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The effect of heat treatment on the IgE binding ability of g-lactoglobulin, as pure protein or in whole
milk, was studied by inhibition of IgE antibody binding using FEIA-CAP inhibition. A slight but significant
decreased IgE binding was seen between unheated and heat-treated -lactoglobulin solution at 74
°C (ICsp = 2.03 and 3.59 ug/mL, respectively, p = 0.032). A more pronounced decrease was found
at 90 °C with an ICsg of 8.45 ug/mL (p = 0.014). The inhibition of IgE binding of milk after heat
treatment at 90 °C was also significantly decreased (p = 0.007). However, at all heat treatments, a
similar total amount of IgE antibodies could be inhibited at a sufficiently high concentration of
p-lactoglobulin. The inhibiting ability of s-lactoglobulin was significantly impaired in some fermented
acidified milk products such as yogurt as compared to that in nonfermented milk (p < 0.001). There
was only a small difference of IgE binding between the native forms of genetic variants A and B.
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INTRODUCTION as a dimer, each subunit having a molecular mass of 18 kDa
It is important to gain better knowledge of the influence of (162 residues). The three-dimensional structure of native BLG,

raw material composition and process design on the structureWich belongs to the lipocalin family, has been thoroughly studied
of food allergens and the allergenic potential of food products (18—20). Heat effects on cow’s milk are to a large extent caused
(1). Itis frequently mentioned in the literature that heat treatment PY the behavior of BLG during denaturation and aggregation
decreases the allergenicity of cow's milR«5). Previous (21, 22). Thus, pure BLG solutions were considered a good
experiments with guinea pigs showed promising reseksq), initial model system for this study.
but subsequent studies show that heat treatment is not sufficient There are a number of modifications at different structural
to make whey protein or milk formulas hypoallergenic and that, levels during heat denaturation of BL@J). Fast changes in
for example, proteolytic degradation is also needEa12). the environment of aromatic amino acids occur and become
There is a connection between the level of specific IgE irreversible at 6570 °C, such as irreversible modification of
binding to an allergen and the patient’s reaction. Thus, Sampsonthe tertiary structure due to disulfide bond formation. At
and Ho (13) found that a certain level of IgE could predict an temperatures-40 °C, the free SH group (Cys 121) becomes
allergic reaction with 95% certainty, but Osterballe and Bind- accessible (24).
slev-Jensen (14) could not link the IgE antibod)_/ Ievels.to the  BLG exhibits a complex unfolding mechanism during dena-
amount of allergen required to evoke an allergic reaction. In tyration, comprising at least two other species different from
egg-allergic children_with low IgE C(_)ncentration egg white was the native and completely denatured unfolded st@8s Dimer
tolerated after cookingl®). Thus, it may be concluded that  gissociation is a necessary step for a sequential polymerization,
even if heat treatment does not make the allergen totally and cohesion of hydrophobic patches is the major driving force
nonallergenic, it can fstllllbe qf importance to quantify the degree o, aggregation (26). However, the denaturation process as
of decreased IgE binding in a heat-treated allergen, such assnown in the calorimetric studies is dependent on concentration
cow’s milk. _ ) _ and heating rate2(?). Heat-stable dimers, trimers, and tetramers
f-Lactoglobulin (BLG), as well as all of the major proteins o g| G have been observed at all stages of denaturafién (
in milk, are reported to be allergenit, 17). It exists naturally 29). These experiments prove the existence of oligomers and

- - ) larger aggregates as necessary intermediate stages in heat-
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These variants behave diﬁerently in heat-induced denaturation]'ab|e 1. Specific |gE against Cow’s Milk Proteins in Serum Pools
and aggregation processd®(22). This might be expected to

cause differences in allergenicity during heating. serum specific IgE (kUIL)

The antigenic and allergenic epitopes of BLG have been pool caseins  S-lactoglobulin - o-lactalbumin -~ BSA  lactoferrin
extensively analyzed3@—37). Sel6 et al. (35) identified three 1 22.1 8.0 5.7 0.8 0.4
major allergenic epitopes and also found a number of other 2 132 4.6 4.2 2.9 28

epitopes scattered along the BLG sequence. They also pointed
at the great variability and heterogeneity of the human IgE ) )
response against BLG. Thermal processing not only takes away The serum samples were pooled, in order to have consistent samples
epitope structures, it may also create new on@8).( A for repeated testing, and used in the subsequent antibody inhibition
combination of heat treatment and proteolysis leads to digestioneXpe”memS' Serum pool 1. included samples from 25 patients, aged

- . h . from 3 months to 42 years. Serum pool 2 comprised samples from 54
of transiently exposed regions. This leads to the destruction of patients, aged from 3 months to 51 years. The single serum samples

most epitopic sites (39). . used in the pool were 0:42.5 mL in volume (total volumes of pools

The denaturation of whey proteins can be followed by 1 and 2 were 23 and 35 mL, respectively). From their specific milk
changes in antibody binding@). In a recent study, Clement et  IgE antibody concentrations, no single patient was expected to dominate
al. (41) found two epitopes characteristic of the native BLG the final inhibition pattern of the pools. In addition, individual sera
structure. By means of monoclonal antibodies Kaminogawa et from patients having a clinical diagnosis of allergic reactions to cow’s
al. (42) were able to monitor local conformational changes Milk, 13 adults and 20 children, were collected. Three of the children
during denaturation. A set of murine monoclonal antibodies had developed a tolerance toward milk when the specimens were taken.
against BLG B could discriminate between a fresh solution and ' "€ SPecific IgE antibodies toward the major cow's milk allergens were
a solution that had been stored for 2 days a€4and between deﬁgg‘gﬂ?gﬁ;ﬁ;’ gftscg;irtijﬁgdo:oéI'_rg'i\;:d;?(;j;?gf 52 i
B.LG _that had been pyrlfled by salt fractlonatl_on and by g_el were treated with heat, at different degrees and for different times, in
filtration (43). Negroni et al. (4,4) dgveloped Immun.ometrlc. a water bath (Lauda M3). After heat treatment, the samples were cooled
assays based on monoclonal antibodies that are specific to nativgy 25 °c. The protein concentrations were 0.2 and 1.6 mg/mL in
and heat-denatured BLG. experiments with serum pools 1 and 2, respectively.

The influence of individual epitopes on the clinical manifesta-  IgE Binding Inhibition Studies. Inhibition of IgE binding was done
tion of allergy is still an open questiod§), but there mightbe  mainly as described by Yman et a#8) using the Pharmacia CAP
interesting differences between cases with transient and persissystem FEIA. The protein was dissolved in PBS, pH 7.4. The samples

tent allergy toward cow’s milk connected with conformational were divided into two parts, one that was left untreated and the other
and sequential epitopes (46). heat-treated. The protein solutions were then diluted further in PBS,

The methodology first described as the radioallergosorbent /3 Serial dilutions, with concentrations ranging from 1620 to 0.082
ug/mL. Sixty microliters of each protein solution was mixed with 60

tesF (RAST) (47,48) is We”'eSt.ab“ShEd _to determlr_le IgE_ uL of serum and incubated ffd h at 25°C. Serum pool mixed with
antibodies to allergens as an adjunct tool in allergy diagnosis. pgs \as used as a control of total anti-BLG IgE concentration, and
To further reveal the extent and precision of IgE antibody |gE-negative serum was used as a control.

binding, an inhibition technique was establishé#l)( Using such The concentration of unbound specific IgE antibody was plotted
a procedure the relative IgE binding capability of a protein in  against allergen concentration. The values were given jdlk(1 unit
relation to other allergenic proteins was characterized. The best= 2.44 ng). The protein concentration needed for 50% inhibition (called
established method using a solid phase with a very high capacitythe 1G) was calculated from the inhibition curves.

to bind antibodies50) was chosen in this work because it offers The milk products were diluted, used in inhibition, and evaluated in
the accuracy and reproducibility with high precision necessary the same way as described above. All experiments were done three
to determine the effect on IgE binding in BLG of different heat times, and the mean values with standard deviation are used in the
treatments with minimal influence of other antibodies and figures and table;. The .coefficients of variation were found to range
because the results were easily interpretable as IgE concentratioff o™ 12 t0 18% in the different serum pools. . .

in units per milliliter. The study was approved by the Research Ethics Committee,

. . . Goteborg University.
We studied the effect of heating BLG solutions, both as the Statistics. Student’st test for paired data, one-sided, was used to

native mixture of BLG genetic variants and the separated forms compare 1Go values before and after heat treatment of the samples.
A and B, on their ability to bind to IgE antibodies in patient For comparing the genetic variants of BLG, Studertt'sest for
sera. We also measured the IgE binding to BLG in heated whole nonpaired data, two-sided, was used. When the commercially processed
milk samples and in some fermented dairy products such asfermented and nonfermented samples were compared, Stutléts
yogurt and other types of acidified milk products. for nonpaired data, one-sided, was used.

MATERIALS AND METHODS RESULTS

Reagents and Materials.BLG from bovine milk was purchased
from Sigma Chemical Co. (St. Louis, MO). The genetic variants of  IgE Spectra. The specific IgE spectra of the serum pools
BLG (A and B) were studied both as a mixture and isolated. Standard against the major milk proteins tested (casein, Blo@act-
whole milk (3% fat), low-fat milk (0.5% fat), yogurt (3% fat), and  glhumin, bovine serum albumin, and lactoferrin) are given in

sour milk (3% fat) (Arla Foods, Gothenburg, Sweden) were used. The T5p1e 1. When the individual IgE spectra were determined

buffer was a 0.01 M standard phosphate-buffered saline solution (PBS)’against these proteins in serum samples from 33 other patients,

E?a;htsﬁgs %'gc(lggpgg?; t'gsvggg:)o I was purchased from Pharmacia not included in the serum pools, most of the adults had IgE
Serum SamplesSerum samples from subjects sensitized to bovine antibodies aga'lnst two or three OT the proteins (11/13), Whereas

milk were collected from Sahlgrenska University Hospital (Goteborg, MOst of the children had IgE against three or four proteins (15/

Sweden). All individuals had elevated levels of IgE to cow's milk, 20). This indicated that the serum pools used were representative

>3.5 kUn/L, determined by a specific IgE detection test (CAP System in demonstrating the multispecificity most often present in
FEIA, Pharmacia Diagnostics). individual serum samples from cow’s milk allergic patierit§)
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Figure 1. Inhibition of anti-/3-lactoglobulin IgE in serum pool 1; comparison

between native and heat-treated S-lactoglobulin: (A) 74 °C; (B) 90 °C.
Results are presented as mean values + 1 SD.

Table 2. S-Lactoglobulin Concentration at 50% Inhibition of IgE
Binding (ICs) in Experiments with Pure 3-Lactoglobulin and Milk
Products

S-lactoglobulin serum 1Cso (ug/mL)

variant/milk product pool Mva  1SDP significance®
B-lactoglobulin (A + B) 1 203 024
[-lactoglobulin (A + B), 74 °C, 60 min 1 359 075  0.032(1-2)
B-lactoglobulin (A + B), 90 °C, 60 min 1 845 210  0.014(1-3)

0.022 (2-3)

p-lactoglobulin (A + B) 2 240 042
p-lactoglobulin A 2 510 0.38
[-lactoglobulin B 2 256 012  0.004 (5-6)
B-lactoglobulin A, 90 °C, 60 min 2 497 197
B-lactoglobulin B, 90 °C, 60 min 2 757 410  >0.20(7-8)
low-fat milk 2 141 019
low-fat milk, 90 °C, 60 min 2 245 51 0.007 (9-10)
low-fat milk, boiled for 15 min 2 109 31 0.014 (9-11)
whole milk 2 185 015
fermented sour milk 2 37.3 9.3 0.01 (12-13)
yogurt 2 514 82  <0.001(12-14)

aMean values of three independent experiments. ° Standard deviation. ¢ Sig-
nificance of differences between variants, p-values.

Inhibition Studies. The inhibition studies with native and
heat-modified BLG solutions showed that, when BLG was
heated for 60 min at 74C (Figure 1A), a higher concentration
was needed for inhibition than in the case of the native control,
which indicated impaired IgE antibody binding. For the BLG
heated for 60 min at 98C (Figure 1B) the difference compared
with the native was more pronounced, but using a higher
concentration still gave pronounced inhibition. A comparison
of the 1G5 values Table 2) showed that there was a significant
difference for both of the heat-modified solutions, 60 min at
74 °C (p = 0.032) and 60 min at 90C (p = 0.014), in

Ehn et al.
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Figure 2. Inhibition of anti-5-lactoglobulin IgE in serum pool 2; comparison
between whole milk, fermented sour milk, and yogurt. Results are
presented as mean values + 1 SD.

comparison with the native one. The difference between the
heat-modified solutions was also significant=£p0.022).

The genetic variants of BLG, A and B'@ble 2), showed a
relatively small but significant difference (= 0.004) in IgE
binding between the two in native form. After heat treatment,
however, there was no significant difference between the genetic
variants (p> 0.20).

The inhibition of the IgE binding after heat treatment (90
°C, 60 min) was also significantly decreased in low-fat milk (p
= 0.007) (Table 2).

When low-fat milk was boiled at 100C for 15 min, there
was still an inhibition of IgE binding but at a 100 times higher
concentration than for untreated low-fat milk. There was a
significant difference between the J£values (se@able 2; p
= 0.014), although the maximum inhibition was still at a similar
level as for native samples.

To study fully denatured BLG, milk was sterilized in an
autoclave at 132C for 5 min (results not shown). Also, in this
case there were some signs of inhibition, although starting at
concentrations> 100 ug/mL and with an 1G, > 925 ug/mL.

Complex products such as yogurt and fermented sour milk
showed a low inhibition of IgE binding as compared to whole
milk (Figure 2). A comparison of the 1§ values showed that
the difference was significant (yogug,< 0.001; sour milkp
= 0.01) (Table 2).

DISCUSSION

The commonly used heat treatments for milk during process-
ing, such as pasteurization, preheating, and sterilization, cause
denaturation of the whey proteins. The denaturation temperature
of BLG is measured to be 7€C, with a residual structure
unfolding near 130°C (21, 51). The reaction kinetics of the
irreversible denaturation of BLG has been extensively studied
(52). For irreversible denaturation, the time needed is dependent
on temperature—at a lower temperature such as@,030%
denaturation requires 30 min; at 90°C such a time gives
>90% denaturation52). The most extreme heat treatment in
this study was sufficient to cause considerable denaturation of
the protein structure; still there was some inhibition at concen-
trations>100 ug/mL.

Our results showed that there is impaired IgE binding to BLG
after heat treatment, both in pure BLG solutions and in heated
milk. However, it was not possible to totally eliminate IgE
binding epitopes. There was always binding at some higher
concentration, and the same inhibition as for untreated samples
seems to be achieved for the heat-treated samples only at higher
concentrations. One explanation might be that all of the different
epitopes were still present but were available in lower concen-
trations or had been partly modified in such a way that although
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they bound IgE antibodies, the binding was of lower affinity. study the combined effects of heat treatment and proteolysis in
Another explanation would be that the heating has destroyedfermented milk products.
some of the epitopes, as well as unmasked or created new ones.

Van Beresteijn et al.53) reported no difference in IgE titer ~ABBREVATIONS USED
between the two genetic variants, A and B, in their native form. BLG, ﬁ_|actog|0bu|in; FEIA, fluoro enzyme immunoassay;
Our findings indicated a small but significant difference in IgE  |Cs, protein concentration needed for 50% inhibition; PBS,
binding ability, although the clinical significance of this phosphate-buffered saline solution.
difference was not verified. One of the positier@4d—of the
two amino acids distinguishing between the A and B forms is ACKNOWLEDGMENT

situated outside the main antigenic and IgE-binding epitopes ) o
according to the literature (387). We thank all the staff involved at the Clinic of Allergy, the

Laboratory of Allergy and the Clinic of Paediatric Allergy at
Sahlgrenska University Hospital for their help in finding cow’s
milk allergic patients and collecting material. We thank Anne-
Li Karlsson and Géran Akesson for their technical assistance.

Our experiments with BLG solutions were done at lower
concentrations than those used in food systems, but they
generally illustrated the high heat stability of the protein and
its allergic epitopes. Heating milk to decrease its allergenicity
is not a straightforward process; some data in the literature point  Supporting Information Available: Specific IgE in serum
at a high stability of allergenic properties of the whey proteins samples from adults and children (table) and inhibition of anti-
and great individual variation3( 54, 55). There is no clear  S-lactoglobulin IgE in serum pool 2 (figures). This material is
evidence in the literature for a significantly decreased clinical available free of charge via the Internet at http://pubs.acs.org.
effect on allergy after heat treatment.
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