordmark-Werke, Hamburg, Germany), dis-

587



588 O. Kortekangas-Savolainen. J. Savolainen and R. Einarsson

solved in 175 ml physiological saline. The extract was kept
at 37 C for 2 hr in a slow shaker and the first sample was
then taken, 26 ml of 'duodenal solution' was added and
the pH was adjusted to 6 8 with NaOH. The duodenal
solution consisted of 1 Vastal® tablet (pancreas lipase,
pancreas amylase, pancreas protease and cholic acid;
Hoechst, Frankfurt am Main, Germany) in 150 ml of
physiological saline. The extract was kept at 37 C in a
slow shaker for 45 min, after which the second sample was
taken. As a control an equal concentration of antigen was
studied in a solution with the pH adjusted to 1-25; this
sample was kept at 37 C for 2 hr.

Patient sera

A serum pool with different broad spectrum IgE specifici-
ties from seven S. cerevisiae radio allergosorbent test
(RAST)-positive patients was used for the IgE blotting
experiments. By immunoblotting the IgE-binding pattern
of these sera identified all important allergenic bands,
including the 85, 75.48,45,39, 32, 31,25 and 10 kD bands
and mannan. Thus, most of the important allergens
previously reported were represented [10]. As a control
pooled sera from five non-atopic subjects were used.

SDS-PAGE and electrophoretic blotting

The SDS-PAGE was run with 30 f.i\ of all processed
baker's yeast extracts, diluted with 15 /il of Tris buffer,
adjusted to a pH of 8 6, containing IO'>1. (w/v) SDS and
\0"/n (w/v) glycerol. All samples had equal final antigen
concentrations. The samples were incubated for 5 min at
100 C and then separated with SDS-PAGE in a 5 17 5%
gradient gel as described previously [II]. Molecular
weight markers {Rainbow, Amersham. Buckingham-
shire, U.K.) were run in parallel with SDS-PAGE.
Separated antigens were electroblotted onto nitrocellu-
lose sheets (Schleicher & Schuell, Kassel, Germany) in a
Transphor apparatus (LKB, Bromma, Sweden) as pre-
viously described [12].

IgE antibody detection

The specific IgE-binding of the allergens on nitrocellulose
was identified as described [13]. The serum pools were not
diluted, '-•'l-labelled anti-IgE antibodies (Phadebas-
RAST, Pharmacia Diagnostics, Uppsala, Sweden) were
used diluted to 20000 c.p.m./ml in PBS-Tween. The '^^I-
labelled bands were recorded on a Trimax X-ray film in a
cassette with intensifying screens (Trimax) after storage at
— 70 C prior to developing.

Results

The in vitro model presented in Fig. 1 was easy to carry
out and repcatable. A correct pH in both simulated

Sample I Samp.le 2

i i
I pH6-8
I

pH I - 2 5

Time (hr)

100 mg ontigen
I -3 ml PBS

1 "3 ml gosiric
solution

2-6 ml duodenal
solution

Fig. 1. Gastrointestinal degradation ofbaker's yeast allergens//;
vitro. Natural enzymes arc included in the gastric and duodcnii!
solutions.
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Fig. 2. SDS-PAGE analysis of the baker's yeast samples after
various treatments (Coomassic brilliant blue). LS, Lyophilized
control sample; pH 1-2, acidic ttealment iilonc; G. gastric
conditions (sample I. Fig. 1) and G-l-D. holh gastric and
duodenal conditions (sample 2, Fig. 1). The gastric and
duodena! solutions alone were also analysed with the absence of
dissolved baker's yeast antigen.
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Kig. 3. IgF-immunoblots of the SDS-PAGE samples. Electro-
pliorclic conditions as in Fig. 2.

conditions, gastric and duodenal, was essential for the
solubility of the commercial preparations.

Acidic treatment had an enhancing and gastric and
diiodcniil solutions a deleterious effect on the proteins,
ligure 2 shows the Coomassie-stained gel and Fig. 3
shows the IgE immunoblot patterns of the pH treatment
and acidic, gastric and duodenal conditions. Acidic
conditions alone had only a slight degrading ettect on the
proteins, whereas the high molecular weight diffuse
mannan stain was strongly enhanced. The protein bands
demonstrating enhanced IgE-binding due to acidic treal-
ment had molecular weights of 85, 45, 32 and 10 kD.

The deleterious effect of the gastric and especially of the
duodenal conditions on the yeast proteins was evident.
The gastric conditions degraded the 45, 31 and 25 kD
bands most markedly and all detected IgE-binding bands,
e\cept the 48 kD band, showed loss of IgE-binding
capacity. The high molecular weight mannan stain also
showed reduced IgE binding. After duodenal treatment,
all the igF-binding activity was abolished, except for the
H) kD band and the high molecular weight diffuse
mannan stain. Even these showed weakened binding,
although [he diffuse mannan stain was now visualized
down to 40 kD. due to degraded proteins.

The pooled non-atopic sera showed no IgE binding.

Discussion

Methods used to assess allergenicity in GI models include
skin tests [3]. the Schullz-Dale test, the uterus slice
technique [2,6], RAST [7-9,14], lEF-immunoprinl [8] and
RRIE [9]. In this study, IgE immunoblotting allowed the
analysis of individual allergens separated by size. In most
studies enzymatic treatment has consisted of pepsin
[5,6,14,15] or pepsin and trypsin only [2 4,7,8]. Pure
human duodenal juice has also been used, but it is difficult
to obtain [9]. The experimental conditions created in this
study simulated in vivo conditions very closely and yet
only commercial enzyme preparations with a variety of
natural enzymes were used. This kind of study design
could be used to investigate all suspected food allergens.

Most experimental studies on the degradation of
allergens in the Gl-tract and on the role of IgE-mediated
immune response in the gut in atopic dermatitis have used
cow's milk allergy as a model, which has laid emphasis on
paedialric conditions. In contrast to young children,
adults and older children have no abnormal permeability
of the gut, and physiological absorption of the ingested
allergens is enough to maintain symptoms [16-18]. Aller-
gen-specific IgE has been demonstrated in intestinal
washings of children with cow's milk allergy [19]. IgE-
stained cells have been recovered in intestinal biopsies in
adults as well as children with atopic dermatitis and food
allergy [20.21]. The IgE-mcdiated recognition of ingested
allergens is thus likely to be of importance in atopic
dermatitis. The stability of the IgE-binding structures in
the GI tract may thus be an important determinant ofa
food allergen.

The digestion of components of cow's milk by pepsin
exposes new allergenic epitopes [3,5.7,14] which are
allergenic only to subjects that have been sensitized to the
native allergens [14]. These nco-altcrgens are thus likely to
be formed in the stomach. In our study, the GI conditions
did not. in fact, expose new epitopes but, rather, showed
that most native epitopes, except for the 10 kD band and
high molecular weight diffuse mannan, are destroyed by
this treatment. This is in agreement with studies on pepsin
and trypsin treatment of cereal components [8] and
digestion of birch and timothy allergen by natural human
duodenal juice [9]. In contrast, pH treatment demon-
strated enhanced IgE-binding activity, especially in the
high molecular weight mannan region, while some acid-
sensitive IgE-binding bands disappeared. Acid hydrolysis
splits the mannan polysaccharide possibly exposing new
epitopes [22].

When baker's yeast is consumed orally, the immediate
allergen exposure takes place in the native form on the
oral mucosa. The degraded yeast proteins that enter the
duodenum still have allergenic potency and even after
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I hr, when almost all allergenic activity has disappeared,
traces of the 10 kD allergen and mannan may cause
important exposure to patients sensitized to these aller-
gens. On the other hand, viable yeast cells might pass the
stomach and the duodenum and continue to grow
thereafter in the intestine. Saccharomyces cerevisiae is
occasionally found within the intestinal flora of atopic
subjects [1].

The GI conditions simulated by our in vitro study
destroyed more than 90"A> of the allergenic activity of
baker's yeast. However, large amounts of ingested
baker's yeast may cause clinically important exposure,
especially to individuals sensitized to the 10 kD allergen
or mannan. This in vitro model of allergen degradation in
the Gi tract provides a tool for studying the sensitizing
properties of food allergens.
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