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Despite great homology with the equivalent human protein, bovine a -lactalbumin (B a -La),
a major component of whey, has been identified as a major milk allergen. The aim of this
study was to investigate the relationship between structure and IgE binding capacity in
a -Las: (1) the importance of three-dimensional structure using native vs disulfide bridge-
reduced B a -La; and (2) the incidence of amino acid sequence divergence on specific IgE
cross-reactivity to human vs bovine a -La. Purified native, reduced and S-carboxymethylated
B a -La and human a -La (H a -LA) were prepared. Specific IgE of 20 sera from patients with
clinically recognized cow’s milk protein allergy and positive RAST‡  tests to B a -La were
measured in original direct and competitive ELISA inhibition tests. All sera containing
specific anti-native B a -La IgE also reacted with denatured protein, but the IgE levels were
generally lower, showing that three-dimensional structure is an important feature in B a -La
allergenicity but that sequential epitopes are also exposed after protein denaturation. Despite
lower IgE levels, all sera also gave significant IgE responses to H a -La. Competitive ELISA
inhibition confirmed results obtained by direct ELISA. The demonstrated IgE cross-reactivity
between B a -LA and H a -La could be related to the high degree of sequence homology
between the two proteins but did not prove to have a clinical significance. However, it is of
great interest for a study of the relationship between structure, IgE binding capacity and
allergenicity in a -Las.
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INTRODUCTION

a -Lactalbumin (a -La) is a globular protein found in milk of several species. It corresponds
to one of the two protein components of the lactose synthetase complex (Brodbeck et al.,
1967) and regulates lactose biosynthesis by modulating the specificity of galactosyltransfer-
ase (Brew et al., 1968).

Bovine a -La (B a -La) is a major component of whey (22% of total whey proteins) with
14.4 kDa molecular weight. The complete primary sequence of a -La from several species has
been established including the bovine (Brew et al., 1970) and human (Findlay & Brew, 1972)
protein. The monomeric polypeptide chain of B a -La contains 123 amino acid residues. The
complete amino acid sequence of B a -La shows extensive homology with human a -La (H
a -La) since 74% of residues are identical and another 6% chemically similar (Brew et al.,
1970; Findlay & Brew, 1972). The three-dimensional structure of globular a -La is stabilized
by four disulfide bridges (Browne et al., 1969; Warme et al., 1974). Despite great homology
with the human protein, B a -La has been identified as a major milk allergen (King, 1976) and
51% of cow’s milk protein allergic patients were found to have anti-B a -La specific IgE (Wal
et al. 1995a). It has been reported that anti-B a -La antisera react with a -La from other
ruminants, but fail to do so with the parent proteins from non-ruminants (Johke et al., 1964;
Tanahasi et al., 1968). Using rabbit anti-a -La antibodies, Prieels et al. (1975) stated the
difficulty of correlating structural similarities of a -La from different species with antigenic
behavior. Immunodiffusion techniques failed to relate in a simple manner cross-reactivities
to amino acid sequences of different proteins.

The aim of this study was to investigate the relationship between structure and IgE binding
capacity in a -Las. Twenty sera from patients with clinically recognized cow’s milk protein
allergy and positive RAST‡  tests to B a -La were used in direct and competitive ELISA
inhibition tests. We first studied the importance of three-dimensional structure in IgE binding
using native and disulfide bridge-reduced B a -La. Second, we also investigated the incidence
of amino acid sequence divergence on cross-reactivity of specific IgE binding to B a -LA vs
H a -La.

MATERIALS AND METHODS

Materials
H a -La was purchased from Sigma (St Louis, MO, USA). Human serum albumin was
obtained from the Centre National de Transfusion Sanguine (Les Ulis, France). HPLC-
grade water and acetonitrile (Licrosolv) were obtained from Merck (Darmstadt, Germany).
Trifluoroacetic acid (TFA), phenyl isothiocyanate (PITC) and amino acids standard were
from Pierce (Kontron Instruments, Lausanne, Switzerland). All other reagents were of
analytical grade. The HPLC was performed with a HP1050 system (Hewlett Packard,
Basel, Switzerland) consisting of an autosampler, a quaternary pump fitted to an on line
degasser, a column heater and a diode array detector. The equipment used in ELISA
consisted of an automatic microplate washer 120, an automatic dispenser (Autodrop) and
a spectrophotometer (Multiskan MC) from Flow Laboratories (Helsinki, Finland). Micro-
titer plates (96F immunoplates I with certificate) were purchased from Nunc (Roskilde,
Denmark).

Methods

Purification of a -lactalbumins. Native bovine a -La (NB a -La) was prepared and purified
as described by Wal et al., (1995b). Crude H a -La was purified by reverse-phase HPLC (RP-
HPLC) on a C18 Nucleosil 300±5/ET 250 column (Macherey Nagel, Oensigen,
Switzerland). Operating conditions were as follows: column temperature, 40ÊC; flow rate,
1 ml min±1 ; solvent A, 0.1% (v/v) TFA in water; solvent B, 60% (v/v) acetonitrile in solvent
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A. Elution was performed with a linear gradient established from 0 to 35% (v/v) solvent B
in 15 min, 35 to 65% (v/v) B in 25 min and 65 to 100% (v/v) B in 10 min. Absorbance was
recorded both at 214 and 280 nm.

Reduction and S-carboxymethylamidation of bovine a -lactalbumin. Reduction and
S-carboxymethylamidation of B a -La disulfide bridges were performed according to a
method derived from Swenson et al. (1982). B a -La was dissolved in 1.44 M -Tris HCl
buffer, pH 8.6 in presence of a 3 M final concentration of guanidine HCl, 0.13 M -EDTA and
0.12 M -2-mercaptoethanol. After 4 h incubation in the dark at ambient temperature,
1.44 M -iodoacetamide was used for blocking free thiols. The reduced and
S-carboxymethylamided bovine a -La (RB a -La) was dialyzed against distilled water and
lyophilized.

Amino acid analyses. The S-carboxymethyl amido L -cysteine (CMC) content in RB a -La
was quantified as described by Cohen et al. (1989). After acid hydrolysis under vacuum in the
presence of 6 M -HCl for 1 h at 150ÊC in a Pico-Tag station (Waters, Schlieren, Switzerland),
amino acids were derivatized with PITC according to the method of Bidlingmeyer et al. (1984).
The phenyl thiocarbamyl amino acids were quantified by RP-HPLC on a C18 Pico-Tag column
(Waters) using an HP 1050 HPLC system (Hewlett Packard).

Human sera. Twenty serum samples from allergic patients to cow’s milk proteins were
obtained in banks of sera from pediatrics and/or allergy departments of different hospitals in
France. They were selected according to their positive RAST‡  tests to milk proteins, and
particularly to B a -La.

The children/adult partition among these sera was as follows: five were obtained from
2±3-year-old children, ten from 5±12-year-old children and five from adults, i.e. more than
15 years. In this study, there was no sera from infants less than 2-years-old.

Specific IgE to the main milk proteins (whole casein fraction, a -La, b -lactoglobulin and
bovine serum albumin (BSA) were determined according to Wal et al. (1995a). 8/20 sera had
specific anti-B a -La IgE but also anti-whole casein fraction, anti-b lactoglobulin and anti-
BSA IgE. 6/20 sera were IgE reactive to a -La plus two other milk proteins. 4/20 sera reacted
to a -LA and one other milk protein, either whole casein fraction, b -lactoglobulin or BSA.
2/20 sera were only IgE reactive to a -La.

ELISA. Two-site immunometric enzyme immunoassays of specific human IgE was used as
described by Wal et al. (1995b). Briefly, microtiter plates were coated with 100 m l per well
of a 5 m g ml±1 solution of each purified protein a -La in the coating buffer (0.05 M -sodium
carbonate buffer, pH 9, 0.01% NaN3 ). After incubation overnight at ambient temperature,
plates were extensively washed with a 10 mM -potassium phosphate buffer, pH 7.4, 0.05%
Tween-20. Plates were then saturated with 250 m l ELISA buffer (0.1 M -potassium phosphate
buffer, pH 7.4, 0.4 M -NaCl, 1 mM -EDTA, 0.1% human serum albumin and 0.01% sodium
azide) per well, sealed and stored at 4ÊC until use. Plates were washed before use. For direct
ELISA of human-specific IgE, 50 m l of individual human serum at appropriate dilution were
dispensed per well. After incubation overnight at room temperature, plates were washed.
Then, 50 m l of a solution of mouse monoclonal antibody (MAb) anti-human IgE (clone
BS17) labelled with acetylcholinesterase (AChE) were added per well. Following incubation
overnight with MAb±AChE, plates were washed and 200 m l of Ellman’s reagent prepared
according to Ellman et al. (1961) and used as enzyme substrate were dispensed into each
well. Absorbance was measured at 414 nm.

Six sera from individuals not allergic to cow’s milk were used as negative controls.
Specific human IgE quantification as IU (i.e. 2.4 ng ml±1 ) was made by comparison with
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dose±response curves obtained with a total IgE assay performed with known standards of
human IgE (Pharmacia Prist Test Kit), as described by Grassi et al. (1986). The
corresponding immunometric assays of total and specific IgE were performed under identical
conditions: an anti-human IgE MAb (clone LE27), complementary to the BS17-AChE tracer,
was used as capture antibody for the total IgE assay, instead of the immobilized, purified
allergen preparation used for specific IgE determination. In such conditions, no interference
with total nor with specific anti milk proteins IgG has been observed in specific IgE
determination (Wal et al., 1995b).

The background (i.e. non-specific binding) was defined as the mean value obtained on
specific IgE determinations in six different control sera from non-allergic individuals. The
inter-assay standard deviation (SD) was calculated on these six values and the detection limit
of specific anti-a -La IgE was defined as the background plus 3 3 SD.

To confirm direct determinations, human sera with specific IgE to a -La were also tested
by competitive ELISA inhibition, when sufficient volumes of sera were available. Human
sera dilutions were chosen according to the results of direct ELISA, in order to get a
limited but significant signal (ca. 0.5 absorbance unit) in the absence of competitor.
Concentrations of inhibitors ranged from 0.25 to 10 nmol ml±1 . The inhibitors at variable
concentration (30 m l in ELISA buffer) were pre-incubated for 18 h with human sera (30 m l
at appropriate dilution in ELISA buffer) at ambient temperature. Then 50 m l of the mixture
were transferred into the allergen/antigen-coated wells. The amount of tracer bound in
absence of competitors (B0 ) was determined by using an incubation mixture containing
30 m l of ELISA buffer instead of sample and 30 m l of different human sera. B0 can also
be considered as a control that corresponds to the binding in presence of an irrelevant,
non-a -La-related, antigen, e.g. human serum albumin at a 15 nmol ml±1 concentration. The
inter-assay SD on B0 was calculated on six values. All other steps of the competitive
ELISA inhibition were performed as reported above. The results of competitive inhibition
were expressed as % inhibition, calculated as (1±B/B0 3 100) where B and B0 represent
the absorbance measured on the bound fraction in the presence or absence of a -lactalbu-
mins competitors, respectively. Inhibitions were considered to be significant when the
differences between B and B0 were higher than 3 3 SD on B0 , which corresponds to a
ca. 15±20% inhibition.

RESULTS

After purification, each allergen NB a -La, RB a -La and H a -La was eluted as a single
homogenous peak in RP-HPLC (result not shown). The CMC content of RB a -La quantified
by amino acid analysis was 7.58 residues CMC mol±1 which indicated a reduction rate of the
disulfide bonds of 95%, confirming a complete reduction of the four disulfide bridges.

Sera were tested for their content of specific IgE to NB a -La, RB a -La and H a -La using
direct ELISA. No signal (e.g. specific IgE against any of the allergens) was detected in
control sera from non-milk allergic individuals. The results of this screening on 20 allergic
patients are reported in Table 1. In each case, specific IgE response was quantified as IU ml± 1

as described in methods. The detection limit for specific IgE directed against NB, RB or H
a -La slightly varied depending on immobilized antigen. It was determined from the non-
specific binding measured with negative control sera (see Methods) and could be estimated
to 0.1 IU ml±1 . A great variability was observed in specific IgE titers among these sera. No
relationship had been evidenced between mono- or multi-sensitization of the allergic patient
sera to B a -La only or to B a -La and other milk proteins, and the specificity and intensity
of IgE response towards NB, RB and H a -La. Indeed, some of them exhibited a low (i.e. <
1 IU ml±1 ) although significant anti-NB a -La IgE levels, e.g. sera 10, 15 and 18. Two sera
(6 and 13) were particularly distinguishable from this panel according to their high specific
IgE contents to NB a -La (32 and 33 IU ml± 1 , respectively). This confirmed that B a -La is a
very strong allergen for some individuals.
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Using reduced B a -La as immobilized allergen, all sera gave a significant IgE response
although sometimes with much lower IgE levels than with the native protein. Since the
majority of human sera contained higher specific IgE titers to the native a -La, it is a clear
evidence that the three-dimensional structure of B a -La is an important feature in its
allergenicity. However, nine out of 20 sera had significant anti-RB a -La IgE titers higher than
1 IU ml± 1 . Similar or higher IgE binding capacity to reduced a -La than to native protein was
observed in sera 2, 4 and 6. These data suggest the existence of highly reactive sequential
epitopes besides conformational epitopes in B a -La.

The reactivity of these sera to H a -La was thus also investigated and all gave a significant
IgE response. However, the IgE titers to H a -La were always much lower than those to NB
a -La and ranged between 6 to 71% of the IgE response reached with NB a -La. The
comparison of IgE responses to H a -La and RB a -La showed that 10 sera had a better
recognition of H a -La than of RB a -La and gave an IgE response one to three times higher
to H a -La than RB a -La. On the other hand, half of the sera recognized the denatured B a -La
better than the native human homologous counterpart.

To confirm results from direct determinations, sera containing IgE to the different a -Las
were also analyzed by competitive ELISA inhibition when sufficient volumes of sera were
available. Therefore, only six sera (1, 4, 5, 6, 13, 20) were used to perform indirect ELISA
using NB a -La as immobilized allergen. A total (e.g. 100%) IgE binding inhibition to
immobilized NB a -La was obtained with all sera tested when using a NB a -La solution
at 1 nmol ml± 1 concentration as inhibitor. This showed a clear competition between soluble
and immobilized allergen, meaning that the IgE antibodies were really specific for NB
a -La. This confirmed the direct ELISA results. Once again all controls, e.g. with non-
allergic sera or with a non-a -La related, irrelevant antigen used as inhibitor, gave negative
results.

TABLE 1. Specific IgE response (IU ml±1) to the native bovine,
reduced bovine and human a -lactalbumins in direct
ELISA assay. Detection limit: 0.1 IU ml±1

Serum
number

Specific IgE (IU ml±1)

Native
bovine a -La

Reduced
bovine a -La

Human
a -La

1 13.0 1.3 0.9
2 2.7 3.4 0.9
3 11.0 0.4 1.2
4 1.5 2.4 0.4
5 3.0 1.0 0.4
6 32.0 31.0 3.5
7 1.3 0.8 0.9
8 2.6 0.25 0.35
9 1.3 0.5 0.5

10 0.75 0.4 0.45
11 9.0 0.8 2.8
12 9.0 4.5 3.2
13 33.0 2.2 3.1
14 3.0 0.3 0.2
15 0.5 0.2 0.2
16 8.0 3.5 0.75
17 2.0 0.25 0.45
18 0.75 0.3 0.5
19 6.0 1.2 3.7
20 12.0 0.25 1.7
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Using RB a -La as competitor, no significant inhibition could be observed at
concentrations up to 10 nmol ml± 1 in sera 13 (result not shown) and (Figure 1(c)). This agreed
with direct ELISA where low amounts of specific anti-RB a -La IgE were found in these two
sera (Table 1). In serum 6, the IgE binding inhibitions were identical using either NB a -La
or RB a -La as competitors at 1 nmol ml± 1 . This was in correlation with the similar IgE titers
in this serum to the two forms of B a -La (Table 1). High inhibitions of IgE binding to NB
a -La by RB a -La were also observed with serum 4 (Figure 1(a)) and with serum 5 (Figure
1(b)). Same observations were made with H a -La as competitor. Indeed, the IgE binding to
NB a -La was either not (serum 4) or highly inhibited (serum 5 and 20) by soluble H a -La
at 1 nmol ml± 1 as shown in Figures 1(a), (b) and (c), respectively. However, when using either
RB a -La or H a -La as competitors, the % inhibitions reached were always lower than those
obtained with NB a -La. In both cases a maximum 60% inhibition was completed at a 1 nmol
ml±1 RB a -La or H a -La concentration and remained constant even when the competitor
concentration was increased up to 10 nmol ml± 1 . This suggests that among the population of
anti a -La(s) polyclonal IgE antibodies, reacting with B a -La and/or H a -La, the binding to
H a -La involves IgE of lower affinity than the binding to B a -La. Moreover, as shown in
Figure 1(c), the IgE binding to immobilized BN a -La was more inhibited by H a -La than by
RB a -La. These observations from competitive inhibition experiments entirely agreed with
direct ELISA results (Table 1).

DISCUSSION

The relationship between structure and IgE binding capacity on a -La was investigated using
20 sera from cow’s milk protein allergic patients. All of these sera came from patients who
presented clinical symptoms of allergy to cow’s milk proteins and contained significant
amounts of specific anti-NB a -La IgE. Indeed B a -La has already been shown to be a major
milk allergen and the cut-off for a positive result in specific IgE determination is in good
accordance with what was originally described (Wal et al., 1995a). As already noticed, using
acetyl cholinesterase as a label increases the sensitivity of the determination compared to
other classical enzyme immunoassays, which also allows working on minute amounts of
serum. An IgE titer of 0.1 IU ml± 1 thus corresponds to a very strict criterion of positivity and
is highly significant. Three different molecular forms of a -La were used as models in order
to look at the importance of three-dimensional structure, as well as the incidence of amino
acid sequence divergence, on IgE binding capacity. The influence of spatial conformation
was evidenced by comparison between the reference native B a -La and the denatured form
obtained by disulfide bridge reduction (RB a -La). Because of low degree of divergence with
NB a -La, H a -La was also tested for IgE binding capacity.

All selected sera also reacted with both denatured protein (RB a -La) and H a -La but
the IgE levels reached were generally lower than with NB a -La. The results on IgE
binding in direct ELISA showed the presence of sequential epitopes exposed after protein
denaturation besides the pre-eminent conformational epitopes in NB a -La. For three sera
(2, 4, 6), the IgE responses towards these sequential epitopes were of the same order of
magnitude or higher than those registered with NB a -La. It means that in this last case,
sequential epitopes were particularly reactive. Indeed we have already shown that IgE
binding to NB a -La and to large peptides such as sequence (17G-K58) confirmed the
importance of conformational epitope(s) but a clear evidence for IgE binding to smaller
peptides has also been reported. Moreover, in some sera, reduced and S-alkylated peptide
(59I-K94) was shown to exhibit a similar or higher IgE binding capacity than the native
corresponding fragment, suggesting the existence of sequential epitope(s) (Maynard et al.,
1997). Such a high specificity towards a denatured protein or towards denatured parts of
the protein probably reflects a specific mechanism of food allergy. Stimulation of the
immune system and IgE response induction take place after gastric and intestinal digestion
of NB a -La then absorption and processing of the fragments. The immuno-stimulating
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FIG. 1. Competitive inhibition ELISA tests: Increasing concentrations of native bovine a -La ( j ), reduced
bovine a -La ( h ) and native human a -La (m ) were pre-incubated with a) serum number 4, b) serum
number 5 and c) serum number 20 in order to inhibit the IgE binding to immobilized native bovine
a -lactalbumin.
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fragments could therefore be different to those present and exposed in the native structure.
Despite lower IgE levels, all sera gave also significant responses to H a -La. This cross-
reactivity could be related to the high degree of sequence homology between B a -La and
H a -La (Figure 2) (Findlay & Brew, 1972). The 20 allergic patients to B a -La thus
presented a polyclonal IgE antibody response with a high variability both in specificity and
affinity as evidenced by direct and inhibition ELISA. A contact with B a -La or with
fragments derived from B a -La after digestive processes may have induced production of
specific IgE to parts of this protein presenting high homology to corresponding human
ones. Then, a great part of the polyclonal IgE populations could cross-react with H a -La.
Moreover we have recently demonstrated that a high IgE binding capacity was associated
with sequence (17G-K58) and to the C-terminal end (109A-L123) of B a -La which were
recognized with a high frequency and accounted for a significant part of the whole
molecule allergenicity. Indeed these two peptides (17G-K58) and (109A-L123) have a very
high homology (i.e. 81 and 87%, respectively) with the corresponding human sequences
(Maynard et al., 1997). This means that a high degree of homology with the human
corresponding sequence does not seem to a priori prevent a protein or derived fragments
from having an allergenic potential or at least from an immunological cross-reactivity with
IgE. However, competitive inhibition ELISA tests demonstrated that at most, 60% of the
IgE binding to immobilized NB a -La could be inhibited by soluble H a -La, while a 100%
inhibition was observed using soluble NB a -La, which suggests that IgE affinity to H a -La
was very likely to be smaller than to NB a -La. The presence of such low affinity specific
IgE may be not related to clinical symptoms and thus cannot lead to relevant conclusions
on the allergenic risk in groups at risk such as nursing women and their infants. Moreover,
even if the requisite amino acid side chains are present, slight alterations in their
environment may be sufficient to reduce IgE binding capacity and thus allergic potential.
The X-ray crystal structures (at a 1.7 ‹ resolution) of B a -La and H a -La and a -La are
available from the Protein Data Bank (Brookhaven National Laboratory). Alignment of
primary structures according to Huang & Miller (1991) and comparative protein modeling
using Swiss-PdbViewer (Guex & Peitsch, 1997) showed the following main features. Both
structures are very similar and cannot be distinguished easily. There is 76% homology
between the two proteins. Of the amino acid residues 30% are accessible to solvents but
this proportion increases to 50% in regions where residues differ indicating that
divergences are not randomly located but rather concentrated at the surface of the
molecule. Concerning the alignment of the a -carbon (C a ) atoms of the peptide chain, four
regions appear to present a divergence (i.e. a distance significantly higher than 1.7 ‹)
between the two a -La(s). These are sequences (11±15), 46, (63±67) and 114. The most
divergent one is sequence (11±15) in which the distance between the Ca of aspartyl
residues 14 of the two a -La(s) is 3.14 ‹ and 4.7 ‹ between the two lateral chains.
Actually, the amino acid sequence between B a -La and H a -La is different only in region
(8±11) (Figure 2) but as a consequence, this divergence also affects sequence (11±16)
where amino acid residues are the same but where lateral chains are thus significantly
shifted. This also occurs for regions 46 and (63±67). Although there are some substitutions
in the amino acid sequence (Figure 2), three-dimensional conformations are very close in
both B a -La and H a -La. However, small divergences due to amino acid substitution and
shifts in Ca position add up and may accentuate their effects on lateral chain location of
subsequent amino acids. Therefore, they can affect interactions between these two different
domains, i.e. 46 and (63±67), which are spaced on the primary sequence but are brought
close together by the folding of the molecule. Indeed, in H a -La, the distance between C a
residue 46 and 65 is 7.7 ‹ but it is 11.3 ‹ in B a -La. So, no major nor even any visible
difference occurs in the overall tertiary structure of the whole H a -La molecule when
compared to the B a -La. No major difference even occurs when considering individually
and separately the conformation of each region of the molecule where amino acid
sequence diverges. However, divergences can be expressed and concentrated in other parts
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FIG. 2. Comparison of the amino acid sequences of human and bovine a -lactalbumins. Differences in amino
acid residues are indicated in bold. Chemically similar residues are underlined.
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of the molecule and particularly affect interaction between domains which can slightly but
significantly alter the presentation of preferential sites of binding of IgE.

On the other hand, an eventual specific genetic regulation and a major histocompatibility
complex restricted response may prevent the induction of an IgE response to homologous
(human) a -La in atopic patients as demonstrated in the mouse by Horiuchi et al. (1990). To
our knowledge, no case of anaphylactic shock triggered by H a -La in B a -La hyperreactive
patients has been reported. The response levels and the likely low IgE affinity to H a -La
observed in our study only reflects immunological cross-reactivity and could not be related
to an eventual induction of specific anti-H a -La IgE synthesis. Immunological cross-
reactions with IgE binding are often observed between more or less related proteins. They
may involve low affinity specific IgE and cannot always be related to clinical symptoms and
thus cannot lead to relevant conclusions on the allergenic risk in groups at risk such as
nursing women and their infants. The clinical or pathological significance of such in vitro
immunological cross-reactions should be confirmed by in vivo studies such as skin tests and
provocation tests. However, available antibodies exhibiting a restricted specificity make it
possible to locate particular antigenic/allergenic sites on the molecule. These properties of
IgE cross-reactivity are therefore of great interest for a study of the relationship between
structure, IgE binding capacity and allergenicity in a -La (s) but also as characteristics of
other food allergens.

REFERENCES

BIDLINGMEYER, B. A., COHEN, S. A. & TARVIN, T. L. (1984) Rapid analysis of amino acids using pre-column
derivatization, Journal of Chromatography, 336, 93±104.

BREW, K., VANAMAN, T. C. & HILL, R. L. (1968) The role of a -lactalbumin and the A protein in lactose
synthetase: a unique mechanism for the control of a biological reaction, Proceedings of the National
Academy of Sciences, 59, 491±497.

BREW, K., CASTELLINO, F. J., VANAMAN, T. C. & HILL, R. L. (1970) The complete amino acid sequence of
bovine a -lactalbumin, Journal of Biological Chemistry, 245, 4570±4582.

BRODBECK, U., DENTON, W. I., TANAHASHI, N. & EBNER, K. E. (1967) The isolation and identification of the
B protein of lactose synthetase as a -lactalbumin, Journal of Biological Chemistry, 242, 1391±1397.

BROWNE, W. J., NORTH, A. C. T., PHILLIPS, D. C., BREW, K., VANAMAN, T. C. & HILL, R. L. (1969) A possible
three-dimensional structure of bovine a -lactalbumin based on that of hen’ s egg-white lysozyme, Journal
of Molecular Biology, 42, 65±86.

COHEN, S. A., MEYS, M. & TARVIN, T. L. (1989) The Pico-Tag method, A Manual of Advanced Techniques for
Amino Acid Analysis. Waters Chromatography Division, Millipore Corporation, Milford, MA, USA.

ELLMAN, G. L., COURTNEY, K. D., ANDRES, V. & FEATHERSTONE, R. M. (1961) A new and rapid colorimetric
determination of acetylcholinesterase activity, Biochemical Pharmacology, 7, 88±95.

FINDLAY, J. B. C. & BREW, K. (1972) The complete amino-acid sequence of human a -lactalbumin, European
Journal of Biochemistry, 27, 65±86.

GRASSI, J., DIDIERLAURENT, A. & STADLER, B. M. (1986) Quantitative determination of total and specific
human IgE with the use of monoclonal antibodies, Journal of Allergy and Clinical Immunology, 77,
808±822.

GUEX, N. & PEITSCH, M. C. (1997) Swiss-Model and the Swiss-PdbViewer: An environment for comparative
protein modeling, Electrophoresis , 18, 2714±2723.

HORIUCHI, T., YAGI, J., ASANO, Y. & TADA, T. (1990) Epitope-specific regulation of the antibody response
against alpha-lactalbumins in the mouse, International Archives of Allergy and Applied Immunology, 92,
408±415.

HUANG, X. & MILLER, W. (1991) A time-efficient, linear-space local similarity algorithm, Advances in
Applied Mathematics , 12, 337±357.

JOHKE, T., HAGEMAN, E. C. & LARSON, B. L. (1964) Some immunological relationships of a -lactalbumin and
b -lactoglobulin in milks of various species, Journal of Dairy Sciences, 47, 28±32.

KING, T. P. (1976) Chemical and biological properties of some atopic allergens, Advances in Immunology, 23,
77±105.

MAYNARD, F., JOST, R., & WAL, J. M. (1997) Human IgE binding capacity of tryptic peptides from bovine
a -lactalbumin, International Archives of Allergy and Immunology, 113, 478±488.

PRIEELS, J. P., POORTMANS, J., DOLMANS, M. & LEONIS: J. (1975) Immunological cross-reactions of
a -lactalbumins from different species, European Journal of Biochemistry, 50, 523±527.

TANAHASI, N., BRODBECK, U. & EBNER, K. E. (1968) Enzymic and immunological activity of various B
proteins of lactose synthetase, Biochimicaet Biophysica Acta, 154, 247±249.

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^2959L.491[aid=287872,nlm=5238979]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9258^28^29245L.4570[aid=831233,nlm=5532231]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9258^28^29242L.1391[aid=287477,nlm=6023212]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-2836^28^2942L.65[aid=831234,nlm=5817651]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-2952^28^297L.88[aid=629353]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2927L.65[aid=831235,nlm=5049057]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0091-6749^28^2977L.808[aid=831030,csa=0091-6749^26vol=77^26iss=6^26firstpage=808,nlm=3519735]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0173-0835^28^2918L.2714[aid=169646,csa=0173-0835^26vol=18^26iss=15^26firstpage=2714,nlm=9504803]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0065-2776^28^2923L.77[aid=831237,nlm=793359]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1018-2438^28^29113L.478[aid=831238,csa=1018-2438^26vol=113^26iss=4^26firstpage=478,nlm=9250594]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2950L.523[aid=831239,nlm=803446]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^2959L.491[aid=287872,nlm=5238979]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-2836^28^2942L.65[aid=831234,nlm=5817651]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0014-2956^28^2927L.65[aid=831235,nlm=5049057]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0091-6749^28^2977L.808[aid=831030,csa=0091-6749^26vol=77^26iss=6^26firstpage=808,nlm=3519735]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0065-2776^28^2923L.77[aid=831237,nlm=793359]


IgE CROSS-REACTIONS OF a -LACTALBUMINS 189

SWENSON, R. P., WILLIAMS, C. H., MASSEY, V., RONCHI, S., MINCHIOTTI, L., GALLIANO, M. & CURTI, B. (1982)
The primary structure of D-amino acid oxidase from pig kidney: I. Isolation and sequence of the tryptic
peptides,  Journal of Biological Chemistry, 257, 8817±8823.

WAL, J. M., BERNARD, H., CREMINON, C., HAMBERGER, C., DAVID, B. & PELTRE, G. (1995a) Cow’s milk
allergy: the humoral immune response to eight purified allergens, in Advances in Mucosal Immunology
(MESTECKY, J., Ed.), Plenum Press, New York, pp. 879±881.

WAL, J. M., BERNARD, H., YVON, M., PELTRE, G., DAVID, B., CREMINON, C., FROBERT, Y. & GRASSI, J. (1995b)
Enzyme immunosassy of specific human IgE to purified cows’  milk allergens, Food and Agricultural
Immunology, 7, 175±187.

WARME, P. K., MOMANY, F. A., RUMBALL, S. V., TUTTLE, R. W. & SCHERAGA, H. A. (1974) Computation of
structures of homologous proteins a -lactalbumin from lysozyme, Biochemistry, 13, 768±782.

http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0021-9258^28^29257L.8817[aid=831240,nlm=6124542]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0954-0105^28^297L.175[aid=831050]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-2960^28^2913L.768[aid=831241,nlm=4855768]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0954-0105^28^297L.175[aid=831050]

