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Abstract

as1-Casein (CAS1_BOVIN), the major allergen of cow’s milk (CM), is widely
used as hydrolysates in infant diet formulae and additive to other processed food
items. To date, most of the reported B-cell epitope mapping were performed on
polyethylene pins or cellulose-derivative membrane. We sought to locate the
motifs critical for human-specific IgE and rabbit polyclonal IgG binding using
extensively purified CAS1_BOVIN, synthetic peptides and derivatives. Thirteen
overlapping peptides covering the whole CAS1_BOVIN encompassing 17 : 20
amino acid (AA) were synthesized by f-moc AA solid-phase polyamide peptide
synthesis. In addition, six cyanogen bromide (CNBr) cleavage fragments were
prepared. Limited hydrolysis, oxidized and reduced/alkylated derivatives were
also produced. The preparations were purified by ion exchange, gel filtration
chromatography, reversed phase and high-performance liquid chromatography.
The homogeneity was visualized by sodium dodecyl sulfate (SDS) and poly acryl
amide gel electrophoresis (PAGE) followed by IgE and IgG immunoblotting.
IgE binding was measured by Biotin Streptavidin (Bio/strep) fluoro enzyme
immuno assay (FEIA) or ELISA-inhibition. Eighteen CM allergy (CMA) sera
from 45 clinically examined children (Melbourne) and five adults (Bergen) were
selected. Individual sera and pools were used for mapping IgE-binding epitopes.
Rabbit IgG sera and pools were used for locating the antigenic sites of the
molecule. Results indicated that all the individual CMA sera and pools recog-
nized the intact molecule and three of the CNBr fragments as major antibody-
binding allergens. The N- and C-terminal peptides (CAS 16-35; CAS 136-155)
showed high IgE-binding affinity. CAS 1-18 and CAS 181-199 showed high
IgG bindings. Considering the diversity of the antibody specificities, a reason-
able agreement between IgE and IgG epitopes were found at the N- and
C-terminals of CAS1_BOVIN. Mapping IgE B-cell epitopes by direct Bio/strep
FEIA allowed the development of a sensitive modified technique for detecting
unlabelled, casein immune dominant peptides in food products.

Introduction

It is generally accepted that the incidence of allergic dis-
eases has increased during the last two decades and mostly
in industrialized countries [1]. Cow’s milk proteins
(CMP), chicken egg and peanut are the most frequent
food allergens world over [2]. CMA is often encountered
during the first months of life; one-third already during
lactation and mostly within a week after the introduction
of CM [3]. Approximately 2–7.5% of new born infants get

CMA; about half of those with signs of immediate reac-
tions. The majority of those developing CMA (87%)
tolerate milk by 3 years age although this can lead to
other hypersensitivity symptoms in older age [4–6].
CMP are among the best characterized food allergens.
The whole casein appears to be an association of four
different proteins, as1-, as2-, b- and k-casein, in approxi-
mate proportions of 40 : 10 : 40 : 10%, respectively. Statis-
tically higher amounts of specific IgE were found to be
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directed against as1- and b-casein [7]. CAS1_BOVIN is a
single-chain phosphoprotein of 199 residues. It constitutes
more than 40% of the major CM casein. The primary
structures are known for most genetic variants of as1-,
as2-, b- and k-caseins, b-lactoglobulin and a-lactalbumin
[8, 9]. as1-casein is not crystallizable and the tertiary
structure has not been reported.

Some CMA’s immunodominant epitopes have been
proposed as good markers of persistent allergy to cow’s
milk protein (CMP) while other linear epitopes were
associated with transient CMA [10–12]. B-cell epitopes
were shown to be mostly of the sequential or continuous
type, relatively short (12–16 AA) and located in hydro-
phobic parts of the molecule [2]. T-cell recognition pat-
tern of as1-casein have been studied and five large peptides
and seven smaller have been recognized by T cells gener-
ated from CMA patients [13].

Hypoallergenic hydrolysates are widely used for the
prevention and treatment of children CMA. Despite
being marketed as low allergen content diet, some anaphy-
lactic reactions have been experienced [14–16]. Nonethe-
less, cross reactivity between IgE epitopes from
phylogenetically nonrelated allergens is an important pro-
blem and probably the direct cause of multiple food allergy
[17–20]. In the present study we tested the potential
allergenicity and antigenicity of 13 overlapping, synthetic
peptides covering the intact molecule. Sera from 18 CMA
and five healthy volunteers in addition to six rabbits poly-
clonal IgG sera were used.

Materials and methods

Purification. CAS1_BOVIN was provided by the purifica-
tion of a-casein from bovine milk, essentially vitamin free,
C5679 from Sigma Chemical Co, St Louis, MO, USA,
with 85% as-casein, was the initial reagent used through
the purification procedures. Purification was performed by
IEC, GFC and reversed phase (RP)/high-performance
liquid chromatography (HPLC) [21].

RP/HPLC. RP/HPLC was performed using 130A
Separation System, BrownleeTM C18, Aquapore RP-300,
7-mm 30� 2.1mm cartridges (Applied Biosystems, Foster
City, CA, USA). Solvent gradient used was 0.1% trifluoro-
acetic acid in 70% acetonitrile for 30m at flow rate of
200 ml/m [22, 23].

Oxidation, CNBr – cleavage, reduction and alkylation.
CAS1_BOVIN (5mg/ml) was oxidized by treatment with
70% formic acid to give 1% (w/v) 10ml solution, for
15m. H2O2 (70ml) was then added, and the solution
was lyophilized and stored until used.

Cyanogen bromide (CNBr) cleavage was done by the
addition of CNBr in acetonitrile, 50–100-fold molar
excess over methionine residues (200 mg/100 mg protein)
in a small volume of 70% formic acid. The sample was

kept in dark under N2, at RT for 24 h. The sample was
then 10-fold diluted and lyophilized.

Reduction and alkylation was performed using 6M

guanidine-HCl (Fluka, 50940 Buchs, Switzerland) adding
1680ml, 500mM Tris–HCl (Sigma T-3253) and 10mM

ethylenediaminetetraacetic acid pH8.50 (Sigma EDSS).
DL-dithiothreitol, Clevland’s reagent (DDT) (4.6mg,
DDT 99% Sigma D-0632), iodoacetic acid (Sigma
I-6250) and 2-mercaptoethanol (Merck 805740,
Darmstadt, Germany) by the previously described method
[21].

Limited hydrolysis. CAS1_BOVIN was hydrolyzed by
pepsin P 7000 from porcine gastric mucosa (Sigma Aldrich,
St Louis, MO, USA). Limited cleavage was obtained by an
E/S1/100 in 100mM glycine buffer pH4.0. The hydrolysis
proceeded at different interval (15 : 60m at RT), and non-
optimal hydrolysis pH was used to avoid obtaining large
number of short peptides.

SDS/PAGE and immunoblotting. Proteins were separ-
ated by SDS/PAGE according to early-described proced-
ures [24]. The samples, together with molecular weight
standard (Bio-Rad low range SDS/PAGE standards and
prestained standards) were resolved in 15% separating gel
at 200V. Immunoblotting was carried out as described
previously for 1 h at 100V [25].

SPPS. Thirteen overlapping peptides covering the
whole CAS1_BOVIN were synthesized using f-moc (AA)
Solid phase peptide synthesis (SPPS) and a semiautomatic
outfit (BiolynxTM 4175, LKB, Sweden). Eleven peptides
overlapped at 5 AA-windows while two peptides 1–18 and
16–35 with only 2 AA-overlaps. The peptides were puri-
fied and their N-terminal AA-sequence were ascertained
(Applied Biosystem, Foster City, CA, USA). The primary
structure of CAS1_BOVIN peptides are shown in Table 1.

Patients. CMA diagnosis was based on family history,
skin prick test (SPT), assay of serum total and specific IgE
and CMP elimination [5, 6, 26]. Forty children were
recruited from Department of Allergy, Melbourne,
Australia. Patients had histories of anaphylactic or
immediate responses to CMP with reactions such as
asthma, gastrointestinal, urticaria or other symptoms. All
patients have oral positive provocation with CM, positive
SPT and score 3 : 20 mean 7. Classic radio allegro sorbent
test values were 7.08: >>100 mean 17.65 kUA/l and
s-total IgE mean 3079 KUA/l, range 187–8932 KUA/l.
CMA adults’ patient’s sera (CAP/FEIA class> 2) were
selected from routine laboratory diagnosis at the Labora-
tory of Clinical Biochemistry, University Hospital Bergen.
Two nonallergic controls were included (s-IgE< 26KUA/l
and class 0 CAP/FEIA) to common food allergens (egg,
fish, milk and soy).

CAP/FEIA IgE and Biotin–Streptavidin coupling. Biotinyl-
ated CAS1_BOVIN and fragments were coupled to CAPs
using Bio/strep Immuno CAPTM and assayed by Uni-
CAP1 100/AutoCAPTM outfit, provided by Pharmacia
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Diagnostics, Uppsala, Sweden. Biotinylated a-aminocaproic
acid-N-hydroxy-succinimide ester (Biotin 7-NHS) coupling
using Biotin Labelling Kit, Roche Diagnostics GmbH,
Roch Molecular Biochemicals, D-68305 Mannheim,
Germany, Cat. No.1418165. Pilot Bio/strept coupling was
run on 17 birch pollen allergic patients’ sera and excellent
correlation was found between the new coupling method
and the conventional CAP/Fluoro enzyme immunoassay
(FEIATM). Bovine CAS1_BOVIN, 13 synthetic peptides
and seven CNBr-cleavage peptides were biotinylated and
the derivatives were purified according to the producer’s
instructions.

IgG antibodies. Rabbit immunization was approved by
the Norwegian Experimental Animal Committee. Six rab-
bits were immunized with CAS1_BOVIN, oxidized,
reduced/alkylated and 1 h pepsin-digested casein. Immun-
ization was generally done using as follows; 0.5ml of
antigen (1mg/ml sterile NaCl, 0.9%) in suspension with
0.5ml Freund’s Complete Adjuvant was injected in each
animal at week 1. In weeks 3 and 5, each animal was
injected with booster dose 0.5ml (1 ug/ml) in suspension
with 0.5ml Freund’s Incomplete Adjuvant. The rabbit sera
were tested for antibody production before each and after
the third immunization. The animals were bled about 14
days after the last immunization. Sera were collected and
stored at �80 �C [27].

ELISA inhibition. IgE and IgG ELISA was performed
as described earlier [28]. Ninety-six wells, flexible round-
bottom, microtitre plates (Becton Dickinson Laboratory
ware, Le Pont De Claix, France) were coated with CAS1_
BOVIN, modified molecule or the 13 peptides were added
in excess to the purified rabbit IgG sera or patients sera.
Anti-rabbit IgG or Anti-human IgE alkaline phosphatase
conjugates (Sigma A8025 or A-3525), respectively, were
added to each well. Substrate p-nitro phenyl phosphate,
tablets 5mg, N-9389 (Sigma Chemical Co.) was added to
each well before recording the absorbency (l¼ 405 nm)
using spectrophotometer (Labsystem Multiscan Bichro-
matic Type 348).

ELISA inhibition was expressed as: (Absorbency of
control�Absorbency of Ag/Ab complex/Absorbency
control)� 100.

Results

GFC and RP/HPLC purification

Purification of CAS1_BOVIN by GFC, removed proteins
with Mr< 25 kDa and >45 kDa. Void volume peak from
GFC was purified by RP/HPLC. Peaks with retention
time RT. 25.37, 25.51 represented the highly purified
CAS1_BOVIN (Fig. 1).

Table 1 Upper section showed the locations and amino acid (AA) sequence of the thirteen synthetic peptide covering CAS1_BOVIN; Lower section

showed the CNBr fragments as enumerated 1 to 6 according to their elution profile

CAP FEIA class

Number of sera reacted/class

CAS1_BOVIN and peptides AA sequence 6 5 4 3 2 1 0 Percentage recognition and grade

CAS1_BOVIN RPKH———————TTMPLW 0 2 3 10 3 0 0 100 III

CAS 1-18 RPKHPIKHQGLPQEVLNE 0 0 0 2 4 4 8 44.4 II

CAS 16-35 LNENL LRFFVAPFPEVFGKE 0 0 0 3 5 4 6 55.5 III

CAS 31-50 VFGKEKVNELSKDIGSESTE 0 0 0 2 3 3 10 33.3 II

CAS 46-63 SESTEDQAMEDIKQM EAE 0 0 0 0 5 1 12 16.6 I

CAS 61-77 EAESISSSEEIVPNSVE 0 0 0 1 2 3 12 16.6 I

CAS 76-95 VEQKHIQKEDVPSERYLGYL 0 0 0 1 4 1 12 16.6 I

CAS 91-110 YLGYLEQLLRLKKYKVPQLE 0 0 0 0 2 1 15 27.7 II

CAS 106-125 VPQLEIVPNSAEERLHSM KE 0 0 0 1 1 1 15 33.3 II

CAS 121-140 HSMKEGIHAQQKEPMIGVNQ 0 0 0 0 2 1 15 22.2 I

CAS 136-155 IGVNQELAYFYPELFRQFYQ 0 0 0 1 3 3 11 66.6 III

CAS 152-169 QFYQLDAYPSGAWYYVPL 0 0 0 1 3 0 14 33.3 II

CAS 166-183 YVPLG TQYTD APSFSDIPN 0 0 0 1 2 2 13 27.7 I

CAS 181-199 DIPNPIGSENSEKTTMPLW 0 0 0 2 2 1 13 27.7 I

CNBr fragments

CNBr I 1–54 RPK—————————QAM 0 0 2 3 11 1 1 94.4 III

CNBr III 61–123 EAE—————————HSM 0 2 3 8 5 0 0 100 III

CNBr IV 124–135 KEG—————————EPM 0 0 0 3 5 3 7 55.5 III

CNBr V 136–194 IGV—————————TTM 0 1 1 4 11 0 1 94.4 III

CNBr II 55–60 EDIKOM 0 0 0 2 2 2 12 33.3 II

CNBr VI 195–197 PLW 0 0 0 0 0 0 18 0 0

The AA sequences of the peptides and CNBr-fragments were ascertained by automatic N-terminal sequence analysis. The number of sera were depicted

under their class. The percentage recognition¼ the number of reacting sera devided by total number of sera, 18. Accordingly, the peptides were graded

into three categories major, moderate and minor (I, II and III) where III was the highest binding
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The partially purified intact molecule showed two bands
by SDS/PAGE, also when stained by blotting showing that
both bind specific IgE from CMA patients and rabbit

IgG (Fig. 2). This was re-run on RP/HPLC and one
symmetrical peak was preparative pooled Fig. 1(B).
CNBr cleavage showing six peaks on RP/HPLC were
shown in Fig. 1(C).

Hydrolysis of CAS1_BOVIN for 1 h allowed two popu-
lations detected on RP/HPLC. Two hours hydrolysis and
longer periods showed no RP/HPLC signal differences.

Reduced alkylated and oxidized products of casein
showed that the chemical modifications did not alter the
Rt. but resulted in broader denatured protein peaks (Rt.
25.92 for the reduced; Rt. 25.3 for the oxidized Rt. 25.72
for the native). The N-terminal sequence analyses of the
peaks ascertained their locations summarized in Table 1.

Peptide synthesis and homogeneity criteria

Thirteen synthetic overlapping peptides (with 3–5 AA-
windows) covering the whole CAS1_BOVIN molecule
were synthesized and cleaved from the resin. The homo-
geneity was judged by automatic N-terminal AA sequence
analysis and RP/HPLC. Their NH2-terminal AA sequence
has also ascertained their locations as depicted in Table 1.

The allergenicity

IgE recognition pattern of CAS1_BOVIN and the syn-
thetic peptides showed variability among the peptide as
demonstrated by the numbers of IgE sera recognitions
(Table 1). The results of FEIA showed that CAS 1-18,
CAS 16-35, CAS 31-55 and CAS 136-155 encompassed
the highest IgE-binding epitopes of the N- and C-terminal
regions, respectively (Table 1) (Fig. 3). Larger peptides
(CNBr I, III, IV and V) with AA residues 54, 63, 12
and 61, respectively, showed very high affinity for IgE
(94.4, 100, 61.1 and 94.4%). CNBr II (55, 56, 57, 58,
59 and 60) was less active (33.3%) while CNBr VI (197,
198 and 199) showed no binding. The affinities of the

kDa

97.4

66.2

45.0

31.0

21.5

14.4

1 2 3

Figure 2 Sodium dodecyl sulfate (SDS) PAGE followed by immunoblotting.

Lane 1 molecular weight marker; Lane 2 RP/HPLC-purified CAS1_BOVIN;

Lane 3 rabbit serum pool, IgG antibody blot; Lane 4 CMA patient’s serum

pool-specific IgE antibody blot.
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Figure 1 RP/HPLC of CAS1_BOVI and

cyanogen bromide cleavage (CNBr)-fragments.

(A) RP-HPLC of CAS1_BOVIN; (B)

CAS1_BOVIN purified by Sephacryl 100; (C)

CNBr cleavage showing six peaks which were

designated from I toVI (Rt.22.52, 20.66, 18.46,

12.7 and 8.59, respectively).
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peptides for IgE binding was graded in three categories: (a)
High III; (b) Moderate II- and (c) minor I-epitopes
depending of the number of sera that recognized the
epitope (Table 1).

The results of IgE ELISA inhibitions were illustrated in
Fig. 4. Using a serum pool, the intact molecule and CAS
181-199 showed highest inhibition percentage. Particu-
larly, CAS 166-183 and CAS 181-199 showed remarkable
affinities (40.9–55.6%). The CNBr fragments I–IV have
high inhibitions (58.4–72.2%).

The partial pepsin hydrolysates results showed that
extensive hydrolysis totally abolished the allergenicity
while limited hydrolysis for <60m did not eliminate
binding to IgE and could elicit allergic reactions.

The antigenicity

The results of IgG ELISA inhibition (Fig. 5) showed four
epitope groups: (a) N-terminal with major IgG recogni-
tion, CAS 1-18 and CAS 31-50 recognized by 62.2 and
43.0%, respectively; (b) C-terminal with high recognition
CAS 166-183 and CAS 181-199 (49.4 and 50.5%); (c)
Core moderate recognition CAS 46-63 (36.5%), CAS 61-
77 (31.9), CAS 76-95 (32.5), CAS 106-125 (38.4) and
CAS 121-140 (39.2%); (d) Minor epitopes CAS 16-35,
91-110, 136-155 and 152-169, with inhibition range
between 20.2 and 28%.

CAS1_BOVIN was recognized at high binding affinity
as shown by IgG ELISA inhibition >90% (Fig. 5).

The average antigen concentrations necessary for achiev-
ing 50% ELISA inhibition (C-50) for the different
preparations were as follows: CAS1_BOVIN (0.057–

0.07 mg); the limited pepsin hydrolysates (0.180 mg),
CNBr cleavage preparation (0.350 mg).

The reduction and alkylation did not alter the antigeni-
city (similar inhibition to the nontreated CAS1_BOVIN).

Discussion

We examined the allergenic and antigenic epitopes of the
intact CAS1_BOVIN, overlapping synthetic peptides, CNBr-
cleavage fragments and the chemical derivatives. The
unique conformation of CAS1_BOVIN permitted to
investigate IgE and IgG epitopes without destruction of
the reactivity [29]. Most of the reported B- and T-cell
epitopes of different proteins have been done using
polyethylene pins or polyethylene derivative membrane
[30–32]. Although those methods were rapid, they could
neither ascertain the correctness of the AA sequence nor the
homogeneities of the peptides. Truncated or heterogeneous
peptides missing 1–3 AA could easily pass unobserved. In
this study, we have chosen the laborious and tedious SPPS
purification using several techniques ending with RP/
HPLC. The synthetic peptides AA sequence was analysed
by automatic protein/peptide sequence analyzer.

Specific IgE recognition of the peptides allowed dividing
the molecule into three regions: high, moderate and minor-
binding regions (Table 1). CAS 1-18, CAS16-35, CAS 31-
50 and CAS 136-155 could be recognized by most of the
sera used. Three peptides (CAS 91-110, 106-125 and 121-
140) were recognized by only three of the 18 sera. All the
rest had moderate or minor recognition (22.2–33.3%)
(Table 1). The epitopes that react with most of the CMA
patients sera were at N- and C-termini of the molecule
(CAS 1-18, CAS 16-35 and CAS 136-155).
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Figure 5 IgG ELISA inhibition using anti CAS1_BOVIN. The antigenicity of the different derivatives were compared by their C-50 inhibition values

(0.057 ng for the reduced alkylated; for CAS1_BOVIN 0.07mg; for the limited hydrolysis 0.180mg and for the whole CNBr cleavage preparation

0.350mg. The reduction and alkylation yielded the highest antigenicity of sera, 18. Accordingly, the peptides were graded into three categories (I, II and

III) where III was the highest binding.
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Both peptides at the NH2- and COOH-termini CAS
1-18 and CAS 166-183, CAS 181-199, respectively, were
major inhibiting epitopes (>60% and approximately 50%,
respectively). CAS 31-50; 46-63; 61-77; 76-96; 106-125;
121-140 moderately inhibited specific IgG (mean 37%).
None of the peptide showed inhibition below 20%, which
was the cut-off limit (Fig. 5).

Four of the CNBr cleavage peptides, with AA> 12 residues
showed very high affinity for IgE. Two small peptides with
6 and 3 AA residues were nonbinding peptides.

Limited hydrolysis (<60m) of different periods did
not abolish the molecular immunogenicity explaining the
residual activity in commercial CM hydrolysates.

Oxidation enhanced the allergenicity, suggesting that
denaturation and unfolding the molecule exposed masked
sites for binding the antibodies.

Considering the diversity of the antibody specificities,
a reasonable agreement between IgE and IgG epitopes
were mostly found at the N- and C-terminals of CAS1_
BOVIN.

Recent study on T-cell recognition showed that seven
motifs were recognized by CMA patients T cells. Both
CAS 16-35 and 136-155 were recognized at both at the
cellular and humoural levels. Likewise, three of the CNBr
fragments (1-54, 61-123 and 136-194) were recognized by
more than 94% of the sera could stimulate allergen specific
T-cell lines [13]. CAS1_BOVIN minor IgE epitopes that
stimulated allergen-specific T cells, could also be beneficial
tool in studying CM tolerance in murine experimental
model (Sun et al., unpublished observations).

Peptide 152–169 encompassing the casomorphine
(158–162) isolated from CAS1_HU was among the
minor IgE-binding peptides. The metabolites containing
this peptide or other exorphine AA sequences were sug-
gested to affect the behaviour and mood of some of the
hypersensitive patients [33].

CMA consumers relay on ingredients declaration of
products. Complex ingredient terminology as for casein
and labelling ambiguities could compromise the ability of
the patients/parents to determine the safety of particular
product. The present study allowed developing sensitive
modified technique for detecting masked CMP epitopes in
processed food.
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