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TABLE 1
Major Food Allergens ldentified

Allergen source

Arachis hypogea
(peanut)

Bertholletia excelsa
(Brazil nut)

Brassica juncea
(oriental mustard)

Gadus callarias
(cod)

Gallus domesticus
(chicken - eggs)

Glycine max
(soybean)

Penaeus aztecus
(brown shr imp)

Penaeus indicus
( indian shr imp)

Metapenaeus enis
(greasyback shrimp)

Sinapis alba
(yellow mustard)

Allergens (systematic
and or ig inal  names)

A r a h l

Ber  e  1 ;  25  a lbumin

Bra  j  1 ;  25  a lbumin

Gad c 1;  a l lergen M

Gal d 1;  ovomucoid
Gal d 2;  ovalbumin
Gal d 3; ovotransferrin
Gal d 4; lysozyme
G l y m l

Sequence
data" Ref.b

C  1 3 8

c 194

c 349

c 6 9

c 3 1
c 3 5
c 3 7
c 4 2
P 174

Mol wt
(kDa)

63,5

1 2

1 4

1 2

28
44
7B
1 4
34

Pen a 1;  t ropomyosin 36

Pen i 1; tropomyosin 34

Met e 1; tropomyosin 34

S i n  a  1 ;  2 5  a l b u m i n  1 4 268

I I .  COMMONLY ALLERGENIC FOODS OF
ANIMAL ORIGIN

A. Cow's Mi lk

Throughout the world, cow's milk (Bos
taurus) is used for the majority of human milk
consumption. IgE-mediated sensit ivi ty to cow's
milk is one of the most common food allergies.
The overall prevalence of cow's milk allergy in
infants and children worldwide is estimated to
be between approximately 2.57o in the first 3
years of life.e-rr Symptoms often begin at age 3
months or younger, but many children lose sen-
sitivity by age 3. Cow's milk allergy in adults is
rather unusual. It is often manifested in children
by vomiting and diarrhea, with approximately
one-third to one-half of those affected experi-
encing sk in mani festat ions such as atopic

94

a Amino acid sequence obtained direct ly or deduced from cDNA sequence.
b References refer to those where partial (P) or complete (C) sequence data are

available.

skin test and RAST results. However, the clini-
cal manifestations of such cross-reactivity are
raÍe, as the patients are only documented to be
allergic to peanut and perhaps one other legumi-
nous food.ó On the other hand, given that the most
popular technique used for identifying allergens
is a process that causes proteins to be broken
down into subunits (SDS-PAGE, see "Principles
and Characteristics of Food Allergens" by Steve
L. Taylor and Sam B. Lehrer in this issue), minor
allergens could actually be parts of larger major
allergens. Therefore, they may have the potential
to cause significant reactions in some individuals.

The major allergens are often found in abun-
dance in a food. Ara h 1 is part of a peanut storage
protein.T This is not always the case, however; for
example, the major codfish allergen, Gad c l,
comprises a small fraction of the total protein of
the codfish, yet is the major allergen.8

s l20
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varying degrees of posttranslational phosphotyll^

tion. fóur genetic variants have been identified.'2

B-caseins have one major component with seven

genetic variants and eight minor components that

ire proteolytic fragments of the major compo-

nent. The molecular weight of the major compo-

nentiS23,g80.|2,l8Modelingstudiesindicatedthat
ihe protein has hydrophobic side chains dispersed

over the C-terminal end and center surface of the

structure, with a hydrophilic N-terminus' t<-caseins

comprise two genetic variants' This protein is

cleaved at residue 105 to 106 by rennin (chymosin)

into two domains. The hydrophobic domain (para-

r-casein) is not soluble, whereas the polar do-

main (macropeptide) is extremely soluble'12

p-lactoglobulin - Whey proteins compnse

approximately 207o of milk proteins' The most

atundant whey protein is B-lactoglobulin' an

18-kDa prote in belonging to the l ipocal in

family. There ateatleast six genetic variants of this

protein. The primary structure has been obtained.l2'r8

ih. .o-plete DNA sequence encoding B-lacto-

globulin has been reported and shows 9I7o se-

[u.n." homology wiitr ovine B-lactoglobulin're

2. Minor Allergens

To a lesser degree, the whey proteins cr-lac-

hlbumin and bovine serum albumin (BSA) have

been implicated in allergic reactions to cow's

milk.16
c'lactalbumin - cx-Lactalbumin consists of

two genetic variants and its molecular weight is

appróximately 14 kDa' The protein has been

clonedandthenucleotidesequenceidenti f ied.2O
The primary amino acid structure has been deter-

mineO.r2' lsThetwogeneticvariantsdif ferinonly
one amino acid r.quèntt' Sequence analysis indi-

cates homology to lysozyme'This protein appar-

ently promotes transfer of galactose to glucose to

form lactose, the major milk sugar' a-Lactalbu-

min produces both positive skin tests and positive

oral challenges in à significant number of cow's

milk-allergic individuals' ta

BSA - BSA can be detected in milk and is

identical in characteristics to bovine blood semm

albumin. BSA has produced both positive skin

tests and oral challenges in some cow's milk-aller-

gic individuals.l6 BSA is a heterogeneous proteln

íirn u molecular weight of 61 kDa comprising

approximately l7o of the total milk protein'

Other proteins - Other milk components

may occasionally be allergenic' ]h. 
se include

bovine immunoglobulins (Ig), which comprlse

less than 2To of tnt total milk protein' 9t-

micro globulin, transferrin, lactoferrin' I a lactoper-

oxidaJe, alkaline phosphatase' and catalase'2r

Maillard reaction adducts, which are lactose-pro-

tein conjugates, may occasionally act as aller-

gens. A- Fltu.toglobulin lactose conjugate was

shown in one study to be l0 to 100 times more

potent in intradeimal skin tests than native

B- lactoglobul in . r l

3. Structure'EPitoPes

Although caseins are significant allergens' no

data are available regarding their human T- or

B-cell epitopes. For u-.,-casein' the mouse T- and

B-cell epitopes have béen identified as sequential

epitopes.lT Because o[-.l-casein is the casein sub-

unit that most often interacts with IgE, from in-

fants and children with clinically allergic symp-

toms,r5 it would be helpful to have information

regarding its epitopes in human systems' Baldozr

found that the glycomacropeptide from t<-casein

(amino acid residues 106 to 167) and the polypep-

tide fragment encompassing amino acid residues

99 to 16l reacted with most of the serum in his

IgE-blotting study; the latter peptide proved more

réactive, and might indicate the presence of an

IgE epitope in uÀino acid sequence 99 to 105'

4. Dose ResPonse

The exact quantity of milk protein required to

produce sensitization (IgE' antibody production)

or clinical symptoms is not known' Trace quanti-

ties of milk proteins in processed foods may pro-

duce symptoms in sensitive individuals'22 Some

infants may develop cow's milk allergy despite

breastfeeding. B-Laótoglobulin levels in women' s

breast milk ilncreased from a basal level of 0'0 to

3.5 pg/l (after abstinence from cow's milk inges-

tion for at least 24 h) to as much as 0'01 to

3122
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TABLE 3
Characteristics of Egg White Proteins

Protein

Allergens
Ovalbumin
Ovotransferrin
Ovomucoid
Ovomucin
Lysozyme
Unproven allergenicitY
G2 Globul in
G3 Globul in
Ovoinhibitor
OvoglycoProtein
OvoflavoProtein
Ovomacroglobulin
Cystatin
Avidin

Adapted from Li-Chan and

Percentage
total protein Mol wt (kDa) Carbohydrate moietY

Y
Y
Y
Y
N

54
12-13
1 1
1.5-3 .5
3.4-3.5

4 .0
4 .0
0 . 1 - 1 . 5
0 .5-1 .0
0 , 8
0 .5
0.05
0.05

Naka.51

45
77.7
28
0.23-8.3 x 106
1 4 . 3

49
49
49
24.4
32
0.76-0.9 x 106
12.7
68.3

pl

4 .5
6 .0
4 . 1
4.5-5.0

10.7

5 . 5
5 .8
5 . 1

4 .0
4.5-4.7
5 . 1

1 0

Y
Y
Y

Y
Y
N
Y

Granule
Lipovitell in
Phosvitin
Low-density
lipoprotein

Plasma
Low-density
lipoprotein

Livetin

TABLE 4
Characteristics of Maior Egg

Percentage

Protein Granule Plasma

Yolk Proteins

of total Protein

Mol wt (kDa)

400
1 60-1 90

3-10 x  106
45-1 50

Ovalbumin has been documented in several

studies as a major allergen. For example, 68 of 68

sera from egg-sensitive patients were positive in

CRIE to ovalbumin in one study,32 whereas in a

similar study,33 34 of 34 seta from egg-allergic

patients were positive in RAST and CRIE to oval-

bumin.
Ovotransferrin (conalbumin) - Ovotrans-

ferrin (Gald 3) has a molecular weightof 77 kDa,

and a pI of 6.0. Its 686 amino acid residues and

,.qu.n.. have been identified directly3T and de-

70
1 6

1 2

64
1 4

AdaPted from Yunginger'1ee

Ovalbumin - Ovalbumtn (Gal d 2) ts a

monomeric phosphoglycoprotein with a molecu-

lar weight of 43 to 45 kDa and a pI of 4'5'  The

385 amino acid sequence has been established'35

Purified ovalbumin has three variants, A,. Ar'

and A3, which contain two, one, and no phos-

phate groups per molecule, respectively' The

susceptibility to denaturation increases in order

of decreasing degree of phosphorylation' The

mRNA nucleotide sequence of ovalbumin has

been reported.36
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TABLE 5
Amino Acid Sequences of Three Discontinuous
Epitopes of Lysozyme

Epitope D1.3
Residues 18-27

116-129

persist in the body and may stimulate memory B

cells, possibly due to follicular dendritic cells
retaining antigen-antibody complexes,3a although
this theory has not been proven.

C. Fish

The consumption of fish and inhalation of

cooking vapors are causes of IgE-mediated reac-

tions. There have been no published reports on the
prevalence of IgE-mediated reactions to a particu-

lar species of fish, as most studies refer only to cod

or to "fish" in general. However, fish is one among

the most commonly implicated allergenic foods,

and has been incriminated in fatal anaphylactic
reactions.ss Although the true prevalence of fish

allergy is unknown, incidence of fish hypersensi-
tivity is observed to be higher in countries where

fish consumption is above average. For example,
codfish allergy may be the most common food

allergy in Scandinavian countries.56
Most edible fishes belong to class Osteich-

thyes. Sharks are not in this class, as they are

cartilaginous fish (order Squaliformes). The most

commonly consumed fishes in the U.S. belong to

only a few orders: Clupeiformes (salmons, trouts,
whitefishes, smelts, pikes, herrings, sardines, an-

chov ies .  shad .  menhadens ,  and  a lew ives ) ,

D-N-Y-R-G-Y-S-L-G-N
K-G-T-D-V-Q-a-w- l-r-g-c-r-L

Perciformes (basses, perches, dolphins, snap-

pers, groupers, orange roughy, redfishes, rock-

f ishes, mackerels, swordfishes, and tunas),

Gadiformes (codfishes, pollocks, haddocks, and

hakes), Pleuronectiformes (flounders, halibuts,

and soles), and Cypriniformes (carps and cat-

f ishes).57

1. Major Allergens

Gad c 1- The most comprehensive analysis

of a food allergen was done by Aas and Elsayed

and colleagues, which resulted in the purifica-

tion and characterizatton of the major codfish

allergen, Gad c I (originally designated Aller-

gen M). Several studies have documented that

Gad c 1 is the major codfish allergen,58-60 be-

longing to a group of muscle tissue proteins

known as parvalbumins.8 Parvalbumins control

the flow of calcium in and out of cells and are

only found in the muscles of amphibians and

f ish.  The ex is tence of  s t ructura l ly  re lated

parvalbumins in different fish species may ex-

plain cross-reactivity in fish-allergic individu-

als, because Gad c I shares approximately 34Vo

homology with similar proteins from hake, caÍp,

pike, and whiting.t The proportion of Gad c 1 in

fresh white cod muscle tissue is 0.05 to 0.I7o.

Epitope HEL-s
Residues 41-53 Q-a-T-N-R-T-D-G-s{-d-Y

67-70 G-R-T-P
84 1

Epitope HEL-10
Residues 15-21 H-G-l-d-n-Y-R

63w
73-75 R-w-L
B9-102 T-a-s-v-N-c-a-K-K-l-v-S-D-G

Note: Residues denoted by lower case letters are not in con-
tact with the antibody combining site.

Adapted from Davies et a|.53
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Kustner (passive sensitization) tests, and RAST
inhibition studies.T2 TM1 comprises amino acid
residues I to l5 and envelopes the AB and CD
domains. The acidic residues 59 to 62 are asso-
ciated with the Ca*2 binding of the CD domain.8
The single glucose molecule present tn Gad c 1
is located at the Cys- 18 position.T3 This carbohy-
drate moiety does not appear to be involved in
allergenicity, as the allergenic activity of TM1
without the carbohydrate was equal to that of
TM2.72 Fragment TM2 comprises amino acid
residues l6 to I 13 and envelopes the EF domain;
residues 90 to 101 constitute the Ca*2-binding
region of the EF domain.Ta Fragment TM2 also
contains one residue of tryptophan, which seems
to have no bearing on allergenicity.Ts Further
tryptic hydrolysis studies of fragment TM1 fol-
lowed by skin tests and Prausnitz-Kustner tests
showed that region 33 to 44 was important for
allergenicity.'u Tryptic hydrolysis studies of TM2
showed that region 88 to 96 is partially respon-
sible for the allergeni city.77

Studies using synthetic peptides established
that region 49 to 64 encircled two repetitive
sequences (Asp-Glu-Asp-Lys and Asp-Glu-Leu-
Lys). These two tetrapeptides are mutually im-
portant for antibody binding, as region 49 to 64
showed relatively high RAST inhibition (397o)
compared with Gad c I (68Vo), and produced
positive Prausnitz-Kustner tests. Region 5l to
64 did not show any allergenic activity.T8 In a
subsequent article, it was shown that region 41
to 64 contained three homologous tetrapeptides,
repeated in three sites, interspaced by six amino
acids in a segment of 24 residues. A series of
synthetic peptides of this region showed that at
least two of the tetrapeptides were necessary for
interaction with antibody, as all peptides encom-
passing a minimum of two of the tetrapeptides
produced positive RAST inhibition and Prausnrtz-
Kustner tests.Te IgE-binding capability is inde-
pendent of both the constitution and sequence of
the spacer amino acids.

Studies of synthetic peptides also showed
that residues 88 to 103 in the EF domain have
37.57o amino acid sequence homology with the
CD domain peptide, but lack the essential termi-
nally located tetrapeptides responsible for anti-
body binding in region 4l to 64. However, this
residue bound specifically to IgE, both in vivo
(Prausnitz-Kustner tests) and in vitro (RAST
inhibition tests).80 Therefore, region 88 to 103
was proposed to have a monovalent binding func-
tion that can consequently block, but not elicit
allergic reactions.

The AB domain, which does not bind cal-
cium, nonetheless shares more than 307o amino
acid sequence homology with the CD and EF
domains, and comprises residues 13 to 32. Syn-
thetic peptides of this region showed that the
AB domain is functionally divalent in Prausnitz-
Kustner and RAST inhibition analyses. It re-
acts in RAST inhibition in equimolar concen-
trations at a ratio of 6:1 in comparison with
G a d  c  1 . 8 1

Regions 13 to 32 and 49 to 64 possess the
divalent determinants necessary to elicit an al-
lergic reaction. Repeating amino acid sequences
are abundant in Gad c 1.8 In regions 35 to 47 and
6l to J3, fle of the seven residues are identical
(Leu-X-Ala-Phe-X-Ala-Asp), suggesting repeat-
ing IgE-binding sites. Region 65 to 83 is found
between the CD and EF domains. A similar re-
gion joins the AB and CD domains and em-
braces section 33 to 44. These two regions pos-
sess a high degree of homology.Tr This, plus the
high degree of immunologic cross-reactivitr.
between TM I and TM2, all point to lgE-binding
sites distributed in a repetitive manner along the
polypeptide chain.

b. Protamine Sulfate

Salmine AI, a protamine from salmon, has
the amino acid sequence

10 20 30

s128

H-P-R-R-R-R-S-S-S-R-P-V-R-R-R-R-R-P-R-V-S-R-R-R-R-R-R-G-G-R-R-R-R-OH.63
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c .Pena landPen i l

Daul 91 3l.s'8e'00 isolated a major shrimp al-
lergen, Pen a 1, from boiled brown shrimp
(P. aztecrzs) and reported that its sequence was
similar to fruit fly tropomyosin. Pen a t has a
molecular weight of 36 kDa, is readily isolated
from the boiling waterer and meat of cooked
shrimp, and is similar to SA-II.88 It constitutes
207o of the soluble protein in crude cooked
shrimp extract and inhibited the RAST reactiv-
ity of pooled shrimp-sensitive subjects' serum to
whole body shrimp meat extract by 7 57a. The
allergen bound IgE in 28 of 34 (827o) sera from
shrimp-sensitive individuals.

Pen a I comprises 312 amino acid residues
and 2.9Vo carbohydrate and has a pI of 5.2. It is
referred to as Pen i 1 if isolated from a different
species of shrimp, P. indicus.e2

Endoproteinase Lys-C studies of Pen a 1
resulted in protein sequencing of a 21-residue
peptide that demonstrated significant homology
(60 to 85qù with tropomyosin from various spe-
cies, consistent with the conclusion that Pen a I
was a shrimp tropomyosin.s The greatest homol-
ogy occurred in region 129 to 149; 12 to SlVo
with fruit fly tropomyosin, and 60 to 627o with
tropomyosin from various mammalian species.
The higher homology seen wrth Drosophila tro-
pomyosin can be construed as being indicative
of the phylogenic connection between shrimp
and insects. The amino acid sequence of the 21
residue peptide is

V-L-E-N-R- S-L- S-D-E -E-R-M-D-A-L-E-N-Q-L-K

Shanti et aI.e2 also reported that sequenced
tryptic digests of Pen i I were similar to fruitfly
tropomyosin, and that two tryptically derived
peptide sequences from shrimp tropomyosin bound
shrimp-specific IgE. These were regions 50 to 66
and region 153 ro 161: 50-66 is M-Q-Q-L-E-N-
D-L-D-Q-V-Q-E-S-L-L-K and 153-161 is F-L-
A-E-E-A-D-R-K. Both peptides 50 to 66 and 153
to 161 inhibited binding of SA-Il-specific IgE to
shrimp tropomyosin and 50Vo inhtbition was at-
tained at 100 pmol/ml for both peptides. Other
tryptically derived peptides (some less than 2kDa
in molecular weight) inhibited IgE binding to a

lesser extent, but these peptides may not have
been free of minor lgE-binding components.

Corresponding regions of tropomyosins from
different vertebrates showed little cross-reactiv-
ity in region 50 to 66, but demonstrated signifi-
cant allergenic cross-reactivity with tropomyo-
sins from mammalian species in region 153 to
160: seven of nine amino acids for chicken, rab-
bit, and humans, and six of nine for rat tro-
pomyosin. Fruit fly tropomyosin was identical
to the SA-II al lergen in region 153 to 161. Many
tropomyosins have homology in the 155 to 161
region; the authors (Shanti et al.e5) suggested that
lack of homology in residues 153 (Leu) and 154
(Ala) between other tropomyosins and shrimp
tropomyosin implies that they may be crucial for
IgE binding.

The amino acid composition of shrimp aller-
gens Pen a 1, antigen II, and SA-II is similar
(Table 6). This further indicates that these three
allergens are the same protein, shrimp tropomyo-
sin,e3 although both antigen II and Pen a I have
associated carbohydrate moieties.

TABLE 6
Amino Acid Composit ion of Shrimp
Af lergens Pen a 1, Antigen l l ,  and Sa-l l

Pen a 1 Antigen ll SA-ll

Mol wt (kDa)
Alanine
Arginine
Aspartic acid
Cysteine
Glutamic acid
Glycine
Hist id ine
lsoleucine
Leucine
Lysine
Methionine
Phenylalanine
Prol ine
Serine
Threonine
Tryptophan
Tyrosine
Val ine

Total 341 301

36
33
26
40

N D
80
1 0

1
35

6
26

8
4
2

1 4
1 2

N D
4

1 3

312

38
3 1
1 9
58

2
6 1
20

4
30
1 2
27

I
I
6

1 5
1 2

N D
7

1 9

34
2 1
30
39

3
75

6
3

30
6

27
6
6
3

1 2
I
4
6

1 5
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Adapted from Daul et al.5
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are  the  ma jo r  a l l e rgens ,  g i v ing  the  mos t
radiostaining. Antigens 3 and 6 gave weak
radiostaining in eight and two sera, respectively.

5. Crawfish (Craytish)

In the study discussed above,r0r crawfish pre-
cipitins were also evaluated for their ability to
bind crustacea-specific IgE. Six crawfish anti-
gens produced positive radiostaining using CRIE.
Antigen l1 was the main allergenic component
(positive in nine sera); antigen 12 (also positive in
nine sera) may also be a major allergen, but it was
situated under the antigen 1l arc and, therefore,
could have been an artifact of coprecipitation.
Antigens 6 (positive in one sera), 8 (positive in
six), 10 (posit ive in two), and 13 (posit ive in
seven) exhibited radiostaining to varying degrees.

I I I .  COMMON ALLERGENIC FOODS OF
PLANT ORIGIN

A. Peanuts

The peanut is an annual plant belonging to the
family Leguminosae and is native to South
America. In the U.S., several types are grown,
although the three most popular are the Virginia,
Spanish, and runner varieties. Virginia peanuts
are used primarily for whole kernel consumption
and confections. Runner types are used most fre-
quently for oil production and peanut butter.r02
Most of the peanut crop in the U.S. (637o) is used
for production of peanut butter.r03 Children are
often exposed to peanuts at an early age, usually
in the form of peanut butter. Although a popular
food, the peanut may be the most common aller-
genic food known. Allergic reactions to peanuts
are often acute and severe. Peanut allergy is sel-
dom outgrown.

Peanut proteins have been customarily classi-
fied as albumins (water soluble) or globulins (sa-
line soluble). Most of the storage proteins are
globulins, which make up 877o of the total pro-
tein.r0a Over the years, peanut proteins have been
further fractionated, and classified as albumins,
arachin, and conarachin or nonarachin.l0s-10e The
globulins are made up of two major proteins,
arachin and conarachin, which correspond to

s132

legumin and vicilin, respectively. The former are
primarily composed of large molecular weight
globulins known as oú-arachin and o-conarachin.l0ó

Arachin and conarachin readily associate and
dissociate under different conditions of ionic
strength and pH, making exact classification of
individual components difficult.rr0-r r2 In addition,
arachin and conarachin have similar amino acid
compositions and comparable electrophoretic
mobilities, suggesting structural similarities. Both
arachin and conarachin components are glyco-
proteins containing neutral and amino sugars.l08'rr3
Immunochemical and electrophoretic analysis of
polymorphism in peanuts show varietal differ-
ences,rr4'rl-5 but most wild varieties contain much
less arachin than do cultivated strains. A 45-kDa
polypeptide is found in almost all genotypes,r16
whereas an arachin subunit of 36 kDa is only
found in certain cultivars.rrT

Arachin - In its native state, arachin exists
as a molecule of at least 600 kDa and readily
dissociates into a 340- to 360-kDa dimer and a
monomer of approximately I 70 to I 80 kDa. I I 8' I r e

Arachin contains approximately six subunits rang-
ing in size from l9 to 42kDa in SDS-PAGE,1le'120
with pI ranging from 5.8 to 8.3.rre The globulin
ranges from 0.6 to 0.3Vo in carbohydrates.l0rì'r13'r20
A subunit of arachin has been isolated that com-
prises 201 amino acid residues.r2r Although basic
amino acids dominate the structure, there is no
distinct basic linear region.

Conarachin - Johnson and Naismithrlr
showed by ultracentrifugation that conarachin
could be further divided into two fractions, 25
and 8.4S. Later,these were designated conarachin
I and conarachin II (or cx-conarachin), respec-
tively. Although conarachin I (molecular weight
142 kDa) constitutes nearly 307o of total peanut
protein,r22 it has not been examined to any great

extent. Conarachin II has a molecular weight of
290 kDar0e and represents 15 to 257o of the total
peanut protein.r22 Various studies have reported
from six to eight subunits within conarachin
II.r0e,rn,I23.I21 Basha and chetry,rrt using sDS-
PAGE, found that conarachin II dissociates into
seven subunits, with molecular weights of 84,46,
34, 31, 26, and 23 kDa. Shetty and Raor2a found
only one major subunit at64 kDa, and minor ones
of 60. 32. and 21 kDa. Conarachin II contains no
carbohydrate, and has a pI of 3.9.124
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TABLE 7
Characteristics of lsolated Peanut Allergens

binding epitopesr3s and has significant sequence
homology with the vicilin seed storage proteins.T

3. Dose Response

A research team at the Mayo Clinic reported
four cases of death due to peanut-induced ana-
phylactic shock in a period of 16 months.ss In this
and other reports,r3e'r40 victims unknowingly in-
gested food containing peanut protein. Yunginger
et a1.55 point out that in the cases they examined,
the amount of peanut protein ingested was prob-
ably in the range of milligram to gram quantities.
Using DBPCFC, 50 to 100 mg of peanut protein
has elicited allergic symptoms in some children.lal
However, acutely sensitive patients are not orally
challenged, due to the threat of anaphylaxis. In a
study using rush immunotherapy for treating pea-
nut allergy, Oppenheimer et al.ra2 reported that
30 mg to 8 mg of peanut (mean approximately 4
g) administered in a double-blind fashion elicited
reactions in peanut-sensitive subjects.

B. Soybeans

Soybean globulins are the major proteins. By
adjusting the pH of the saline-soluble soybean
protein fraction to 4.5, the globulins precipitate,
leaving a resulting whey fraction (constituting 6
to 8Vo of the protein).r43 The whey fraction con-
tains hemagglutinin, trypsin inhibitors, and ure-
ase,144 ranging from 1S to 65.r45

When subjected to ultracentrifugation, the
globulins separate into 25, 75, 11S, and 15S frac-
tions, which have been used to classify the vari-
ous soybean protein components.ra6 Because of
the wide range of different analytical methods

Carbohydrate moiety

Yes
Yes
Yes
Yes

Ref.

3
128
1 2 7
1 3 1

used in the study of these proteins, Catsimpoolas
et al.ra7 proposed the following system: the 25
component different from soybean trypsin inhibi-
tor is referred to as cr-conglycinin and the 75
component isolated by the method of Robert and
Briggsras is referred to as B-conglycinin (vicilin).
Glycinin and B-conglycinin comprise 70 to 80Vo
of the protein fraction of soybeans.l4e'15o The 75
component isolated by the method of Koshiyama
and Iguchilsr is referred to as y-conglycinin and
the 11S component is referred to as glycinin. The
155 fraction consists mainly of polymers of
glycinin.r52

c-Conglycinin (2S) - cr-Conglycinin is one
of the major fractions of soybean. The 25 fraction
possesses heat-stable components of 18.2 and
32.6kDa. but also contains trypsin inhibitor and
cytochrome c activity.r++ Vaintraub and Shutovl53
found that the 25 fraction could be resolved into
two components, 2.8S and 2.3S. The 2.8S compo-
nent gave a 36-kDa band in PAGE and had a pI
of 4.4. All of the trypsin inhibitor activity of the
soybean was thought to be contained in the 25
fraction, including the Bowman-Birk- (6 to 10
kDa) and Kunttz-type trypsin inhibitors (KSTI)
(20 to 25 kDa).r54 However, it was later found that
the activity was due to coprecipitation of the in-
hibitors during the isolation of the globulins.rs5

p-Conglycinin (7S) - This glycoprotein
exists as a trimer and/or hexamer in solution, and
probably in seed.rs4 The monomeric form is 150
to 170 kDa, and the dimer approximately 370 kDa;
the pI has been determined to be 4.9. B-Congly-
cinin is made up of three subunits denoted u, a',
and B, and at least seven different forms can exist
(Bo to Bu) as a result of different combinations of
subunits.ls6'157 The a and a' subunits have a mo-
lecular weight of 54 kDa, and the B subunit has a
mol wt of 42 kDa.ls4 All three subunits contain

Name

A r a h l
A r a h 2
CARG
Peanut-1

Mol wt (kDa)

63.5
1 7
65
20
30

pl

4.55
5.2
4 .6
5.25-5.75

s134



9e rs

rolutu {1}À\ 
'uql 

0t ol 0t l€ uorlce4 sl eq] ur
pexncco spueq Surpurq-g8t 'lglagq ,iq perJue^
lou eJe^\ ,{os ol ser}r^rlrsuesredfq Jreg} q8noqtle
'CV r{ll1\,\ slenprlrpur cr8relle-,(os ro; lueuodrur
lou se/v\ l1 [pn1s srq] ur 'eJoJoJeq; 'pezruSocer

,{lecrecs sel\ uorloe4 SII aql 'uorlce4 
Sl eql

ur pe^Jesqo eJe,/y\ spueq Surpurq-981 rofuru 'slcef

-qns CV 0I ruo4 rurues qtm Buruolqountutur
reUV 'u(Iì 

0L ot tt ruo4 Sut8uur 'ECVd-SCS ul
pe^Jesqo eJea surelord uueq'{os ueelxrs 'suorloe4

SZ puu faqm eqt tuo{ spueq ur pelresqo osle
sem Burpurq q?noqUu 'uortJe4 

SL eqt Jo stueu
-odruoc urelord o1 peu?rssu oJolr spueq Surpurq
-g31tsoru ,rr''le 1a eme8g ,(q fpnls rer{touu uI

'uorlre4 
sI I

eqt Jo slrunqns g pue v eql pue uorlre4 s, oql

Jo slrunqns-$ puu '-,:n'-ln eqt ol peteJlsuouep set\
Surpurq 931 

'seldrues runros tsotu ur suorlc€4 St t
pue s, eqt qtoq ol punoJ sem ,(poqrlue 931 clJlc
-eds '931 e.rou punoq suorlou4 ,{os eqt Jo tueu
-oduoc euo ou leql polsoS?ns slolqounurur uo
su"reilud ?urpurqrgSl elqerren'crue8relle eroru eq
ol pouees uorlce4 SL eql ]nq 'gBI punoq sueSn
-ue lsol tr zrr'punoJ ore^\ uortc€4 sII eql rol 9?1
pu€ uortoe4 SL eqt roJ E31 cr;rceds go sle^el luec
-rgru8rs ',(os ol JCJdgC ea,rtrsod qll^\ stuerled
culerped CV tq8re tuo4 eres 8ursn,{pn1s e u1

'J.08

puor{eq sarnleredruel lu pesuoJJop uoll3e4 SZ eql

3o ,(cuelod eqt 'releunog 'ur1nqo13 eAIlBu eql Jo
teql Jo obqL o1 6E ol peseerrep sreqlo eql seereq^\
'pecueque sBA\ uorlcu4 sz ewJo,{}rnl}ce,{rolrqrqut
oqJ 'ultu 

0E JoJ J"08 ol peleeq eJo.4\ suor]3€JJ
eql ueq^& 'serpnts 

ISVU ur suorlrB4 reqlo IIe roJ
Surpurq 931 eqr Jo ob06 rlqgul plnor SZ Jo 8ti Og
'erourreqgng isuorlcer; IIe roJ sJSVà Surlrqrqur
ur ,{cuetod lseqSrq eqt peq uortce4 SZ oql 'suorl

-c34 eq] IIe ur punoJ eJoA\ ,(ltntlcuer-ssoJJ olqe
-JeprsuoJ pue flr,rrlceeJ 931 cr;rcedg 's1uer1ed cr8
-re1p-,{os crleluqlse euo pue qy eer!} ruou eJos
Sursn uortrqrqul ISV5 pue ISVU ,(q SZ pue 'Sl
'S 

I I suoltce4 uqnqolS uueqfos perpnts wlIE ta
r,ìe seqq S' sue?re11e e1dr11nru ureluo J s ue eq,(o 5

suadreilV ueeq^os 'Í

rsr'PelePlcnle ueeq seq ururc,(18

Jo slrunqns oql Jo auo;o ecuenbes prcu ourue eqI

,n,'edeqs repuq,{c e Sunuro; 'reqlo eql Jo dol uo

euo 'suoSexeq 
Ieorluepr olu olul pe>1ced eJB sJlun

-qns eql 'ururc,(18 e^rleu eql uJ rrr'sllunqns clplsu
eql tuoJJ lsurlsrp eJe lnq 'Jeqlo qcee qlrm ,(8o1oru
-oq ecuonbes elqeJoprsuoJ eJegs slrunqns clseq
e{J orr'secuanbes pe^Jesuoc 8ut}se8?ns'sJueu
-rruJelep crueSrlue puu ,(?olotuot{ ecuanbes etuos
eJeqs Sllunqns JIpIcB otll osr'elncolotu ururcr{18
eql uI slunoruu rulorutnbe uI Juoserd ere 'og oltg
'slrunqns Jrsuq eql puu 'oV ol Iy 'sltunqns oIpIJu
eqJ 'BCIì 

L'89 ol E'tE Jo sllunqns punoJ esr'l€ le
uoslerN q8noqtle ,n,.nn,'lq8lo^\ Julnoeloru uI uq1 0Z
er€ slrunqns JrsBq el{l puu eclì st 01 LE luoq
e8ue; slrunqns oIpIJu eI{J 'eCIì gt ol 0I IuoU
e8ue; qclq^\ ,n,'sltunqns ZI ;o pesoduoJ sI pue
ECì 098 ot 1T,t;o lqSren relnrelotu e seq tI 'pol

-pnls ]soru eql sr '(uturn3e1) ururc,{18 ro 'uotlcer;

SI I eW 'su4nqo13 eqt JO - (Sf f) ug1c,(19
'JoIUIJI eCì-?SI 3 pue 'JoIuIp €Cì

-60I e ';eruouotu ee:41-V'Vg e ea.u8 gDvd-sarn
-SCS ol pelcefqns slrunqns peìulT-ssorc',(pnts slql
uI 'rlcue eCì 0S Jo sllunqns eeJql ?urneq sB ululc
-,{13uoc-1, peqlJcsep zslla lo II{JnetuEA. rst',{1ent1
-cedser 'B(Iì 

ZE Io saprlded eldurrs pue uCì 8E
;o seprldedoc,(1? se strunqns eql soqIJJSep reqto
-uu ,n,'€q4 ZZ Io Sllunqns eulu Seq ururcr(1?uoc-1,

leq] setuclpul uode-r auo os;l'g sI 1d ot{I

zsr'st'u6lì LLI ot tgl Jo tq8rem r€lncelotu e qll^\
urelo"rdoc,(13 e sI pue utelord ueeqfos Jo uollce4

S, € sl ururc,{13uo3-,t - (Sf) u1u1cd18uoJ-,t
'euolc lrunqns-n uu Jo vNCIc €

Jo eJuonbes aql tuo4 ecuenbes pIJE oultuu peAIJ
-ep eql peqrrrsep oslu ,{pn1s slql 'pequcseP lou
eJoA\ slq8ren JelnJelotu Jleql q8noqtle 'slueur8er;

rno3l ene8 Jlunqns-,d tqt ipenresqo erel\ spueq
8ur11nse"t ou 'e;o;eJeql pue 'senptset euluolqletu
ou peq lrunqns-$ eq; 'pet€1,{soc,{1? eJe^\ q}oq
puu 'eCì 

S'61 pue VS w spueq rofeur ane8 trun
-qns n eqI 'surelordoc,{13 erel\ spueq eCì-S'6I
pue -Lv eql 'u(Iì 

9'91 pue '9'61 'Lv le spuBq
roferu ;o pesodruo3 sel\ lrunqns ,D oQJ 'lueru

-lueJl epruoJq ue8oue,{c JeUe sllunqns lueultuop
-erd eqt Jo selrJo;d ctteroqdorlcele eqt pele8rl
-se^ur osr'l€ le seleoJ',{1e,^,r1cedsat' 6' L o1 L' L pue

0'l ot g'9 erellr sepnded,{1od eqq-92 pue -9I el{l
,rog slsd eql 'EDVd-SCS uI uollrnper Jo ocues
-qu eqt ur pueq eel-ZV u enu8 olnJelotu oAIlBu
eqt ieq>1 9Z pue 9I U\ Iotu Jo sllunqns Jo spuq
o^u pur{ leqr (t'6 ot I'6 = Id) uqnqolS SL 6(rlseq,,
e poqrJJSeP ssr'lB te oles ssr'ele:p,{qoQtvc o59't,



binding to a 30-kDa fraction, a minor component
of the fraction. The 30-kDa band has been desig-
nated Gly m 1. This 30-kDa band could nor be
detected in the 25, 1 1S, or whey fractions. Spe-
cific IgE binding was observed to an acidic sub-
unit of the 11S fraction. In the 75 fraction, ten
major lgE-binding bands were observed, includ-
ing the cr- and B-subunits of B-conglycinin. IgE
also bound to the 25 fraction. Ogawa et al.r73
suggest that the 20-kDa band is KSTI, but IgE-
reactive bands occur at ll and 15 kDa in this
fraction also. They said that the data show that
allergenic cross-reactivity does not exist between
the 75 and the other fractions; however, cross-
reaction was found between the 20-kDa band in
the 25 fraction and the 18- to 21-kDa bands in rhe
whey fraction. In this study, in contrast to other
reports, the 1 I S fraction was less allergenic than
the other fractions, even though it comprises much
of the total storage protein in the soybean.

a. Major Allergens

Gly m | - Gly m 1 rs described by Ogawa et
aI.173 as a 30-kDa mol wt protein, a minor con-
stituent of the 75 globulin fraction. Sixty-five
percent of the subjects in this study had specific
IgE for Gly m 1; however, these individuals were
AD patients who did not experience severe or
anaphylactic reactions to soy. In a later article,
this same research grouprTa found that the native
allergen had a molecular weight of more than
300 kDa by gel permeation chromatography. The
monomeric form had a molecular weight of
32 kD4 and pI of 4.5, in two-dimensional electro-
phoresis. The first 15 amino acid residues of Gly m
I are identical to those of soybean seed 34-kDa oil
body-associated protein (also called the soybean
vacuolar protein P34).In addition, the 34-kDa oil
body-associated protein bound strongly to IgE from
sera and monoclonal antibodies that were made
against Gly m I in immunoblotting studies. The
34-kDa oil body-associated protein has been as-
sumed to comprise approximately 57o of the total
seed cotyledon protein in the Miyagisiro variety of
soybean, although amounts may vary depending
on the content of lipid in soybean seeds.r75 The
presence of Gly m I as a minor component of the
75 fraction could have been the result of elimina-

s l36

tion of the majority of the allergen during prepara-
tion of the crude 75 globulin fractions from defat-
ted soybean flakes.

b. Minor Allergens

68-kDa allergen - Ogawa et a1.r7ó found
thaf 257o of IgE from sera of soybean-allergic
individuals with AD recogmzed a 68-kDa protein
of the 75 globulin fraction in immunoblotting
studies.  The prote in was the cr-subuni t  o f

B-conglycinin, with a pI of 5.0 to 5.2. The sera
recognized the cx-subunit, but did not recognize
the cx'- or B-subunits, even though they have a
high degree of homology with the cr-subunit.

KSTI - A study of KSTI as an allergenic
protein was prompted by a soy-allergic woman
working with KSTI in an occupational setting.rTT
The patient was skin test and RAST positive to
KSTI and whole soybean; there was no IgE reac-
tivity with other trypsin inhibitors or to peanut
extract. The whole soybean RAST was inhibited
completely by KSTI. Of the two other sera from
soy-allergic individuals utilized in the study, both
were negative by RAST for KSTI, and only one
was positive for whole soybean RAST. KSTI
could not inhibit the IgE binding to the whole
soybean extract. Therefore, KSTI appears to be a
relatively minor allergen. Certain soybean culti-
vars have been produced with reduced or zero
levels of KSTI to reduce its antinutritional ef-
fects.r78 KSTJ has been sequenced.lTe'r80 The in-
hibitor is made up of 181 amino acid residues.
This group also found sequence variants of the
inhibitor, deviating in nine sites in the molecule.
with only a single amino acid substitution at each
site. The KSTI has a molecular weight of 20 kDa.
Brandon et al.r8r found that KSTI has as least two
distinct antigenic sites, one of which is retained
under denaturing conditions, and may be linear.

S-II (20-kDa protein) - Herian et a1.r82
described a 20-kDa IgE-binding protein from
soybean, designating it S-II. Two serum samples
from subjects allergic to soy showed IgE-binding
to a 20 kDa band. No IgE binding was observed
to pure KSTI. Roasting seemed to enhance IgE
binding to the 20-kDa allergen. Preliminary work
indicated that S-II is not a basic subunit of glycinin.
One serum sample from a soy-allergic subject
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2. Brazil Nufs

Braztl nuts cause systemic anaphylaxis in

some individuals. Using immunoblotting to de-

tecf Brazil nut peanut allergens, Arshad et al.te2

found several allergenic fractions in the serum

from allergic individuals. The major allergen from

Brazrl nuts, Ber e 1, is a high-methionine, 25

proteinle3 that is composed of two subunits. The

9-kDa subunit of the protein contained 7J amino

acids, and a 3-kDa subunit has also been reported.

The cDNA sequence for Ber e I has been estab-

lished. te4 Ber e I has 447o and 2l7o homology

with the castor bean and rapeseed high-methion-

ine proteins, respectivelY.

3. Hazelnuts

Hazelnut allergy is prominent in Europe

among individuals with tree pollen allergies (see

Section VII.F). Hirschwehr et al.,1e5 using sera

from 25 birch pollen-allergic subjects who re-

ported adverse reactions to hazelnuts, found IgE

binding to the 17-kDa major hazel pollen aller-
gen, Cor a 7 (1007o), and to the 14-kDa hazel

pollen protein profilin (167a). In addition, IgE

bound to proteins of comparable molecular weights

in hazelnut extract (18 and 14 kDa), suggesting

that proteins similar to Cor a 1 and to the 14-kDa

hazel profilin might also be expressed in hazel-

nuts. In contrast, only four sera (22To) of 18 sub-
jects with tree pollen allergy, but without any

history of intolerance to hazelnuts, showed IgE

binding to the 18-kDa protein of hazelnut extract,

and none exhibited IgE reactivity to hazelnut

profilin. Immunoblotting inhibition studies re-

vealed that the 18-kDa protein shares IgE-binding

similarities with Cor a 1, the major of hazel pol-

len, Bet v 1 (the major allergen of birch pollen),le5

and Bet v 2 (btrch pollen profilin).1e6 However,

this protein has not yet been sequenced.

4. Pistachio

Pistachio, which is a member of the cashew

and mango family (Anacardiacea), has a promi-

nent IgE-binding protein of 34 kDa.toz Q1hs1 2l-

lergens ranged in molecular weight from 4l to

s138

60 kDa. Some cross-reactivity was demonstrated

against peanut, walnut, and sunflower seeds.

D. Wheat

In the U.S., wheat is a dietary staple. The

most frequent allergic complaint with cereal grains

is occupational asthma from exposure to dusty

work surroundingsle8 (see Section VI). The wheat

proteins include the water-soluble albumins, the

saline-soluble globulins, the l07o aqueous etha-

nol-soluble prolamins, and the acid- or alkali-

soluble glutelins.lee
Using serum from one subject who suffered

asthma after ingestion of wheat, Hoffman2o0 found

that the wheat globulin and albumin fractions

were most reactive in a RAST. Sutton et a1.201 also

observed that the highest lgE-binding activity was

associated with the globulin fraction in a RAST

study using the serum of 20 children with high

RAST scores to wheat.
In six individuals with food-dependent exer-

cise-induced anaphylaxis (F-EIA), ingestion of

wheat 30 min before exercise was associated with

a subsequent anaphylactic event and all demon-

strated immediate positive skin-test reactions to

wheat extracts.202 Many of these subjects also had

skin-test reactivity to trypsin and pepsin digests

of  wheat .  The authors hypothesized that

"neoantigens" or novel allergens developed from

digestion. However, because the individuals re-

acted to the native proteins, polypeptides removed

from the intact proteins may be a more likely

explanation.

IV.  LESS COMMONLY ALLERGENIC

FOODS OF ANIMAL ORIGIN

A. Mollusks

The phylum Mollusca is made up of class

Pelecypoda (bivalves), mussels, clams, cockles,

oysters, and scallops; the class Gastropoda, con-

sisting of abalones, conches, limpets, snails, and

whelks; and the class Cephalopoda, the octopuses

and squids.57 Mollusk allergens have not been

well studied, although they are known to cause

IgE-mediated reactions .203-206
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Hefle and Bush2r6 reported the adverse reac-

tion of a peanut-allergic child to a lupin-fortified
pasta product. They investigated the lupin pro-

teins further using ST and in vitro analysis of IgE,

binding from six peanut-allergic adults. The IgE-
binding proteins of lupin have molecular weights
of 2l kDa and from 35 to 55 kDa in SDS-PAGE,
and are heat stable. Three of the six sera bound

only weakly to the 21-kDa band, whereas this
band appeared to be a prominent IgE-binding
protein for the other three individual sera. The

subjects experiencing a positive skin-test reaction
to lupin extract also reported a history of adverse
reactions to green peas.216

C. Peas

Although peas are part of the legume family,

the frequency of allergic sensitivity to peas is

considerably less than to peanuts or soybeans.
However, this may be related to the degree of

exposure to pea proteins in human diets. Addition

of leguminous proteins, such as pea and lupin,

into the diet in increasing amounts could increase
the prevalence of pea allergy.

The globulin fraction accounts for 15 to 807o
of the total seed protein, whereas the albumin
fraction constitutes most of the remainder, de-
pending on the cultivar and the isolation methods

used.2r7 The green pea (Pisum sativum L.) legu-

min is approximately 256 kDa and is composed
of six pairs of 20- and 40-kDa subunits. Each
subunit is made up of a 60-kDa polypeptide

chain.218 Green pea vicilin is a trimer composed
of 50-kDa subunits,2te'zzo and a vicilin-like pea

protein called convicilin consists of four mono-
mers of 71-kDa.221

Crude pea and pea albumin extracts produced
positive skin tests. However, the major pea globu-

lins legumin (11S) and vicilin (7S) did not pro-

duce positive reactions in skin tests in a study of

ten green pea-sensitive subjects.222 The albumin

fraction retained all of its allergenic activity when
heated or boiled.

A 53-kDa major pea albumin designated
"PMA-L" had two subunits of approximately
25 kDa, Another component, "PMA-S," had a

molecular weight of 48 kDa and possessed two

24-I<Dasubunits. Neither PMA-L nor PMA-S was

significantly degraded during germination, indi-

cating that they are probably not seed storage

proteins.223 Later work on a pea albumin desig-

nated "Psa MA" (P. sativum majot albumin), a

homodimer with subunits of 24 or 25 kDa, led to

the discovery and sequencing of "Psa LA:'a low-

molecular-weight albumin component (11 kDa)

with 54 amino acid residues. The protein is most

probably a dimer of two 6-kDa polypeptides,22a

and does not possess protease inhibitor activity.

Psa LA did not react to antibodies raised against

the pea storage proteins, Psa MA, or pea lectin by

Ochterlony or immunoblotting techniques. A green

pea allergen with an approximate molecular weight

of 1.8 kDa and a carbohydrate content of 307o tn

SDS-PAGE was purified from pea dialysate,22-5

but was not charactettzed further.

D.  Psyl l ium

Psyllium mucilloid is obtained from the seed

husk of plants in the Plantago genus. It has been

used in bulk laxatives since the 1500s, and its

allergenicity in occupational settings is well

documen1sf,.226'221 Psyllium was added to cereal

products after observations that it was useful in

lowering serum cholesterol levels in hyper-

cholesterolemic patients.228 Ingestion of these

psyllium-fortified cereal products has caused sig-

nificant anaphylactic reactions;22e most of the af-

fected individuals had been sensitized through

occupational exposure, but some patients were

not sensitized via this route. In one study,22e 20

patients who were either inhalation- or ingestion-

sensitized possessed IgE to six psyllium protein

bands in the molecular weight range of 20 to

36kDa.22e These IgE-binding proteins were not

characterized further.

E. Rice

Rice (Oryza sativa) is a dietary staple for

approximately one-half of the world population.

In Japan, rice frequently aggravates AD through

IgE-dependent mechanisms. There is one report

of two protein fractions of rice, glutelin and globu-
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(see "Allergenic Foods" by Susan L. Hefle et al.
in this issue).

l .  Chocolate

Chocolate is reported by many patients to
cause allergic reactions, but such sensitivity is
frequently not reproducible. There are a few docu-
mented cases of actual sensitivity by DBPCFC.
Skin-test reactivity as assessed with intradermal
testing, however, is frequently positlve.242,243 Be-
cause ST with chocolate produces many false-
positive reactions, the use of these reagents as
diagnostic tests should be avoided. Because it is
questionable whether chocolate acts as a true IgE-
binding allergen, no work to characterize its con-
stituents has been done.

J.  Melons

Watermelon, cantaloupe, honeydew melon,
and banana occasionally cause OAS in ragweed
pollen-allergic individuals. Occasionally, more
severe systemic reactions can occur. Enberg et
a1.244 separated a protein in a watermelon extract
by isoelectrofocusing at a pH range of 4 to 6,
transferred the protein to a nitrocellulose mem-
brane, and probed the membranes for IgE binding
using serum from watermelon-sensitive subjects.
No consistent IgE binding was observed. How-
ever, by using SDS-PAGE and immunoblotting,
Jordan-Wagner et a1.245 found a l5-kDa protein in
watermelon extracts that bound IgE, from water-
melon-sensitive subjects. The protein was cross-
reactive with a similar protein found in celery,
cucumber, and carrot, but has not been further
characterized.

K. Papain

Papain is a proteolytic enzyme derived from
papaya. It is used as a meat tendertzer, for clari-
fying beer, and as a reagent in the biochemical,
immunochemical, and pharmaceutical industries.
Several reports have implicated papain as a cause
of occupational asthma.2a6,247 Some individuals
have developed sensitivity as a result of ingestion
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of papaya,248 oÍ meat tenderizeî,24e ot from the
injection of chymopapain used to treat herniated
invertebral discs.2a8 Positive skin and RAST tests
and oral challenges have confirmed the presence
of IgE-mediated sensitivity to this enzyme.

L. Peach

Peach can produce allergic reactions ranging
from OAS to anaphylaxis.250 Several studies of
peach proteins analyzed by immunoblotting have
been reported with variable results. Wadee s1vl3st
detected a 30-kDa allergenic protein in peach
extracts, but not in pear or apple extracts. Taylor
s1a,l.zsz found several labile allergenic proteins or
glycoproteins with molecular weights of 41, 67 ,
and12 kDa in fresh peach pulp. Lleonart et al3s3
described a peach skin protein doublet with a
molecular weight of 8 to 10 kDa that bound IgE
from peach-sensitive subjects. Pastorello et a1.250
identified a 13-kDa allergenic protein common to
several Prunoideae (apricot, cherry, peach, and
plum). They also found a 14- and a 30-kDa aller-
gen in the peach and cherry, respectively. None of
the peach IgE-binding proteins have been puri-
fied or sequenced to date.

M. Potato

Sensitivity to potato is fairly uncommon.
Immunoblotting studies using serum from sub-
jects with sensitivity to potato have shown IgE
binding to raw potato proteins with molecular
weights ranging from 16 to 65 kDa with pI of 4.5
to 5.2.2s4'255 Some individuals with birch pollen
allergy report lip and mouth itching from inges-
tion of raw potatoes. Often these individuals tol-
erate cooked potato without difticulty. The puta-
tive allergen is theonzedto be profilin (see Section
vrr.F').

N. Tomato

Tomato (Lycopersicon esculentum) is a mem-
ber of the Solanaceae family. Bleumink et a1.256
fractionated tomato proteins using ion-exchange
chromatography. An allergenic glycoprotein frac-
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gene. The 25 protein is a member of the Napins
family, which is encoded by genes without in-
trons, synthesized as polypeptide precursors, and
processed by specific maturation proteases to ren-
der the two chains of the mature protein.26e

Isolation of the major allergen of the oriental
mustard seed, Bra j l, has been reported.270 The
oriental mustard is more commonly used in the
U.S. and Japan, the yellow mustard being used
predominantly in Europe. Table mustard is often
a mixture made from the flour obtained from the
seeds of both species. The Bra j I allergen showed
microheterogeneity and was immunologically
cross-reactive with the major yellow mustard
allergen Sin a l. Its molecular weight ranges
between l6 and 16.4 kDa. Both of these proteins
appear to have an cr-helical structure that is re-
sistant to proteolytic and thermal degradation,
and are storage proteins with a high glutamine
content. Similar proteins have been identified in
cabbage and turnip, both of which are members
of the same family of plants.

VI .  FOODS AS INHALANT ALLERGENS

The ingestion of food proteins with sensittza-
tion occurring through the GI tract is the principal
cause of food allergic reactions. In some cases,
however, individuals become sensitized through
a respiratory route, particularly following occu-
pational exposure in the food-processing industry
or perhaps as a consequence of sensitization to
various pollens that share cross-reactive allergens
to foods. It is also hypothesized that food aller-
gens may be incorporated into house dust and
become airborne.271

Several allergens cause occupational asthma.
Milk proteins have been implicated in the devel-
opment of occupational asthma in two individu-
als. In one case, inhalation of powdered milk led
to the development of nasal symptoms and wheez-
ing."'The patient also experienced oral itching
and burning upon ingestion of milk products. The
reactive protein was identified as sodium casein-
ate. In a second case, Bernaola sl vl.ztz reported an
individual who developed occupational asthma as
a result of exposure to c-lactalbumin.

Egg proteins have been associated with the
"bird-egg syndrome." Individuals with this syn-
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drome generally become sensitized through the
respiratory route after being exposed to bird se-
rum antigens. Subsequently, they react to inges-
tion of chicken egg yolk. Although the syndrome
is primarily identified in adults,2Ta it has also been
described in children.275 The allergen responsible
for this reaction is cr-livetin, a serum albumin of
70 kDa. This protein is also present in the yolk of
the chicken egg.216

van Toorenenbergen et a1.271 found a 60-kDa
protein in egg yolk to be allergenic in adults who
were exposed to bird serum antigens. In contrast,
children without bird exposure, but with egg al-
lergy by ingestion, reacted to a 35-kDa protein.
These egg yolk proteins were not further charac-
tertzed.

Organic dusts from legumes and other plants
sensitize through the respiratory route. Inhalation
of soybean flour has been implicated as a cause of
inhalant asthma in a number of individuals.2T8
Evaluation of the soybean proteins involved in
soy bean flour asthma has identified nine proteins
with molecular weights ranging from 14.9 to
54.5 kDa.27e Soybean lecithin has also produced
occupational asthma rn a sensitive individual.280
Epidemic outbreaks of asthma have been attrib-
uted to airborne soybean proteins (Barcelona,
Spain)281 and airborne castor bean dss1.282-284 The
green bean has been implicated as a cause of
occupational asthma in a homemaker preparing
and cooking raw green beans.2Ss Green coffee
bean dust has caused occupational asthma286 in
coffee processors.

Fish and crustacea are responsible for occu-
pational reactions, particularly in the seafood in-
dustry.287 A number of occupational asthma cases
have been attributed to the inhalation of airborne
proteins from seafood such as Norway lobster
(Nephrops norvegicus), king crab (Paralithodes
camshaticus), snow crab (Chinoecetes opilio),
and squid,204 among others. Sensitization is be-
lieved to follow inhalation of proteins in steam
generated in processing.

Baker's asthma is observed in individuals
working in the baking industry. Proteins of wheat,
rye, and barley flour are the most commonly im-
plicated sources of allergens. A number of pro-
teins from these cereal grain flours have been
purified,288 and allergens from wheat barley flour28e
have been cloned. Blands et al.2eo found 53Vo of
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clinical sensitivity as determined by oral chal-
lenge. In ELISA inhibition assays, the concentra-
tion of fish extract required to achieve 50Vo inhi-
bition of specific IgE binding was similar for fish
to which patients were clinically allergic and those
to which they were not clinically allergic.83

RAST inhibition studies have shown a vari-
able amount of cross-reactivity among species of
fish. Tuna or albacore has been the least effective
inhibitor in RAST studies,2e8'300 showing the few-
est reactions in skin tests.2ee Helbling et a1.300
found that tuna extract inhibited a trout RAST by
457o and a mackerel RAST by only 267o. When
RAST inhibition was performed wrth Gad c I
against hake, whiff, sole, witch, and albacore, it
was observed that although parvalbumin is im-
portant as an allergen in cod, it is not as important
in another gadiform, hake, and even less so for
other types of fish.2ee

Helbling s1 21.300 found that many individuals
with a history of adverse reactions to fish also
report adverse reactions to crustacea, mainly
shrimp. However, RAST inhibition studies showed
that fish extracts (salmon, anchovy, tuna, trout,
pollock, and mackerel) could not inhibit a shrimp
RAST, indicating that the individuals probably
had multiple food allergies.

C. Crustacea and Mollusks

1. Crustacea

Histories of IgE hypersensitivity to multiple
types of shellfish are frequently reported. Shrimp-
allergic individuals react to other species of crus-
tacea. They exhibit positive skin tests and RAST
to other crustaceans.e8'301 Studies using RAST
inhibition assays and additional immunochemical
techniques indicate common antigenic/allergenic
epitopes in shrimp and other crustacea.10r,302'303
Halmepuro et al.ror found that five of six IgE-
binding CIE precipitins from crawfish share par-
tial immunologic identity to precipitins in spiny
lobster, white shrimp, and blue crab extracts, and
that three of four spiny lobster IgE-binding CIE
precipitins had partial immunological identity with
crawfish, white shrimp, and blue crab extracts. In
addition, extracts from shrimp, blue crab, and
crawfish all inhibit Pen a 1 RAST to a similar
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extent.s Pen a l-reactive IgE as well as Pen a l-
specific monoclonal antibodies can detect a
36-kDa protein present in crawfish, blue crab,
and spiny lobster, perhaps indicating the presence
of common IgE-binding epitopes.e3 The presence
of IgE to unique and shared class allergens may
explain an individual's clinical sensitivity to one
or more members of the crustacea.

2. Mollusks

Although mollusks are much less allergenic
than crustacea, a study of cross-reactivity of oys-
ter and crustacea extracts indicated some com-
mon antigenic/allergenic epitopes based on RAST
inhibition studies. Shrimp, blue crab, spiny lob-
ster, and crawfish were all highly cross-reactive
with oysteî.207

Squid-allergic patients in one study also ex-
perienced symptoms after ingesting shrimp, and
demonstrated strong positive skin-test reactions
to boiled squid extracts and various commercial
crustacea extracts. Specific IgE-binding inhibi-
tion studies showed cross-reactivity between
shrimp, lobster, crab, oyster extracts, and boiled
squid extract, although cross-reactivity was not
demonstrated between squid and octopus (another
cephalopod), nor squid and round clam, mussel,
or other mollusks.2os

Limpet-sensitive subjects in one study could
consume squid, clam, cockle, octopus, snail, oys-
ter, shrimp, lobster, and crawfish without adverse
reaction.20a Cross-allergenicity between grand
keyhole limpet, abalone, and keyhole limpet
hemocyanin was demonstrated using sera from
limpet-sensitive subjects in a raw limpet RAST.208

3. Seafood/lnsect Cross-Reactions

Crustacea and mollusks may share allergenic
determinants with some species of arthropods, as
phylogenic conservation may occur. Shared aller-
genic determinants have been demonstrated be-
tween the major shrimp allergen and fruit fly
(Drosophila) anttgens. Pen a I and Pen i 1 share
86 to 87Vo sequence similarity with fruit fly tro-
pomyosin.s'e2 Patients allergic to Chironomids
(nonbiting midges) often demonstrate positive skin
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barley and wheat share 37To amrno acid sequence

homology.2ea The deduced amino acid sequence

homology of rice u-amylase/trypsin inhibitor and

wheat ts 407o, and between rice and barley it is

20Vo.232 A monoclonal antibody directed against a

l4-kDa wheat cr-amylase inhibitor also recog-

nizes a similar component in rye flour,2er suggest-

ing shared epitopes. Franken et al.3r2 confirmed

the importance of cx-amylase inhibitor as a major

allergen of wheat. The extent of IgE cross-reac-

tivity and clinical sensitivity to cereal grains has

been explored recently.3r3 Approximately 257o of

wheat-allergic children reacted to another cereal

grain (barley, oat, or rye).313

F. Tree Nuts, Vegetables, Fruits, and
Pollen Al lergy

It is well documented that individuals with

tree pollen allergies (birch, alder, hazel, horn-

beam, and oak) also frequently suffer intolerance

to nuts, fruits, and vegetables.3ra-3r8 In Northern

Europe, up to l07o of patients with birch pollen

allergy demonstrate intolerance to these foods, in

contrast Ío l97o of patients not allergic to birch

pollen.3ra Apples3r4'3re and hazelnutq3r-5':r6 are the

most common offenders, although reactions to

botanically unrelated fruits, such as kiwi, have

been reported.263'320 Individuals who suffer from

grass or weed pollen allergies often show sensi-

t iv i ty  to  carrot ,  ce lery,  potato,  and some

spices,266.32r.322 and many individuals with rag-

weed allergy report intolerance to fruits in the

gourd family, and banana, a nongourd .214'323 Most

of these cross-reactions manifest as OAS, but a

certain percentage of individuals experience sys-

temic symptoms.32a Although many of these

cross-reacting allergens are inactivated by cook-

ing, the cross-reacting allergens of tree nuts are

heat stable.
T-cell epitope mapping has been investigated

for birch , hazel nut, and alder pollens. The spe-

cific amino acid sequences resulting in sensitiv-

ity, however, have not been identified. Exposure

to tree pollens can lead to the development of IgE

antibodies that recognize epitopes on a variety of

food proteins containing similar amino acid se-

quences. The primary sensitization is to the pol-

len. and not to the food.
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l . B e t v l

Bet v I is the major birch pollen allergen and is

the most important allergen for birch pollen-food

cross-reactions. It is a 17-kDa cytosolic protein whose

cDNA sequence325 is highly conserved in dicotyle-

donous plants,32ó and has homology to a family

of mRNAs that are induced in somatic tissues of

some higher plants by pathogen infection.327

Using immunoblotting techniques, Ebner et

a1.235 found that serum from 81 of 83 birch pollen-

allergic subjects showed lgE-binding to Bet v I

and also apple (double bands) in the molecular

weight range of ll to 18 kDa. Complete inhibi-

tion of IgE, binding to these apple allergens was

observed after preincubation of the sera with

Bet v 1.23s'321 In addition, birch pollen and apple

allergen-encoding nucleic acids cross-hybridized

in Northern blots.23-5 Other researchers have found

that the 18- and 3 l-kDa apple allergens share

about 50Vo identity with Bet v I, in addition to

disease res is tance genes in  other  p lants.238

Immunoblotting studies have also revealed that

the l8-kDa hazelnut allergen shares IgE-binding

similarities with Bet v l., as binding of IgE, from

patients with hazelnut allergy to the 18 kDa aller-

gen could be blocked by preincubation of sera

with recombinant Bet v 7.te5
In a study of 43 patients with birch pollen

allergy and a history of intolerance to fruits, two

groups were discovered; those whose serum re-

acted with a 20-kDa protein in birch pollen and

fruits. and those who reacted to an 18-kDa protein

in birch pollen, fruits, grass pollen, and potato.3Ì5

RAST inhibition and immunoblot analysis indi-

cated that there was antigenic similarity between

the allergens of birch pollen and fruits, in particu-

lar apple, cherry, peach, and pear, which are all

members of the Rosaceae familY.

No biological properties of Bet v I are yet

known. It is considered to be a B-cell epitope ln

toto, as only cDNAs encoding the entire open

reading frame could be isolated by screening ex-

pression libraries with birch-allergic patient se-

rum.328

2. Profilin (Bet v 2)

Profilin is involved in birch pollen-fruit sen-
sitivity, but also plays a wider role in cross-
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These technologies have revolutionized efforts to

develop reliable sources of allergenic material for

laboratory study and clinical use,
It is now possible to create a reliable, repro-

ducible allergen source that has batch-to-batch
consistency and is available in stable, large quan-

tities, a remarkable achievement.33e This should

result in improved allergenic extracts for diagno-

sis and immunotherapy. Recombinant allergens
can be produced at very high purity, an advantage

over extracts from natural sources that may con-

tain a number of other allergens and nonallergenic
material. An additional advantage of recombinant
allergens is that they may be added to natural

allergenic extracts to improve the quality of cur-

rent extracts.3ao However, another method would

be to use a few (two to four) recombinant aller-
gens cloned from a given source for diagnostic
purposes.

Perhaps the greatest value of biotechnology,
however, will be to provide recombinant aller-
gens to be used instead of allergens that are present

in natural products in limited quantities, such as

vespid venoms. Recombinant allergens will pro-

vide better tools for allergen standardization, struc-

tural investigation, and T- and B-cell epitope iden-

tification. Such studies could yield new concepts

in immunotherapeutic approaches in the treat-

ment of allergic diseases. Recombinant DNA tech-

nology will also be useful in analyzing cross-

reactivity between allergens. Such techniques have

demonstrated that a number of pollen allergens
have inter- and intraspecies and intergenic vari-

ability and cross-reactivity.34l
A major potential disadvantage of recombi-

nant allergens is that their IgE binding affinity

may be less than their native counterparts. Also,

because many allergenic extracts contain mul-

tiple allergens, substantial resources could be re-

quired to prepare all recombinant allergens in a

specific food, if that was necessary. Finally, the

safety and efficacy of recombinant allergens are

major concerns and are issues that must be con-

sidered prior to use in humans.

B. Requirements of Recombinant
Allergens

A major objective for any recombinant aller-
gen produced is that it be comparable to its natu-
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ral counterpart. Recombinant allergens used ln
yivo should be adequately analyzed for the fol-

lowing properties: the purity of the protein must

be defined as described in the World Health Or-

ganrzation (WHO) document on recombinant pro-

teins.3a2 Recombinant allergen samples must be

demonstrated to lack toxicity using animal model

systems (see "Principles and Characteristics of

Food Allergens" by Taylor and Lehrer in this

issue). These molecules should be stable and the

half-life should be assessed with in vitro assays

normally used in allergen standardization.
Because a number of allergens possess inher-

ent biological activity, such as enzymes or lectins,

their recombinant counterpart may possess these

activities as well. If there exists undesired traits,

such as toxicity, these traits may have to be re-

moved. Site-directed mutagenesis could be used

to accomplish this goal. Finally, it is critical that

recombinant allergens have similar IgE-binding

activity to their natural counterparts.3a0

C. Molecularly Cloned Allergens

A host of allergens have been cloned in the

past few years. Emphasis has been directed at

inhalant allergens (for review, see Stewart3a3 and

Scheiner3a). Among the first allergens to be cloned

was the major dust mite allergen, Der p 1.34s

Clones were detected by rabbit anti-sera and oli-

gonucleotide probes. In the expression system

used, however, IgE, binding to the expressed pro-

tein could not be readily demonstrated. This sug-

gested that posttranslational events of conforma-

tional structure are necessary for IgE binding.

Other systems have shown that recombinant al-

lergens can be detected using IgE binding for

identification of relevant clones.
A number of nonfood inhalant allergens have

been identified including numerous grass pollen

antigens.346 The sequence homology of birch pol-

len allergens with food such as hazelnut and the

profilins was discussed in Section VII.F. Several

ragweed pollen allergens have also been cloned.

The use of PCR-based technology has led to the

identification of a full-length gene that encodes

for the major cat allergen, Fel d I. The informa-

tion derived from these studies has led to the

identification of T-cell epitopes in the Fel d I
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