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ll e,studied the binding activities ofIgE and IgG antibodies.in.patients with allergy to cow milk proteins, against
dtllerenl d-rcsetn preparaltons: a< asein.lrealed.with. urea, hvdrochloric acid. sodium hydroxide,- or sodiunl dodecyl
:ulfate (SDS): or heat-denatured a-casein..The binding acrivities oltgE and IgG ànib;die; i;;i;;e denatured a-
cusetn preparations were compared w'ith those to native a-casein. Thè bindini activities of IgE and IgG antibodies ro
,!i:,r,!:!!,y:".L:-cusein. preparations were similar to those to native a-caseii atthough t"heLindiig àctirities of IgG
0tlltoodtes to lhese denalured d-rcsein preparations were relatively heterogeneous compared wilh lhose of IgE" "
antibodies. Since modilications of a-caseii did not.a.her.the abitiíy ofo-càsein to rrori ilili mlsi'o"iitàh1"3, kn ana
IgG antibodies to d-casein in sera from parients wùh allergv preJèrentiall!- bind rc th, oni.tigiiii ,ú"r^inont,
a.\sociated with primary protein suuctures.
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INTRODUCTION
N,f ilk is an important nutritious food
for a growing child's diet, especially
ciuring infancy; however, it has also
been implicated in gastrointestinal,
cutaneous, and respiratory hyper-
sensitivity reactions .''' IgE antibod-
ies to milk proteins must always
play some important roles in induc-
tion of milk allergy.3 IgG antibodies
to food have been found in both
fbod-allergic subjectsa's and healthy
children,6 and evidence for involve-
ment of the IgG class of immuno-
giobulin in food sensitivity is much
less convincing.

In cow milk, casein, p-lactoglob-
ulin, a-lactalbumin, bovine serum
;.rlbumin, and bovine immunoglob-
ulins are major allergens related to
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milk hypersensitivity.T.8 Among
them, caseins are the most abun-
dant, forming 80% v,,t/wt of the
milk proteins.T'8 Protein allergens
have numerous epitopes on their
molecular surfaces. Protein anti-
genic determinants are divided into
two categories, sequential and con-
formational, depending on whether
the primary sequence or the three-
dimensional conformation ap-
peared to contribute most to bind-
ing. Generally, antibodies recognize
the overall confìguration of anti-
gens, rather than their chemical
compositions. Much less is known
regarding the antigenic structure of
casein recognized by IgE or IgG an-
tibodies in sera of patients with milk
allergy.

In this study, we undertook iden-
tification of reactivities of IgE and
IgG antibodies in patients with al-
lergy to sequential or conforma-
tional antigenic determinants of
casein using physically and chemi-
cally denatured d-casein.

MATERIAL AND METHODS

Patients
Sera were obtained from l l Japa-
nese patients (eight boys and three
girls) with cow milk allergy display-

ing clinical symptoms of atopic der-
matitis, diarrhea, vomiting, or ana-
phylactoid shock after ingesting cow
milk. They were diagnosed on the
basis of food elimination and chal-
lenge tests,e and had positive RAST
scores for cow milk protein class 3-
4. They ranged in age from 2 to ll
years (mean 5.4 years). No patient
had been treated with systemic cor-
ticosteroids or desensitization ther-
apy.
Antigens
Alpha-casein was purchased from
Sigma (St. Louis, MO, USA) and
was used without further purifica-
tion.
D enaturation of a-C asein
Denaturation of a-casein was per-
formed by the following five proce-
dures: ( I ) a-casein solution (7 .3 mg/
mL of phosphate buffered saline:
PBS, pH 7 .4\ was heated at 100 'C

for three minutes. (2) Ten microli-
ters of a-casein solution ( l0 mg/ml
of distilled water) was incubated at
room temperature overnight in al-
kaline condition (pH ll.2) by ad-
dition of 50 pL 3M NaOH. (3) Ten
microliters of l0 mg/ml of a-casein
solution was treated with 5 mL
03% sodium dodecyl sulfate (SDS)
for five hours at room temperature.
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(4) a-Casein solution ( l5 mglml of
8M urea) was incubated for two
hours at 40 "C in the presence of 8M
urea. (5) Ten microliters of a-casein
solution ( l0 mglml of distilled
water) was incubated at room tem-
perature overnight in acid condition
(pH 3.0) by addition of 110 pL of
2N hydrochloric acid.

Sodium Dodecyl
S ulfat e- P oly ac ryl ami d e G el
E lect rophore s i s Analy s i s
Sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-
PAGE) was performed by Laem-
mli's methodro with some modi-
frcations. The samples (10 LLg of
protein/lane) were placed on a
SDS-polyacrylamide l0% to 15%
gradient gel (Daiichi Pure Chemi-
cals LTD, Tokyo, Japan). After
electrophoresis, the gel was stained
with Coomassie brilliant blue R-
250. Molecular weight protein
standards (97.4, 66.2, 42.7, 31.0,
21.5, and I 4.4 kD) were purchased
from Bio-Rad Laboratories (Rich-
mond, Calif., USA).

ELISA for Anti-a-Casein IgE, and
IgG Antibodies
Quantitative immunoassay for IgG
and IgE antibodies for a-casein was
performed by ELISA, using a mod-
ihcation of the technique described
previously.rr The binding activities
of IgG and IgE antibodies to a-
casein reached a plateau when the
plates were coated with more than
100 pg/mL native a-casein. Dispos-
able polystyrene plates with a flat-
bottomed well (NUNC, Roskilde,
Denmark) were coated by incuba-
tion with 100 pL 100 pglml native
or denatured a-casein in PBS over-
night at 4'C. Alpha-casein prepa-
rations used in these experiments
were diluted with PBS when used
for coating the plates. The final pH
of the a-casein preparation solution
for coating the plate was 7.5 to 9.Q.
Sera from patients with milk allergy
were tested at l:20 dilution with
PBS containing 0.1% gelat in and
0.05% Tween-20, and incubated
overnight at 4 "C. An alkaline phos-

phatase-conjugated goat anti-hu-
man IgG antibody (Sigma) or an
alkaline phosphatase-conjugated
goat anti-human IgE antibody (Kir-
kegaard & Perry Laboratories Inc,
MD, USA) was added to each well
to a f,rnal dilution of l:1000 or
1 :800, respectively. The background
of this assay was determined by use
of a plate coated with 0.3% gelatin
instead of a-casein preparations and
was subtracted from all data. The
background obtained by the detec-
tion reagent on different a-casein
preparation-coated plates, with test
samples omitted, showed no signiÈ
icant difference from the back-
ground of gelatin-coated plates. The
binding activity of antibodies to the
denatured a-casein is expressed as a
percentage of binding compared to
the binding activity to native a-ca-

sein. The percent binding activity
was calculated when the mean ab-
sorbance of duplicate samples for
native a-casein was higher than
0.65. The background optimal den-
sity (OD; values were lower than 0.1
in all the ELISAs.
Statistical Analysis
Statistical evaluation of the data was
performed using Student's I test.

RESULTS AND DISCUSSION
There is little infbrmation about B
cell epitopes on casein recognized
by IgE or IgG antibodies in sera
from patients with milk allergy. In
order to evaluate the d-casein pro-
tein structures reactive with IgE and
IgG antibodies of the patients, we
studied the binding activities of an-
tibodies to denatured a-casein by
calculating the percentage of anti-
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Figure l. Percent binding activities of IgE antibodies in sera from patients with allergy to cow

milk to denatured a-casein. The binding activities of IgE antibodies to each denatured a-casein
were measured by ELISA and are expressed as the percentage of antibody binding to native a-
casein, taken as 100%. Native a-casein was denatured'as described in "Materials and Methods."
The assay was performed in duplicate. The mean (+$p) of absorbance readings produced by the
sera to native a-casein is l. I ó + 0.20.
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body binding to native a-casein.
taken as 100%.

The binding activities of anti-a-
casein antibodies of IgE and IgG
classes in sera of I I patients to a-
casein denatured by the five treat-
ments (l-5) were compared with
those to native a-casein (Fig I and
Fig 2). The percent binding activi-
ties to denatured a-casein of IgE
antibodies were almost identiòal
with those to native a-casein. Like-
wise, the binding activities of IgG
antibodies to a-casein were similar
to those to native a-casein. In eel
electrophoresis using l0% to ll%
polyacrylamide gel (PAGE) in SDS,
native a-casein and all preparations

of denatured a-casein similarlv dis-
played two bands with molecular
weights of l9 and 26 kD, the former
corresponding to K-casein and the
latter corresponding to a,-casein
(Fig 3). Alpha-casein is fractionated
into ar-casein and ,(-casein.r2 These
results indicate that degradation did
not occur by these treatments and
that the primary structure of a-ca-
sein was retained even after treat-
ment. The caseins contain prolyl
residues, which interrupt a-helicàl
and B-sheet structures but produce
a stable poly-l-proline helical struc-
ture.'' The caseins are, therefore,
relatively small, amphipathic, ran-
domly-coiled, unstructured, open

o(142)  j (198)

molecules.r2 On the other hand, the
binding activities of IgE and IgG
antibodies, especially IgG, of some
patients to denatured a-casein diÈ
fered considerably from those to na-
tive a-casein, strongly suggesting
that denaturation of a-casein mod-
if,res the conformational structure of
casein. Accordingly, the binding of
IgE and IgG antibodies to modified
a-cÍrsein demonstrates that these
bindings are preferentially associ-
ated with the sequential protein
structure.

Recently, the existence of immu-
nodominant IgE determinants was
suggested by studies of codfish Gad
cl and hazelCor aIr3'ra which appear
to elicit IeE that binds predomi-
nantly to discrete peptides. In addi-
tion, we also demonstrated that ep-
itopes of OVA recognized by IgE
antibodies diflered from those bv
IgG or IgA antibodies.rr In contrasi,
no diflerences in specificities were
found between the binding of IgE
and IgG antibodies to denatured a-
casein; even the binding activities of
IgG antibodies to these denatured
a-casein were relatively heteroge-
neous compared with those of IgE
antibodies. It is therefore not yet
clear whether sequential antigenic
determinants of a-casein recognized
by IgE antibodies difler from those
recognized by IgG antibodies.

In conclusion, IgE and IgG anti-
bodies of patients with milk allergy
predominantly bind to sequential
antigenic determinants of a-casein.
The primary structures of casein
have been defined.8 These findings
suggest that antigenic determinants
recognized by IgE and IgG anribod-
ies of patients can be determined by
using synthetic peptides corre-
sponding to a-casein. Elucidation of
epitopes on molecules recognized
by antibodies are important for
studies concerning the pathological
role of antibodies in the induction
of allergy.
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Figure 2. Percent binding activities of IgG antibodies in sera from patients wirh allergy to cow

milk to denatured a-casein. The binding activities of IgG antibodies to denatured a-casern were
measured by ELISA and are expressed as the percentage of antibody binding to natrve a-casein.
taken as 100%. Native a-casein was denatured as described in "Materials and Methods." The
assay was performed in duplicate. The mean (+SE) of absorbance readings produced by the sera
to native a-casein is 0.93 + 0.07.
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Figure 3. SDS-PAGE analysis of native a-casein and denatured a-casein. Native a-casein was
denatured as described in "Materials and Methods."
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