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Summary

Background Animal models which reflect the induction and development of food-allergic
reactions are important in the identification of allergenic potential of food proteins and
peptides. A number of rat strains, including PVG, Hooded Lister and Brown Norway have
been shown to produce immunoglobulin (Ig) E antibodies to food proteins as well as to
inhaled allergens. Previous work in our laboratory using the Brown Norway (BN) rat has
shown that specific IgE is produced following administration of ovalbumin and milk
products via both enteral and parenteral route; this has allowed us to rank ovalbumin,
lactoferrin and bovine serum albumin in terms of their inherent allergenic potential and
has enabled us to demonstrate that milk protein allergens recognized by the systemically-
sensitized animal are consistent with those recognized by sera from cow’s milk-allergic
patients (the most common allergens recognized were (3-lactoglobulin and the «, 8 and
K-caseins).

Objective To demonstrate that the BN rat model can be used to identify the major
IgE-binding peptides from (-lactoglobulin, a known human food allergen, and that those
IgE-binding peptides are similar to those recently identified using sera from cow’s milk-
allergic patients.

Methods BN rats were exposed to (3-lactoglobulin or to semiskimmed milk via the
intraperitoneal route in the presence of the adjuvant carrageenan. Specific IgE raised
against (3-lactoglobulin was determined by a direct enzyme immunoassay using acetyl-
cholinesterase substrate; specific IgG responses were also monitored. Overlapping synthetic
peptides and tryptic peptides were used within the ELISA to identify the major and minor
IgE-binding immunoreactive sequences.

Results In terms of comparative immunogenicity, there appeared to be sequences that
were predominantly IgE- or IgG-reactive. [gE-dominant regions were amino acid sequences
21-40,41-60, 107—117 and 148—-168 whereas sequences 1-24, 67-77, 82-92, 85-95 and
117-127 appeared more selective for IgG antibody recognition. An increased capacity to
induce specific IgE was observed when the allergen was present in the context of whole
food.

Conclusions These studies provide evidence that the immune system of the BN rat and
humans — at least in the case of milk allergens — is recognizing similar protein allergens
and indeed, at the molecular level, similar peptide epitopes.
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Introduction

Allergic reactions to food and dietary components are
increasing throughout the industrial world and perceived
as a serious problem in adults as well as children. The
number of incriminated foods are also increasing even if
the number of well-documented cases reported are still
relatively low compared with those reported for inhaled
allergens [1,2]. The introduction and availability of
imported foods into the diet and the high level of industrial
food production are no doubt important contributory factors
in the development of allergenicity and the severity of
symptoms reported [3,4]. Furthermore the protein structure
and the protein composition of foods may be modified by
new technological processes, by breeding and, in particular,
by genetic engineering. Thus, there is an increasing need
for both the agro-food industry and the health authorities
to develop assay systems to test for the potential aller-
genicity of food proteins and peptides and to identify the
immunoglobulin (Ig) E-immunoreactive sequences (epi-
topes) giving rise to food hypersensitivity reactions.

However, whereas information from animal experiments
have clarified the extent to which gut immune responses
depend on age, dose and frequency of antigen administra-
tion, and the conditions needed to induce vigorous immune
reactions [5—7] there is as yet no established animal model
for screening potentially reactive sequences in protein aller-
gens. Several studies have demonstrated oral sensitization
to milk proteins using a guinea pig model [8,9]. However,
there are significant differences in the isotype of reaginic
antibody produced by guinea pigs compared with other
animal species and limited tools for studying its immune
system. Strains of both mice and rats on the other hand
developed specific IgE antibodies to food proteins and other
allergens. The Brown Norway (BN) rat strain in particular
has been shown to be a high IgE responder strain [10] and
thus, to a certain degree, can be said to resemble atopic
humans.

Several laboratories have demonstrated that the BN rat
produces IgE after oral administration of ovalbumin
[7,11,12] an antigen perceived as highly allergenic by the
rat immune system [13]. However, in general, IgE responses
are not consistently evoked using oral administration
[14], and the majority of experimental animal studies of
IgE-mediated hypersensitivity have been conducted using
parenteral administration in association with a specific
adjuvant to increase the magnitude of IgE production.

Specific IgE against celeriac and roasted peanuts has
been successfully induced in parenterally immunized
BALB/c mice [15] and studies using the BN rat strain
have shown that the range of milk allergens recognized
by systemically-sensitized BN animals are consistent
with the allergens identified in sera obtained from cow’s

milk-allergic patients [13,16]. More recent studies on sera
obtained from allergic patients have shown specific IgE
towards several peptides derived from [-lactoglobulin by
tryptic cleavage [17]. Further studies by us using BN rats
have therefore focused on the effect of one specific milk
allergen protein, namely, (-lactoglobulin. Interestingly,
studies where animals were exposed to semiskimmed or
whole milk before exposure to (3-lactoglobulin demon-
strated that a more sustained IgE production and a higher
level of antibody was induced as compared with when the
BN rats were exposed only to 3-lactoglobulin [18]. These
experiments provide some support for the hypothesis
that an enhanced entry of [-lactoglobulin into antigen-
presenting cells would occur when the allergen is presented
in the content of an emulsion [19].

We now demonstrate that a good correlation can be
shown to exist between the major immunoreactive peptide
sequences of [-lactoglobulin identified in sera obtained
from cow’s milk-allergenic patients [17] and the peptide
sequences identified as immunoreactive with sera obtained
from [-lactoglobulin-sensitized rats. These findings lend
further support to the suggestion that the high IgE-respon-
der Brown Norway rat is a valuable predictive model for
screening allergen-inducing food constituents.

Materials and methods

Animals

Brown Norway 6-7-week-old rats were obtained from
Harlan UK (Bicester, UK) and supplied from dams that
had been maintained on milk and ovalbumin free ‘BeeKay’
(BK) diet. The rats were reared and maintained on the
BK diet under standard housing conditions with both food
and mains tap water freely available.

Allergens

Semiskimmed milk was obtained from a commercial
dairy company (Express Dairy, Morden, UK) and used on
the day of purchase. 3-lactoglobulin (3-LG) was obtained
from Sigma Ltd (Poole, UK) and (-LG variant B was
prepared and purified by INRA (Gif-sur-Yvette, France)
as previously described [16].

Treatment

Groups of BN rats were injected intraperitoneally (i.p.) with
either isolated (-lactoglobulin, semiskimmed or whole
milk (co-administered with carrageenan as IgE-selective
adjuvant). Animals were sensitized to 100 ug 3-lactoglobu-
lin alone injected on days O and 7 or days O and 14 or
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exposed i.p. to 500 ug semiskimmed or 500 ug whole milk
on days 0 and 7 followed by 100 ug 8-lactoglobulin on days
14 and 28. Six separate groups of five rats each were used
to determine the effects for each induction regimen.
Animals were bled at weekly intervals from the lateral
tail vein. Sera were assessed for the presence of specific
IgE and IgG by ELISA. A total of 280 sera samples were
assayed for specific IgE to (8-lactoglobulin.

Peptides

B-lactoglobulin (variant B) was digested by trypsin using
an enzyme : substrate ratio of 2.5% molar overnight at 37°C.
The tryptic hydrolysate was first purified by anion exchange
chromatography. Each anion exchange fraction was further
purified by HPLC on a semipreparative C18 column eluted
with a three-step gradient using solvent A (0.0115% TFA in
water) and solvent B (60% acetonitrile, 0.1% TFA in water),
comprising (a) a linear gradient from 0 to 22.5% of solvent
B, (b) a linear gradient from 22.5 to 50% of solvent B, and
(c) a linear gradient from 50 to 60% of solvent B. Peaks
were collected and characterized by amino acid composi-
tion analysis [19]. INRA also determined the IgE capacity
of some synthetic peptides corresponding with the tryptic
fragments.

Linear synthetic peptides designed from the templates
of 3-LG A and B were supplied by the Institute of Food
Research (Norwich, UK). Peptides LL7, GB32, LL1, LL2,
LL9, GB39, LL3, LL10, LL4, LL8 and LL6 were synthe-
sized on a Novasyn Crystal Automated synthesiser
(Calbiochem-Novabiochem, Nottingham, UK). Following
peptide cleavage from the resin and removal of protective
groups on reactive side residues, the purity of each peptide
was checked by reverse-phase HPLC using a C18 column
and FAB mass spectrometry. Synthetic peptides, 3-LGS5,
B-LG1, 3-LG3, B-LG4, 5-LG6, 3-LG7, B-LG8, Pepl and
B-LG9 were supplied by Unilever Research (Colworth,
UK). These linear synthetic peptides were used at the
BIBRA laboratories.

Enzyme immunoassays

Determination of specific IgE was performed as previously
described [20]. Monoclonal mouse—antirat IgE (MARE-1)
and biotinylated MARE-1 were supplied by Serotec
(Oxford, UK), production of F(ab'), fragments of MARE-
1 antibodies and conjugation of the fragments to the tetra-
meric (G4) form of acetylcholinesterase (AChE) were
performed according to Grassi ef al. [21]. Antigens (8-LG
or 3-LG peptides) were used at a concentration of 5 pg/mL
in EDTA buffer pH 9.3, control or test serum diluted to 1/20
or 1/100, Ellman’s reagent [22] added as the substrate
and the absorbance of the wells was measured at 410 nm

or 414 nm after 1 h of enzymatic reaction. The results were
expressed in absorbance (OD) units.

Determination of specific IgG was performed using
sheep antirat IgG—horseradish peroxide (SARGP) as the
tracer [20]. Antigens (B-LG or synthetic peptides) were
used at a concentration of 10 ug/mL in bicarbonate buffer
pH9.6. Following washing the plate was blocked before
use with Meggablock™ 1/500 for 2h. The serum samples
were diluted 1/8000 in PBS and 100 uL. added to the wells.
Samples were incubated for 18h at 20°C, followed by
further incubation with Meggablock™ with SARGP for
1h at 37°C. A positive sample was then detected (after
washing) with K-Blue™ substrate incubated for 15 min,
stopped with 2mol/L H,SO4 and measured at 450 nm.
Results were expressed as OD units and all measurements
performed using a DIAS MR 7000 plate reader and BioLinx
software (Dynatch Laboratories, Billingshurst, UK).

Statistical analysis

Where relevant, data was analysed using Student’s unpaired
t-tests.

Results

To investigate which binding regions of (3-lactoglobulin
the specific IgE antibody induced in Brown Norway rat
recognized, two different induction regimens were used
in these studies. Furthermore, mapping of the allergenic
peptide sequences was carried out independently in our
two separate laboratories and under somewhat differing
conditions of identification and screening.

As stated in Materials and methods the BN rats were
sensitized either by (-lactoglobulin alone on days 0, 7
and/or 14, or by semiskimmed or whole milk on days 0
and 7 followed by exposure to (-lactoglobulin alone
(boosted response). Specific IgE levels obtained from all
regimes ranged from 40 to 2000 mOD units, levels of IgE
greater than 200 mOD units were regularly found on days
13 and 42 using the ‘boosted’ regimen (Fig. 1). All samples
were positive for IgG at a 1/8000 dilution.

The question of whether differing induction regimens
might induce targeting of different immunoreactive regions
of the B-LG molecule as well as the effect of time after
induction of initial sensitization was investigated at the
BIBRA laboratories during the course of performing recog-
nition profile assays on the sera samples. Identification
of reactive sequences was carried out using 20 synthetic
peptides (covering the whole bovine lactoglobulin mole-
cule as well as some overlapping sequences) on sera
samples obtained 14, 21, 27 and 42days after exposure.
Thirty-one samples were selected for separate deter-
minations of the IgE-binding capacity of tryptic peptides
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Fig. 1. Example of an experiment demonstrating a semiskimmed
milk-based IgE-boosting regimen. Animals were sensitized using
500 pg of semiskimmed milk on days 0 and 7 followed by 100 ug
of (B-lactoglobulin on days 14 and 28. Serum samples were taken
on days 13, 21, 27 and 42 and specific IgE was determined
by EIISA as detailed in the Materials and methods section. The
experiment was performed on six occasions using groups of five
male rats (¥*P <0.05).

prepared by INRA (covering the whole bovine lactoglobulin
molecule) and INRA-selected synthetic peptides. The pep-
tides had been prepared for studies of IgE epitope mapping
of human sera, and although it was desirable to use the same
peptides for all the rat sera studies to compare the capacity

of the BN rat to recognize similar peptide fragments, the
amount of tryptic peptides produced was very low (because
of the need for extensive purification) so that only 31
samples of rat sera could be analysed by INRA.

Rat sera samples were defined as positive if they con-
tained IgE antibody at an optical density (OD) greater than
control sera plus three standard deviations [23], but only
sera containing 3-LG-specific IgE at levels higher than 200
mOD (0.200 OD) were used in the peptide assays. Sixty-
three samples out of the 180 sera samples analysed had OD
levels higher than 200 mOD. This precaution was taken
as linear synthetic peptides are generally less immuno-
reactive than the native protein molecule.

Sera samples were analysed in batches of 12 in the
BIBRA laboratories, and a minimum of 24 assays were
performed for each specific linear peptide when determin-
ing the overall recognition profiles. A typical series of
results is illustrated in Fig. 2. Major regions recognized,
i.e. with a mean percentage binding greater than 1% of the
specific IgE response to native 3-LG were the peptides
Ser?'-Arg*® (21-40, GB32), Val*'-Lys® (41-60, LL9) and
Arg'*8.11e'%? (148-162, LL6); Leu™-Ala® (LL3, 54—67)
and Lys®*-Pro’® (60-79, LL10) were also recognized by
rat IgE.

No differences were evident in the recognition of the
peptide sequences recognized at different time points after
immunization (days 21, 27 and 42) when either of the
regimes, i.e. $-lactoglobulin alone or milk-based regimens

80 ~
60 |- o
40 | )
20 . ) ) .
. ¢ H
s § : LI a
0 a - & = 2 B R & 8 “z&

Fig. 2. Recognition of synthetic peptide or 60
tryptic peptide sequences by sera from
Brown Norway rats sensitized to (3-
lactoglobulin. Serum samples were analysed
in batches of 12 in the BIBRA laboratories

and a minimum of 24 assays were performed

40

% of native B-lactoglobulin response

Sequence 1-15
Peptide BLG5

11-24 21-40 31-45 39-62 41-60
LL7 GB32  LL1 LL2 LL9 LL3

54-67 60-79 67-77 74-84
LL10 PLGT PLG3

. 3
T

for each specific linear peptide. Measured by 20

direct enzyme immunoassay, the results are .
expressed as a percentage of the IgE 0

responses to the whole $8-lactoglobulin Sequence 82-92
protein. Peptide BLG4

85-95 91-104 100-111 107-117 117-127 120-135 133-143 140-150 148-162
BLG6 LL4 PBLG7 PLG2 PLG8 LL8 Pep1 BLGY LL6
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Table 1. Analysis of the effect of the
Peptide sequences two immunization regimens
(sensitization to 3-LG alone as opposed
GB32 LL9 LL3 LL10 LL6 to semiskimmed milk followed by
21-40 41-60 54—67 60-79 148-162 B-LG) on the intensity and frequency of
rat IgE responses to synthetic peptides.
B-LG alone Results were obtained using a direct
Nr-samples analysed 60 61 68 32 65 ELISA anq are expressed as perceptage
Mean percentage (all samples) 0.1 0.1 0.5 0.4 0.7 of the spec1ﬁc. IgE response to native
Standard deviation (all samples) 0.5 03 2.4 0.9 27  Blactoglobulin
Maximum response 2.5 1.7 8.2 4.2 15.8
Frequency of response (%) 16.7 9.8 22.1 37.5 27.7
Milk-based regimens
Nr. samples analysed 24 65 68 33 67
Mean percentage (all samples) 4.7% 2.6% 0.6 2.7%* 1.4
Standard deviation (all samples) 13.5 9.8 1.4 3.9 5.4
Maximum response 61.6 68.2 8.2 7.2 42.3
Frequency of response (%) 41.7 50.8 47.1 66.7 38.8

Statistical analysis of 3-lactoglobulin vs milk-based regimens. *P <0.01; **P <0.001.

(B-LG alone or milk regimens) were used (data not shown).
Significant differences were found, however, regarding the
intensity of binding when the immunization regimens were
compared (P <0.01 for peptide sequences LL9 and GB32;
P<0.001 for LL10). The frequency of binding was also
much increased after immunization using the milk-based
regimen (Table 1). Exposure to 3-lactoglobulin alone was
less effective in inducing specific responses than a milk-
based regimen especially with respect to the peptide
sequences 21-40 and 41-60.

A smaller number of samples were also analysed for
IgG recognition profiles using the same panel of synthetic
peptides. No sequence was exclusively IgE-selective though
differences were apparent between their recognition pro-
files (Table 2). In terms of comparative immunogenicity,
there appeared to be sequences that were predominantly
IgE- or IgG-reactive. IgE-dominant regions were the amino
acid sequences 21-40 (GB32), 41-60 (LL9), 107-117
(B-LG2) and 148-168 (LL6), whereas the sequences 1-24
(B-LG5, LL7), 67-77 (B-LG1), 82-92 (B3-LG4), 85-95
(B-LGO6) and 117-127 (B-LGS8) appeared more selective
for IgG antibody recognition. However, such recognition
was variable; in some individual samples peptides recog-
nized by IgE and IgG antibodies were not the same whereas
in other sera the same peptides were recognized by both
classes of antibodies.

During the second phase of these studies, results from the
testing of 31 positive sera samples were selected for com-
parison with human data at the INRA laboratories. Specific
IgE responses against (-lactoglobulin, B-lactoglobulin-
derived tryptic peptides and corresponding synthetic

peptides were determined at INRA in the same manner as
had been performed with human sera [23]. For the direct
ELISA assay immobilization of the peptide was by adsorp-
tion or in the case of small peptides, via streptavidin—biotin
interactions, and bound antibodies revealed by the same
anti rat-IgE monoclonal antibody labelled with the same
acetyl cholinesterase (MARE-A ChE) as used in the BIBRA
studies. The results found at INRA between the IgE-binding
capacity of tryptic peptides and corresponding synthetic
peptides were very similar (Tables 3a, 3b). The peptides
most frequently recognized by the rat sera samples were
those with sequences 21-40, 41-60, 102-124, 125-135
and 149-162.

Although the intensity and affinity of the IgE response
to the peptide sequences used differed between the two
laboratories, both found that the sequences recognized
most frequently and recognized with greatest intensity
were 21-40, 41-60 and 149-162. The sequence 102-124
corresponded with a weakly reactive region in the BIBRA
studies whereas it was well recognized in the INRA
laboratory. Additionally BIBRA found the sequences
60-79 and 74-84 to be recognized by rat IgE whereas
INRA found peptide 125-135 to be a binding site. How-
ever, the series of synthetic peptides used in the two labora-
tories were not the same which made direct comparisons
difficult.

Both the frequency as well as the intensity and affinity
of the rat IgE response to tryptic immunoreactive peptides
were found to be lower than the corresponding human
response. Mean recognition by rat sera of the tryptic
peptide 21-40 was 1.8% of the IgE response to whole
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Table 2. Comparison of sera samples that have been investigated for both IgE- and IgG-reactive peptide sequences after immunization of
Brown Norway rats using either 3-LG alone or the milk-based regimen. Results were obtained using an acetylcholinesterase-based direct

ELISA for IgE and using a horse radish peroxidase tracer for IgG

BLG5 LL7 GB32 LL1 LL2 LL9 LL3 LL10 BLGl BLG3
0-15 11—24 21-40 31-45 39-52 41-60 54-67 60-79 67-77 74-84
Number of samples tested 8 11 26 26 11 26 26 8 8 8
IgE & IgG reactive 0 1 3 1 2 6 7 5 0 5
IgE reactive only 0 0 11 2 0 11 8 1 0 3
IgG reactive only 5 7 7 12 8 5 7 1 6 0
Neither IgE nor IgG reactive 3 3 5 11 1 4 4 1 2 0
BLG4  BLG6 BLG2 BLGS LL8 PEP1 BLGY LL6
82-92 85-95 107-117 117-127 120-135 133-143 140-150 148-162
Number of samples tested 8 8 8 8 11 8 8 26
IgE & IgG reactive 0 0 0 0 3 2 1 6
IgE reactive only 0 0 7 0 1 1 4 6
IgG reactive only 5 7 1 7 4 4 0 4
Neither IgE nor IgG reactive 3 1 0 1 3 1 3 10
B-lactoglobulin compared with 4.3% for human sera, 1.3% Discussion

compared with 10% for peptide 41-60 and 2.2% compared
with 9.5% for peptide 149—162. The frequency of recogni-
tion was 50% in rat sera compared with 65% in human sera
for peptide 21-40, 64% compared with 93% for peptide
41-60 and 64% compared with 89% for peptide 149-162
[17].

Several studies have investigated the antigenic regions of
isolated milk proteins using sera from immunized rabbits
or mice [24,25] but we believe few studies have been
carried out analysing the binding sites in the 3-lactoglobulin
molecule using sera from sensitized inbred Brown Norway

Table 3. The results obtained at INRA on the IgE binding capacity of 31 samples of rat sera by direct ELISA on immobilized (a) tryptic and
(b) synthetic peptides expressed as percentage of the specific IgE response to native (3-lactoglobulin

Tryptic peptides

Rat serum B-LGB

BIBRA (mOD) 1-8 9-14 25-40 41-60 78-83 84-91 92-100 102-124 125-135 149-162
Mean 1623 0.1 0.2 1.8 1.3 0.0 0.2 1.0 0.7 0.4 2.2
s.d. 554 0.4 0.5 24 14 0.1 0.4 2.6 0.8 0.5 4.5
Max. 2764 1.6 1.8 8.0 4.8 0.6 1.7 13.0 2.6 1.3 22.0
Min. 275 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0/0 0.0
Frequency 100 13.0 17.0 50.0 64.0 8.0 12.5 42.0 50.0 42.0 57.0
Synthetic peptides

Rat serum B-LGB LL7 LL1 LL2 LL3 LL4 LL5 LL8 LL6

BIBRA (mOD) 11-24 31-45 39-52 54-67 91-104 107-120 120-135 148-162

Mean 1623 0.3 1.5 0.7 2.5 0.9 0.6 1.0 2.8

s.d. 554 0.5 3.0 1.2 4.0 23 0.7 1.7 53

Max. 2764 1.7 16.0 4.5 17.0 12.0 3.0 7.0 25.0

Min. 275 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Frequency 100 32.0 52.0 32.0 61.0 39.0 52.0 45.0 61.0

© 1999 Blackwell Science Ltd, Clinical and Experimental Allergy, 29, 1696—1704



1702 K. Miller et al.

rats. High IgE responder strains such as the BN rat have
been used in a number of laboratories for investigating
aspects of allergic responses [18,26—28]. Furthermore the
IgE response in the BN rat to the complex mixture of aller-
gens present in milk has previously been shown to have
similar antibody specificities to that found in humans [13].

These present studies have further validated the use of
the BN rat as a model for the identification of potentially
allergenic food constituents. The question as to whether a
similar epitope-specific profile is produced following oral
administration has not yet been investigated. Our major
aim in these studies has been to establish an animal model
for predicting potentially allergenic protein components
in the diet. These studies, taken together with our previous
work demonstrating that allergens recognized by parenter-
ally sensitized BN rats are consistent with those recog-
nized in sera from cow’s milk-allergic subjects, have
enabled us to rank food proteins in terms of their inherent
allergenic potential and to apply the toxicological concept
of dose—response to an essentially immunological phenom-
enon [29,30].

We would like to emphasize that the results achieved
were made possible by the adaptation of a sensitive ELISA
assay using antirat IgE-labelled with acetylcholinesterase
[20], which allowed determination of antipeptide rat IgE
in a similar fashion to that of human IgE [31], as well as the
availability of a large number of purified synthetic peptides
covering the complete amino acid sequence of the monomer
of bovine (-lactoglobulin as synthetic peptides, including
some overlapping synthetic peptides.

In the rat sera samples analysed by INRA, the IgE-
binding capacity was very similar, whether the fragments
used were tryptic peptides or the corresponding synthetic
peptides. However, of much greater interest was the demon-
stration that the most frequently recognized peptides by
human and rat IgE were mainly the same, namely the amino
acid sequences 21-40, 41-60, 102—124 and 148-162. It
should be noted that peptide 125—-135 was also well recog-
nized by rat IgE whereas it corresponded with a rather
weakly immunoreactive region of 3-lactoglobulin for human
IgE, and that in the BIBRA studies the synthetic sequence
74-84 (BLG3) was frequently recognized by rat IgE. Unlike
the human situation, however, aliquots from a single food
(milk) or protein (3-lactoglobulin) were used in the labora-
tory sensitization regimens which could have resulted in
increased recognition of some regions.

During the course of our studies it became evident that
if the BN rats were sensitized with milk (which contains
about 10% g-lactoglobulin) followed by (-lactoglobulin,
higher IgE titres were induced than if the animals were
sensitized to (8-lactoglobulin alone [17]. We therefore con-
sidered it important to ascertain whether the different
immunization regimes resulted in qualitative differences

in the IgE response to peptides. Indeed, the regimes used
to induce specific IgE responses in the BN rats were shown
to affect both the frequency and intensity of recognition
of the immunoreactive regions. When milk-based immuni-
zation regimens were used to induce responses they showed
an increased capacity to induce 3-lactoglobulin-specific IgE
compared with when a purified (-lactoglobulin prepara-
tion alone was used. Sequences 21-40 and 41-60 were
especially dependent on the context in which (-lactoglo-
bulin was presented. It is interesting to note that both
sequences could be visualized as exposed loops on the sur-
face of the protein molecule [32], and may therefore more
easily be carried to the immune system in a fat emulsion
[19]. Such observations give credence to the belief that other
constituents within the food may play a role in inducing
allergenic responses.

A further question raised has been whether the aller-
genic epitopes identified in (3-lactoglobulin are contained
within or different from those regions recognized by IgG
antibodies. Comparisons of IgE and IgG recognition of
B-lactoglobulin-derived synthetic peptides on a small num-
ber of samples suggested that the immunoreactive regions
recognized by IgE and IgG were not always the same. This
suggests that the allergenic sites of (-lactoglobulin did
not always correspond with the antigenic determinants.
However, although some sequences appeared predomi-
nantly IgE or IgG reactive, recognition was variable and
the number of remaining sera samples too small for any
conclusions to be drawn.

As demonstrated in these studies there appears to be a
good correlation between immunoreactive peptides (epi-
topes) in 3-lactoglobulin identified in sera of milk-allergic
patients with those identified in sensitized rats [17]. This
provides evidence that the immune system of the BN rat
and the human — at least in the case of milk allergens — is
recognizing similar protein allergens and indeed, at the
molecular level, similar peptide epitopes. The route of
immunization applied during this study was intraperito-
neal administration and not ingestion which supports the
concept that enzymatic digestion in the gastrointestinal
tract did not affect the processing and presentation of the
immunoreactive determinants of (3-lactoglobulin.

Manifestations of allergy to (-lactoglobulin were not
monitored during these studies but earlier work at BIBRA,
where rats were parenterally sensitized to milk proteins
then challenged orally with the allergen showed that
levels of serum RMCPII were raised from 5 to 30 ug/mL,
thus demonstrating local mucosal mast cell involvement
[30].

The intensity and affinity of the rat IgE responses were
found to be lower than the corresponding human responses.
This suggests that the intraperitoneally-sensitized rat IgE
response may be more specific towards conformational
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epitopes while the corresponding response of orally sensi-
tized humans would be more directed toward linear epitopes
[24].

Nevertheless we are confident that at least three major
human IgE epitopes of (3-lactoglobulin have been recognized
by the rat IgE sera and that the Brown Norway rat can, under
appropriate conditions, be useful in screening for the potential
allergenicity to humans of different food components.
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