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IDENTIFICATION OF A BRAZIL-NUT ALLERGEN IN TRANSGENIC SOYBEANS
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Abstract Background. The nutritional quality of soy-
beans (Glycine max) is compromised by a relative defi-
ciency of methionine in the protein fraction of the seeds.
To improve the nutritional quality, methionine-rich 2S al-
bumin from the Brazil nut (Bertholletia excelsa) has been
introduced into transgenic soybeans. Since the Brazil nut
is a known allergenic food, we assessed the allergenicity
of the 2S albumin.

Methods. The ability of proteins in transgenic and non-
transgenic soybeans, Brazil nuts, and purified 2S albumin
to bind to IgE in serum from subjects allergic to Brazil
nuts was determined by radioallergosorbent tests (four
subjects) and sodium dodecyl sulfate—polyacrylamide-
gel electrophoresis (nine subjects) with immunoblotting
and autoradiography. Three subjects also underwent
skin-prick testing with extracts of soybean, transgenic
soybean, and Brazil nut.

LLERGIES to nuts are among the most common
food allergies,' and allergies to the Brazil nut are
well documented.? Concern has been expressed about
the introduction of allergenic proteins into food plants
by genetic engineering.>> The Food and Drug Adminis-
tration (FDA) has directed developers of new plant va-
rieties to consider the allergenic potential of donor or-
ganisms in assessing the safety of foods derived from
genetically engineered plants.® If there is insufficient in-
formation to demonstrate that the introduced protein
could not cause allergic reactions in a susceptible pop-
ulation, then the food would require a label to alert con-
sumers to this fact.

The nutritional quality of legumes, including soybeans
(Glycine max), for both humans and animals is compro-
mised by a deficiency of methionine in the protein frac-
tion of the seeds.” As a result, diets for domestic animals
that are based on soybean meal must be fortified with
methionine or protein sources of this essential amino
acid. For the same reason, human vegetarians must care-
fully balance their diets to ensure an adequate intake of
methionine. There have been many attempts to manipu-
late the balance of essential amino acids in important
crops by traditional methods of plant breeding, but im-
provements in nutritional quality have often come at the
expense of agronomic properties such as yield or grain
quality. The introduction of genes encoding sulfur-rich
proteins from other plants into soybeans through recom-
binant-DNA techniques is a promising strategy for im-
proving the nutritional quality of soybeans without ad-
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Results. On radioallergosorbent testing of pooled se-
rum from four subjects allergic to Brazil nuts, protein ex-
tracts of transgenic soybean inhibited binding of IgE to
Brazil-nut proteins. On immunoblotting, serum IgE from
eight of nine subjects bound to purified 2S albumin from
the Brazil nut and to proteins of similar molecular weight
in the Brazil nut and the transgenic soybean. On skin-
prick testing, three subjects had positive reactions to ex-
tracts of Brazil nut and transgenic soybean and negative
reactions to soybean extract.

Conclusions. The 2S albumin is probably a major Bra-
zil-nut allergen, and the transgenic soybeans analyzed in
this study contain this protein. Our study shows that an al-
lergen from a food known to be allergenic can be trans-
ferred into another food by genetic engineering. (N Engl
J Med 1996;334:688-92.)
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versely affecting agronomic performance. The 2S albumin
from the seeds of the Brazil nut (Bertholletia excelsa) is
ideal for this purpose because it is composed of 18 per-
cent and 8 percent, respectively, of the sulfur amino acids
methionine and cysteine.? The 2S albumin gene from the
Brazil nut has been introduced into soybeans,’ tobacco,
oilseed rape (Brassica napus), the legume Vicia narbonen-
sis, and beans (Phaseolus vulgaris).\-'*

Our objective was to determine whether the 25 albu-
min from the Brazil nut as expressed in transgenic soy-
beans was able to bind IgE from people who are allergic
to Brazil nuts. Proteins that bind IgE from people with
allergies are likely to be allergens, since the mechanism
of immediate hypersensitivity is the cross-linking of spe-
cific proteins and specific IgE on the surface of sensi-
tized mast cells, causing them to degranulate and re-
lease histamine and other mediators of allergic disease.

METHODS

Subjects

For radioallergosorbent assays, a serum was pooled from four
subjects with a history of allergic reactions to Brazil nuts that included
oropharyngeal swelling and itching, facial swelling, laryngeal edema,
and bronchospasm with wheezing. All four had positive skin-prick
tests in response to extracts of Brazil nut and positive radioallergosor-
bent tests, with binding to Brazil-nut protein in the solid phase that
was 9 to 38 times greater than binding with control serum from
subjects with no history of food allergies. For experiments using sodi-
um dodecyl sulfate—polyacrylamide-gel electrophoresis (SDS-PAGE),
serum was obtained from five additional subjects who either indicated
that they had similar symptoms or reported a history of avoiding all
nuts. These five also had positive skin-prick tests and positive radio-
allergosorbent tests, with binding to Brazil-nut protein in the solid
phase that was 4 to 64 times greater than binding with control serum
from subjects with no history of food allergies. As a control, serum was
pooled from eight subjects without food allergies. Skin-prick tests with
transgenic material were performed on three subjects with histories of
sensitivity to Brazil nuts and no history of sensitivity to soybeans and
three subjects (one with atopy) with no history of sensitivity to Brazil
nuts or soybeans. All subjects gave informed consent as stipulated by
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