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Assessment of the allergenic potential of foods
derived from genetically engineered plants should
focus on a multilevel analytical process. This
approach takes into account the source from which
the gene is obtained, amino acid sequence com-
parisons with known allergens, in vitro and in
vivo rmmunologic analyses, and an assessment of
key physicochemical characteristics.

A rational assessment of allergenic potential
should be conducted in a careful step-wise pro-
cess, using a decision tree strategy (Figure 1). The
totality of these assessments provides reasonable
assurance that foods derived from new plant va-
rieties will not introduce allergenic concerns be-
yond those that exist relative to the current food
supply. If allergens are introduced, the foods will
be appropriately labeled so that they can be avoided
by susceptible individuals. This decision tree ap-
proach will be illustrated, as appropriate, with
examples of proteins introduced into plants by
genetic modification.

I I .  THE SOURCE

The Food and Drug Administration (FDA), in
their Policy on "Foods Derived from New Plant
Varieties,"e recogntzed the need to address the

potential transfer of food allergens. The FDA stated
that if a gene was obtained from an allergenic
source "FDA considers it prudent practice for the
producer initially to assume that the transferred
protein is the allergen. Appropriate in vitro or in
vivo allergenicity testing may reveal whether food
from the new variety elicits an allergenic response
in the potentially sensitive population (i.e., people
sensitive to the food in which the protein is ordi-
narily found)." The FDA further stated that "la-
beling of foods newly containing a known or
suspect allergen may be needed to inform con-
sumers of such potential." The label should dis-
close the source from which the gene was trans-
ferred.*

The source from which the gene is derived is
the critical parameter in the assessment of poten-
tial allergenicity. It dictates the need to verify
whether a gene encoding an allergenic protein
was transferred and expressed in a food compo-
nent, and mandates labeling should that be the
case.

If a gene is obtained from a known allergenic
source and the protein encoded is expressed in a
food component of the new plant variety, data
should be generated to assure that the gene does
not encode an allergen. If the gene from an aller-
genic source is not normally expressed in those

The FDA has long recognized that certain foods or food ingredients may present risks for some consumers that can be
averted. In these cases, the FDA has consistently relied on affirmative labeling declarations identifying the presence of
ingredients that possess the potential to trigger allergic reactions in people with sensitivities to such foods or ingredients.
Examples include sulf i t ing agents (21 C.F.R. $ 10i.100(aXa)) and color agents l ike D&C Yellow No. 5 (21 C.F.R. g 74.705
(dX2)). Another good example, one involving a natural component of food, is gluten. The FDA has required the
identification of the source of gluten as either "corn gluten" (21 C.F.R. $ 184.1321) or "wheat gluten" (21 C.F.R. $
184.1322) because persons with celiac disease are unable to ingest gluten from wheat without intestinal upset but are able
to ingest gluten from corn without side effects. In each case, the required label disclosure alerts consumers to the presence
of the ingredient and provides consumers an opportunity to avoid exposure. This use of food labeling ensures that food
that is safe for the general population will not provide a risk of harm to comparatively small subpopulations. [t is important
to note that the FDA has used this labeling authority only when sound science establishes that risk is, in fact, presented.

Under these circumstances, reliance on product-labeling declarations has proven to be an effective and valuable public
health mechanism for enabling consumers to choose wisely among foods. Administered in a science-based manner,
labeling serves the central purposes of informing, instructing, and warning the consumer.

Moreover, the FDA has also consistently recognized that these goals can only be achieved if consumers can understand
and use the information on food labels. For this reason, the agency has limited labeling information to that which is essential
about the identity and quality of the subject food or food ingredient.

In addition to being sound as a matter of law and science, this practice of carefully considering whether labeling
information is, indeed, justified is reinforced by the very real difficulties that would accompany any attempt to label the
plant products of biotechnology. For the most part, these products are fungible crop commodities. Differentiating in the
marketplace among such commodities on the basis of biotechnology and traditional breeding techniques would be costly,
burdensome, and largely unworkable in light of harvesting, shipping, storage, and processing practices. Moreover, no
defìnitive methodology would be available for distinquishing one type of product from another.
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product are limited to the nonfood plant parts
before concluding there is no allergenic risk.

In assessing the source from which genes are
derived, it is important to distinguish: (a) com-
mon allergenic foods; (b) less common allergenic
foods and other known allergen sources; and (c)
sources with no allergenic histories. For this ar-
ticle, common allergenic foods are defined as the
eight food categories mentioned above (also see
those listed in Table I in "Allergenic Foods").
These foods account for over 90Vo of the reported
food allergies and are those for which clinical
reagents, such as patient sera, are likely to be
available for the assessments proposed below.
This may not be the case for individual species
within a food group, such as fish or tree nuts (e.g.,
swordfish or Brazil nut). Other allergenic sources
include the less common allergenic foods listed in
Table 2 in "Allergenic Foods" for which clinical
reagents may not be readily available, as well as
other allergens, for example, pollens, molds, dan-
ders, and venoms.

Both common and less common allergenic
foods and food groups contain both major and
minor allergens. Major and minor allergens are
classifìed according to the frequency with which
the allergen is associated with clinical reactions
to a specific food. A major allergen is defined as
one to which more than 507o of individuals sen-
sitive to that substance react by skin testing (ST)
or solid-phase immunoassays. Sensitivity by his-
tory or challenge requires signs and symptoms of
classic immediate hypersentivity reactions. For
example, all individuals with peanut sensitivity
react to one or both major allergens in peanuts,
whereas the clinical significance of the minor
allergens is largely unknown. For these reasons,
the majority of concern focuses on the major
allergens from both common and less common
allergenic foods and food groups.

I I I .  AMINO ACID SEQUENCE SIMILARITY
TO KNOWN ALLERGENIC PROTEINS

Assessing the allergenic concerns of foods
containing genes from any source should begin
with an examination of the amino acid sequence
similarity to known allergens. Allergen sources
include certain plant- and animal-derived foods

(see Tables I and 2 in "Allergenic Foods"). Non-
food allergens, such as pollens, fungal spores,
insect venoms, and feces, and animal dander and
urine,r0 should also be considered. Individuals
may experience adverse reactions if they have
become sensitized to a protein through the oral,
epidermal, or respiratory route, and, subsequently,
consume that protein after it has been introduced
into a food through recombinant DNA technol-
ogy. Many respiratory or dermal allergens are
labile in the environment or the gastrointestinal
tract and are, thus, unlikely to induce sensitivity
via that route. However, the oral allergy syn-
drome (OAS) suggests that even limited exposure
in  the  bucca l  cav i t y  can  induce  loca l i zed
symptoms.

The functions of allergenic proterns in vivo
are diverse, ranging from enzymesrr to regulators
of the cell cytoskeletonr2 and are of no predictive
value in assessing allergenicity. The allergenic
proteins of many major sources of allergens, in-
cluding food allergens, have been characterized
by molecular methods (see "Principles and Char-
acteristics of Food Allergens" by Steve L. Taylor
and Samuel B. Lehrer in this issue). The impor-
tant IgE, T-, and B-cell epitopes of some aller-
gens have been mapped.13-24 The immunologic
mechanisms that distinguish atopy from nonpatho-
genic responses remain obscure.2s However, from
these mapping studies it can be generalized that
the optimal peptide length for binding appears to
be between 8 and 12 amino acids for T-cell
epitopes, and even longer for B-cell epitopes.26

Based on this information, it is possible to
define a sequence test for comparing the amino
acid sequence of an introduced protein with that
of known allergens: an immunologically signifi-
cant sequence identity requires a match of at least
eight contiguous identical amino acids. This is

well below the level of similarity expected be-
tween biologically related (homologous) pro-

teins.27 The criteria for comparing amino acid

sequences may change or evolve over time with
additional research and insight into the molecular
structure of allergens. The amino acid sequences
of allergenic epitopes are known for relatively
few allergens, especially food allergens. How-

ever, this approach is reasonable in the absence of
comprehensive epitope data for allergens in that
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TABLE 1
Food Allergen Sequences Retrieved from the Public
Nucleic Acids*

Species Common name Allergen

Food (plant)

Domain Databases for Proteins and

Accession

Arachis hypogea

Bertholletia excelsa
Brassica juncea

Carica papaya
Glycine max

Hordeum vulgare

Malus domestica
Oryza sativa

Phaseolus vulgaris

Sinapis alba

Triticum aestivum

Triticum durum
Triticum turgidum

Peanuts

Brazil nut
Leaf mustard

Papaya
Soybean

Barley

Apple
Rice

Kidney bean

White mustard

Pasta wheat
Poulard wheat

A r a h l

Peanut lectin
B e r e l
Bra jlE-L
Bra f lE-S
Papain
Glycin in

L34402
L33402
138853
s14765
x54490
s35592
s35591
M15203
x02985
Y00398
M10962
x02626
x15121
x15122
x1 51 23
x1 7698
s44893
K00821
x80039
x64447
x64448
s261 97
P32360
x83672
x66257
D11433
D11434
D1 1 430
D11432
D 1 1 4 3 1
s1 1 929
s1 1 930
s541 01
PC1247
M25536
M25537
J02961
s1 9296

B-Conglycin in

Soy lectin
Kunitz trypsin
inhib i tor

H o r v l
H o r v l
M a l d l
RAP
RAGl
RAG2
RAG5
RAG14
RAG17
PR-1
PR-2
S i n  a  1 . 1
S i n  a  1 . 2
WGA
WGA
WGA
16K al lergen

G a d c l

G a l d l

G a l  d 2

G a l  d 2

G a l  d 3

G a l d 4

G a l  d 4

Vi te l logen in  l l

Apovitel lenin I

M e t e l

Food (animal)

Synonym/f unction

C lone  P41b
Clone 5A'1
C lone  P17
Agglut in in
25 albumin (BE2S1 gene)
25 albumin large chain
25 albumin smal l  chain

Al  aBx subuni t
A2B1a subuni t
4384 subunit
A5A483 subunit
G1 subuni t
G2 subuni t
G3 subuni t
cr-Subunit
CG4 subuni t
Soy agglut in in
KTi-s subtype
KTi-a subtype
KTi-b subtype
o-Amylase/trypsin inhibitor
a-Amylase/trypsi n inhibitor
Profil in
Rice allergenic protein
Rice al lergen 1
Rice allergen 2
Rice al lergen 3
Rice al lergen 14
Rice al lergen 17
Pathogenesis-related protein 1
Pathogenesis-related protein 2
25 albumin/amylase inhibitor
25 albumin/amylase inhibitor
Wheat germ agglutinin A
Wheat germ agglutinin D
Wheat germ agglutinin
cr,-Amylase inhibitor

Serum albumin
Mi lk g lobul in (whey)
Mi lk a lbumin (whey)
Type cx-S1
Type a-S1
Type u-S2
Type 0
Type r

B-Parvalbumin,  a l lergen M
Ovomucoid
Ovalbumin Y gene
Ovalbumin
Conalbumin (ovotransferrin)
Lysozyme
lsolysozyme
Lipovitell in/phosvitin
Low density l ipoprotein ll
Tropomyosin

Bos taurus Cow

Metapenaeus ensls Shrimp

Note: Some of these allergens may be airborne or associated with occupational allergies rather than directly ingested.

.  Publ ic  domain databases:  GenBanl</EMBUGenpept ver 86.0,  SWISSPROT ver 30,  PIR ver 41.
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BSA
p-Lactoglobulin
cx-Lactalbumin
Casein

M73993
x14712
J05147
M33123
M38641
M16644
M 1 5 1 3 2
M36641
494236
M10639
J00922
M34352
Y00407
J00885
x61 001
492941
491484
u08008

Gadus callarias Cod fish
Gallus domesticus Chicken
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TABLE 2 (continued)
Nonfood Allergen Sequences
Nucleic Acids*

Retrieved from the Public Domain Databases for Proteins and

Species

Phleum pratense

Poa pratensis

Quercus alba
Secale cereale
Triticum aestivum

Zea mays

Euroglyphus maynet
De rmato ph ago ide s f ari n ae

DermatoPhagoides
microceras

Dermatophagoides
pteronyssinus

Lep i doglyph u s de stru cto r

Apis mellifen

Dot ich ove sP u I a are n a ri a
Dol ich ovesP u I a m acul ata

Myrmecia Pilosula
Polestes annularis
Polestes exclamans
Polestes fascatus
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Common name

Timothy grass

Kentucky
blue-grass

Oak tree
Cultivated rye
Bread wheat

Maize

House mite
House mite

House mite

House mite

Feces mite

Honeybee

Yellow hornet
Whiteface hornet

Bulldog ant
Wasp
Paper wasP
Paper wasP

Allergen

Pol len

P h l p l
P h l p l
Ph l  p2
Phl p 5a
Phl p 5b
Ph t  p6
Pht p 32K
Phl p 3BK
Phl  p  11
P o a p l
P o a p l
Poa p I  (KBG31)
Poa p I (KBG41)
Poa p 9 (KBG60)
Q u e  a 1
Sec c 30K
Tri a 2.1
Tri a 2.2
Tri a 2.3
Z e a m l
C lone  c13

Mites

E u r m l
D e r f l
Der  f  2 .1
Der  f  2 .1
Der f  2.2
Der f  2.2
Der f  2.3
Der f  2.3
D e r m l

D e r P l
D e r P l
D e r P 2
D e r p 3
D e r P 4
D e r p S
D e r  p 7
L e p d l

lnsect venoms

A p i m l
A p i  m 3
D o l  a 5
Dol  m 1.02
D o l  m 2
D o l m 5
D o l m S
M y r P l
P o l  a 5
P o l e S
P o l f S

Synonym/function

Group I

Group l l
Group V, grouP lX
Group V

Group V-l ike
Group V-l ike
Group Xl/Profi l in
Group I
Group I
Group lX

Bet v t  homolog
30K grouP Vallergen
Profi l in
Profi l in
Profi l in
Lol p I  homolog
Ole e I homolog

PhospholiPase A2
Melit t in
Antigen 5
PhospholiPase A1
Hyaluronidase
Antigen 5 clone f5
A n t i g e n 5 c l o n e f l 0

Antigen 5
Antigen 5
Antigen 5

Group l ,  thiol Protease
Thiol protease
Antigen 2
Antigen 2
Antigen 2
Antigen 2
Antigen 2
Antigen 2
Thiol-protease

Antigen P,
Antigen P,

Trypsin
Amylase
14K a l lergen

Accession

x7881 3
227090
x75925
x70942
227083
227082
s38294
s38293
P35079
F37396
A60372
M38342
M38343
M38344
D53288
s38292
s72384
s72374
s72375
JC1524
P33050

s21 864
x651 96
D10447
A61241
D1 0448
8'61241
D1 0449
PS041 7
B.27634

u1  1695
JQ0337
A60381
u 1 1 7 1 9
A61242
s06734
x1 7699
x81 399

P00630
P01 501
M9BB59
A44563
134548
J03602
J03601
x70256
M98857
P35759
F44522
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TABLE 3
SummarY of Proteins

Introduced Protein"

lntroduced Into Crops by Genetic Engineering

Crop Productsb

Delayed riPening tomato

I nsect-Protected Potato
Insect-Protected corn and tomato

I nsect-Protected cotton

Herb ic ide- to le ran tcano la ,co t ton ,corn 'soybean 'andsugarbeet
Herbicide-tolerant canola and corn

Herbicide-tolerant soYbean

Delayed ripening tomàto, insect-protected cotton and potato, Flavr

SavrrM tomato
Herbicide-tolerant corn

Nofe; The specific proteins included in this table were based on those proteins for which digestive stabil ity data

were available (see Table 4)'

u Acc, 1-amino-1-cyclopropane-carboxyric acid; B:t.t., Bacittus thurin-giensis subsp' tenebrionisi B't'k'' Bacillus

thuringiensrs subsp. kurstakiproteins from strainr'Ho-zs ano Hd-t, corresponding to the [(cryla(c)] and

tcrylA(b)l proteins according to the nomenclature of Hófte and whiteley;i03 cP4 EPsPs' S-enolpyruvylshikimate-

3-phosphate synthase from Ag robacterium sp' strain CP4'

b Adapted from Fuchs et al.,10a ciba Geigy,105 and Noteborn and Kuiper'8s

ACC deaminase (ACCd)

B.f.f. insecticidal protein (B't ' t ')

B. t .k.  HD-1 insect ic idal  protein (B' t 'k '  HD-1)

B.t.k. HD-73 insecticidal protein (B't 'k' HD-73)

CP4 EPSP sYnthase (CP4 EPSPS)

Glyphosate oxidoreductase (GOX)

B-o-Glucuronidase (GUS)'Nleomycin 
phosphotransferase tl (NPTlt)

Phosphinothricin acetyltransferase (PAT)

limit from the examination of at least 14 sera*

from confirmed allergic patients'

The solid-phase immunoassays (described in

detail in "Principles and Characteristics of Food

Allergens") use IgE fractions of sera from indi-

viduals who are confirmed allergic to the food

from which the gene was derived' Serum donors

should meet rigid clinical criteria, including test-

ing positive in double-blind, placebo-controlled

f*a challenges (DBPCFC;,r+':r or must have a

convincing history of severe, IgE-mediated' sys-

temic reactions.3s A convincing history would

consist of an immediate hypersensitivity response

following an isolated ingestion/exposure that re-

quired m-edical management, and that was docu-

mented in the medical records' Data from one or

more of these in vitro assays provide strong evi-

dence as to whether the transferred gene encodes

an allergen. Sera from at least 14 documented

1..u.tor, ,hould be tested separately. Any positive

result (outside the957o confidence limit) fromthe

in vitrotests should require that any food contain-

Binomial probability theory (i.e., that a subject in a popuration will either pass or fail a test) can be used to determine the

sampre size (N) needed to predict, with a particurar level of confìdence, the likelihood that a single individual' from a

population composed only of individuars sensitive to rhe food from which a protein is isolated (i'e'' the at-risk population'

not the general population), will ,"u", ro a specific protein. To apply the theory, it is necessary to make certain assumptions

about the probability (p) rhat a random subject in the test populaiiàn i, allergicio that particular protein and will test positive

tt "i;Tl i::,:.'JÌ,,"e, a predicrive inciden ce or 20ro and a !jlor.u,"',o.1,:o1l:,"i:"^T::'_::i"t:,*:fTiî*1";#ber 
or

sera to be recommended. These criteria would provide a 957o probability that an allergen to which at least 207o of the

sensirive individuals have IgE wourd be detected if transfèrr.i. uring these assumptions and binomial probabilities' a

sample of 14 sera (N = l4) would need to be tested and to show no positive reaction with any of the sera (i'e'' passed the

test) to conclude that an allergen had not been transferred, under the given assumptions' using the criteria of 14 sera and

a predictive incidence of SYbo(instead of 2YLo)would increase the probability of detecting the transfer of a major allergen

to>gg.gva,compared with a >glTofor a minor allergenpresent at 207o of 
.the 

sensitive population' This assessment does

not exclude the possibility that the transferred protein 
"outa 

represent an allergen that elicits an IgE response from an even

ress frequent poìtion of the sensitive populatiòn. However, these value, p'oiidt reasonable assurance to' and protection

for, the Public.
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should be used. However, if fewer than five sera*
are obtained, the appropriate regulatory agency
should be consulted. An examination of the physi-
cochemical properties (see below) should also be
undertaken. Any positive result (outside the 957o
confidence limit) from the in vitro immunologic
assays should require that any food containing the
gene product be labeled as to the source of the
transferred gene, as per FDA guidancee (Figure 1).
If no positive result is obtained in the in vitro
immunoassays and at least five sera are analyzed,
the product can be marketed without labeling.

In evaluating a gene product transferred from
a less commonly known allergenic food or other
known allergen source, the gene product should
be subjected to physicochemical analysis if less
than five sera are tested using a solid-phase im-
munoassay and all results are negative. The physi-
cochemical and biological characteristics of the
gene product can be compared to the characteris-
tics of known allergenic proteins, as a means of
predicting allergenic potential. However, at this
time, with the exception of identifying known
allergens transferred from allergenic sources, there
appears to be no single predictive property that
can conclusively determine the allergenic poten-
tial of a gene product.e'++'+s

A key prerequisite for food protein aller-
genicity is its resistance to digestion (e.g., the
stability of the protein to proteolytic and acid
conditions of the human digestive system). The
relative stability of an allergen to conditions en-
countered during processing operations used for
specific food products (e.g., heat denaturation) is
also an important property of most food allergens.
For example, peanut and soybean allergens retain
their allergenic potential through the steps used in
processing food products such as peanut butterab
and soy flour.a7 For these reasons, digestibility
and stability during processing should be consid-
ered when assessing the potential allergenicity of
a protein introduced into a given food. However,
an exception to the observation that food proteins
tend to resist digestion is seen in oral allergy
syndrome (OAS); labile proteins cause the dis-
ease but infrequently cause systemic reactions.

Allergenic proteins are also typically 10 to
70 kDa in molecular weight and are often gly-
cosylated. However, these properties are shared
by many nonallergenic proteins, and many aller-
gens themselves are exceptions to this generaltza-
tion. Therefore, these criteria are not included in
the decision process.

A. Digestibi l i ty

The ability of food allergens to reach and
cross the mucosal membrane of the intestinal tract
is likely a prerequisite to allergenicity. Intact pro-
teins are capable of crossing the mucosal mem-
brane of the gut and entering the circulatory sys-
tem.a8 Clearly, a protein that is largely stable to

the proteolytic and acidic conditions of the diges-
tive tract has an increased probability of reaching
the intestinal mucosa. Many allergens exhibit pro-
teolytic stability,4e 5ó although the majority re-
main directly untested (see "Principles and Char-
acteristics of Food Allergens").

Simulated gastric and intestinal digestive
models of mammalian digestion, as described in
the U.S. Pharmacopeia,sl have been employed to
compare the relative stability of the proteins engi-
neered into plants with a number of the com-
monly known allergenic food proteins.'58 These
digestion models have also been used to investi-
gate the digestibility of plantss'00 and animal6l
proteins, and food additives.62 A similar model
has also been used to examine the stability of milk
allergens.63'64

One study that looked at this issue examined
the common food allergens shown in Table 4.
Without exception, these food allergens were
stable to digestion in the gastrointestinal (GI) di-
gestive model.58 For the allergens shown in
Table 4, either the allergen or a proteolytic frag-
ment of the allergen was stable for at least 2 mtn
in simulated gastric fluid. The major allergens
were typically stable for more than I h. Similar
stability data were reported by other investiga-
tors; however, relative stability was not as well
defined.6s'66 In contrast to these allergenic food

Using fìve sera, there is a>6J7o probability that an allergen present in the sensitive population at a frequency of >207o

would be detected, if transferrecl, and there is a>957a probability that a major allergen (an allergen present in the sensitive

population at a frequency of 2507o) would be detected, if transferred.
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TABLE 4 (continued)
Summary of Al lergen and

Protein

B-o-glucuronidase
Neomycin phosphotransferase l l
Phosphinoth rici n acetyltransferase

proterns, common food proteins with no aller_
genic history rapidly degraded under similar con_
ditions. All eight of the common food proteins
shown in Table 4 rapidly degraded within 15 s,
the first time point analyzed.

Rapid proteolytic degradation of proteins
greatly minimizes the likelihood that proteins could
be absorbed by the intestinal mucosa, and should
limit the opportunity for sensitization.The human
digestive system provides an effective mecha_
nism to remove these proteins before they have
the opportunity to reach the intestinal mucosa.
Therefore, the simulated gastric model provides a
method to assess allergenic potential of proteins
introduced into food plants.

B. Stability to Processing

The stability of a protein to various food_
processing activities is also an important factor
when assessing the allergenic potential of an in_
troduced protein. Food allergens, particularly those
present in processed food products like peanuts
and soybeans, tend to be stable to processing
conditions (see "Principles and characteristics of
Food Allergens"). This is expected because the
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Protein Stability in a Gastric Model

Stabitity (min;",u

% Total protein Whole protein Fragments

I ntroduced pfoteinsse,t oo

0 . 0 1
<0.01

n . d .

0  ( < 1 5  s )
0  ( < 1 0  s )
0

After Astwood and Fuchs 
"1 

sl.rro
Gastric digests were perfomed as described previouslys0 with the following modifications:
170 nglpl of protein was digested in 200-pl aliquots oi simulated gastric i luid composed
of 0'3% (w/v) pepsin, 0.03 M NaCl, pH 1.2. Digests were quenched by neutralization with
7 5  p l  0 . 1 6  M  N a r c o .  a t t h e  f o l l o w i n g  t i m e s :  0 ,  1 5 ,  a n d  3 0  s ;  a n d  1 , 2 , 4 , g ,  1 5 ,  a n d  6 0
min. Digestion of proteins was evaluated by sDS-PAGE (10 to 20"/o acrylamide with
tr ic ine buffersl lT) and visual ized by Coomassie Br i l l iant  Blue col lo idal  staining. l ls  500 ng
protein was loaded per lane. Stabil ity represents the last t ime point at which the proteii
or a proteolytic fragment was observed; (n.d.) = not detectable; (_) = no fragments.
Total amount of protein for combined subunits.
Reported as "/" crude extract.
Values estimated from the l iterature.

processed food products derived from these foods
maintain their allergenicity. If a protein is being
engineered into fresh market products such as
tomatoes, squash, or lettuce, processing stability
is irrelevant because the product will be con-
sumed fresh. If, on the other hand, a protein is
engineered into soybeans, wheat, or rice, which
are processed in one or more ways prior to con_
sumption, the stability of the protein to process_
ing conditions should be taken into account and
suitable tests to investigate stability should be
designed and conducted. If the product used for
human consumption is free of protein (e.g., oils or
carbohydrates), there is no significant human ex-
posure and the allergenic potential of the expresseC
protein is greatly minimized or eliminated. Stud-
ies using direct food challenges with a limited
number of subjects, with oils derived from sev-
eral different crops, including soybean, peanut,
and sunflower, showed no allergic reaction in
patients who are allergic to these foods.67-6e This
is not surprising because there is an extremely
low or negligible level of protein in hot-processed
crop-derived oils.To

If a protein derived from a less commonly
allergenic food or other allergenic source is highly
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When an analysis of endogenous proteins is
desired and feasible, immunoblotting and/or
ELISA methods could be implemented for this
assessment.s6 However, this assessment cannot
be performed if the plant has no history of causing
allergy or a limited history that precludes the
availability of sera.

C.  Animal  Models

Although animal models provide important
information for understanding the mechanisms of
allergenicity, these models have not been vali-
dated for assessing the allergenic potential of spe-
cific proteins in humans. Examples of animal
models include (1) mouse models to evaluate IgE
responses to modified recombinant allergens;87
(2) IgE-mediated rat anaphylaxis models;8s (3)
guinea pig models of anaphylaxis'Se er (4) dog
models to study asthmae2'e3 and food allergy;e3
and (5) mouse models to study possible immuno-
therapeutic peptide epitopes2a and immuno-
prophylactic strategies.ea

Animal models provide opportunities to study
fundamenta l  quest ions and mechanisms of
allergenicity. However, none of these models have
been shown to predict the allergenic potential of
introduced proteinq.es'e6 In all cases, these models
have been used to study the biological or molecu-
lar mechanisms of immunopathogenesis of estab-
lished allergenic responses. In the absence of data,
these models cannot be extrapolated to humans.
Variable responses from allergen to allergen, ani-
mal to animal, species to species, and even within
the same animal over limses'e6 suggest that it wili
be extremely difficult to develop a reliable animal
mode l  tha t  w i l l  be  p red ic t i ve  fo r  human
allergenicity.

An example of an instance in which one ani-
mal model did not predict allergenicity is the
Brazrl nut 25 globulin protein, which was as-
sessed by passive cutaneous anaphylaxis in mice
fed the antigen orally.eT This study reported that
the 25 albumin protein did not elicit an IgE re-
sponse in the mouse strains used under specific
conditions. The authors came to the conclusion
that the 25 gene was a strong candidate for ge-
netic engineering into crop plants to enhance the
nutritional quality of derived foods.eT This does
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not mean that a more appropriate animal model
would not have predicted allergenicity.

VI I I .  NATIONAL AND INTERNATIONAL
CONSENSUS

The recommendations in this article are con-
sistent with and expand other suggested ap-
proaches. The FDA provided guidance for

allergenicity assessment in their 1992 "Food

Policy" document.e The Environmental Protec-
tion Agency (EPA) provided some guidance in
their November 1994 draft guidelines for pesti-

cidal plants.es The FDA, EPA, and the U.S. De-
partment of Agriculture (USDA) cosponsored a

symposium in April l994ei focused specifically
on assessing the allergenic potential of foods
derived from genetically engineered plants. Re-
cent workshops sponsored by the Organization
for Economic Cooperation and Development
(OECD)ee and the World Health Organization
(WHO)100 also provided guidance on allergenicity
assessment.

IX.  FUTURE PROSPECTS

Genetic engineering can also provide an im-
portant tool to reduce the levels of specific aller-
genic proteins in the food supply. By suppressing
gene expression, for example, by introducing genes

in the antisense orientation (the opposite orienta-
tion required to produce a protein), the levels of

specific proteins can be dramatically reduced. This

is the technique used to produce the delayed-

softening, Flav-Savr'tM tomato. Inhibiting the pro-

duction of the polygalacturonase enzyme, which

causes the tomato to soften, extended the shelf

life of the tomato.l0r This same approach has been

used to significantly reduce the primary allergen
in rice. Tada et al.r02 cloned the gene encoding the

16-kDa allergenic protein from rice and intro-

duced the gene encoding this protein in the

antisense orientation. The levels of the 16-kDa
protein were significantly reduced in the rice seed
in a number of the progeny. However, this protein

was not completely eliminated in these plants.

Further studies are underway to achieve greater

reductions in this allergenic protein.
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