
INTRODUCTION

Food allergy is becoming a medical, economical and social
problem. Soybean, together with milk, peanuts and eggs, are the
major allergenic foods. This pathology affects the infant popula-
tion, when the gut barrier is immature and the immune system is
still refining its ability to tolerate food proteins. In our country,
cow’s milk allergy (CMA) constitutes the main food allergy in
infancy, but soy allergy has become exacerbated because of the
increased utilization of soy-based formulas as cow’s milk (CM)
substitutes and the inclusion of soy-proteins in many processed
foods. Once a food allergy is diagnosed, the only proven therapy
is the strict elimination of the offending allergens from the diet.
Available substitutes for CM include milks from different mam-
malian animals, soy-based formulas, hydrolysed cow’s milk pro-
teins (CMP) and amino acid-based formulas. Furthermore, there
is evidence that soy proteins may trigger allergic reactions in
CMA patients, as assessed by a double-blind placebo controlled
food challenge (DBPCFC) [1].

Milk contains more than 50 proteins and the major ones are
implicated in a number of immunologically mediated reactions

[2]. Caseins and b-lactoglobulin (b-Lg) have been described as 
the main antigenic and allergenic components for human beings
[3,4], although immunoglobulins, a-lactalbumin (a-La), and
bovine serum albumin (BSA) were also found to be reactive with
different isotypes of human antibodies [5,6]. Several immunore-
active epitopes have been identified in caseins [7,8] and b-Lg [9].
Most of the epitopes present in the casein molecules are sequen-
tial since the high number of proline and hydrophobic residues
(45%) in these proteins determine an undefined secondary and
tertiary structure [10]. Besides, caseins tend to aggregate as a
result of hydrophobic interactions to give quaternary structures
[11], and this may create conformational epitopes buried in the
hydrophobic interior of the micelle [7]. These epitopes are only
exposed and accessible to the immune system after denaturation
of the complex by digestion.

A number of soy proteins that bind antibodies, especially IgE,
have been identified [12,13]. The main fractions of storage glob-
ulins from seed proteins are the complexes 7S or b-conglycinin,
and 11S or glycinin. The 7S complex is generally a trimer with
MW 150–200 kD, whereas 11S is a hexamer with MW 300–400 kD
[14]. In the 7S fraction, or b-conglycinin, several IgE-binding pro-
teins have been identified and some of them have been purified
and characterized: Gly m Bd 28K, Gly m Bd 30K, Gly m Bd 60K
[15,16]. Sequence homology has been reported between these
allergens and the thiol proteinase family [17], and with the 

49

Detection and identification of a soy protein component 
that cross-reacts with caseins from cow’s milk

P. ROZENFELD, G. H. DOCENA, M. C. AÑÓN & C. A. FOSSATI *Cátedra de Inmunología, Facultad de Ciencias Exactas and
†Centro de Investigación y Desarrollo en Criotecnología de Alimentos CIDCA, Facultad de Ciencias Exactas, Universidad Nacional de

La Plata, La Plata, Argentina

(Accepted for publication 30 May 2002)

SUMMARY

Soy-based formulas are the most employed cow’s milk substitutes in the treatment of cow’s milk allergy
in our country. Since adverse reactions have been reported in allergic patients as a consequence of
exposure to soy proteins, we have investigated the possible cross-reactivity between components from
soybean and cow’s milk. A cow’s milk specific polyclonal antiserum and casein specific monoclonal anti-
bodies were used in immunoblotting and competitive ELISA studies to identify a 30-kD component
from soybean that cross-reacts with cow’s milk caseins. Its IgE binding capacity was tested by EAST,
employing sera from cow’s milk allergic patients, not previously exposed to soy proteins. The 30 kD
protein was isolated and partially sequenced. It is constituted by two polypeptides (A5 and B3) linked
by a disulphide bond. The protein’s capacity to bind to the different antibodies relies on the B3

poly-peptide. These results indicate that soy-based formula, which contains the A5-B3 glycinin 
molecule, could be involved in allergic reactions observed in cow’s milk allergic patients exposed to
soy-containing foods.

Keywords cross-reactivity soybean caseins ELISA immunoblotting

Clin Exp Immunol 2002; 130:49–58

Correspondence: Cátedra de Inmunología (Facultad de Ciencias
Exactas), Casilla de Correo 116, 1900 La Plata (BA), Argentina.

E-mail: guidoc@biol.unlp.edu.ar

© 2002 Blackwell Publishing Ltd



50 P. Rozenfeld et al.

allergen Der p1. The 11S fraction, or glycinin, has also been char-
acterized as a major soybean allergen involved in food hyper-
sensitivity reactions [13,18].

Our investigation aimed to analyse a possible in vitro cross-
reactivity between CM and soybean proteins. To this end, immu-
noenzymatic methods have been shown to be excellent tools for
the analysis of allergen and cross-reactive component contents of
different related or unrelated foods. Specific antisera, monoclonal
antibodies, and immunoenzymatic methods of high detectability
and specificity were used in this study and a soy protein that cross-
reacts with caseins from CM isolated and identified.

Precise identification of cross-reactive epitopes would repre-
sent a significant advance in the problem of food intolerance,
since it would be possible to develop hypoallergenic substitutes
for the treatment and prevention of food allergy.

MATERIALS AND METHODS

Protein extracts
Cow’s milk. a protein extract from powdered skimmed CM

was prepared by adding phosphate-buffered saline pH 7·4 (PBS)
(10 mg/ml) to the milk powder and incubating overnight at 4°C
with continuous shaking. Lipids were extracted with chloroform
and samples were dialysed overnight against PBS, using a mem-
brane of 2 kD-cutoff (SPECTRA/POR MWCO 2000). Samples
were stored at - 20°C until used. Total protein concentration was
3·5 mg/ml.

Caseins. These proteins were obtained according to the iso-
electric precipitation technique [19]

Soy. Soybeans were crushed and extracted with 0·01 N
NaHCO3 at 90°C (200 mg/ml). The extract was homogenized
three times for 1 minute on an Ultraturrax UT 20·000. Then it 
was centrifuged (5000 g, 20 min at room temperature) and the
lipids were extracted with chloroform. The extract was dialysed
against Tris buffered saline pH 8·8 and stored at - 20°C until used.
Total protein concentration was 38·1 mg/ml.

S30. This 30 kD-fraction was isolated from the soybean extract
by electroelution from the proteins fractionated by SDS-PAGE.
The Electro-Eluter 422 from Bio-Rad was employed. Dialysis
membranes with 12–15 kD cut-off were employed. Samples were
then dialysed against PBS overnight using a membrane of 2 kD-
cutoff (SPECTRA/POR MWCO 2000). This preparation method
rendered a total protein concentration of 0·28 mg/ml.

The total protein content of the preparations was measured
by the Lowry’s method, with bovine serum albumin as a reference
[20].

Monoclonal and polyclonal antibodies
Casein specific monoclonal antibodies were prepared by injecting
six-week-old-female Balb/c mice intraperitoneally with 15 mg of
total casein proteins emulsified 1 : 1 in complete Freund’s adju-
vant, followed by three boosts with 15 mg of proteins in Freund’s
incomplete adjuvant at three-week intervals. Serum specific 
antibody titres were determined by indirect ELISA. An antigen
booster was administered 4 days before removal of the spleen.
Hybridomas were obtained according to the Galfre and Milstein
technique [21] employing NSO cells as myeloma cells. The casein-
specificity of the monoclonal antibodies harvested from the peri-
toneal fluid was assayed by immunoblotting and indirect ELISA,
employing commercial milk proteins and electroeluted casein
components from CM extract. Three monoclonal antibodies with

high specificity for a-casein (1D5-I), b-casein (2A1-I) and k-
casein (3B5-I) were selected for the study.

CM polyclonal antiserum was prepared by inoculating NZW
rabbits with 100 mg of CMP emulsified with complete Freund¢s
adjuvant. A series of four injections (50 mg) of the same antigen
in incomplete Freund¢s adjuvant was administered every 3 weeks.
Antibody titres were determined by indirect ELISA.

Sequential competitive ELISA
Polystyrene microtitre plates (NUNC, Maxisorp, Denmark) were
coated with 1 mg/well of CMP or 10 mg/well of soy protein extract,
and incubated for 12 h at 4°C. After washing with 9 g/l NaCl 
containing 0·05% (v/v) Tween 20 (NaCl-Tween 20), 200 ml/well of
blocking buffer containing 5% horse serum in PBS pH 7·4 was
added and incubated for 2 h at 37°C. Then wells were washed
three times with NaCl-Tween 20.

Inhibition experiments were performed by preincubating
equal volumes of antigen, and rabbit anti-CMP polyclonal anti-
serum — both diluted in blocking buffer — for 1 h at 37°C. The
antiserum dilution used was previously determined from the titra-
tion curve: 1 : 300·000 for wells coated with CMP or 1 : 1000 for
wells coated with soy proteins.

A volume of 100 ml of each of the above mentioned preincu-
bated samples was transferred to the respective coated wells 
for competition with antigen in solid phase and incubated for 1 h
at 37°C. After washing with NaCl-Tween 20, 100 ml/well of goat
antirabbit IgG horseradish peroxidase (HPR) conjugate (BioRad,
Richmond, CA, USA) diluted 1 : 3000 in blocking buffer, was
added and incubated for 1 h at 37°C. Colour was developed 
by adding a solution containing o-phenylenediamine and 30%
H2O2 in 0·1 M citrate-phosphate buffer pH 5·0. The reaction was
stopped by the addition of 50 ml/well of 4N sulphuric acid, and the
reaction product was quantified by reading the optical density at
490 nm.

Electrophoresis and immunoblotting
Sodium dodecylsulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) of protein extracts was carried out in a 14% poly-
acrylamide gel with a discontinuous buffer system according to
Laemmli [22]. Gels were migrated on a Bio-Rad Mini-Protean III
(Bio-Rad) at 100 V through the stacking gel, and at 150 V through
the running gel, either with or without 5% b mercaptoethanol. A
10-ml sample of the protein extract was loaded onto each well. The
amount of protein loaded was between 8 and 15 mg. Gels were
fixed and stained with either Coomasie Blue R250 or silver stain-
ing, according to the protein content of the sample. The relative
molecular weights of the resolved protein fractions were com-
pared with those of marker proteins.

Tricine-SDS-PAGE was performed as described by Schagger
[23]. Electrophoresis was performed initially at constant 30 V for
1 h and then at constant 85 V for 5 h.

The fractionated proteins were electroblotted to 0·45 nm 
pore size nitrocellulose transfer membranes (SMI) at 300 mA for
45 min [24]. Membranes were stained with Ponceau S to demon-
strate successful electrophoresis and transfer of proteins onto the
membranes. The blots were blocked for 1 h in blocking buffer con-
taining 5% horse serum in PBS pH 7·4. Then, they were cut into
5 mm strips for immunostaining. Sera from patients and controls
(diluted 1 : 5 in blocking buffer), rabbit polyclonal antiserum
(diluted 1 : 1000 in blocking buffer) and monoclonal antibodies
were added to detect the presence of antigenic and allergenic
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components in each extract. Hybridoma supernatants were
assayed undiluted. Human sera were incubated for 12 h at room
temperature, and polyclonal antiserum and monoclonal anti-
bodies were incubated for 1 h at 37°C.

After thorough washing (0·05% Tween-PBS), incubation with
different conjugate systems were assessed: biotinylated goat anti-
human IgE (e-chain specific) antibody (Vector, California, USA),
diluted 1 : 2000 in blocking buffer (2 h at 37°C), and then, ExtrA-
vidin-alkaline phosphatase conjugate (Sigma) 1 : 1000 for 1 h at
37°C, were employed to reveal human serum IgE antibodies; anti-
mouse IgG (whole molecule) horseradish peroxidase conjugate
(BioRad) diluted 1 : 2000 was employed to detect the presence of
monoclonal antibodies, goat antirabbit IgG (whole molecule)
HRP conjugate (BioRad), diluted 1 : 1000 in blocking buffer (2 h
at 37°C), or biotin conjugated monoclonal antirabbit IgG (g-chain
specific) (Sigma), diluted 1 : 2000 (overnight at 4°C), and then,
ExtrAvidin-alkaline phosphatase (Sigma), diluted 1 : 1000 (1 h at
37°C) were used for detection of rabbit antibodies.

The blots were washed and subsequently stained with 
5-bromo-4-chloro-3-indolylphosphate/nitro blue tetrazolium 
(5-BCIP/NBT, Sigma) or 4-chloro-1-naftol (Sigma)-H2O2.

In-gel digestion
SDS-PAGE electrophoresis was performed with 10 mg/lane of 
the 30 kD-protein, isolated by electroelution from the soybean
extract. The gel was stained with 0·1% Coomasie blue R-250–20%
methanol -0·5% acetic acid to visualize the band. Then it was
destained (30% methanol) and the excised part was washed with
100 mM ammonium bicarbonate pH 8 for 1 h. Disulphide bonds
were reduced with 100 mM ammonium bicarbonate and 45 mM

dithiothreitol for 30 min at 60°C. Alkylation of free sulphydryl
groups was performed by incubating the gel with 100 mM iodoac-
etamide. The piece of gel was further washed with 50% acetoni-
trile and 50% 100 mM ammonium bicarbonate for 1 h.
Acetonitrile was added and the gel was dried (Speed Vac). Fol-
lowing that it was incubated with trypsin (Sigma) in 25 mM ammo-
nium bicarbonate overnight at 37°C. Finally, the peptides were
extracted from the gel with 60% acetonitrile and 0·1% trifluo-
roacetic acid, and concentrated by vacuum drying (Speed Vac).

N-terminal sequencing
Separation of peptides from the tryptic digest was carried out by
reverse-phase HPLC on a Sephasyl Peptide C18 2·1/220 column
(Vydac V1). The mobile phase contained 0·1% trifluoroacetic 
acid and the peaks were separated by applying a linear gradient
with 80% acetonitrile and 0·08% trifluoroacetic acid (0–80% of
acetonitrile gradient). The column temperature was maintained
at 25°C. Separation was monitored by UV absorbance at 220 nm.
Forty-one peaks were obtained and two main peaks (14 and 31)
were collected for sequencing.

Peptides were identified by N-terminal sequencing using 
the Edman’s method on a sequencer Applied Biosystems 477
(Laboratorio Nacional de Investigación y Servicios en Péptidos y
Proteínas-Lanais Pro, CONICET, UBA).

Total IgE measurements
Total serum IgE levels of both the CM allergic patients and 
individuals of the control group were measured as previously
described [25]. Briefly, paper discs activated with CNBr were
coupled with rabbit antihuman IgE (e-chain specific) (Behring)
and incubated with serum, diluted 1 : 10, for 12 h at room tem-

perature. After adequate washing, the discs were incubated with
monoclonal antihuman IgE (e chain specific) alkaline phos-
phatase conjugate (Sigma), diluted 1 : 5000 in blocking buffer for
12 h at room temperature. Color was developed with disodium r-
nitrophenyl phosphate, and DO was measured at 405 nm.

The calibration curve was obtained using a commercial IgE
standard (Behring), and checked against an international stan-
dard (Immunoglobulin E Reference Preparation 69/204)

Detection of specific IgE
Food-specific IgE antibodies were identified by enzyme-allergo-
sorbent-test (EAST), as previously described [3]. Cellulose discs
were activated with CNBr according to the method of Ceska et
al. [26]. Protein extracts were coupled to CNBr-activated paper
discs at 1 mg/ml concentration in 0·1 M carbonate/bicarbonate
buffer, pH 8·5.

Different protein concentrations of each extract were used to
optimize the coating of the activated paper discs. The concentra-
tion leading to no further increase in OD, when analysed with a
pool of positive sera (1 mg/ml), was chosen as the working con-
dition. To determine whether this amount of coupled antigen was
sufficient to bind all the IgE antibodies present in the serum, and
to verify that no interference with specific IgG antibodies was
occurring, a pool of positive sera was adsorbed with an anti-
human IgG (g-chain specific) monoclonal antibody and then, 
specific IgE antibodies were measured as described above. No
variations were found in the OD values.

To measure specific IgE classes, a calibration curve was
obtained by using a pool of anti-Dermatophagoides sp. sera, as
reported by Lundkvist [27].

Sera
Serum samples were taken from 10 children (1–4 years) with a
history of immediate reactions to CM (urticaria, dermatitis, 
gastrointestinal symptoms), as source of specific IgE antibodies.
All the children never ingested soy derivatives, and they were
selected on the basis of their elevated total serum IgE, positive
EAST results, and positive skin prick test to CMP and common
environmental allergens.

Thirty sera from subjects (aged between 2 and 6 years old)
with no history of atopy and no clinical reactions after ingestion
of CM were used as negative control sera.

All sera were obtained from the Hospital San Juan de Dios
de La Plata. This study was approved by the Ethical Committee
of the Hospital San Juan de Dios de La Plata and the informed
consent was obtained from the parents of all children participat-
ing in the study.

RESULTS

Cross-reactivity between cow’s milk and soy proteins
Cross-reactivity between proteins from CM and soybean was
studied by inhibition ELISA, using a polyclonal antiserum spe-
cific for CMP. Inhibitory proteins and antiserum were preincu-
bated separately from the coated antigen, to achieve a higher
detectability.

The binding of antibodies to immobilized CMP was com-
pletely inhibited by preincubation of the antibodies with 1 mg/ml
of CMP, while 50% of inhibition was achieved with 3 mg/ml. These
results show that antiserum is specific for CMP, and that homo-
logous proteins in the fluid phase are able to compete with 
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immobilized ones. When soy protein extract was used as the com-
petitive antigen, an inhibitory dose–response effect was observed.
This result suggests that the CM-specific antiserum contains anti-
bodies that react with components present in the soy extract. The
concentration of soy proteins producing 50% inhibition was 
18 mg/ml, an amount 6000 times higher than that required for
CMP (Fig. 1a). These results agree with indirect ELISA titration
assays in which the solid phase was coated with either CM (titre
= 1 : 250·000) or soy proteins (titre = 1 : 1000). The antiserum titre
was defined as the dilution of antiserum producing 50% of the
maximum binding to the antigen-coated plates.

Using soy proteins as immobilized antigens, total binding inhi-
bition was obtained with both CM (10 mg/ml) and soybean pro-

teins (0·9 mg/ml) (Fig. 1b). Inhibitions of 50% were obtained with
the soy protein extract at a concentration 20 times lower than that
of the CMP extract.

To test the specificity of the antiserum, protein extracts from
wheat, barley, rye, oat, peanut, amaranth and sunflower seeds, 
as well as OVA, were used as inhibitors in 4 concentrations
ranging from 1 to 10 mg/ml. Maximal inhibition values were below
10–15%, indicating the specificity of the inhibitions shown in 
Fig. 1 (results not shown).

Protein composition of extracts and immunoblotting reactivities
Protein composition as analysed by SDS-PAGE is shown in 
Fig. 2. The protein profile of the CM extract can be seen in lane
1. The main bands correspond to as1- and b-casein. Some minor
bands corresponding to k-casein and whey components can also
be observed. Alpha-lactalbumin (14·2 kD), b-lactoglobulin (18
kD under reducing conditions) and bovine seroalbumin (67 kD)
appeared as single bands. The casein components can be observed
in lane 2, where isolated total casein fractions were loaded onto
the gel under reducing conditions. In the high molecular weight-
zone of the gel (upper 94 kD) a broad band could be detected in
the CM sample, that corresponds to casein aggregates. In lane 3
the protein profile of the soy extract can be observed. Different
soy components could be tentatively identified by comparison
with the SDS-PAGE determined relative MWs with known values
of MWs of different soy fractions.

Reactivities of protein components separated by SDS-PAGE
were analysed by immunoblotting, employing a specific CM 
polyclonal antiserum and specific casein monoclonal antibodies 
(Fig. 3). These antibodies would recognize cross-reactive epitopes
present in soy components, since they were obtained using CMP
as the immunogen. When separated CMP were incubated with
the polyclonal antiserum (lane 1A) the most intense bands were
found to correspond to a-casein and b-Lg, while a-La and the gly-
cosylated k-caseins could also be detected. The highly antigenic
casein aggregates were also recognized. When the immunoblots
were developed with each specific monoclonal antibody, bands in
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the regions of casein monomers (a-, b-, and k-caseins) and high
MW aggregates could be observed (lanes 1 B, C, D, respectively).
In lane 2 are shown the immunoblots of the soy extract proteins
revealed with the different anti-CM antibodies. The polyclonal
antiserum revealed an intense band in the 30 kD region, while
some minor bands can also be observed (lane 2 A). Casein spe-
cific monoclonal antibodies also reacted with the 30 kD fraction
(lanes 2 B, C, D). This 30 kD-component was isolated by elec-
troelution and then immunoblotted. The binding of either the
polyclonal antiserum or monoclonal antibodies to the 30 kD com-
ponent is shown in lanes 3 A, B, C, D. In all cases a single band
was observed.

Isolation and identification of the cross-reactive soy component
Because the amino terminal residue of the isolated soybean cross-
reactive component was blocked, in situ digestion with trypsin was
performed. The fragments resulting from the treatment were sep-
arated by RP-HPLC. Two main peaks were collected for sequenc-
ing. Peak 31 was found to contain two peptides (I and II), while
peak 14 contained only one peptide (III).

Peptide I had the same amino acid sequence as that of
sequence (76–97) of glycinin A5 from soy (theoretical MW: 
10·6 kD). Peptide II had a sequence similar to that of peptide
(141–154) from soybean glycinin B3 (theoretical MW: 18·4 kD).
Moreover, peptide III had a sequence identical to that of
sequence (11–27) of soy glycinin B3. The sequences are shown in
Fig. 4. The theoretical MW of the dimer A5-B3 is in good agree-
ment with the relative MW of the S30-component estimated from
the electrophoresis.

When the S30 protein was analysed by Trycine SDS-PAGE
under non reducing conditions a single band was observed at 
30 kD, as expected (Fig. 5, lane 1). This immunoblotted fraction
was also recognized as a single band with the CM specific anti-

serum (lane 3). When the sample was analysed under reducing
conditions, two additional bands appeared, with relative MWs
11·6 kD and 21·5 kD (Fig. 5, lane 2). This result suggests that this
cross-reactive component is composed of two polypeptides linked
by a disulphide bridge. The separated components migrated with
relative MWs similar to A5 and B3, as determined by sequenc-
ing. In Fig. 5, immunoblots of S30 treated with b-mercaptoetanol
and revealed with polyclonal and monoclonal antibodies were
also included. In lane 4 the bands corresponding to S30 and B3
contain components that could be bound by antibodies from poly-
clonal antiserum. As can be seen, S30 was not completely
reduced. Lanes 5, 6 and 7 show that the B3 polypeptide was rec-
ognized by the casein-specific monoclonal antibodies.

Allergenicity of the cross-reactive soy protein
The capacity of the proteins to be bound by serum specific IgE
was studied by EAST. Results expressed as class are shown in
Table 1. When sera from the control group were analysed by
EAST DO values were similar to those obtained with the dilu-
tion of the pool serum used in the standard curve, corresponding
to class 0. Sera 1–10 were obtained from CM allergic patients that
had not been exposed to soy products. These sera contain casein
specific IgE antibodies that also recognize soybean proteins,
including the S30 component.

Figure 6, shows the immunoblots revealed with a pool of sera
obtained from the CM allergic subjects. Lane 1 shows the pattern
of IgE reactivities when CMP were used as antigen. Bands cor-
responding to caseins can be seen. Reactivity in the region of 
30 kD (lanes 2 and 3) or 21 kD (lane 4) were detected in the soy
component, indicating that S30 and B3 are able to be bound by
IgE as well. When a pool of sera obtained from the healthy
control group was used to develop the immunoblots no bands
were observed (data not shown).
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DISCUSSION

Cow’s milk allergy constitutes the main food allergy in infancy in
our country. At present one of the most widely used formulas for
feeding babies with CMA are soy-based formulas. This substitute
is nutritionally adequate, palatable and less expensive than CMP-
based formulas [28]. There is evidence that 10–35% of the chil-
dren with CMA do not tolerate soy derivatives, even those
children not previously exposed to soy proteins [1,29,30].

The change of the dietary habits in patients with food allergy
may constitute a difficult task. Some foods cannot be easily sub-

stituted (milk in newborns for instance), some others may contain
components with cross-reactive epitopes that are not denatured
during digestion. The intensive use of new substitutes (soy for-
mulas in CMA patients) may sensitize patients to newly ingested
proteins. Moreover, some proteins (caseins, soy proteins) used 
as ingredients in newly available foods are not always detailed 
on the labelling, etc. Small amounts of food ingredients may be
added without the need to be listed, and it is well known that
small quantities of allergenic components may trigger allergic
reactions in sensitized patients.

We aimed to characterize the immunochemical cross-
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Glycinin A5  1 ISSSKLNECQLNNLNALEPDHRVESEGGLIQTWNSQHPELKCAGVTVSKLTLNRNGLHSP

Peak 31 (I)  1 ............................................................

Consensus    1 ............................................................

Glycinin A5  61 SYSPYPRMIIIAQGKGALGVAIPGCPETFEEPQEQSN

Peak 31(I)   61 ...............GALGVAIPGCPETFEEPQEQSN

Consensus    61 ...............**********************

Glycinin B3  1 GVEENICTLKLHENIARPSRADFYNPKAGRISTLNSLTLPALRQFQLSAQYVVLYKNGIY

Peak 14 (III)1 ..........LHENIARPSRADFYNPK.................................

Consensus    1 ..........*****************.................................

Glycinin B3  61 SPHWNLNANSVIYVTRGQGKVRVVNCQGNAVFDGELRRGQLLVVPQNFVVAEQAGEQGFE

Peak 31 (II) 61 ............................................................

Consensus    61 ............................................................

Glycinin B3 121 YIVFKTHHNAVTSYLKDVFRAIPSEVLAHSYNLRQSQVSELKY

Peak 31(II) 121 ....................AIPSEVLAHSYNLR.........

Consensus   121 ....................**************.........

Fig. 4. Comparison of the amino acid sequences of soybean glycinins A5 and B3, and proteolitic peptides obtained from S30. Similarities
in amino acid residues are indicated as *.
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reactivity detected between CM and soy proteins. The CM spe-
cific antiserum employed contains specific antibodies with both
different specificities and relative affinities for the epitopes
present in the casein components. Depending on whether the
antigen is coated to the solid phase or in fluid phase, different 
antibodies of the antiserum, with different affinities, may be 
measured. It is therefore impossible to predict the molecular
behaviour of the system, since two complex antigenic systems in
different physical states are competing with different antibodies.

In the experiment depicted in Fig. 1a, the amount of CMP
necessary to achieve 50% inhibition of antibody binding to the
immobilized homologueous antigens was lower than the amount
of soy proteins necessary to produce the same effect. This dif-

ference is most likely due to differences in the number of
antigen–antibody interactions involved in each reaction. CM con-
tains all the antigens necessary to inhibit each of the multiple
interactions between CM and anti-CM antibodies. In contrast, the
soy extract probably contains only a few components able to react
with CM specific antibodies; in other words, a restricted popula-
tion of antibodies are being bound by soy proteins and therefore
a higher amount of soy proteins needs to be added to diminish
the binding of antibodies.

The experiment shown in Fig. 1b only detects the restricted
population of antibodies with the capacity to recognize the cross-
reactive soy component attached to the solid phase. Interac-
tions that do not concern cross-reaction are not detected in this
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Table 1. Total and specific IgE levels determined by EAST of CMA patients

EAST (class)

Sera number Age (years) Total IgE (UI/ml) CM Casein Soybean S30

1 2 260 2 2 3 3
2 3 6100 2 3 2 3
3 3 760 2 2 2 3
4 2 326 2 2 3 3
5 1 160 2 3 1 2
6 2 890 2 2 2 2
7 3 831 2 2 2 2
8 4 955 2 2 2 2
9 2 857 3 2 2 2

10 2 87 2 2 2 2
11* 2 12 0 0 0 0
12* 3 41 0 0 0 0
13* 1 38 0 0 0 0

*Sera from subjects from the healthy control group.

MW1 MW2 1 2 3 4 5 6 7

1·06
3·496

6·5

14

17
20
24

29
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67

Fig. 5. Analysis by Tricine SDS-PAGE and immunoblotting of the S30 component. MW 1 and 2: different molecular weight markers, lanes
1 and 2: Tricine SDS-PAGE electrophoresis of the S30 protein under nonreducing (lane 1) or reducing conditions (lane 2), stained with
silver staining (2 mg of protein per lane), lane 3–7: immunoblots of the S30 component under nonreducing (lane 3) or reducing conditions
(lanes 4–7), revealed with the polyclonal antiserum (lanes 3 and 4) or the monoclonal antibodies ID5-I (lane 5), 2A1-I (lane 6) and 3B5-
I (lane 7).
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experiment. Hence, the amount of CMP needed to abrogate these
interactions is higher than in experiment 1a. In conclusion, these
experiments reflect the interaction of a restricted population of
CM specific antibodies with a prevalent soy antigenic component.
Similar results can be found with other cross-reacting complex
antigenic systems, when this type of competitive solid-phase
immunoassays is used (e.g. wheat, barley, rye).

We identified, by immunoblotting, the cross-reactive compo-
nent from soy as a 30-kD fraction (S30) that could be observed
as a single band by both polyclonal antiserum and monoclonal
antibodies (Fig. 3). Since these monoclonal antibodies were spe-
cific for CM caseins, it can be concluded that the S30 component
shares common epitopes with a-, b-, and k-caseins. To demon-
strate the protein nature of the S30 fraction, it was excised from
the SDS-PAGE gels, treated with trypsin, and then analysed
further by SDS-PAGE. No band was detected (data not shown)
confirming S30 was proteinic. Furthermore, this component was
stained either with silver staining or Coomasie dye after elec-
trophoresis also demonstrating its protein nature. In addition, it
is known that globulin 11S, in particular the A5-B3 subunit, lacks
sugar [31], and that k-casein is the only glycosylated casein frac-
tion [11]. These results suggest that this in vitro cross-reactivity 
is not the result of carbohydrate recognition among protein 
components.

It was found by N-terminal sequencing that the cross-reactive
component is composed of two polypeptides. The certainty that

additional polypeptides were not included in the excised bands
was provided by the unambiguous N-terminal sequence data
obtained. N-terminal sequences of the fragments were found 
to correspond to the A5 and B3 polypeptides from soybean by
comparison with sequences from a data-base (Fig. 4). This dimer
may derive from the glycinin A5-A4-B3 during in vitro process-
ing, since A5-B3 has not been described as a storage seed subunit.
A5-A4-B3 is synthesized as a single polypeptide precursor, simi-
larly to the other subunits, but in this case the acidic polypeptide
is cleaved to produce the A5 (97 residues) and A4 (257 residues)
polypeptides during transportation within the cell. One disul-
phide bond is involved in linking A5 and B3, while the A4
polypeptide interacts noncovalently [32]. Peptide I was found 
to contain the Cys (85) residue that form the disulphide bond
between the two polypeptides. The subunits then interact to form
hexamers that are deposited as protein bodies during endosperm
development [33].

Immunoblotting under reducing conditions with the S30 com-
ponent showed that B3 had the ability to bind the different anti-
bodies tested (Fig. 5), even the serum IgE antibodies obtained
from CM allergic individuals not sensitized to soy proteins (Fig.
6). A possible explanation for this result may lie in the presence
of specific IgE antibodies to CM caseins that recognize cross-
reactive epitopes in the B3-component from soy.

Comparison of the A5 and B3 aminoacid sequences with that
of CMP showed many spots of high similarity (up to 66% homo-
loguey) with several protein components of CM, including caseins
and b-Lg among others. This suggests that sequential epitopes in
the S30 component and a-, b-, k-casein could be involved in the
observed cross-reactivity. Nevertheless, shared conformational
epitopes cannot be ruled out from our results. A 30-kD allergen
has been described as a protein strongly recognized by the IgE
antibodies in sera from soybean-sensitive patients. However, it
was isolated from the 7S globulin fraction [16].

Bruno et al. [34] have reported that soy allergy is uncommon
in atopic infants suffering from food allergy. It has been demon-
strated that soy proteins are less immunogenic and allergenic than
CMP [35]; no fatal anaphylactic reactions have been triggered in
animal models sensitized with soy proteins. Only a few cases of
soy anaphylaxis have been reported in human subjects [36], and
it appears to be a rare phenomenon [37]. In spite of this, some
authors advise avoidance of soy-based formulas in infants,
because it is as antigenic as CM formulas [13,38,39].

Cross-reactivities have been found among proteins included
in the same food group, or even between food and non food pro-
teins. Some cross-reactive proteins are phylogenetically closely
related (legumes, cereals, fish, crustaceans, fruits, pollens, etc.),
whereas some others have been described among unrelated pro-
teins (birch pollens and apple, carrot and hazelnut, ragweed
pollen and banana and melon, etc.) [40–42]. Some in vitro cross-
reactivities may have clinical relevance (i.e. between crustaceans)
[43,44], while other cross reactivities may be of no clinical impor-
tance (for example between legumes) [45,46]. Different factors
may contribute to in vivo reactions: the nature of the food, 
the structure and conformation of the cross-reactive proteins, the
type of epitopes involved, the genetical constitution of the
patient, sensitization of the patient, etc.

To establish the clinical relevance of this in vitro cross-
reactivity, both in vitro tests must be combined with food chal-
lenge. Since we have not characterized the in vivo allergenic 
properties of the isolated S30 protein, and as casein fractions from
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Fig. 6. IgE immunoblots revealed with a pooled serum obtained from
CMA patients. Lane 1: CM immunoblotting under reducing conditions,
lane 2: soybean immunoblotting (under non reducing conditions), lane 3:
S30 immunoblotting under nonreducing conditions, lane 4: S30
immunoblotting under reducing conditions.
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CM behave as major allergens [3,4,47], we did not perform
DBPCFC with this component. Besides, no correlation between
the total IgE level and the quantity of specific IgE was observed,
as is shown in Table 1. Similarly, no correlation was found among
the classes of CM-specific IgE and soy- or S30-specific IgE.

The results from in vitro cross-reactivity have important
implications for the selection of effective hypoallergenic substi-
tutes for food allergic patients. The precise identification of the
cross-reactive components would represent a significant advance
in the problem of food intolerance, since this information is crit-
ical to avoid exposure to the allergen. As far as we know, this is
the first report of cross reactivity between caseins from CM and
globulin 11S from soybean. Our findings may be of interest in the
study of the relationship between structure, IgE binding capacity,
and features of the antigenic and allergenic epitopes of compo-
nents from different origins that constitute food allergens.

Altogether our results suggest that the highly allergenic
caseins cross-react with the B3 polypeptide from the 11S globu-
lin of soybean. This in vitro cross-reactivity should be considered
when CMA patients are treated with soy-derivatives.
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