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ABSTRACT: In recent yeuars, a number of agricultural crops have been developed with recombinant DNA
technology. Because the transterred genes code for proteins that are ordinarily not present in these partivular foods.
there s concern about the potendal allergenicity of these new crop varieties. Foods contain many proteins:
however: only a small fraction are allergens. Although the structural properties of proteins that cause atlergic
reactions have not been characterized completely. kiown food allergens in general have molecular weights
between 10 and 70 kDa, stinvudate the immune response (induce the production of allergen-specitic [eh). and are
stable melecules that are resistant to processing, cooking. and digestion. Although any tyvpe of food is potentially
allergenic, the majority of food allergies are caused by a small group of foods (cows™ milk. nuts. legumes. cags,
seafond). Cross-reactivities occur within a given {ood group zmd hetween focds and seemingly inrelated proteins.
Even though most transgenic foods are considered sule, biotechnological manipulation can affect crop

allergenicity. The safety evaluation of transgenic foods is rcl;mvc!y easy when the allergenicity of the gene sources
are known. The recombinant foed can be assayed esing traditional in vitro inhibition assiys. Recently, reduced
atlergen content ol biotechnologically ajtered rice was shown. In contrast. increased allergenicity was demon-
strated in transgenic sovbeans after a methionine- and cyvstine-rich protein from Brazil nuts, identificd as @ major
Ryazil netall rgens was expressed in sovbean o increase its coatent of sulfur-rich amino acids. The most dilticult
issue regarding tansgenic food allereenicity is the effect of transfer of proteins of unknown allergenicity. The
challenge s to determine whether these proteins are allersenic as there is no generally accepted. established

delinitive procedure to define or predict a protein’s allergenicity, Comparing the structures of the trunsferred
<n epitepes could lm one approach. Additionally, Th-2 cell stimulation, the

protem with known ailergens and allerg
antibodv inducion in animal models may help Lo evaluate the potential abfereenicity

producion ol [L-+, and
of a protein.
In conclusion. theie is no evidence that recombinant proteins in newly developed foods are more alfergenic

than waditional proteins. The evidence suggests that the vast majoriy of these proteins will be completely sate for

the consumer. The concern is that it a few wansgenic foods cause serious allergic reactions, this could undermine
Biished and tests are

the public’s confidence in such products. 1t is essential that proper guidelines are est
developed to assure that this will not oceur.
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LINTRODUCTION have been made. including the tran ster of proteins

nto plants from other species, which could not

A. Recombinant Preteins in Foous ordinarily be done by traditional breeding tech-

niques. Recombinant DNA technologies offer

New plant varieties that can be used as sources plant breeders the opportunity to gain a number

of foods. such as fruits. vegetables. grains, and of useful properties, including the increase in

thewr byproducts. are being developed by using maujor plant constituents’ that can result m dra-

ecombinant DNA technologies.! Specific ce- matic changes in food composition. In addition.
netic modifications bused on these technologies food crops are being developed to resist pests, )
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discases, adverse weather and soil conditions, and
to tolerate chemical herbicides and improved char-
acteristics for food processing.” A number of po-
tenial toods that have been derived from these
new plant varieties by recombinant DNA tech-
nologies are approaching commercial introduction.?

Many agricultural crops have been developed
with recombinant DNA technology, and at least a()
different varieties are currently being field tested.
Because some genes govern ing these new traits
code for proteins that are ordinarily not present in
that food. there 1s concern about the elfects of the
tansterred proteins on individuals ingesting them.!
S A major coneern is the potential of these trans-
ferred proteins as food allerzens !

B. Food Allergy

A varicty of adverse reactions can he ohb-
served following exposure to foods that can be
confused with true food allergy because they have
similar symptoms.t An adverse reaction 1o food
is any clintcally abnormnal response atribuied to
exposure to a food or food additive and inciudes
hoth immunotogic and nonimmunologic reuci
ood allerzy, or food hyperseasitivity, |
cific type of immunologically medinted

n‘udion resuiting from the ingestion «

dchittve. This reaction occurs on

it
i Y i e
1N SOme

ires prior exposure (sensitization).

Uviduals, re

meyv occur ondy alter ismalil amount of sul
costed. and is unrclatad to any physiological

ciivet of the Toed or food additive.t Most food

allzrgies are mediated by Do ansibodizs and have

a mpid onsct, typiecally within minutes of cho—
sure.” Other zd\*crsc reactions t

) foods are 1ao
can abnormai physiological response
ve

intoleranc
to an ingested food or food additi
fy

ing. whu; s basically o toxic reaction; und

- food peison-

pharmacologic food reactions due 1o chemicals
that produce a drug-like effect. These latter three
Ul (WH‘~ ATC ﬂx)llllﬂlYWI!I)‘)]OQN"
i'recise tigures concerning the prevalence of
food al‘crszicfs are difficult to obtain. In clinical
swrveys, 2 to 40 of children vounger than 6 vears
nave reproducible allergic reactions to foods. Stud-

ies i adults suggest that 110 2% of the general
adult population 1s seusitive to certain foods or

food additives. This contrasts dramadically with

the public’s perception of the importance of aller-
gic reactions o foods. It has been reported that at
[east one of four atopic adults believe that they
have experienced adverse reactions following the
ingestion or handling of foods. Similarly. parents
believe that one of four of their children has ex-
perienced at feast one adverse reaction to a food.*

C. Immunopathologic Mecnhanisins of
Allergy

The mduction of allergic hypersensitivity and
the effector mechanisms in alferoic reactions are
summarized i Freure 1. In the induction of an
ailergic responsce. allu%ns that are typically in-
nocuous enter the body via mucosal surfaces and
are processed by local antigen-presenting cells
that present peptide fragments ol the antigen to T
lvmphocytes. Under conditions (not fully known)
that favor a Th2 rather than a Thil lymphoecyie
response, x‘ctra‘)gm{lm between the Th-2 and ant-
gen-specitic B eelts results inthe release of soluble
factors such as interteuking 4. 5, and 13 that in
turn lewd to B eell protileration and ditferentiation
and the production of allergen-specific 1B
Antigens that elicit such an Igh response are ealled
ailergens. There 1s some evidence for genetic

control of IgE antibody production to specific

allergens.”™ ™ igi binds to specific receptors on
masteedls or basophils. thus sensitizing these cells.

Sabsequently. it an allergen reaches the sensi-

tzed mast celi, 1t cross-links surface-bound Ioie.

<

1
v

hot}

uiw ring the release of preformed and ne
These mediators in

hesized me
;L 1 the clinical signs and symptoms of allergic
stiima, eczema. hayfever, and

discases, meluding ¢
2]

anaphylasis.

i3, Davelopment of Feod Allargy
A number of factors can aflect the develop-
ment of foed ailergy. One Ex the amount of a

lei‘licu!ur food that is ingested. which is ii‘:ﬂ‘l‘
enced by the diet and culture of a country.

can have astovlicant effect on the ;’vﬁc.uh,nu,, o{’
aspecific food allergy in thatvegion. |
this are codfish allergy i Norway, rice

‘
anut allergy in the U.S.

xamples of
,

HIA sy

aflergy 1o Japan. and pe
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FIGUSE 1. Induction and effector machanisms in IgE-medi ated hynerzensitivity. Alier
proiein molecule, after crossing mucosal membrane barriers

n, aenerally an innecuous
can anrmlr te IgE antibody p,uuud:on Subsedquent

interaction of the allergen with mast call or basophil-bound IgE antibodies leads to the release of mediaters that are

potent pharmacolcgical molectiles thai result in the clinical

Route of exposure is another important factor in
the development of a If‘oo" allergy. Not only are
food allergens ingested, but exposure can also
cecur through skin contact and inhalation.” Gut
permeability has long been thought to be a major
factor in food allerey sensitization. Actually. how-

cver. there has been very littde investigation of

this phenomenon. Processing of food is another
factor that can substantially alter food allcrgen
content. Finally. intrinsic factors are present: some

e very allereenic. while other

&

foods apparently u
foods are rarely it ever allergenic.

o

FFOOD ALLERGENS

A. General Characteristic of Allergsnis
Food Proteins

Feods contain a wide variety of proteins. et
only a tfew are known ailergens. n plum toods

such as soybeans and peanuts, many of the aller-

effects of allergy.

gens appear to be storage proteins™ 17 that are
oresent in large amounts in these particular foods.
T,

It is tempting o infer that the likelihood of ailer-
venicity correlates with the degree of exposure v

a particular protein. Hovcvcr proteins that oceur

1 rainor armounts N foods can @ 1s0 be ‘]01

)
food allergens. For exampie. Gad ¢ 1, the major
allergen in codfish. is not a predomuiant protein
in codfish.”™ Also, proteins that are major compo-
nents of many foods, such as actin. ‘n‘fosin. and
icken. arc

tropomyosin from beefl pork. and ¢h
not allergenic. Thus. while the exposure dose is
likely a critical factor. the inherent immunogen: ic-
ity of the protein is clearly more important.

As with all antizens. food allergens must be
forcion molecules o stimulate a stgnificant im-
mune response hecause molecules of host origin
do not normally elicit antibody pro duction. Most
vod allergens are stable molecuies that resist the

effects of Tood processing and cooking, and the
digestive processes.'” There are. however. excep-

labile allergens present in apple

tions such as the
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and other fresh fruits and vegetables. 202 Gener-
ally. such labile allergens cause reactions that are
restricted primarily to the oral mucosa. as they
apidly Tose allergenic activity duri mg digestion.
Conversely. it has been suggested that digestion
can alter antizens by releasing or uncovering new
cpitopes, thus increasing allergenicity. This has
ot been well investigated to date.

A prerequisite forany allergen is the ability to
stimulate an immune response, W hy certain pro-
teins do this better and are more allergenic than
others 1s not yet understood. Allergens triggering
allergic reactions must be polyvalent. that is, have
several epitopes that bind 1eE antibodics because
allergens must bridge 1eE moiccules on the sur-
face of mast cells to nitiate degranulation: thus.
they are somewhat constrained in molecular di-
menstons. Most known food allergens have mo-
lecular weights between npproximuicly 1) and
70 kDa. However, protcins Jarger than 70 kDa
can be allergens. For example. Ara b 1. the major
peanut allergen, probably cxists naturally as a
very large protein (150 10 200 kDa or more bodrs
described 66-kDa size is based on SDS dissocia-
tion into subunits. Altheugh sinaller molecules
could conceivably act as haptens. a moleculur
weigit of 10 kDa probably represents the lower
it for an immuncgenic response. The upper
mit for molecular size is pro
restricted miucosal absorption of farger molecules.
Generaily, food alierzens are glye proteins with
cotric point. However, many

|

onoacid (sod

nonatlergenic ;nr»icmx alsoshare these pra;\vp‘;:rlie&;.
znlc ¢ some exeeptions, clearly the most

Uit“"lH‘)“u atl 2TECS ar ‘\rmk molecules that are

digestive
enzymes wiile they remain soluble and absorb-
able through the intestinal tract.

The portions of an antigen/allergen molecule
that interact with cells of the immune system or
antibodies are defined as epitopes. Those ‘pitop**;
that react with T cells are called T-cell epitopes. ™
Lpitopes that react with antibodv or antibody-
producing B colls are called B-cell epitopes.™
Whether all B- and T-cell epitopes are different
from each other is still controversial and may
vary from allergen to allergen.

Epttopes are cither conformationz! or linear,
Conformational epitopes depend on the lcmzny

Iy
I
e
1

esistant o Drocessing, coeking, and

o1
&

o

bably the result of

structure of a protein and may be composed of
several adjacent amino acid sequences on the
surface ol the protein. Linear epitopes are com-
posced of only the amino acid sequence itself. It is
generally thought that T-cell epitopes are linear,
whereas B-cell epitopes are conformational. How-
ever. there may be exceptions to this rule.” An
epitope composed of a series of covalently linked
amino acids is called a continuous epitope. An
epitope that is composed of two adjacent
noncontinuous amino acid sequences is called a
discontinuous epitope. A schematic diagram of
an allergen molecule with a continuous and dis-
continuous cpitopes is shown in Figure 2. Fnr
continuous epitopes, the minimum number
amino acid residues is six. Discontinuous conlur»-
mational epitopes have a minimum of 16 amino
acid residues. ™

T-cell epitopes are generally small peptide
fragments (12 to 18 amino llCid\‘) present noa
tincar sequence of an allergen. T-cell epitopes are
recoantzed by specific z~uzll surface receptors
(TCE) enly ¢ rcz the antigen has been phagocy-
rred, Mocm‘scu, and presented by an antigen-
LAPC). Determining the complete

1 allergen is a

presenting ce
repertoire of 1“ cell epitopes of :
tormedable task due to the large mwbu olepitopes
and the variable recognition of epitopes by differ-
ent individuals. Characterization of T-cell epitopes

Fas only begun to be attempted for food all ergens.

Aliergens

Y TRLE TN
e WILENEGIE

Most allergenic foods contain more than one
significant ul lergen. In an atte empt to organize
allergens with regard 1o patient reactivity, tie
follewing classification system has been devel-
rens. Allerzens to

oped o better describe allergel
I patients sensitive

which the majority (>309) of
to that tood react are described s
zens” in contrast o “minor allerzens” in the food

Tmajor aller-
to which a minority of the patients react.> Gener-
abiy. although not olways,
¢ predominant components in lht, allergen ex-
hph to define

major alleraens tend o

jon

tracts. There have been severul at
major allergens based on the number of individu-
als who reaet with these materials or on the inien-
sity ol teir biological reaction. > Although




FIGURE 2.

Antibody A

Discontinuous
Epitope

Continuous
mpiiope

Examples of continuous and discontinuous epitopes of a pro-

tein allergen molecuie. Antibody B reacts 1o a continuous epitope, whereas
antibody A reacts to a discontinuous epitope.

major allergens are generally of greatest interest.
we cannot ignore minor allergens that can cause
serious reactions in sensitized subjects.

In addition, some allergens occur us a moup
of proteing having very similar physical, chemi-
cal. and immuncchemical structures, but which
differ slighily from one another in their isoete
tric poings. ™ The term “isoaliergens™ has bcen
used to denote such molecules isolated from the
same specitic source. At least 67% of the amino
acid residues in the sequences of two allergens
must be identical for the proteins to be
isoallergens.” The slight differences observed in
these allergens are due to minor structural differ-
ences in the carbohyvdraie moiety of the molecule
(degree of glycosylation), differences in d g: ce
of protein amidation, or genetic variation.”

C. Allergen Nomenclatuie

Specific designations may be assigned to thor-
oughly characterized allergens according to the
taxonomic name of their source. The
first letter of

accepted
first three letters of the genus and the
the species are used (o indicate the source. An
Arabic number is assigned according to the order
of their identification: however, generally. the
sume number is used to designete homologous
allergens. ™" For example. the first allergen de-
seribed in brown shrimp. Penaens aztecus, is des-
ignated Pen a 1. and t'k homologous molecule

from the Indian shrimp 2. indicus is named Pen i
1. Examples of major food allergens identilied
and their names are shown in Table 1. The

nomenclature system also provides rules for
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describing allergen genes. mRNAS, cDNAs, and.
most importantly, recombinant and synthetic pep-
tides of allergenic interest.™ Examples of the use
of this nomenclature system for describing sev-
cral of the major food allergens are itlustrated in
Table 1.

ll. FOOD ALLERGENS

A. Common Food Allergens of Plant
Origin

Theorctically, any type of food can cause
allergic reactions. However. reactions caused by
cow’'s milk, nuts, eggs, legumes. and seatood are
most frequently described i the literature. Foods
of plant origins that cause allergic reactions in-
clude those from grains such as rice. rye. and
wheat. legumes such as peanuts and soybeans,
seeds and nuts, fruits. vegetables. spices. and
miscellancous substances such as honey, funui,

TABLE 9
Major Food Allergens Identified

fd

Allergen source

Gadus callarias
{cod)

Callus domesiicus
(chicken)

Gad ¢ 1; allergen M

Gal d 1; cvomucoid
Gal d 2; ovalbumin

Zal d 3; conalbumin (AgR2)

Gal d 4; lysozyme
Fenaeus azizeus Pen a 1: tropomyosin
(hrown shrimp)
. indicus
(indian shrimp)
Melapenacus ensis
(greasyback shrimp)

Fen i 1; tropocmyosin

Met e 1; tropemyosin

Arachis hypogaea Ara h 1
{peanuts) Ara h 2
Oryza sailva Ory s 1

(rice)

Brassica juncea
(criental mustard)
Hordeum vulgare
(barley)

Sinapis alba (yellow
mustard)

Bra j 1; 25 albumin
Hor v 1; BMAI-1

Sina 1; 25 albumin

yeast, cocoa, coffee, and tea.** The best studied of
the major food allergens derived from plants are
those from peanut. soybean, and rice.

B. Cross-reactivity Amoeng Food
Aliergens

Cross-reactivity can occur among {ood aller-
oens within a given teod group. For example, in
clinical practice. shrimp-allergic patients report
reactivity to other crustacea such as crab. lobster.
and crawfish." Cross-reacting allergens among
crustacea have been confirmed by /n vitro immu-
nochemical studies™ Fewer reports exist of
cross-reactivity within vegetable food groups:
however. one well-studied plant group is the le-
gumes. Significant cross-reactivity. based on in
vitro assays. is observed among peanuts, garden
peas, soyheans. and chickpeas 7% In contrast (o
crustacen seasitivity, the clinical relevance of
legume cross-reactivity huas not been resolved

Sequence data Ref

12 C 31

o8 o 32, 38
A C

78 C

14 Cc

35 P 34-35
34 P 36

G4 C 37
€3.5 P 16, 17
17 ]

18 C 38, 39
14 C 40

15 G |

14 C 42

* References refer to those where partial (P) or complete (C) sequence data are available.
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because clinical hypersensitivity to one legume
may not necessarily mean hypersensitivity to all
legumes.™

In addition to the cross-reactivity of foods
within the same group. cross-reactivity has been
described between foods and substances that are
botanically unretated or only distantly related.
For example. it has been reported that r'wwecd
pollen cross-reacts with melons and bananas™*?
arass and mugwort pollens cross-react with cel-
ery and a varicty of vegetablies ™ and birch
pollen cross-reacts with a number of fruits.” '
Studics from our luboratory have shown that
marine animals that even beleng to diftferent phyla
such as oysters and crustacea™ or clams and
shrimp,’ cross-react.

How can proteins from such distantly related
substances cross-react? One explandation may be
commen structural or functional proteins. For
example. profilins are cytoskeleton proteins that
are ubiguitous and have a high degree of se-

guence homology. ™ Based on their recent stud-
ies that showed thet profiling of verious souices
have simitar oiergenicity, Kratt and Valenta pro-
osed profilins as o pan allergen Contrary 1o
e result of our studies and those
allergen wro-
7 Aldthough
o2, ropomyo-

1d chicken are not allergenic

i

hese findings is th
In
1

sther grovps of the major shrimp

)
—y

myo: SN °‘ldh)1 muscis }‘1‘01".\}

&,h: PP {rONOINYOsIN I3 4 major il

<iioin beetl

wave at leest 609 amino acid
'm shrimp ropomyosin.

SUCTICE NOIGI02Y W

Thus, one must be careful when inferring cross-
reactivity from common amino acid sequences of
simvilar proteins, The chinical sig 1§ lcance of cross-

o How-

1w ‘.K‘Ung alleranens 1s Cur.

ever, the do nonsil wion of cross-reacting alier-
I

gens in different plants and animals poses scrions

1

concerns about the cross-reactivity of Known ul-
lergens with protein products developed by re-
combinant Dux\ echnologies.

cDIMA Clones have Lc n isolated for a num-

Ber ol aliergens in recent vears. These arc mostly

inhalant allergens such as grass pollen and the
fungi Alternaria, Aspergillus, and Clado-
sporium. 20 Recombinant Aspergillus allergen is
one of the few cases in which the recombinant
allereen induces a positive skin test in allergic
subjects. Molecular cloning of stinging insect
(Hymenoptera) venom proteins has also been re-
ported. Although primary emphasis has been di-
rected at inhalant aliergens, ¢cDNA for several
food allergens have also been cloned and ex-
pressed as recombinant allergens ™% Two ro-
combinant peanut allergens, Arah Land Arah 2
have been expressed. 7 ¢cDNA cloning has been
reported for @ major allergenic protein from
rice. 4 Monslave et al ™ have also descrived the
cloning and expression of a major allergen from
yellow mustard seed (S0 a ).

Mena et al*! cloned the ¢DNA coding for a
major barley allergen associated with baker’s
asthma. This protein was identified as a
alycosylated monomeric ¢-amylase tnhibitor. Igk

binding studies were not performed. however.

Recently. Leung and co-workers reported cloning
the mgjor ailergen from the shrimp 1[07/">z»naus

eiyis.?

When considering the porential effects of bio-
technology on food allergenicity, three major 1s-
sues must be reviewed. The first is the potentiai
ability to suppress or reduce allergen production

in a particular food (i.e ;cn“wcz‘-ll‘v /nmn"”vw

second
proteins into new
ally by the trans-

ch methionine and cysteine

hvpoallergenic foods).

T
he transfer of known atlergz=nic

L
foods. This was shown dramotic
l
e

¢ of a gene for 2 ri
protein from Brazil nut 10 50y 1 cans when the
expressed protein was shown 1o be one of the
major allergens of Brazil nut. The thind i3sue 18
the effect of transter of L‘.]\‘ own protein ailer-
This is the most difficult
fiect to monifor because the tas

gens into new fuoeds.
porential ef t nopu-
laiton Is unknown, and, in fact, may not develop
sensitivity to the new preduct uniil after eruml
exposure occurs, The first issue has a benelicial
eficct 1n that f ods eliciting allergenic responses
can be rendered hvpoeilergenic through dzletion

of the allergen or medification cf the allergenic

l

o



epitopes. This is potentially a very useful effect
because it can substantially reduce a food's aller-
aenic activity.

Matsuda and colleagues reported. in a series
of studies. the genetic engineering of hypo-
allergenic rice. This group recently iso-
lated arice seed protein of approximately 16 kDa
that was identified as a major allergen in rice. A
cDNA clone encoding this protein was isolated
from a cDNA library prepared from maturing rice
seeds. Based on the nucleotide sequence of the
cDNALan antisense RNA strategy was applied to
repress expression of this allergen in maturing
rice sceds. Seeds from transgenic plants with the
antisense gene have substantially lesser amounts
of the alicrgen relative to the wild-type control.
These studies are very exciting because they dem-
onstrate that biotechnology can be used in a ben-

ficial way by deleting or suppressing the expres-

AR39.64.08

sion of major allergens,

~ 2

in ?//zm A@"g xyia (ﬁjz;:

The wansler of rccomhinam proteins with
known allesgic activity into different foods is the
least difficult 1ssue o address. To daie. most ex-
perience with recombinant ¢ i tgens has been ob-
tained [rom recombinant inhalunt allerzens, as
descrived above. For the most part. these recom-
binant a!h reens bind el antibodic: i
ive cpitopes.

: proteins expressed |
other species (e, alterad food crops) will prob-
ably retain their alicrgenic activiey and must be

considered allergenic 1mless proven otherwise.
combinant proteins be de-

tiin their zE-req

i

o
Aoant

sugaest that

Can such allergenic re
tected 1n new foods?

Recombinant allergens in genetically engi-
neered or altered foods can be identified using
raditional in vitro assays such as the RAST inhi-
bition or the BLISA inhibition assavs. Both as-
says are based on the competitive binding of 1gE
antibodies in paiient serum to the test sample
compared with the selid-phase ollergen. Testing
incrensing inhibitor concentrations can be used to
reasure unknown allergen quantities in assay

samples
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These methods are well established. specific,
sensitive, and reproducible. The only reagent of
limited quantity is patient serum. However, once
sensitized individuals are identified. substantial
quantities of sera can be obtained and serum pools
produced. At least 11 of plasma can be obtained
from sensitized individuals by plasmapheresis.
This can provide sufficient reagents for almost
unlimited allergen assays. An alternate possibility
would be o use monoclonal antibodies raised
against such allergens. This would provide a po-
tentially unlimited quantity of the reagent. How-
ever, monoclonal antibodies may not necessarily
cactive epitopes, and the onlv detini-
tive way to identify immunologically active aller-
cens is through demonstration of an ng-ruxciivc
epitope.

The detection of recombinant allergen in a
potential food product under development was
reported recently by Tuy]ot s laboratory.® They
imvestigated a protein found in Brazil nuts that
was expressed in experimental transgenic soy-
teans. Thenr study sugoested that the Brazil nut
preteia bound igE from Brazil nut-sensitive indi-

viduals, making 1t a potential aflergen in sensi-
tized subjects. The problem thus created is of a
Brazil nut-sensitive subject consuming a soy prod-
net without realizing that it contains Brazil nut
allergens. and provoking anaphylaxis. Thesc
transgenic soybeans have not been co mrcml—
ized and. if ever commercialized. \\"‘ contain
This example ifustrates that ailer-

transicrred o other plant specics can be

rroper fabels,
detecied.
;’3. Pradiciing 1

'\ /
“ecombinant Prote

A ot iyt
5‘\»"&:‘1.“?*_/

Alier genici?v o
ins of Unknown

The third point, the transfer of proteins of
undeterminad dlu:igcnicity (e.g.. from specics not
usually consumed as foods) into potential foods.
roses @ much more difficult problem. Are these
proteins expressed in such a fashion that they
have substanual allergenic activity Do they con-
tain epitopes thot cross-react with known aller-
gens? Predicting the potential allergenicity of these

proteins will bc a major chailenge for the food




industry. To assess proteins of unknown aller-
genic activity, one can determine the physico-
chemical properties of these proteins compared
with those of major food allergens. However. a
definitive answer can only be based on gk anti-
body reactivity. This is extremely difficult. if not
impossible. to establish if the 1gE antibody reac-
tivity is not known. One potential solution is to
compare the wmino ucid sequence of the recombi-
nant protein with these ol known allergen epitopes
as they become available
quences of more and more allergenic epitopes are
being determined and are available in computer
data banks. However, because substantial sequence
similaritics can exist between homologous aller-

The amino acid se-

cenic and nonallergenic molecules (e.g.. tro-
pomyosin). 1 any similarities. of course. must
be confirmed by 1eE antibody reactivity using i1
VItFO AS3AYS. ,

It has been established that a Th2-type Tym-
phoeyte response is an integral part of the induc-
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FIGURE 3.

Recombinant

tion of IgE antibody synthesis. Thus, a novel
approach 1o assess allergenicity of a recombinant
protein might be to measure its ability to elicit a
Th-2-type response and cytokine production. An
experimental approach that might be useful is o
determine the ability of recombinant food proteins
(o stimulate [¢E antibody production in an animal
model compared with that of known allergens.

V. SUMMARY AND CONCLUSIONS

Food allergens are almost exclusively protein
molecules that can stimulate IeE antibody re-
sponses. Although it is suggested that food aller-
gens may contain unique properties, the basis of
their allergenicity has not yet been determined.
Clearly. recombinant proteins can be allergenic.
Measurement of the allergenicity of recombinant
proteins is possible. A systematic strategy 10 as-
sess whether a recombinant protein has atlergenic
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t food proteins — allergen risk assessment. Re-

combinant oroteins of known allergens can ba easily tested for allergent
activity by established /7 vitro immunochemlca{ assays. Recombinant pro-

teins from unknown allergen:a sources pose
nical tests can be used to assess their

eral biochemical and immuncchem

allargenicity.

a more difficult problem. Sev-



activity is summarized in Figure 3. When the
protein is a suspected allergen. or comes from a
source that contains known allergens. standard in
virro assays using the patient’s I¢kE antibodies can
be used to determine if the protein is allergenic.
Such assays and the required reagents are devel-
oped and available. The only Timiting factor is
sera from allergic subjects.

The main problem is assaying recombinant
proteins from sources with undetermined alier-
acnic activity. There is no detinitive way to con-
clusively establish whether these proteins are al-
lergenic. Usctul approaches include comparison
of their properties with those of known allergens
comparison of their amino acid sequences with
those of known ailergen epitopes. and measure-
nment of their ability to sumulate fgE antibody
responses in animal models, However, any sug-
sested allergenicity must be cenfirmed by in vitro
assays using human lek antibody reactivity. Suc!
approaches should help avoid potentially serious
allergic reactions to recombinant proweins among
COTSUMErs.

There is no evidenes that recombinant pro-
teins will be any more allergenic than traditional

proteins, and most evidence su ;gutx that the vast
15

majority of recombinant pr 1 Tnew foods”
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11 e NN A
will be completely sate tor th

e consumer. The
teins that coutd

i reactions and thus under-

concer is the few recombinuni pro
serious alle
confidence in roeombing
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mine pubiic
containing OHod products. Therefore, it s incum-
bent upoi the tood indusiry. food scientisis, and

s 1o develon proper avidelines and

als (o ensure that this never occurs.
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