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An integral part of the safety assessment of genetically modified plants is consideration of possible
human health effects, especially food allergy. Prospective testing for allergenicity of proteins obtained
from sources with no prior history of causing allergy has been difficult because of the absence of valid
methods and models. Food allergens may share physicochemical properties that distinguish them from
nonallergens, properties that may be used as a tool to predict the inherent allergenicity of proteins newly
introduced into the food supply by genetic engineering. One candidate property is stability to digestion.
We have systematically evaluated the stability of food allergens that are active via the gastrointestinal
tract in a simple model of gastric digestion, emphasizing the major allergens of plant-derived foods such
as legumes (peanuts and soybean). Important food allergens were stable to digestion in the gastric
model (simulated gastric fluid). For example, soybean B-conglycinin was stable for 60 min. In contrast,
nonallergenic food proteins, such as spinach ribulose bis-phosphate carboxylase/oxygenase, were
digested in simulated gastric fluid within 15 sec. The data are consistent with the hypothesis that food
allergens must exhibit sufficient gastric stability to reach the intestinal mucosa where absorption and
sensitization (development of atopy) can occur. Thus, the stability to digestion is a significant and valid
parameter that distinguishes food allergens from nonallergens.
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Foods derived from genetically modified plants are entering the
marketplace. Extensive assessment of potential human health and
ecological effects are routinely performed to ensure the safety
of these new products'’. A significant challenge in food safety
assessment is to devise a system and methodology to assess the
impact that plant genetic engineering may have on food allergy.
Preventing unwanted allergens from entering the food supply via
transgenic plants depends on commonsense principles. Generally,
the transfer of known allergens should be avoided, regardless of
the technology used to introgress new genes into crops. Safety
assessment necessarily focuses on the protein products of the
gene(s) transferred into the food crop. In cases where genes are
obtained from allergenic sources, such as peanuts, it should be
assumed that the genes encode allergens unless clear scientific
evidence establishes that the genes do not encode allergens. Genes
from allergenic sources that obviously encode allergens can readily
be identified by antigen-binding by IgEs of allergic patient serum,
radioallergosorbent tests, and other clinical procedures. In cases
where allergens or suspected allergens are transferred into plants,
consumers must be informed of the existence of the allergen by
appropriate labelling as suggested by the United States Food and
Drug Administration (FDA)’. Indeed, Nordlee and coworkers*
recently demonstrated the capability of these methods by demon-
strating that a major Brazil nut allergen could easily be detected in
soybean seeds engineered to contain the gene encoding the aller-
gen. However, genes obtained from organisms not known to cause
allergy, and genes that have no amino acid sequence similarity to
known allergens, are more difficult to assess because there is no
accepted method to prospectively test for inherent protein aller-
genicity®. For these proteins, a range of tests that compare their
physicochemical properties to extant food allergens is appropriate.
Food allergens tend to be abundant in the food (e.g., ovalbumin
represents 54% of egg white protein), resistant to food processing
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{i.e., food allergens retain allergenicity after processing such as
cooking), and stable to digestion by the gastrointestinal tract>”.
Therefore, proteins expressed in genetically modified plants are
analyzed for these factors. Usually in vitro testing is performed to
determine whether introduced proteins are stable to digestion under
simulated human gastrointestinal conditions on the assumption
that digestive stability is undesirable"**’. We propose that the abil-
ity of food allergens to.reach the intestinal mucosa is a prerequisite
to allergenicity. This ability necessarily implies survival of gastric
digestion by pepsin secreted into the stomach. A protein that is
stable to the proteolytic and acidic conditions of the digestive tract
has an increased probability of reaching the intestinal mucosa
where absorption can occur.

Soybeans and peanuts account for a large proportion of food
allergies, representing a significant risk of fatal anaphylaxis®, and
are the predominant sources of ingested allergens from plants
in the United States®. Soybean allergy is of particular concern for
children. Anaphylaxis to mustard spice also occurs, at times with
fatal consequences". The major allergens of soybean seeds appear
to be the 118 globulins (mostly glycinin), the 7S globulins (B-con-
glycinin), and the oil-body associated Gly m BD 30K (Gly m 1)
Soybean seeds also contain minor allergens that include a lectin
and Kunitz trypsin inhibitor (SKTI)*. Characterized food allergens
from peanuts include the 65-kD Ara hl and the 17-kD Ara h2
(refs. 16, 17), while peanut agglutinin (lectin) is a minor allergen’.
Both yellow and white mustard species contain allergenic 28
albumins: Sin a I from yellow mustard and Bra j IE from white
mustard'®”. Other studies have suggested that the allergenicity of
B-lactoglobulin (BLG), an important allergen in cow’s milk allergy,
may be due to its stability to digestion by the gastrointestinal
tract®. Specifically, pepsin does not reduce the IgE reactivity of
BLG™*. Collectively, the importance of these food allergens and
their high degree of characterization (including cloning, sequenc-
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Figure 1. Analysis of food allergens in SGF. Tricine SDS-PAGE and Coomassie brilliant blue
staining (panels A-H) were used to assess digestion of allergens. Molecular weight mark-
ers (lane L) are indicated on the left-hand side of the gels. SGF and allergen proteins were
run alone (lane G and lane P, respectively). Allergens were incubated in SGF for the times
indicated above the gels. The pepsin in SGF was visible and labelled “pep” for all gels.
Individual allergens are labelled on the right-hand side as follows: (A) Soybean B-cong-
lycinin subunits (« and B), (B) Soybean SKTI, (C) Soybean Gly m BD 30K
(Gly m 1), (D) Soybean lectin (SBL), (E) Peanut Ara h2 (Ara h2), {F) Peanut lectin (PL), (G)
Mustard Bra j IE {Bra j 1), and (H) Milk 8-lactoglobulin (BLG). Five microliters of digestion
samples (corresponding to 500 ng of protein) were loaded for each lane.

ing, and identification of immunologic epitopes) made them ideal
candidates for this comparative study.

We report the use of simulated gastric fluid® as a model of
stomach digestion and systematically compare the stability of
major food allergens to nonallergenic food proteins, especially
those of plant origin such as soybean, peanut, and mustard. BLG
was chosen as an initial control for stability in the model of gastric
digestion. Other significant milk (casein, BSA) and egg (ovalbumin,
ovomucoid, conalbumin, and phosvitin) allergens were also included
in this assessment.

Results

Digestion of proteins in simulated gastric fluid. Purified food
allergens were evaluated individually for digestibility in simulated
gastric fluid (SGF)?. Since SGF incubations for specific proteins
were performed on different days, the proteolytic activity of each
batch of SGF was estimated using a standard assay™. The prote-
olytic activity of SGF was 20,100 units + standard error (SE) = 449.
For each protein, stability in SGF was defined as the last time point
for which the protein or its proteolytic fragments could be detected
by tricine SDS-PAGE and staining. The tricine SDS-PAGE system
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(Fig. 1). Three general patterns of stability were
observed: (1) complete stability for 60 min with
few or no detectable proteolytic fragments (e.g., B~
subunit of B-conglycinin, SKTI, Ara h2, Braj IE,
and Sin a I); (2) intermediate stability (less than 60
min but more than 30 sec) for the whole protein
with observed fragments that were stable for addi-
tional periods of time (e.g., a-subunit of B-cong-
lycinin, peanut lectin, and glycinin) and; (3} no
stability for the whole protein with stable frag-
ments observed for at least 8 min (e.g., Gly m 1).

Cow’s milk allergen BLG was stable in SGF for
the full 60 min, with no apparent fragments (Fig.
1). Similarly, all of the other egg and milk aller-
gens (or their proteolytic fragments) were stable
in SGF at least 8 min and several were stable for
60 min, the last time point for which samples
were analyzed (Table 1).

A variety of proteins obtained from typical
plant food sources (spinach leaf ribulose-bis-
phosphate carboxylase/oxygenase and glycolate
reductase, soybean seed lipoxygenase, wheat ker-
nel sucrose synthetase, corn kernel PEP carboxy-
lase, barley kernel B-amylase, and potato tuber
acid phosphatase and phosphofructokinase)
were evaluated for digestibility in SGE. In con-
trast to food allergens, these plant food proteins
were completely digested by the first time point-
of 15 sec, with one (glycolate reductase) digested
by the second time point of 30 sec (Fig. 2).

Effect of food matrices on stability time in SGF.
To assess whether a food matrix affected the diges-
tion rate, a crude soybean flour extract (CSE) was
prepared and incubated in SGF. The digestion of
B-conglycinin, a major protein component of soy-
bean seeds, was monitored by immunoblots using
anti-B-conglycinin polyclonal antibody and com-
pared to the digestion of purified B-conglycinin,
also monitored by immunoblot. A similar amount
of total protein was incubated in SGF for each
case. For a valid comparison, the amount of purified B-conglycinin
protein loaded on SDS-PAGE was adjusted to be comparable to the
B-conglycinin present in CSE. The amount of B-conglycinin in CSE
was assessed by comparison to known quantities of B-conglycinin
on immunoblots. The proportion of 8-conglycinin in the soy flour
extract was estimated to be 18.5%, in good agreement with pub-
lished reports®. The a-subunit of B-conglycinin was stable for 120
sec independent of whether it was assayed as a purified protein or
assayed as a component of CSE (Fig. 3). Likewise, the B-subunit was
stable for 60 min in both cases. The CSE food matrix had no effect
on digestion of protein by SGE

Characterization of SGF model: pepsin dilution effects. To
establish whether pepsin activity was limiting and whether pepsin
activity could be saturated by the test protein, pepsin concentra-
tion in SGF was varied while holding all other SGF components
constant. Rubisco and SKTI were selected to characterize the
effect of pepsin concentration on SGF proteolytic activity because
Rubisco and SKTI represented the extremes in protein stability,
where Rubisco was extremely unstable and SKTI was extremely
stable. Table 2 shows the effect of various concentrations of pepsin
on digestion characteristics of SGE. By reducing the concentration
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Table 1. Summary of allergen and protein stability in SGF.

Stability (min)

Protein Whole Protein Fragments
Egg allergens

QOvalbumin 60 -

Phosvitin 60 —

Ovomucoid 8 -

Conalbumin 0 15
Milk allergens

B-lactoglobulin 60 —

Casein 2 15

BSA 0.5 15
Soybean allergens

B-conglycinin (B-subunit) 60 —

SKTI 60 —

Soy lectin 15 _—

B-conglycinin (c-subunit) 2 60

Glym1 0.5 8
Mustard allergens

Sina1 60 —

BrajIE 60 —
Peanut allergens

Ara h2 60

Peanut lectin 8 —

Common plant proteins

Glycolate reductase (spinach ieaf) 0.25 (15 sec)

Rubisco LSU (spinach leaf) 0 (<15 sec) —
Rubisco SSU (spinach leaf) 0 (<15 sec) —_
Lipoxygenase (soybean seed) 0 (<15 sec) —
PEP carboxylase (corn kernel) 0 (<15 sec) —
Sucrose synthetase (wheat kernel) 0 (<15 sec) —
B-amylase (barley kernel) 0 (<15 sec) —
Acid phospatase (potato tuber) 0 (<15 sec) —
Phosphofructokinase (potato tuber) 0 (<15 sec) —_

Table 2. Effect of pepsin concentration on SGF proteolytic activity.

Pepsin Stability (min)
Concentration Protein Whole Protein Fragments
0.01X Rubisco 60 none detected
0.1X " 0 4 (3 fragments)
0.2X " 0 2 (2 fragments)
0.25X " 0 1 (2 fragments)
0.5X " 0 0.5 (1 fragment)
1X " 0 o]
X SKTI 60 none detected
5X " 60 "
1 OX " 60 "
50X ” 60 "
100X " 60 "

of pepsin in SGF twofold, fragments of Rubisco were observed.
Increasing the pepsin concentration by as much as 100-fold did
not reduce the stability of SKTI. Pepsin concentration in 1X SGF
was optimal for distinguishing the unstable plant protein Rubisco
from stable food allergens like SKTI.

Digestion in SGF assayed by immunoblots using monoclonal
antibodies. To further characterize the SGF system, the utility of
using monoclonal antibodies to assess protein digestion was evalu-
ated. Crude peanut extract (CPE) was incubated in SGF, and the
digestion of Ara hl was assayed by immunoblot using monoclonal
antibody to Ara hl. The immunoblot detecting Ara hl in CPE
shows that Ara hl lost immunoreactivity by 15 sec (Fig. 4). Stained
SDS-PAGE gels of CPE incubated in SGF shows that a number of
proteins (or fragments) were actually stable for 60 min (data not
shown). It was suspected that the monoclonal antibody was not
capable of identifying proteolytic fragments of Ara hl. To test
whether monoclonal antibodies could be used to monitor stability
in SGF, anti-Gly m 1 (monoclonal F5) was used to immunodetect
Gly m 1 in crude soybean extract. Although SDS-PAGE showed
that stable fragments of the purified Gly m 1 protein were gener-
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Figure 2. Tricine SDS-PAGE and Coomassie brilliant blue staining of
nonallergenic plant proteins in SGF. Molecular weight markers (lane L)
are indicated on the left-hand side of the gels. SGF and allergen pro-
teins were run alone (lane G and lane P, respectively). Proteins were
digested in SGF for the times indicated above the gels. The pepsin in
SGF was visible and labelled “pep” for all gels. Individual proteins are
labelled on the right-hand side of each panel as follows: (A) Spinach leaf
Rublsco large subunit (LSU) and small subunit (SSU), (B) Soybean seed
lipoxygenase (SLO), (C) Wheat seed sucrose synthetase (WSS), and (D)
Spinach leaf glycolate reductase (GR). Five microliters of digestion
samples (corresponding to 500 ng of protein) were loaded for each lane.

ated in SGF (Fig. 1), monoclonal F5 failed to detect these prote-
olytic fragments in immunoblots of CSE digested in SGF (Fig. 4).
Monoclonal antibodies failed to detect fragments of Ara hl and
Gly m 1 produced by digestion in SGE.

Discussion
Protein digestibility has been routinely evaluated as part of the safety
assessment of proteins encoded by genes transferred into plants and
subsequently used for food™*. It has been assumed
that proteins that are susceptible to gastrointestinal digestion are
inherently safer than those that are stable, especially in relation to
allergy. To validate this concept for allergens, we have evaluated the
digestive stability of the major peanut, soybean, mustard, egg, and milk
allergens relative to common nonallergen food proteins in the standard
simulated gastric fluid described in The Unired States Pharmacopeia®.
In vitro models represent appropriate tools to evaluate
digestibility of proteins, and have been widely employed. Legumes
specifically have been examined using in vitro models. It has been
suggested that the low nutritional value of legumes is due to the
low digestibility of legume seeds”. For example, phaseolin, the 7S
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Figure 3. Matrix effects on digestion of soybean B-conglycinin in SGF.
Proteins run in tricine SDS-PAGE gels were blotted onto nitrocellu-
lose, detected with anti-8-conglycinin, and visualized with goat anti-
rabbit alkaline phosphatase-linked antibodies. Molecular weight
markers are indicated on the left-hand side of the blots. SGF and aller-
gens were run alone (lane G and lane P, respectively). Proteins were
incubated in SGF for the times indicated above the blots. Individual
proteins are labelled on the right-hand side as follows: (A) 95 ng of
purified B-conglycinin subunits (« and B), and (B) Detection of 8-con-
glycinin subunits (o and 8) in 500 ng of crude soybean extract.

globulin storage protein of navy bean (Phaseolus vulgaris) and a
homologue of soybean B-conglycinin, has been shown to be resis-
tant to proteolysis by both pepsin and trypsin in vitro®. Similar
models have been used to examine the stability of milk allergens**.

Under the conditions described for SGF in this study, all food
allergens were considerably more resistant to pepsin hydrolysis
than were common plant proteins. To our knowledge, this study is
the first to systematically compare the digestive stability of food
allergens to other food proteins in a highly controlled and repro-
ducible system. SGF was further characterized by examining the
effect of a food matrix on protein stability. Crude soybean extract,
a typical food matrix, did not affect the observed stability of either
subunit of B-conglycinin (a major component of soybean flour) in
SGF In addition, increasing the concentration of pepsin 100-fold
in SGF did not increase the lability of SKTI, a highly stable protein
in SGE. Decreasing the pepsin concentration of SGF by twofold or
more) leads to one or more observed fragments of labile proteins
like Rubisco, and decreasing pepsin concentration by as much as
100-fold leads to complete stability of Rubisco. This experiment
established that pepsin concentration was not limiting, and that
SGF is a valid tool to measure the relative stability to gastric diges-
tion, be they allergens or not. The pepsin concentration we used
in SGF was optimal for discrimination of common labile food
proteins and important food allergens.

Monoclonal antibodies might not be useful to assess digestibil-
ity in SGF. Digestion may eliminate important antibody-binding
epitopes recognized by the monoclonal antibody and inaccurately
indicate that the protein was rapidly and completely digested.
This was demonstrated by the failure of anti-Gly m 1 monoclonal
antibody to detect the fragments of Gly m 1 allergen generated by
digestion in SGE. Thus, purified proteins and stained gels should
be used for analysis of stability in SGE.

It is apparent from this study that the potent allergenicity of
peanut, soybean, mustard, egg, and milk allergens may be due, at
least in part, to resistance to proteolysis in the stomach. Stability to
digestion may be a prerequisite to sensitization for these important
food allergens. SGF represents a useful and simple tool to evaluate
stability to gastric digestion, one factor contributing to the likeli-
hood that a protein may be allergenic. Most importantly, these data
support the use of digestive stability as a key criterion in the safety
assessment of proteins encoded by genes obtained from organisms
with no prior history of allergenicity. By validating stability to in
vitro digestion as a factor correlating with food protein allergenic-
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Figure 4. Digestion in SGF assayed by immunoblots using monoclonal
antibodies. Proteins run in tricine SDS-PAGE gels were blotted onto
nitrocellulose, detected with monoclonal antibodies, and visualized
with goat anti-mouse alkaline phosphatase-linked antibodies.
Molecular weight markers are indicated on the left-hand side of the
blots. SGF and allergen proteins were run alone (lane G and lane P,
respectively). Proteins were incubated in SGF for the times indicated
above the blots. Individual proteins are labelled on the right-hand side
as follows: (A) Detection of Ara h1 in 500 ng of crude peanut extract
using monocional antibody 5A6 and (B) Detection of Gly m 1 in 500 ng
of crude soybean extract using monoclonal antibody F5.

ity, we have addressed the apparent lack of science-based methods
for prospective assessments of inherent protein allergenicity. Thus,
protein stability to gastric digestion should be used to determine
allergenicity in conjunction with information about protein
expression level in the resulting food, protein stability to cooking
or processing, and sequence homology to known safe food pro-
teins. These factors should be considered in toto when assessing the
inherent allergenicity of foods derived from genetically modified
plants.

A recent collaboration of the International Food Biotechnology
Council and the Allergy and Immunology Institute of the International
Life Sciences Institute recommended the digestibility of proteins as
an important criterion in assessing the allergenicity of foods pro-
duced by genetic modification™. The results of this study validate
SGF as an appropriate tool when assessing the allergenicity of
proteins introduced into food crops as recommended by the FDA®,
To date, all proteins introduced into plants intended for the market-
place have been demonstrated to be extremely labile in SGF*'*,

SGF may also be a useful tool for identifying previously unchar-
acterized allergens in food. SGF may be used in a selective allergen
purification scheme where stable proteins are analyzed for aller-
genicity using IgE and in vivo criteria employed by allergists and
the pharmaceutical industry. SGF-purified allergens may also have a
role in the development of specific ELISAs and immunodiagnostics,
critical components of food allergy prevention schemes®,

Experimental protocol

Crude soybean extract. Soybean flour protein was prepared from commer-
cial defatted soybean flakes (Cargill Protein Products, Cedar Rapids, IA). The
soybean flakes were macerated 2 min with an Omni 2000 (Omni
International, Waterbury, CT) hand-held ultrasonic grinder in phosphate
buffer (20 mM Na,HPO,, 2 mM KH,PO,, 5.4 mM KCl, 0.5 M NaCl, pH 7.0).
The mixture was agitated at 4°C for 6 h, centrifuged 15 min at 10,000 G, and
the supernate was recovered and referred to as CSE.

Crude peanut extract. Commercial roasted peanuts were ground in a small
scale flour mill. The resulting peanut flour was defatted by hexane extraction
for 4 h. Defatted peanut flour was macerated 2 min with an Omni 2000 hand-
held ultrasonic grinder in high salt phosphate buffer (20 mM Na,HPO,, 2 mM
KH,PO,, 5.4 mM KCl, 1.0 M NaCl, pH 7.4). The mixture was centrifuged 30
min at 15,000 G, and the supernate was recovered. The supernate was dialyzed
against phosphate buffered saline (10 mM Na,HPO,, | mM KH,PO,, 2.7 mM
KCl, 137 mM NaCl, pH 7.4) overnight at 4°C using tubing with molecular
weight cut off at 3500 daltons. Dialyzate was referred to as CPE.

Purified allergens, proteins and antibodies. Soybean B-conglycinin,
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glycinin, SKTI, and lectin were obtained as purified freeze-dried samples
from Martin Hessing, TNO Foods and Nutrition, The Netherlands. Rabbit
anti-glycinin and anti-B-conglycinin were obtained as protein-A purified
1gG fractions. Soybean allergen Gly m BD 30K (Gly m 1) and monoclonal
anti-Gly m 1 (F5)* were gifts of Tadashi Ogawa, Department of Nutrition,
School of Medicine, University of Tokushima, Japan. Peanut (Arachis hypogeae)
allergen Ara h2 (ref. 17), and anti-Ara h1 monoclonal antibody (5A6)* were
gifts of A. Wesley Burks, Department of Pediatric Immunology and Allergy,
Arkansas Childrens’ Hospital, Little Rock, AR. Mustard (Brassica juncea)
allergen Bra j IE (ref. 34) and mustard (Sinapis alba) allergen Sin a 1 (ref. 18)
were gifts of Rosalia Rodriguez, Departmento de Bioquimica y Biologia
Molecular, Facultad de Quimica, Universidad Complutense, Madrid, Spain.
All other purified proteins, allergens and antibodies were obtained from
Sigma Chemical Co., St. Louis, MO.

Protein assays. The total protein content of all protein and allergen
samples was estimated using the method of Bradford” and as adapted to the
96-well titer plate format of Bio-Rad Laboratories Ltd., (Richmond, CA).
Known concentrations of bovine serum albumin were used to develop a
standard curve.

Incubation in SGE. Simulated gastric fluid” contained 0.32% (w/v) pepsin
(Sigma), 0.03M NaCl, at pH 1.2. Proteolytic activity of SGF preparations was
estimated by measuring trichloroacetic acid precipitable hemoglobin after
hydrolysis for 10 min*. Incubations in SGF were performed essentially as
described® with the following modifications: 170 ng/pl of protein was
digested in 200 pl aliquots of SGF placed in 2-ml centrifuge tubes preheated
to 37°C. Incubations were maintained at 37°C in a shaking waterbath and
quenched by neutralization with 75 .l of 160 mM Na,CO, at the following
times: 0, 15, and 30 sec; and 1, 2, 4, 8, 15, and 60 min. Seventy microliters of
5X Laemmli SDS-PAGE sample loading buffer® was added to the quenched
samples followed by heating to 99°C.

SDS-PAGE. Digestion of proteins was evaluated by SDS-PAGE using
precast 10% to 20% acrylamide minigels with tricine buffers (Integrated
Separation Systems, Natick, MA)®. SDS-PAGE loading buffer contained
0.1% m-cresol purple*. Proteins were visualized by Coomassie brilliant blue
colloidal staining”. Mid-range relative molecular weight protein markers
were run with each gel (Promega, Madison, WI).

Immunoblotting. Gels were electroblotted onto nitrocellulose (Micron
Separations, Westboro, MA) membranes®. Blotted membranes were placed
in a blocking solution of 3% (w/v) gelatin in Tween Tris buffered saline
(TTBS) for 30 min. TTBS was prepared by adding 0.05% tween-20 (v/v) to
TBS (20 mM Tris, 500 mM NaCl, pH 7.5). For immunodetection, primary
antibodies were diluted in TTBS containing 1% gelatin (w/v). Immunoblots
were rinsed three times with TTBS prior to addition of secondary antibody.
Antigen-antibody conjugates were visualized by reaction to alkaline phos-
phatase-linked goat anti-mouse IgG or goat anti-rabbit 1gG secondary
antibody (depending on the primary antibody used) diluted 1:7500 in TTBS
containing 1% gelatin (w/v). Color reaction of alkaline phosphatase was
according to the manufacturer’s instructions (Bio-Rad Laboratories). Low-
range or mid-range colored relative molecular weight protein markers were
run with each gel (Amersham, Buckinghamshire, UK).

Acknowledgments

The authors greatfully acknowledge Rosalia Rodriguez, A. Wesley Burks, and
Tadashi Ogawa, for their gifts of purified allergen and antibody samples. The
authors also thank Thomas C. Lee and Joel E. Ream for their helpful comments
during the preparation of this manuscript, and especially thank Joel E. Ream for
helpful suggestions throughout this study.

1. Lawrik, PB., Bartnicki, D.E., Feldman, J., Hammond, B.G., Keck, P.J., et al. 1995,
Safety assessment of potatoes resistant to Colorado potato beetle, pp. 148~158 in
ACS Symposium Series 605. Genetically modified foods. Safely issues. Enge), K-H.,
Takeoka, G.R., and Teranishi, R. (eds.). American Chemical Society, Washington, D.C.

2. Padgette, SR, Re, D.B, Bany, G.F, Eichholtz, D.E., Delanny, X,, et al. 1996. New weed
oontmlopporhmiﬂe&DevebpmeNofsoybemstaRmndupReadymgm pp.53-84
in Herbicide-resistant crops. |, environmental, econormic, regulatory, and techni-
cal aspacts. Duke, S.0. (ed.). CRC Lewis Publishers, Boca Raton, FL.

3. US Food and Drug Administration, Department of Health and Human Services, 1992.
Statement of policy: Foods derived from new plant varieties. Fed. Regist.
5§7:22984-23005.

4. Nordiee, J.A.,, Taylor, S.L., Townsend, J.A,, Thomas, LA, and Bush, RK. 1996.
Identification of a Brazil-nut allergen in transgenic soybeans. N. Engl. J. Med.
334:688-692.

5. Vieths, S., Aulepp, H., Becker, W-M., and Buschmann, L. 1996. Characterization of
labile and stable allergens in foods of plant origin, pp. 130149 in Food allergies and
intolerances. Eisenbrand, G., Aulepp, H., Dayan, AD,, Elias, PS., Grunow, W., et al.

NATURE BIOTECHNOLOGY VOLUME 14 OCTOBER 1996

00~

10.

11.

14,

15.

16.

17.

18.

19.

20.
21,

22.

23.

24,

25.

26.

27.
28.
29.
30.

31.

32
33.

34,

35.

36.
37.

. Shibasaki,

RESEARCH ARTICLE

(eds.). VCH Vertagsgesellschaft mbH, Weinheim.,

. Hefle, S. 1996. The chemistry and biology of food allergens. Food Tech. 50:86-92.
. Fuchs, R.L, Ream, J.E., Hammond, B.G., Naylor, M.W., Leimgruber, R.M., et al. 1993.

Safety assessment of the neomycin phosphotransferase Il (NPTIl} protein.
Bio/Technology 11:15643-1547.

. Reed, A.J., Kretzmer, K.A,, Naylor, M\W,, Finn, R.F, Magin, KM, et al. 1996. Safety

assessment of 1-aminocyclopropane-1-carboxylic acid deaminase protein expressed
in delayed ripening tomatoes. J. Agric. Food Chem. 44:388-394.

Sampson, H.A., Mendelson, L., and Rosen, J.P 1982, Fatal and near-fatal
analphylactic reactions to food in children and adolescents. N. Engl. J. Med.
327:380-384.

Panconesi, E., Sertoli, A., Fabbri, P, Giorgini, 8., and Spallanzi, P. 1980.
Anaphylactic shock from mustard after ingestion of pizza. Contact Dermatitis
6:294~295,

M., Suzuki, S., Tajima, S., Nemoto, H., and Kuroume, T. 1980.
Aliergenicity of major component proteins of soybean. Int. Arch. Allergy Appl.
Immunol. 61:441-448,

. Ogawa, T., Bando, N., Tsuji, H., Okajima, H., Nishikawa, K., et al. 1991. Investigation

of the IgE-binding proteins in soybeans by immunoblotting with the sera of the soy-
bean-sensitive patients with atopic dermatitis. J. Nutr. Sci. Vitamninol. 37:555-665.
Ogawa, T, Tsuji, H., Bando, N., Kitamura, K., Zhu, Y-L., et al. 1993. Identification of
the soybean allergenic protein, Gly m Bd 30K, with the soybean seed 34-kDa oil-
body-associated protein. Biosci. Biotech. Biochemn. 57:1030-1033.

Burks, AW, Cockrell, G., Connaughton, C., Guin, J., Allen, W.,, et al. 1994
Identification of peanut agglutinin and soybean trypsin inhibitor as minor legume aller-
gens. Int. Arch. Allergy Immunol. 106:143-149.

Burks, A.W., Williams, L.W., Helm, R.N., Connaughton, C., Cockrell, G., et al. 1991.
Identification of a major peanut allergen, Ara h |, in patients with atopic dermatitis and
positive peanut challenges. J. Allergy Clin. Immunol. 88:172-179.

Burks, AW., Williams, LW., Connaughton, C., Cockrell, G., O’Brien, T.J., et al. 1992,
Identification and characterization of a second major peanut allergen,
Ara h ||, with use of sera of patients with atopic dermatatis and positive peanut chal-
lenge. J. Allergy Clin. Immunol. 90:962-969.

Menéndez-Arias, L., Moneo, I, Dominguez, J., and Rodriguez, R. 1888. Primary struc-
ture of the major allergen of yellow mustard (Sinapis alba L.} seed, Sin a |. Eur. J.
Biochem. 17T1:159-166.

Gonzélez de la Pena, M.A,, Menéndez-Arias, L., Monsalve, R.l. and Rodriguez, R.
1991. Isolation and characterization of a major allergen from oriental mustard seeds,
Braj |. int. Arch. Allergy Appl. Immunol. 96:263-270.

Taylor, S.L. 1986. Immunologic and allergic properties of cow’s milk proteins in
humans. J. Food Protect. 49:239-250.

Haddad, Z.H., Kalra, V,, and Verma, S. 1979. IgE antibodies to peptic and peptic-tryptic
digests of betalactoglobulin: significance in food hypersensitivity. Ann. Allergy 42:368-371.
Schwartz, H.R., Nerurkar, L.S., Spies, J.R., Scanlon, R.T.,, and Bellanti, J.A. 1980.
Mitk hypersensitivity: RAST studies using new antigens generated by pepsin
hydrolysis of beta-lactoglobulin. Ann. Allergy 45:242-245.

Board of Trustees (ed.). 1995. Simulated Gastric Fluid, TS., pp. 2053 in The
United States Pharmacopeia 23, The National Formulary 18. United States
Pharmacopsial Convention, Inc., Rockville, MD.

Ryle, A.P. 1984. Pepsins, gastricsins and their zymogens, pp. 228-233 in
Methods of Enzymatic Analysis. Bergmeyer, H.U. (ed.). Verlag Chemie, Deerfield
Beach, FL.

Shéagger, H. and Von Jagow, H. 1987. Tricine-sodium dodecyl sulfate-palyacryl-
amide gel electrophoresis for separation of proteins in the range from 1 to
100 kDa. Anal. Biochem. 166:368-379.

Charpentier, B.A. and Lemme!, D.E. 1984, A rapid automated procedure for the
determination of trypsin inhibitor activity in soy products and common foodstuffs.
J. Agric. Food Chem. 32:908-911.

Liener, I.E. 1976. Legume toxins in relation to protein digestibility: A review.
J. Food Sci. 41:1076.

Deshpande, S.S. and Nielsen, $.S. 1987. In vitro enzymatic hydrolysis of phase-
olin, the major storage protein of Phaseolus vilgaris L. J. Food Sci. 52:1326-1329.
Asselin, J., Hébert, J., and Amiot, J. 1989. Effects of in vitro proteolysis on the
allergenicity of major whey proteins. J. Food Sci. 54:1037-1039.

Metcalfe, D.D., Fuchs, R.L., Astwood, J.D., Sampson, H.A,, Taylor, S.L., et al.
1996. Assessment of the allergenic potential of foods derived from genetically
engineered crop plants, in Allergenicity of foods produced by genetic modifica-
tion. Fuchs, R.D., Fordham, J., Metcalfe, D., Sampson, H., Taylor, S., et al. (eds.).
CRC Press, Boca Raton, FL. In press.

Fuchs, R.L., Rogan, G.J., Keck, PJ., Love, S.L., and Lavrik, P.B. 1995. Safety
evaluation of Colorado potato bDeetie-protected potatoes, pp. 63-78 in
Application of the principles of substantial equivalence to the safety evaluation of
foods or food components from plants derived by modern biotechnology. World
Health Organization, Food Safety Unit.

Astwood, J.D. and Fuchs, R.L. 1996. Preventing food allergy: emerging tech-
nologies. Trends Food Sci.Technol. 7:219-226.

Tsuiji, H., Bando, N., Kimoto, M., Okada, N., and Ogawa, T. 1993. Preparation and
application of monoclonal antibodies for a sandwich enzyme-linked immunosor-
bant assay of the major soybean allergen, Gly m Bd 30K. J. Nutr. Sci. Vitaminol.
39:389-397.

Monsalve, R.l., Gonzélez del la Pena, M.A., Menéndez-Arias, L., Lopez-Otin, C.,
Villalba, M., et al. 1993. Characterization of a new oriental-mustard (Brassica
juncea) allergen, Bra j IE: detection of an allergenic epitope. Biochem. J.
293:625-632.

Harlow, E. and Lane, D. 1988. Immunoblotting, pp. 1-726 in Antibodies: A labo-
ratory manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY.

Christy, K.G., Jr,, LaTart, D.B., and Osterhoudt, H.W. 1989. Modifications for
SDS-PAGE of proteins. BioTechniques 7:692-693.

Neuhoff, V., Arold, N., Taube, D., and Ehrhardt, W. 1988. Improved staining of pro-
teins in polyacrylamlde gels mcludlng isoelectric focusing gels with clear back-
ground at nanogram sensitivity using Cournassie briltiant blue G-250 and R-250.
Electrophoresis 9:255-262.

1273



