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Food Allergens: Molecular and 
Immunological Characteristics
Heimo Breiteneder and E.N. Clare Mills

Introduction

The post-genomic era, with its explosion of information 
about protein and genome sequences, is allowing us to 
study molecular relationships in new ways, and notably 
within the context of evolution. Allergenic proteins have 
not suddenly appeared on the protein landscape but are the 
result of a long chain of formative processes that resulted in 
the creation of protein architectures that are treated as aller-
genic by an atopic immune system. Allergens are restricted 
to a very small number of protein families which share 
characteristic three-dimensional structures or scaffolds, as 
has been shown for plant food [1] and pollen allergens [2]. 
For some of these protein scaffolds, their origins can be fol-
lowed back today to even archaebacteria as has been done 
for the cupin superfamily [3]. Although most members of 
the prolamin superfamily seem to be restricted to the seeds 
of dicotyledonous plants [4], proteins related to 2S albu-
mins have been identified in the spores of ostrich fern [5]. 
The common ancestors of ferns and angiosperms lived more 
than 300 million years ago. Some of the evolved structures 
have been proven so successful that they are conserved 
between plants and animals as is the case for thaumatin-like 

proteins [6]. Consequently, allergenicity seems to be linked 
to certain structural features of molecules that are members 
of a limited number of protein families. In general, within 
a given protein family, those known to be allergens repre-
sent only a fraction of its members, which has been well 
demonstrated for the Bet v 1 family of proteins [7]. In addi-
tion to any intrinsic allergenicity of the protein scaffold, this 
also may relate to issues of exposure, with some forms not 
being found in edible tissues or transiently expressed during 
development such that levels in the exposing agent are low. 
The most important food allergen families will be discussed 
in this chapter.

Food allergen protein families

Based on their shared amino acid sequences and conserved 
three-dimensional structures, proteins can be classified into 
families using various bioinformatics tools which form the 
basis of several protein family databases, one of which is 
Pfam [8]. Over the past 10 years or so there has been an 
explosion in the numbers of well characterized allergens, 
which have been sequenced and are being collected into a 
number of databases to facilitate bioinformatic analysis [9]. 
We have undertaken this analysis for both plant [1] and 
animal food allergens [10] along with pollen allergens [2]. 
They show similar distributions with the majority of aller-
gens in each group falling into just 3–12 families with a tail 

KEY CONCEPTS

• Food allergens belong to a limited number of protein families with different molecular properties, which may mean 
routes of sensitization differ for different allergen families.

• Food allergens that sensitize via the gastrointestinal tract have molecular features that enhance stability to thermal and 
proteolytical denaturation.

• Two allergen families (caseins and cupins) thought to sensitize via the gastrointestinal tract retain their allergenicity even 
after digestion for reasons which are not understood.

• Plant food allergens related to pollen allergens generally have no stability-enhancing characteristics and only induce oral 
allergy syndrome (OAS) as a secondary reaction to primary sensitization to pollen.
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of between 14 and 23 families comprising between 1 and 3 
allergens each. With regards to food allergens, around 65% 
of those from plants belong to just four protein families, the 
prolamin, cupin, Bet v 1-like, and profilin families [1], sup-
porting molecular and structural approaches to the classifi-
cation of plant food allergens [4,11]. Similarly, animal food 
allergens can be classified into three main families, the tro-
pomyosins, EF-hand proteins, and caseins [10]. Such pat-
terns of behavior beg the question of why certain protein 
scaffolds dominate the landscape of allergen structures? Are 
there structural features that predispose certain proteins to 
becoming allergens? Certainly detailed analysis of the sec-
ondary structural elements in proteins has not shown any
relationship with allergenicity [12], but protein structure–
function relationships can be very subtle. Using the food 
allergen family classification, we will summarize the prop-
erties of known food allergens and discuss how their 
structures and properties might determine their allergenic 
potency.

Food allergens of animal origin (Table 4.1)

Tropomyosins
Tropomyosins are a family of closely related proteins 
present in muscle and non-muscle cells [13]. Together with 
actin and myosin, tropomyosins play a key regulatory role 
in muscle contraction. Tropomyosins contain 40 uninter-
rupted heptapeptide repeats and are two-stranded proteins 
that occur as α-helical coiled coils [14]. Tropomyosins form 
head-to-tail polymers along the length of an actin filament 
[15] and are the major allergens of two invertebrate groups, 
Crustacea and Mollusca, that are generally referred to as 
shellfish. Shrimp, crab, squid, and abalone are assumed to 
be largely responsible for seafood allergies. Tropomyosins 
were originally identified as major shrimp allergens by sev-
eral laboratories [16–18] and today they are recognized as 
invertebrate pan-allergens [19]. The first two residues of 
the IgE-binding region (epitope) in the C-terminal portion 
of the protein appear to be crucial for IgE binding and is 
not found in vertebrate tropomyosin. As a consequence of 
the lack of homology in the IgE epitopes, there is no cross-
reactivity of IgE from shellfish-allergic individuals to animal 
muscle tropomyosins. Allergenic tropomyosins are heat sta-
ble and cross-reactive between the various crustacean and 
mollusk species [20]. Extracts from boiled Penaeus indicus 
shrimp contained Pen i 1 with unaltered allergenicity [21]. 
Water-soluble shrimp allergens were also detected in the 
cooking water after boiling [22].

Parvalbumins
The second largest animal food allergen family are the par-
valbumins. Abundant in the white muscle of many fish spe-
cies, parvalbumins are characterized by the possession of a 

widely found calcium-binding domain which is known as 
the EF-hand [23]. The EF-hand is a motif that consists of a 
loop of 12 amino acid residues that is flanked on either side 
by a 12-residue α-helical domain. Parvalbumins comprise 
three such domains [24], two of which are able to bind cal-
cium [25]. Parvalbumins are important for the relaxation of 
muscle fibers by binding free intracellular calcium [26]. The 
binding of the calcium ligands is necessary for the correct 
parvalbumin conformation, loss of calcium resulting in a 
large change in conformation with an associated loss of IgE-
binding capacity [27,28]. Parvalbumins with bound calcium 
ions possess a remarkable stability to denaturation by heat 
[29]. The ability to act as major fish allergens is obviously 
linked to the stability of parvalbumins to heat, denaturing 
chemicals, and proteolytic enzymes [30]. Parvalbumins can 
be subdivided into two distinct evolutionary lineages, the 
α- and the β-parvalbumins, although their overall archi-
tectures are very similar. The β-parvalbumins are generally 
allergenic. Gad c 1, a codfish allergen, was the first aller-
genic fish parvalbumin that was purified and characterized 
[31,32]. Today, allergenic β-parvalbumins have been char-
acterized from many different fish species and are consid-
ered as pan-allergens in fish [33]. The cross-reactivity of 
fish and frog muscle in fish-allergic individuals has been 
attributed to the structural similarities between their par-
valbumins [34]. An α-parvalbumin of frog has also been 
described as allergenic [35].

Caseins
Structurally mobile proteins, they are found in mammalian 
milk at a concentration of around 15 mg/ml and are respon-
sible for binding calcium through clusters of phosphoserine 
and/or phosphothreonine residues in αs1-, αs2-, and β-caseins 
although the αs2-casein gene is not expressed in man. The 
casein polypeptides form a shell around amorphous calcium 
phosphate to form microstructures called nanoclusters allow-
ing calcium levels in milk to exceed the solubility limit of 
calcium phosphate. The nanoclusters are assembled into the 
casein micelles found in milk which are in turn stabilized by 
κ-casein [36]. The α- and β-caseins are related to the secre-
tory calcium-binding phosphoprotein family together with 
proteins involved in mineralization and salivary proteins 
whilst κ-caseins may be distantly related to fibrinogen γ-chain 
[37]. Caseins are a major food allergen involved in cow’s milk 
allergy, which affects predominantly young children. Studies 
on the IgE cross-reactivity between different types of casein 
in a group of cow’s milk-allergic infants found that 90% 
had serum IgE against αs2-casein, 55% against αs1-casein, 
whilst only 15% had IgE against β-casein [38]. This pattern 
of reactivity appears to be related to the degree of similar-
ity between bovine and human casein with caseins least like 
human caseins being more reactive. Thus, bovine β-casein 
appears to be the least reactive and has the highest identity 
to human casein of 53% whilst bovine αs2-caseins were the 
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Table 4.1 Food allergens of animal origin

Animal food     Sequence
allergen family  Function Source Allergen name accession Reference

Tropomyosin Tropomyosins bind to actin in muscle increasing Brown shrimp Pen a 1 AAZ76743 [16]
 superfamily   thin filament stability and rigidity. It may play an  (Farfantepenaeus
  important role with troponin in controlling  aztecus)
  muscle contraction
   Greasy backed Met e 1 Q25456 [39]
    shrimp (Metapenaeus
    ensis)
   Black tiger shrimp Pen m 1 Not known [40]
    (Penaeus monodon)
   Indian prawn Pen i 1 Peptides [16]
     (Fenneropenaeus  only
    indicus)
   Snail (Helix aspersa) Hel as 1 O97192 [41]
   Squid (Todarodes Tod p 1 Peptides only [42]
    pacificus)
   Oyster (Crassostrea Cra g 1 Q95WY0 [43]
    gigas) Cra g 2
    Cra g 1.03
   Crab (Charybdis Cha f 1 Q9N2R3 [44]
    feriatus)
   Abalone (Haliotis Hal d 1 Q9GZ71 [45]
    diversicolor)

Parvalbumin Parvalbumins control the flow of Cod (Gadus morhua) Gad c 1 Q90YK9, [46]
 superfamily  calcium from troponin C back to   Q90YL0 
  membrane-bound pumps after a
  muscle contraction
   Carp (Cyprinus carpio) Cyp c 1.01 Q8UUS3 [47]
    Cyp c 1.02 Q8UUS2 
   Salmon (Salmo salar) Sal s 1.01 Q91482 [48]
    Sal s 1.02 Q91483 
   Tuna (Thunnus Thu o 1.01 None [49]
    tonggol) Thu o 1.02  
   Edible frog (Rana Ran e 1 Q8JIU2 [35]
   esculenta)  P02627
    Ran e 2 Q8JIU1, 
     P02617

Caseins Caseins form stable micellar calcium Domestic cow Bos d 8  [50]
  phosphate protein complexes in (Bos taurus)  
  mammalian milks
    αs1n P02662 
    αs2 P02663 
    β-casein P02666 
    κ-casein P02668 
   Goat (Capra hircus) αs1n P18626 [51]
    αs2 P33049 
    β-casein P33048 
    κ-casein P02670 
   Sheep (Ovis aries) αs1n P04653 [52]
   αs2 P04654 
   β-casein P11839 
   κ-casein P02669 
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most reactive being least similar with only �16% identity to 
the human homolog. There is considerable similarity in the 
caseins from different mammalian milks used for human 
consumption, which explains their IgE cross-reactivity. It 
has been observed that cow’s milk-allergic patients gener-
ally react to goat’s milk on oral challenge [51], whose caseins 
have sequence identities of over 90%. However, it appears 
that when this sequence identity drops to between 22% and 
66%, as is the case between mare’s and cow’s milk caseins, it 
is associated with tolerance, since individuals with cow’s milk 
can tolerate mare’s milk [53] and do not show IgE cross-reac-
tivity to milk proteins from species such as camels [54].

Minor families
Lipocalins
The lipocalins are a group of diverse proteins sharing about 
20% sequence identity with conserved three-dimensional 
structures characterized by a central tunnel which can often 
accommodate a diversity of lipophilic ligands [55]. They are 
thought to function as carriers of odorants, steroids, lipids, 
and pheromones amongst others. The majority of lipoca-
lin allergens are respiratory, having been identified as the 
major allergens in rodent urine, animal dander, and saliva 
as well as in insects such as cockroaches, although the only 
lipocalin which acts as a food allergen is the cow’s milk 
allergen, β-lactoglobulin [56].

Lysozyme family
Lysozyme type C and α-lactalbumins belong to the glyco-
side hydrolase family 22 clan of the O-glycosyl hydrolase 
superfamily and have probably evolved from a common 
ancestral protein. However, they have distinctly differ-
ent functions; α-lactalbumin is involved in lactose synthe-
sis in milk, and lysozyme acts as a muramidase hydrolyzing 
peptidoglycans found in bacterial cell walls. Furthermore
α-lactalbumin, unlike hen’s egg lysozyme, binds calcium. Two 
food allergens belong to this clan, the minor hen’s egg aller-
gen, lysozyme (Gal d 4) and the minor cow’s milk allergen, 
α-lactalbumin, these proteins share little sequence homology, 
but are superimposable three-dimensional structures [57].

Transferrin family
Transferrins are eukaryotic sulfur-rich iron-binding glyco-
proteins which function in vivo to control the level of free 
iron. Members of the family that have been identified as 
minor food allergens include milk lactotransferrin (lactofer-
rin) and hen egg white ovotransferrin [58,59].

Serpins
Serpins are a class of serine protease inhibitors and are found 
in all types of organisms with the exception of fungi and are 
involved in a variety of physiological processes. Many of the 
family members have lost their inhibitory activity [60]. Only 
one food allergen has been identified as belonging to this 
family, the hen’s egg allergen ovalbumin [61].

Arginine kinases
Arginine kinases have been identified as allergens in inver-
tebrates including food allergens such as in shrimp [40] and 
as cross-reactive allergens in the Indian meal moth and king 
prawn, lobster, and mussel [62]. This protein belongs to a 
family of structurally and functionally related ATP:guanido 
phosphotransferases that reversibly catalyze the transfer of 
phosphate between ATP and various phosphogens.

Ovomucoids
Kazal inhibitors which inhibit a number of serine proteases 
belong to a family of proteins that includes pancreatic 
secretory trypsin inhibitor, avian ovomucoid, and elastase 
inhibitor. These proteins contain between 1 and 7 Kazal-
type inhibitor repeats [63]. Avian ovomucoids contain three 
Kazal-like inhibitory domains [64]. Chicken ovomucoid has 
been shown to be the dominant hen’s egg white allergen 
Gal d 1 [61]. Gal d 1 comprises 186 amino acid residues that
are arranged in three tandem domains (Gal d 1.1, Gal d 1.2,
Gal d 1.3). Each domain contains three intradomain disulfide 
bonds. Gal d 1.1 and Gal d 1.2 contain two carbohydrate 
chains each, and about 50% of the Gal d 1.3 domains con-
tain one carbohydrate chain which may act to stabilize the 
protein against proteolysis [65].

Food allergens of plant origin (Table 4.2)

The prolamin superfamily
The prolamin superfamily was initially defined by Kreis and 
co-workers [66] who observed that three groups of appar-
ently unrelated seed proteins contained a conserved pattern 
of cysteine residues. These included two types of cereal seed 
proteins, namely the sulfur-rich prolamins and the α-amy-
lase/trypsin inhibitors of monocotyledonous cereal seeds, 
together with the 2S storage albumins (Fig. 4.1(a)) found 
in a variety of dicotyledonous seeds including castor bean 
and oilseed rape. Subsequently other low molecular weight 
(LMW) allergenic proteins have been identified as belonging 
to this superfamily including soybean hydrophobic protein 
(Fig. 4.1(b)), non-specific lipid-transfer proteins (nsLTPs, 
Fig. 4.1(c)) and α-globulins. The conserved cysteine skeleton 
comprises a core of eight cysteine residues which includes 
a characteristic Cys–Cys and Cys–X–Cys motif (X represent-
ing any other residue). Two additional cysteine residues are 
found in the α-amylase/trypsin inhibitors. In the cereal seed 
storage prolamins the disulfide skeleton has been disrupted 
by the insertion of a repetitive domain comprising motifs 
rich in proline and glutamine. Whilst the way in which 
the disulfide connectivities formed by the cysteine residues
are different in the different types of prolamin superfamily
members, they share a common three-dimensional struc-
ture, examples of which are shown in Fig. 4.1. This figure 
illustrates the three-dimensional structures shared by these 



(C
on

tin
ue

d
)

Ta
b

le
 4

.2
 F

oo
d 

al
le

rg
en

s 
of

 p
la

nt
 o

rig
in

Pl
an

t 
fo

o
d

 a
lle

rg
en

 f
am

ily
 

Fu
n

ct
io

n
 in

 p
la

n
t 

B
o

ta
n

ic
al

 s
o

ur
ce

 
A

lle
rg

en
 n

am
e 

Se
q

ue
n

ce
 a

cc
es

si
o

n
 

R
ef

er
en

ce

Pr
ol

am
in

 s
up

er
fa

m
ily

Pr
ol

am
in

s 
Se

ed
 s

to
ra

ge
 p

ro
te

in
 

 
α

- 
an

d 
γ-

gl
ia

di
n 

BA
A

12
31

8 
[6

7–
69

]
 

 
 

 
BA

A
11

25
1

 
 

 
LM

W
 g

lu
te

ni
n 

BA
A

23
16

2
N

on
-s

p
ec

ifi
c 

lip
id

-t
ra

ns
fe

r 
Fu

nc
tio

n 
un

ce
rt

ai
n;

 m
ay

be
 in

vo
lv

ed
 in

 
A

p
p

le
 (

M
al

us
 d

om
es

tic
a)

 
M

al
 d

 3
 

Q
9M

5X
7 

[7
0]

 p
ro

te
in

s 
(n

sL
TP

s)
 

 t
ra

ns
p

or
t 

of
 s

ub
er

in
 m

on
om

er
s

 
 

A
p

ric
ot

 (
Pr

un
us

 a
rm

en
ia

ca
) 

Pr
u 

ar
 3

 
G

74
04

40
6 

[7
1]

 
 

C
he

rr
y 

(P
ru

nu
s 

av
iu

m
) 

Pr
u 

av
 3

 
A

A
F2

64
49

 
[7

2]
 

 
Pe

ac
h 

(P
ru

nu
s 

pe
rs

ic
a)

 
Pr

u 
p

 3
 (

or
ig

in
al

ly
  

P8
14

02
 

[7
3]

 
 

 
Pr

u 
p

 1
)

 
 

G
ar

de
n 

p
lu

m
 (

Pr
un

us
 d

om
es

tic
a)

 
Pr

u 
d 

3 
P8

25
34

 
[7

4]
 

 
St

ra
w

be
rr

y 
(F

ra
ga

ria
 a

na
na

ss
a)

 
Fr

a 
a 

3 
Q

4P
LT

5-
9 

[7
5]

 
 

 
 

Q
4P

LU
0

 
 

O
ra

ng
e 

(C
itr

us
 s

in
en

si
s)

 
C

it 
s 

3 
P8

41
61

 
[7

6]
 

 
G

ra
p

e 
(V

iti
s 

vi
ni

fe
ra

) 
Vi

t 
v 

1 
P8

02
74

 
[7

7]
 

 
C

he
st

nu
t 

(C
as

ta
ne

a 
sa

tiv
a)

 
C

as
 s

 8
 

N
-t

er
m

in
us

 o
nl

y 
[7

8]
 

 
W

al
nu

t 
(J

ug
la

ns
 r

eg
ia

) 
Ju

g 
r 

3 
N

ot
 k

no
w

n 
[7

9,
80

]
 

 
H

az
el

nu
t 

(C
or

yl
us

 a
ve

lla
na

) 
C

or
 a

 8
 

A
F3

29
82

9 
[8

1]
 

 
A

sp
ar

ag
us

 (
As

pa
ra

gu
s 

of
fic

in
al

is
) 

A
sp

a 
o 

1 
 

[8
2]

 
 

Le
tt

uc
e 

(L
ac

tu
ca

 s
at

iv
a)

 
La

c 
s 

1 
N

-t
er

m
in

us
 o

nl
y 

[8
3]

 
 

C
ab

ba
ge

 (
Br

as
si

ca
 o

le
ra

ce
a)

 
Br

a 
o 

3 
Q

2A
98

8 
[8

4]
 

 
M

ai
ze

 (
Ze

a 
m

ay
s)

 
Z

ea
 m

 1
4 

P1
96

56
 

[8
5]

α
-a

m
yl

as
e/

tr
yp

si
n 

in
hi

bi
to

rs
 

Pr
ov

id
e 

p
ro

te
ct

io
n 

ag
ai

ns
t 

de
gr

ad
at

iv
e 

Ba
rle

y 
(H

or
de

um
 v

ul
ga

ris
) 

H
or

 v
 1

 
C

A
A

45
08

5 
[8

5,
86

]
 

 p
ro

te
as

es
 a

nd
 a

m
yl

as
es

 p
ro

du
ce

d 
by

 
 i

ns
ec

t 
p

es
ts

 a
nd

 p
at

ho
ge

ns
 

 
Ri

ce
 (

O
ry

za
 s

at
iv

a)
 

Ra
g 

1,
 2

 5
,  

Q
01

88
1 

[8
7–

89
]

  
 

 
5.

b,
   

S5
99

22
 

 
 

 
14

, 1
4b

, 
S5

99
24

 
 

 
16

, 1
7 

S5
99

25
 

 
 

 
BA

A
01

99
7

 
 

 
 

BA
A

01
99

8
 

 
 

 
BA

A
01

99
9

 
 

 
 

BA
A

02
00

0

2S
 a

lb
um

in
s 

Se
ed

 s
to

ra
ge

 p
ro

te
in

 
W

al
nu

t 
(J

ug
la

ns
 r

eg
ia

) 
Ju

g 
r 

1 
JR

U
66

86
6 

[9
0]

 
 

A
lm

on
d 

(P
ru

nu
s 

du
lc

is
) 

 
P8

29
44

 
[9

1]
 

 
Br

az
il 

nu
t 

(B
er

th
ol

le
tia

 e
xc

el
sa

) 
Be

r 
e 

1 
C

A
A

38
36

2 
[9

2]
 

 
C

as
he

w
 n

ut
 (

An
ac

ar
di

um
  

A
na

 o
 3

 
Q

8H
2B

8 
[9

3]
 

 
oc

ci
de

nt
al

e)
 

 
W

hi
te

 m
us

ta
rd

 (
Si

na
pi

s 
al

ba
) 

Si
n 

a 
1 

P1
53

22
 

[9
4]

 
 

Bl
ac

k 
m

us
ta

rd
 (

Br
as

si
ca

 ju
nc

ea
) 

Br
a 

j 1
 

P8
02

07
 

[9
5]



Ta
b

le
 4

.2
 (

C
on

tin
ue

d)

Pl
an

t 
fo

o
d

 a
lle

rg
en

 f
am

ily
 

Fu
n

ct
io

n
 in

 p
la

n
t 

B
o

ta
n

ic
al

 s
o

ur
ce

 
A

lle
rg

en
 n

am
e 

Se
q

ue
n

ce
 a

cc
es

si
o

n
 

R
ef

er
en

ce

 
 

C
hi

ck
p

ea
 (

C
ic

er
 a

rie
tin

um
) 

N
on

e 
N

on
e 

[9
6]

 
 

Pe
an

ut
 (

Ar
ac

hi
s 

hy
po

ga
ea

) 
A

ra
 h

 2
 

L7
71

97
  

[9
7–

99
]

 
 

 
A

ra
 h

 6
 

A
F0

91
73

7
 

 
 

A
ra

 h
 7

 
A

F0
92

84
6

 
 

Se
sa

m
e 

(S
es

am
um

 in
di

cu
m

) 
Se

s 
i 1

 
A

A
D

42
94

3 
[1

00
]

 
 

 
Se

s 
i 2

 
Q

9X
H

P1
 

[1
01

]
 

 
Su

nf
lo

w
er

 (
H

el
ia

nt
hu

s 
an

nu
us

) 
SF

A
-8

 
 

[1
02

]

Be
t 

v 
1 

su
pe

rf
am

ily
 

 
A

p
p

le
 (

M
al

us
 d

om
es

tic
a)

 
M

al
 d

 1
 

P4
32

11
 

[1
03

]
 

 
Pe

ar
 (

Py
ru

s 
co

m
m

un
is

) 
Py

r 
c 

1 
O

65
20

0 
[1

04
]

 
 

C
he

rr
y 

(P
ru

nu
s 

av
iu

m
) 

Pr
u 

av
 1

 
  

 
 

(o
rig

in
al

ly
 P

ru
 a

 1
) 

O
24

24
8 

 
[1

05
]

 
 

 
 

Q
6Q

H
U

3
 

 
 

 
Q

6Q
H

U
2

 
 

St
ra

w
be

rr
y 

(F
ra

ga
ria

 a
na

na
ss

a)
 

 
AY

67
96

01
 

[1
06

]
 

 
C

ar
ro

t 
(D

au
cu

s 
ca

ro
ta

) 
D

au
 c

 1
 

O
04

29
8 

[1
07

]
 

 
C

el
er

y 
ro

ot
 (

Ap
iu

m
 g

ra
ve

ol
en

s)
 

A
p

i g
 1

 
P4

93
72

 
[1

08
]

 
 

 
 

P9
29

18
 

 
H

az
el

nu
t 

(C
or

yl
us

 a
ve

lla
na

) 
C

or
 a

 1
.0

4 
Q

9F
PK

2,
3,

4 
[1

09
]

 
 

 
 

Q
9S

W
R4

 
 

So
y 

(G
ly

ci
ne

 m
ax

) 
G

ly
 m

 4
 

P2
69

87
 

[1
10

]

C
up

in
 s

up
er

fa
m

ily
 7

S 
(v

ic
ili

n 
lik

e)
 

Se
ed

 s
to

ra
ge

  
Pe

an
ut

 (
Ar

ac
hi

s 
hy

po
ga

ea
) 

C
on

ar
ac

hi
n,

 A
ra

 h
 1

 
L3

44
02

 
[1

11
]

 G
lo

bu
lin

s 
 p

ro
te

in
 

So
y 

(G
ly

ci
ne

 m
ax

) 
β-

co
ng

ly
ci

ni
n 

α
P1

39
16

 
[1

12
]

 
 

 
 

α
 �

: P
11

82
7

 
 

 
 

β:
P2

59
74

 
 

Bu
ck

w
he

at
 (

Fa
go

py
ru

m
  

BW
I-

1c
 

Q
6Q

JL
1 

[1
13

]
 

 
es

cu
le

nt
um

) 
BW

I-
2

 
 

 
BW

I-
2b

 
 

 
BW

I-
2c

 
 

A
lm

on
d 

(P
ru

nu
s 

du
lc

is
) 

C
on

gl
ut

in
 G

am
m

a 
P8

29
52

 
[9

1]
 

 
W

al
nu

t 
(J

ug
la

ns
 r

eg
ia

) 
Ju

g 
r 

2 
A

A
B4

13
08

 
[1

14
]

 
 

H
az

el
nu

t 
(C

or
yl

us
 a

ve
lla

na
) 

C
or

 a
 1

1 
Q

8S
4P

9 
[1

15
]

 
 

C
as

he
w

 n
ut

 (
An

ac
ar

di
um

  
A

na
 o

 
Q

8L
5L

5 
[1

16
]

 
 

oc
ci

de
nt

al
e)

 
1.

01
01

 
 

 
1.

01
02

 
Q

8L
5L

6
 

 
Se

sa
m

e 
(S

es
am

um
 in

di
cu

m
) 

Se
s 

i 3
 

Q
9A

U
D

0 
[1

01
]



11
S 

(le
gu

m
in

 li
ke

) 
G

lo
bu

lin
s 

Se
ed

 s
to

ra
ge

  
Pe

an
ut

 (
Ar

ac
hi

s 
hy

po
ga

ea
) 

A
ra

ch
in

 
 

[9
7,

11
7]

 
p

ro
te

in
 

 
A

ra
 h

 3
 

A
F0

93
54

1
 

 
 

A
ra

 h
 4

 
A

F0
86

82
1

 
 

So
y 

(G
ly

ci
ne

 m
ax

) 
G

ly
ci

ni
n 

G
y1

 (
A

1a
Bx

):
 P

04
77

6 
[1

18
]

 
 

 
 

G
y2

 (
A

2B
1a

):
 P

04
40

5
 

 
 

 
G

y3
 (

A
B)

: P
11

82
8

 
 

 
 

G
y4

 (
A

4/
5B

3)
: P

02
85

8
 

 
 

 
G

y 
(A

3B
4)

: P
04

34
7

 
 

Bu
ck

w
he

at
 (

Fa
go

py
ru

m
 

BW
24

KD
 

Q
9X

FM
4 

[1
13

]
 

 
 e

sc
ul

en
tu

m
) 

Fa
g 

e 
1 

O
23

88
0

 
 

 
FA

G
A

G
1 

O
23

87
8

 
 

 
FA

02
 

 
 

FA
18

 
 

A
lm

on
d 

(P
ru

nu
s 

du
lc

is
) 

M
aj

or
 a

lm
on

d 
Q

43
60

7 
[1

19
,1

20
]

 
 

 
p

ro
te

in
, a

m
an

di
n,

 
 

 
p

ru
ni

n
 

 
C

as
he

w
 n

ut
 (

An
ac

ar
di

um
 

A
na

 o
 2

 
Q

8G
Z

P6
 

[1
21

]
 

 
 o

cc
id

en
ta

le
) 

Be
r 

e 
2,

 E
xc

el
si

n 
Q

84
N

D
2 

[7
9]

 
 

Br
az

il 
nu

t 
(B

er
th

ol
le

tia
 

 
 

 
 e

xc
el

sa
)

C
ys

te
in

e 
p

ro
te

as
e 

C
 1

 fa
m

ily
 

C
ys

te
in

e 
p

ro
te

as
es

 
Ki

w
i (

Ac
tin

id
ia

 d
el

ic
io

sa
) 

A
ct

in
id

in
 

Q
43

36
7 

[1
22

]
 

 
So

y 
(G

ly
ci

ne
 m

ax
) 

G
ly

 m
 B

d 
30

K;
 P

34
; 

P2
28

95
 

[1
23

]
 

 
 

G
ly

 m
 1



50 Chapter 4

(a) (b)

(c)

bonds in the prolamin superfamily members, are responsible 
for maintaining the three-dimensional structure even after 
heating, which is associated with retaining their allergenic 
properties after cooking [126]. Their structure and IgE-bind-
ing properties are only being altered if severe heating results 
in hydrolysis of these bonds [127]. These same structural 
attributes underlie their resistance to proteolysis, with sev-
eral members, including the 2S albumins [128] and nsLTP 
allergens [129] being highly resistant to gastric and duodenal 
digestion. Any degradation that does occur appears to leave 
the major IgE-binding sites intact explaining the fact that sim-
ulated gastrointestinal digestion does not alter their ability to 
elicit skin reactions in vivo, as has been observed for the grape 
nsLTP [130].

proteins, which consist of bundles of four α-helices stabi-
lized by disulfide bonds which are arranged in such a way as 
to create a lipid-binding tunnel in the nsLTPs, which is col-
lapsed in the 2S albumin structures. As yet no ancestral type 
has been identified, and consequently this scaffold appears 
to be found almost exclusively in flowering plants.

The lipid-binding tunnel of the nsLTPs shows consider-
able flexibility being able to accommodate a diverse range 
of lipophiles including prostaglandins [124] and up to two 
fatty acids lying side by side [125]. Apart from the seed stor-
age prolamins, whose properties are dominated by the 
inserted repetitive domain, the physichochemical properties of 
prolamin superfamily members are dominated by their intra-
molecular disulfide bonds. Compact proteins, the disulfide 

Figure 4.1 Typical structures of various members of the prolamin superfamily 
which have been identified as allergens shown as ribbon diagrams with
ball-and-stick disulfide bridges. PDB codes are given in parentheses.
(a) Typical single chain 2S albumin from sunflower SFA-8 (1S6D). (b) Soybean 
hydrophobic protein (1HYP). (c) Non-specific lipid-transfer protein (nsLTP) 
from peach, Pru p 3 (2B5S).
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Cereal prolamins
As a consequence of the inserted repetitive domain, the 
α-helical structure has been disrupted in the seed storage 
prolamins. Their properties are dominated by the repetitive 
domain which is thought to adopt an ensemble of unfolded 
and secondary structures comprising overlapping β-turns or 
poly-L-proline II structures which may form a loose spiral 
structure [131]. They comprise around half of the protein 
found in grain from the related cereals, wheat, barley, and 
rye, those from wheat being able to form large disulfide-
linked polymers which comprise the viscoleastic protein 
fraction known as gluten. These proteins are characteristi-
cally insoluble in dilute salt solutions, either in the native 
state or after reduction of inter-chain disulfide bonds, being 
soluble instead in aqueous alcohols. In addition to their role 
in triggering celiac disease, several types of cereal storage 
prolamins have been identified as triggering IgE-mediated 
allergies including γ-, α-, and ω-5 gliadins [67,68,132] in 
addition to the polymeric HMW and LMW subunits of glu-
tenin [69,133–135]. Cooking appears to affect allergenicity 
and one study suggested that baking may be essential for 
allergenicity of cereal prolamins [136].

Bifunctional inhibitors
The other group of prolamin superfamily allergens unique 
to cereals are the α-amylase/trypsin inhibitors which have 
been found to sensitize individuals via the lungs resulting in 
occupational allergies to wheat flour such as Baker’s asthma 
or via the gastrointestinal tract for cereal-containing foods 
including wheat, barley, and rice. They were initially identi-
fied in extracts made with chloroform/water mixtures (and 
hence called CM proteins) but are also soluble in water, 
dilute saline, or alcohol/water mixtures. More detailed stud-
ies have revealed a range of monomeric, dimeric, and tetra-
meric forms, many of the subunits being glycosylated [137]. 
The individual subunits are either inactive or inhibitory 
to trypsin (and sometimes other proteinases), α-amylases 
from insects (including pests) or both enzymes (i.e. the 
inhibitors are bifunctional). The best characterized allergens 
are the α-amylase inhibitors of rice grain [87], although 
there is one report of a Mr �15,000 subunit being involved 
in wheat allergy [138]. Allergens with Mr of 16,000 have 
also been characterized in corn and beer (originating from 
barley) which appear to belong to the α-amylase inhibitor 
family [85,86].

2S albumins
The 2S albumins are a major family of storage proteins [139] 
and appear to be restricted to seeds of dicotyledonous plants 
where they may accompany the cupin globulin seed stor-
age proteins (see below). Most 2S albumins are synthesized 
as single chains of Mr 10,000–15,000 which, depending on 
the plant species, may be post-translationally processed to 
give small and large subunits that usually remain joined by 

disulfide bonds. In some plant species such as peanut and 
sunflower, the precursors are unprocessed and remain as 
a single polypeptide chain (Fig. 4.1(a)). 2S albumins can 
act as both occupational (sensitizing through inhalation 
of dusts) and food allergens, having been identified as the 
major allergenic components of many foods including the 
peanut allergens Ara h 2, 6, and 7 [97,98], oriental and yel-
low mustard allergens Bra j 1 and Sin a 1 [94,95], the wal–
nut allergen Jug r 1 [90], Ses i 1 and 2 from sesame [100,101], 
Ber e 1 from Brazil nut [92], and 2S albumins from almond 
[91] and sunflower seeds [102]. There is also some evi-
dence that the 2S albumins of soy [140] and chickpea [96] 
are also allergenic.

Non-specific lipid-transfer proteins
One of the most important groups of allergens to have been 
identified in the last decade are the nsLTPs which appear to 
be involved in severe allergies to fresh fruits such as peach 
in the south of Europe around the Mediterranean. They 
have been termed as “pan-allergens” [70] and are the most 
widely distributed type of prolamin being found in a variety 
of plant organs including seeds, fruits, and vegetative tis-
sues. Thus, in addition to being identified in many differ-
ent fruits and seeds, they have also been characterized in 
pollen of plant species such as olive and Parietaria judaica 
[141,142]. nsLTPs as major allergens have been identi-
fied in fruits such as Pru p 3 (Fig. 4.1(c)) in peach [143], 
Mal d 3 in apple [70], and Vit v 1 in grape [77]. Allergenic 
nsLTPs have also been characterized in vegetables such as 
asparagus [82], cereals such as maize [85], and in a number 
of nuts including hazelnut [144]. As their name implies, 
nsLTPs were originally defined on the basis of their ability 
in vitro to transfer a range of phospholipid types from lipo-
somes to various types of membranes such as those from 
mitochondria. However, this is not their in vivo function 
and it is emerging that plants have used the nsLTP scaffold 
in a wide range of contexts. Those involved in food aller-
gies are found in epidermal tissues. This observation, along 
with their lipid-binding characteristics, has led to the view 
that they play a role in transporting lipids involved in the 
synthesis of waxy cutin and suberin layers in outer plant 
tissues in seeds and pollen.

The cupin superfamily
The cupins are a functionally diverse protein superfamily 
which has probably evolved from a prokaryotic ancestor 
but has not found its way into the animal kingdom. They 
possess a characteristic β-barrel structure, the name “cupin” 
being derived from Latin for barrel [3]. This basic scaffold 
has been utilized in a diverse range of functions  including 
sporulation proteins in fungi, sucrose-binding activities and 
enzymatic activities found in germins where manganese is 
bound in the center of the barrel. The cupin motif has been 
duplicated in flowering plants to give rise to the bi-cupin 7S 
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and 11S globulin seed storage globulins, the three-dimensional 
structure of the 11S globulin of soy proglycinin is shown in 
Fig. 4.2(b). The 11S–12S globulins are found in the seeds of 
many monocotyledonous and dicotyledonous plants with 
homologs having been identified in gymnosperms (includ-
ing conifers). They are sometimes termed legumins because 
they are particularly found in legume seeds and are oligom-
ers of Mr �300,000–450,000. Each oligomer consists of six 

subunits of Mr about 60,000, the products of a multigene 
family, non-covalently associated by intertwining α-helical 
regions. Each subunit is post-translationally processed to 
give rise to acidic (Mr about 40,000) and basic (Mr about 
20,000) chains, linked by a single disulfide bond and rarely, 
if ever, glycosylated [145]. In contrast the 7S/8S globulins 
are usually trimeric proteins of Mr about 150,000–190,000, 
comprising subunit Mr �40,000–80,000, but typically about 

Figure 4.2 Typical structures of the cupin and Bet v 1 superfamily allergens shown as ribbon diagrams with ball-and-stick disulfides. PDB codes are 
given in parentheses. (a) Trimeric structure of soybean 7S globulin β-conglycinin comprising solely β-subunits (1UIJ). (b) Edge-on view of soybean 11S 
globulin showing the way in which individual subunits are stacked within the hexamer (2D5H). (c) Major birch pollen allergen Bet v 1 (1BV1).
(d) Allergenic Bet v 1 homolog from celery root, Api g 1 (2BK0).

(a) (b)

(c) (d)
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50,000. They are also termed vicilins since they are particu-
larly found in the Viciae group of legumes. The subunits are 
again the products of a multigene family and also undergo 
proteolytic processing and glycosylation the extent of which 
varies depending on the plant species [145].

Major allergens include the 7S (Fig. 4.2(a)) and 11S glob-
ulins (Fig. 4.2(b)) of soybean [112,118,145], Ara h 1 and 
Ara h 3 of peanut [97,111,117], Ana c 1 and Ana c 2 of 
cashew nut [116,121], the 7S globulins Jug r 2 of walnut 
[114] and Len c 1 of lentil [147], and the 7S globulins of 
sesame [101] and hazelnut [144]. The 11S globulins have 
also been shown to be allergens in almond, also known as 
almond major protein (AMP) [148], and in hazelnut [149]. 
In general, these vicilin- and legumin-like seed globulins 
exhibit a high degree of thermostability, requiring tempera-
tures in excess of 70ºC for denaturation, and have a propen-
sity to form large aggregates on heating which still retain, to 
a large degree, their native secondary structure [150–152]. 
At high protein concentrations these proteins can form 
heat-set gels [152].

Since the globulins are partially or fully insoluble 
between pH 3.5 and 6.5 it is likely that only limited solu-
bilization of globulins would occur when they enter the 
stomach. However, the 7S globulins seem to be highly sus-
ceptible to pepsinolysis, although several LMW polypep-
tides seem to persist following digestion of the peanut 7S 
globulin allergen Ara h 1 [153,154], and there is evidence 
that they still possess IgE-binding sites following proteolysis 
[155]. Similarly in vitro simulated gastrointestinal digestion 
results in rapid and almost complete degradation of the pro-
tein to relatively small polypeptides although these retain 
their allergenic properties [156]. There are indications that 
the peptides do not remain monomeric but can assemble 
into larger structures and it may be that this propensity to 
aggregate is responsible for the protein retaining its aller-
genic properties even when hydrolyzed.

The Bet v 1 family
The association of plant food allergies with birch pollen 
allergy is the most frequently observed of the cross-reactiv-
ity syndromes [157]. The clinical symptoms of the birch 
pollen allergy-related OAS are caused by cross-reactive 
IgE between the major birch pollen allergen Bet v 1 (Fig. 
4.2(c)) and its homologs in a wide range of fruits and veg-
etables, including apple [103], celery (Fig. 4.2(d)) [118], 
peanut [158], mung bean [159], sharon fruit [160], and 
even jackfruit [121]. Bet v 1 was the first allergen identi-
fied that possessed similarities to family 10 of the pathogen-
esis-related (PR) proteins [162,163]. As a possible biological 
function in plants, a general plant-steroid carrier function 
for Bet v 1 and related PR-10 proteins was suggested [164]. 
The known structures of Bet v 1 [164,165] and its homologs 
in cherry [166] and celery [167] illustrate the high iden-
tity of the molecular surfaces that are accessible to IgE and 

thus offer a molecular explanation for the observed clinical 
cross-reactivities. A structural bioinformatic analysis of Bet 
v 1 and its homologous allergens from apple, soybean, and 
celery showed that conservation of three-dimensional struc-
ture plays an important role in conservation of IgE-binding 
epitopes and underlies the birch pollen – plant food syn-
drome [1]. There is evidence on the T-cell level that Bet v 
1 is the relevant sensitizing agent [168]. It has been shown 
that a subpopulation of patients with birch pollen allergy 
and atopic dermatitis reacted with worsening of eczema 
after oral challenge with foods harboring Bet v 1 homolo-
gous proteins [169]. Bet v 1-specific T-cells could be found 
in the lesional skin of these patients [169]. T-cell cross-
reactivity between Bet v 1 and related food allergens occurs 
independently of IgE cross-reactivity. Gastrointestinal or 
heat degradation destroyed the histamine releasing but not 
the T-cell activating properties of Bet v 1 homologous food 
allergens [170,171]. Thus, ingestion of cooked birch pollen 
allergy-related foods did not induce OAS but caused atopic 
eczema to worsen [171].

Minor families
Class I chitinases
Chitinases are enzymes that catalyze the hydrolysis of chitin 
polymers. Chitinases are members of the glycoside hydrolase 
families 18 or 19 [172]. Endochitinases from plants belong 
to 19 (also known as classes IA or I and IB or II) and are 
able to degrade chitin, a major structural component of the 
exoskeleton of insects and of the cell walls of many patho-
genic fungi [173]. Class I chitinases contain an N-terminal 
so-called hevein domain with putative chitin-binding proper-
ties [174]. This hevein domain shares high sequence identity 
with the major Hevea brasiliensis latex allergen Hev b 6.02, 
hevein [175]. Class I chitinases from fruits such as avocado 
[176], banana [177], and chestnut [178] have been identi-
fied as major allergens that cross-react with Hev b 6.02. Pers 
a 1, an allergenic class I chitinase from avocado, was exten-
sively degraded when subjected to simulated gastric fluid 
digestion. However, the resulting peptides, particularly those 
corresponding to the hevein-like domain, were clearly reac-
tive both in vitro and in vivo [179]. The 43-residue polypep-
tide chain of hevein-like domains contains four disulfide 
bonds to which they owe their stability [180].

Cysteine protease superfamily
Cysteine proteases of the C1, or papain-like, family were 
originally characterized by having a cysteine residue as 
part of their catalytic site, which has now been extended 
to include conserved glutamine, cysteine, histidine, and 
asparagine residues [181]. Whilst sharing the fold of the C1 
protease family, some members may have lost the capacity 
to act as proteases, a notable example being the soybean 
P34 protein in which a glycine has replaced the active site 
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cysteine residue [182]. Two major food allergens belong 
to this family, actinidin (Act c 1) from kiwi fruit [122] and 
an allergen involved in soybean-induced atopic dermatitis 
known as Gly m Bd 30K, Gly m 1, or P34 [123].

Profilins
Profilins from higher plants constitute a family of highly 
conserved proteins with sequence identities of at least 
75% even between members of distantly related organisms 
[183]. Profilins are cytosolic proteins of 12–15 kDa in size 
that are found in all eukaryotic cells. Profilins bind to mon-
omeric actin and a number of other proteins, thus regulat-
ing the actin polymerization and depolymerization during 
processes such as cell movement, cytokinesis, and signaling 
[184]. Originally, plant profilins were discovered as cross-
 reactive pollen allergens eliciting IgE responses in 10–20% 
of pollen-allergic patients. Later, they were also described as 
allergens in plant foods and Hevea latex [185]. Structures of 
three plant profilins have been elucidated so far, those from 
Arabidopsis thaliana pollen [186], birch pollen [187], and 
Hevea brasiliensis latex. Since profilin-specific IgE cross-reacts 
with homologs from virtually every plant source, sensitiza-
tion to these allergens has been considered a risk factor for 
allergic reactions to multiple pollen sources [188] and for 
pollen-associated food allergy [189]. However, the clinical 
relevance of plant food profilin-specific IgE is still under 
debate [190]. Despite sequence identities of below 30%, 
plant profilin structures are highly similar to the structures 
of profilins from mammals, fungi, and amoeba. IgE directed 
to plant profilins weakly binds to the human homolog as 
well [191]. However, no profilins from sources other than 
plants have been shown to elicit allergic reactions.

Protease inhibitors and lectins
The Kunitz/bovine pancreatic trypsin inhibitor family is active 
against serine, thiol, aspartic, and subtilisin proteases. They are 
generally small (�50 residue) with three disulfide bonds con-
straining the proteins three-dimensional structure and belong 
to a superfamily of structurally related proteins, which share 
no sequence similarity and that includes such diverse pro-
teins as interleukin-1 proteins, heparin-binding growth fac-
tors (HBGF), and histactophilin. In plants they probably play 
a role in defense against pests and pathogens. Minor allergens 
have been identified belonging to the Kunitz inhibitor fam-
ily in soybean [192,193] and potato [194]. It is thought that 
their stability to processing and digestion is important for their 
allergenic activity. In addition to agglutinin, a lectin found in 
peanut has been identified as a minor allergen [193].

Thaumatin-like proteins
Thaumatin-like proteins (TLPs) derive their name from 
their sequence similarities to thaumatin, an intensely sweet 
tasting protein isolated from the fruits of the West African 
rain forest shrub Thaumatococcus daniellii. TLPs accumulate 

in plants in response to pathogen challenge and belong 
to the PR-5 family of proteins that also includes thauma-
tin and osmotin [195]. Recent phlyogenetic and structural 
studies revealed that PR-5 proteins constitute an ancient 
protein family that is conserved between plants, insects, 
and nematodes [6]. Several allergenic TLPs from fruits have 
been described. These include Mal d 2 from apple [196], 
Cap a 1 from bell pepper [197], Pru av 2 from sweet cherry 
[198,199], Act c 2 from kiwi [200], and an allergenic TLP 
from grape [77]. The conformation of TLPs is stabilized by 
eight disulfide bonds. This extenisve disulfide cross-linking
confers high stability to proteolysis to the TLP scaffold as 
has been shown for a zeamatin, a TLP from corn [201]. 
This is also the reason why the allergenic TLPs produced by 
grape berries persist during the entire vinification process 
and are among the major proteins present in wine [202].

What does this mean?
Many of the proteins that have been described as allergens 
in plant foods function as seed storage proteins, providing 
the nutrients for a developing plant, with the cow’s milk 
caseins functioning in a similar fashion to provide essen-
tial nutrition to young mammals. This relationship may not 
be so surprising since these are the proteins predominantly 
found in nuts and seeds and as a consequence exposure in 
the human diet, especially to the abundant storage proteins, 
is considerable. Extent of exposure to a given protein prob-
ably plays a role in determining its allergenicity, with exten-
sive exposure now thought to be important for tolerization, 
total exclusion precluding an individual from developing 
an allergy, with low levels of exposure possibly being more 
effective at sensitizing [203,204]. However, it is emerging 
that there is a complex dialog between different routes of 
exposure with evidence from animal models that cutaneous 
exposure may prevent oral tolerance developing [205].

There are a number of allergens which are less abundant 
in foods, notably the nsLTPs where the prolamin superfamily 
fold may play a role in potentiating the allergenicity of these 
proteins. Intriguingly many of the allergens that are less 
abundant in plant-derived foods have a role in plant protec-
tion. Others have alluded to the fact that many plant food 
allergens are involved in defense [206], with many of them 
being classified as pathogenesis-related proteins according to 
the criteria defined by van Loon and van Strien [207]. These 
include for example the PR-10 proteins from the Bet v 1 
family of allergens, the PR-14 nsLTPs, whilst others, such as 
the cereal α-amylase inhibitors that have not been classified 
as PR proteins, are thought to have a protective function. In 
addition, certain minor animal food allergens also have an 
imputed protective function. Many PR proteins are resistant 
to the effects of extremes in pH and highly resistant to pro-
teolysis, possibly to evade the degradative environment cre-
ated by pests and pathogens infecting plant tissues [4].
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It has been hypothesized that resistance to digestion is 
important in allowing sufficient immunologically active 
fragments to come into contact with the immune system, 
particularly with regards to sensitization via the gastro-
intestinal tract. However, it is evident that some allergen 
families, notably the caseins and the cupins, are readily 
degraded in the gastrointestinal tract. Nevertheless, for the 
cupins at least, there is evidence that degradation does not 
affect the ability of these proteins to elicit histamine release 
in vitro [156], although the impact of digestion on the sen-
sitization potential of these proteins is not clear. For animal 
allergens there may also be the need to consider the evo-
lutionary distance from man, since animal food allergens, 
notably the tropomyosins, lie at the borders of self–non-self 
recognition. Thus, it may be that in addition to the routes 
and extent of exposure, the mechanisms whereby differ-
ent scaffolds sensitize and elicit allergic reactions may differ. 
Such complex interacting factors underlie the reasons why 
we still do not understand why some food proteins, and not 
others, cause allergic reactions in man. Other factors, such 
as the role of food processing and modification of allergens, 
or adjuvant effects of other food components, may also play 
a role in stimulating IgE, rather than IgG responses to foods 
such as peanuts. Only an improved understanding of these 
factors and the mechanisms underlying the generation of 
aberrant IgE responses will enable us to understand what 
makes a protein become an allergen.
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