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Raising the pH of the pepsin-catalysed hydrolysis of
bovine whey proteins increases the antigenicity of the
hydrolysates
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Summary

Background Hypersensitivity to cow milk protein is frequently observed in Infancy.
Since the pH in the infant's stotnach is relatively high (pH 3-4) compared with adults
(pH 2). an incomplete digestion of the milk proteins is expected to occur.
Objective The determination of the degree of hydrolysis by pepsin of the four main
proteins of bovine whey. i.e. a-lactalbumin (oLa). .:^-lactoglobulin {̂ ^Lg), bovine serum
albumin (BSA) and bovine immunoglobulin G (B-IgG). in the pH range 2 0-4 0 and of
the antigenic properties of the resulting hydrolysates.
Methods Whey proteins were successively hydrolysed with pepsin at pH values
ranging from 2 0 to 4 0 and with pancreatic enzymes at pH 7 5 using a pH-stat. The
resulting hydrolysates were ehuracterized by their degree of hydrolysis, and analysed by
sodiutn dodecyl sulfate polyacrylamide gel electrophoresis, gel pcrtiieation chroma-
tography and immunologically by competitive enzyme-linked immunosorbent assay.
Results In general, the degree of hydrolysis, the gel electrophoretic patterns, the
eontents of peptides of molecular mass >5kDa and the residual human-imtnunoglo-
bulin E and G antigcnicities of the hydrolysates did not dilfer much whether the pepsin
incubation was done at pH 2 0 or 3 0. Pepsin incubation at pH 4(), however, resulted in
a decreased hydrolysis and enhanced residual antigenicity ofoLa. BSA and B-lgG. but
not of .:fLg.
Conclusion The poor and slow degradation of the antigenie epitopes of whey proteins
when pepsin digestion occurs under conditions that prevail in the stomach of infants
could be of much importance for the development of cow milk hypersensitivity. The
immature gastrointestinal mucosal barrier of infants allows large antigenic fragments
of these proteins to pass into the systemic circulation.

Keywords: rv-lactalbumin, i:^-lactoglobulin. bovine serum albumin, bovine immuno-
globulin G. pepsin, pancreatic enzymes, antigenicity

Clinical ami Experimental Allergy. Vol. 25. pp. 1007 1017. Submitted 29 September
1994: revised 14 March 1995; accepted 26 April 1995.

. .̂ pH 2. Such a pH prevails m the fasted stage in the
Introduction . , - . . , . . , . •

stomach ol healthy adult humans, but it mereases to
Most whey proteins from bovine milk are readily values around 3 after food intake [I]. Beta-lactoglobulin
degraded to peptides under the influence of pepsin at (JLg). however, largely resists protcolysis by pepsin

under such conditions [2-5]. This may lead to the
Correspondence: DrE.C.H. van Bcres.oiin. Netherlands Institute lor appearanee of intact ,̂ Lg In the duodenum, where its
Dairy Research (NIZO). PO Box 20. 6710 BA Rdc. ihc Ncthcrkinds. degradation b\ the pancreatic enzymes may be too slow
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to prevent the absorption of large peptides, and even of
the intact protein, through the intestinal epithelium. This
is particularly true for infants shortly after birth, in
whom the immature gastrointestinal tract is more perme-
able to large molecules than in adults [6-8].

When foreign large molecules, particularly large pep-
tides and intact proteins, enter the circulation they will
give rise to immunological responses which, in a number
of individuals, may lead to allergic reactions. Cow milk
allergy is indeed a well-known disease, occurring in
about 2-7% of the newborns [9,10]. This allergy was
initially ascribed to the presence in bovine milk of/:*Lg. a
protein which is absent in hutnan milk [11]. Gjesing el al.
[12], however, showed that antibodies against all major
milk proteins arc circulating in the serum of patients
suffering cow milk allergy, an observation confirmed by
Otani ('/<•//. [13.14].

The conditions in the stomach of infants are not
favourable for optimal activity of pepsin. In general the
pH in the stomach of infants up to 2 months old is 3-4, a
value which increases after food intake: even pH values
above 6 have been reported [15,16]. This is remote from
the pH optimum of pepsin, which is about 2 for tnost
proteins, although denaturation of the substrate protein
would shift this optimum to higher pH values [17]. It
might therefore be expected that proteolysis by pepsin in
the stomach of infants is less efficient than in that of
adults, which enhances the risk of transferring intact
proteins and large peptides to the circulation and conse-
quently increases of the risk of developing i turn u no logical
and allergic responses.

In this paper we describe the proteolysis of the major
bovine whey proteins, (i-lactalbumin (aLa). fiLg, bovine
serum albumin (BSA) and bovine immunoglobulin G (B-
lgG) under sitnulated physiological conditions. The
proteins were successively hydrolysed with pepsin at
pH 2 0, 3-0 or 4 0 and with Corolase PP'*. a mixture of
pancreatic enzymes, at pH 7 5. The hydrolysates were
characterized by physico-chemical and immunological
techniques. The results of these analyses are discussed
with respect to a possible relationship with the develop-
ment of cow milk allergy.

study we selected serum of patients with a history of
immediate reactions to cow niilk (skin and/or gastro-
intestinal symptoms, urticaria and elevated milk-specific
immunoglobulin E (IgE) antibody concentrations (IgE-
Fast class > 3; cow milk fluorescence allergosorbent test,
IgE Fast-Plus'^ test, 3M Diagnostic Systems Inc., Santa
Clara, CA, USA). In addition a positive elimination/
provocation test for the children's sera, for the adults a
positive skin-prick test (weal 5:3 mm) and an incidental
positive provocation. These sera were tested for specific
IgF and IgG binding to individual milk proteins by
indirect enzyme-linked immunosorbent assay (ELISA).
In this experiment we used the following patient sera
(AS) for the immunological characterization of the whey
protein hydrolysates: AS 1. an adult serum with high IgE
antibody titrc to aLa. iiLgA and B. AS II, an adtilt
serum with high IgG antibody titre to these proteins, and
AS III, consisting of pooled sera from five children with
high IgE and immunoglobulin G (IgG) antibody titres to
BSA and B-IgG. Sera collected from eight individuals
not allergic to milk proteins and with negative milk-
specific IgE-FAST were pooled and served as a normal
control serum (NCS). The serum samples were stored at
—20 C until further analysis.

Whey protein.s and enzymes

Preparations of cvLa and of the genetic variants A and B
of JLg were purified from cheese whey by chromato-
graphy as described before [5]. We only used the A-
variant of /iLg because preliminary experiments had
shown that the antigenic behaviour of the two genetic
variants did not differ. BSA and B-lgG were purchased
from Sigma Chemicals (St Louis, MO. USA), A-4378
and 1-5506 respectively. Pepsin was also from Sigma (P-
7000); its activity was 550 proteinase units/mg (substrate
haemoglobin). Corolase PP'™. a mixture of enzymes from
porcine pancreas, was purchased from Rohm (Darmstadt.
Germany); its activity was 350 proteinase units/mg
(substrate casein). For a definition of the proteinase
units and the determination of enzyme activities see the
product information sheets from Rohm [18,19].

Materials and methods

Patient .scrum .samples

We obtained sera from 215 children (2 weeks-3 5 years)
and five adults (20-35 years) of either sex, suspected of
cow milk allergy, by kind donations from the Depart-
ments of Paediatrics of the Academic Hospital of the
Free University, Amsterdam, and of the Wilhelmina
Children's Hospital, Utrecht, the Netherlands. For this

Enzymatic hydrolysis of whey proteins

The proteins were dissolved in distilled water and adjusted
with 0 5N HCl to pH 2 0, 30 or 4 0 for the incubation
with pepsin. The volume was 20mL, the protein con-
centration 7g/L and the temperature 37 C. At zero time
pepsin was added at a concentration of 20mg/g protein.
The pH was kept constant by the addition of 01 N HCl
via a pH-stat. Aliquots of I 5mL were taken out of the
reaction mixture at zero time and 30 and 90min after the
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addition of the pepsin. Enzyme inactivation in the samples
was done by raising thepH to 7-K with I N NaOH. After
90min the remainder of the hydrolysis mixture was
brought to pH 75 with 4N NaOH and Corolase PP
was added at a coneentration of 40mg;g protein. Duritig
the following hydrolysis the pH was kept ct>nstant at 7-5
by the addition of 01 N NaOH via the pH-stat, Aliquots
of l-5mL were taken out after 10. 30. 60 and l50min.
The enzyme in these samples was inactivated by heating
for 5 min at 95 C in a waterbuth, after whieh the samples
were eooled to room temperature with runtiing tap water
and sodium azide (0 02V«) was added to all samples as a
preservative.

After the last aliquots had been taken (total time o[
hydrolysis 240 min). the retnaining reactit)ti mixtures,
about 10-11 mL. were likewise heated for 5min at
95 C and, after eooling. subjected to ultrafiltration
through an Omega 3000Da filter (I'lLTRON. North-
borough. MA. USA). The permeates were used without
further treatment. The retentates (about 0 5tnL) were
diluted threefold with distilled water. A portion of each
sample was stored at —2O'C until further analysis. For
the in vitro detennination of the antigenie properties the
samples were used itnmediately without freezing, to
avoid possible formation of protein aggregates.

When the hydrolysis of B-IgG with pepsin was done at
pH 3 () or 4 0 a precipitate was ibrnied during subsequent
heating at 95 C. In these samples the hydrolysis appar-
ently has not proceeded far etiough or, in contrast to the
hydrolysis at pH 2 0. heat-insoluble peptides have been
formed. Therefore these samples were either cooled to
4 C for direct determination of the antigenic properties
or immediately frozen at -20 C.

In order to determine whether the heiit treattiietit
alone influenced the aiitigenicity of the proteins, solu-
tions of the individual whey proteins were heated for
5 min at 95 C without enzymes.

Physieoehetnical characterization of ihe hydroly.sates

The average degree of hydrolysis of the whey proteins in
eaeh hydrolysate was calculated from the increase of the
number of primary aminogroups compared with that of
unhydrolysed protein. We determined this number by
the 0-phthaldialdehyde (OPA) method [2OJ. using N,N-
dimethyl-2-mercaptoethyl-ammonium chloride instead
of 2-mercaptoethanol [21].

The hydrolysates were subjected to sodium dodeeyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
using the Phast system and high density gels (Pharmacia.
Uppsala. Sweden). The total protein concentration in the
samples applied to the gels was approximately 2g/L.
Two standard protein mixtures. Bio-Rad LMW standard

(Bio-Rad, Richmotid. CA. USA) and BDH-44247 (BDH
Laboratory Supplies. Poole. Dorset. UK) were used as
molecular mass markers. After electrophoresis the pro-
teins and peptides were stained with silver as described in
the Phast Gel'" Silver Kit Instruction Manual. This
tnethod is 100 titnes more sensitive than Coomassie
blue staining.

Molecular mass distributions of the peptides in the
hydrolysates were detertnined by gel permeation chro-
matography (GPC) on a Superdex-75 HR 10/30 column
(Pharmaeia/LKB. Uppsala. Sweden). Elution was done
at room temperature with a 0 I25M potassium phos-
phate-0125 M sodium sulfate buffer of pH 665. Peptide
concentrations in the eluate were determined from the
absorption at 220mn. Calculations were made on the
assumption of an exponential relationship between
molecular mass (MJ and elution volume, and taking
into account apparent M|.-rcgions based on the calibra-
tion with a series of reference compounds [22].

Intmunologieal ehataefcrization of patients' .serum and
hydroly.salcs

The relative distribution of IgE and IgG antibodies to
the individual milk proteins in the serum samples was
determined by indirect FLISA; the residual antigenicity
oi' the various individual whey protein hydrolysates by
competitive ELISA. We used the ELISA method as
described by Frit.sche and Bonzon with slight modifica-
tions [23].

Indireet ELISA

Polystyrene microtitre plates (655061, Greiner. Alphen
a d Rijn, the Netherlands) were used as solid support.
Single wells were coated with 135 ̂ (L well of antigen
(individual milk proteins. 37//g/mL in 0 05M sodium
bicarbonate bulTcr. pH 9 6) and incubated overnight at
4 C. Residual free binding sites were blocked with
200/AL/well of 0 4% fish gelatin (G-7765. Sigma) in
phosphate-buffeted saline (015 M NaCl. 0 01 M phos-
phate buffer. pH 7 4) containing 0 05% Tween 20 (P-
1379, Sigma) (PBS-Tween) for 1 h at room temperature.
Plates wete incubated with 100//L/well of patient serum
AS, diluted in PBS-Tween (I : 25 for IgE und 1 : 1000 for
IgG binding), for 2h at room temperature. The same
dilutions of NCS were used as negative controls. The IgE
and IgG antibodies which reacted with the plate-bound
antigens were determined by use of either peroxidase-
conjugated goat anti-H-IgE (f-chain) or peroxidase-
conjugated goat anti-H-Ig(j (H and L chains) (Nordic
Immunological Laboratories.. Tilburg. the Netherlands).
The anti-H-IgE and anti-H-IgG antibodies were diluted
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5000-fold in PBS-Tween containing 0-4% fish gelatin
and were incubated lor 1 h at room temperature.
As enzyme substrate a solution of freshly prepared
0-phenylene-diamine dihydrochloride (P-I52f). Sigma)
I mil niL in 0 05 M citrate. 01 M potassium phosphate
bulfer. pH 50. containing 0012% hydrogen peroxide,
was used. After incubating the plates for 30 min at room
temperature. 100/;L of 2N sulfuric acid was added.
Optical densities were read at 490 nm on an automated
ELISA plate reader (Dynateeh MR 7000. Trade Tek.
Rotterdam, the Netherlands). ELISA determinations
were carried out in duplicate and measurements averaged.

Competitive ELISA

Single wells of ELISA plates were coated with I35//L of
fvLa. JLg. BSA or B-IgG (15//g mL in 0 05 M sodium
bicarbonate bufTer, pH 9-6). In 1 5mL glass vials, serial
ninefold dilutions of the hydrolysates in PBS-Tween
were incubated overnight at 4 C with a con.stant
amount of AS (15% for IgE or 0 05% for IgG bind-
ing). Residual unbound IgE and IgG antibodies were
determined by the ELISA method described above by
applying IOO//L of preincubated AS to eaeh well of the
coated ELISA plates. The percentage of inhibition was
calculated in relation to the maximum inhibition (vials
eontaining NCS instead of AS) and the minimum inhibi-
tion (vials without hydrolysate). For this purpose an
inhibitor concentration of I g/L was chosen, because
that was the highest concentration at which ditTerences
in inhibition of the various hydrolysates still could be
detected and also the lowest concentration at which an
almost 100% inhibition for all individual whey proteins
could be attained.

Reliability of the experiments

Since most patients suffering cow milk allergy are infants
it is diHicult lo get sera with high concentrations of
antibodies against the different individual milk proteins.
The amount of serum made available to us was not
sufficient to run duplicate experiments. Therefore we
determined the precision of our analytical methods, as
expressed by the repeatability standard deviation (Sj)

[24] from separate experiments. For our determination of
the average degree of hydrolysis S, was 0 99% (degrees
of freedom [d.f.] = 48). for the molecular mass distribu-
tion Sr was 0 29% ( d f . - 4 0 ) and for the ELISA.
including between-well and betwecn-plate variation Ŝ
was I 77% (d.f. - 19).

Results

Pepsin incubation at pH 20 a)ul31): Corolase PP
incubation at pH 7-5

The electrophoretic patterns of the rtLa. .:*Lg and BSA
hydrolysates (Fig. 1) were roughly the same whether the
pepsin hydrolysis was done at pH 2 0 or 3 0. It is clear
that, in contrast to the other proteins. iiL% was barely
hydrolysed by pepsin, as is confirmed by Fig. 2. showing
the increase of the average degree of hydrolysis with time
of hydrolysis. During the subsequent incubation with
Corolase PP, the proteins that had remained intact, and
large peptides. were broken down to small fragments
that could no longer be detected in gel electrophoresis.
This paralleled the increase of the average degree of
hydrolysis during hydrolysis (Fig. 2) and the decrease
of the arnount of peptides of molecular mass >5kDa
(Fig. 3). The human (H)-IgE and H-lgG binding inhibi-
tions of the hydrolysates did not dilfer mtich whether the
pepsin ineubation was done at pH 2-0 or 3'0 (Figs 4 and
5). The antigenicitics of the protein samples which were
heated in the absence of enzymes did not dilfer signifi-
cantly from the zero time values, which indicates that the
heat treatment applied had no eiTect on the antigenicity
of the individual whey proteins (data not shown). Ultra-
filtration of the final hydrolysates virtually eliminated all
residtial antigenicity of oLa, .iLg and BSA (Table I).

In contrast to the results with oLa, JLg and BSA. the
electrophoretic pattern of the hydrolysates of B-IgG with
pepsin incubation at pH 3 0 showed that total proteolysis
was less than that with pepsin incubation at pH 2-0
(Fig. 1). The average degree of hydrolysis, however, was
only slightly reduced (Fig. 2) and also the amount of
peptides of molecular mass >5kDa was hardly intlu-
enced whether the pepsin incubation was done at pH 2 0
or 3 0 (Fig. 3). In the latter case, however, the H-IgG
binding inhibition of the h\droiysales was somewhat

Fig. I. SDS-PAGE paltcrns of the hydrolysates ofuLa. JLg. BSA and B-IgG obtained by iticubation with pepsin at pH 20. 30 or
4(), followed by incubation with Corolase PP at pH 7-5. In all gels, lanes I and II contain reference samples (Bio-Rad LMW
standard and BDH 44247 respectively). Molecular tnasses in the reference samples arc indicated alony the gels. Samples were
analysed after 0, 30 and ^Otnin incubation with pepsin (lanes 2 4) and after 90niin incubation with pepsin. foHowed by 10. .'̂ O. 60
and I50min incubation with Corolase PP (lanes 5-8). lanes 9 and 10 contain the permeate and retentatc respectively of the
ultraliltralion of the fmal hydrolysale through a 3000 Da filter.
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Fig. 2. Averagedegrceof hydrolysis of hydrolysates of (a) a La. (b) BSA. (c) iLgand (d) B-IgG during incubation with pepsin at pH
20 (D). 3 0 (A) or 4 0 (O), followed by incubation with Corolase PP at pH 7 5. Arrows itidicatc the time of Corolasc PP addition.

Table 1. Residual H-lgE and H-IgG antigenicily" of hydrolysates of individtial whey proteins, obtained by 90 min incubation with
pepsin al pH 2 0, 3 0 or 4 0, followed by incubation with Corolase PP at pH 7*5 lor 150 min. before and alter ultrafiltration through
a 3000 Da filter

Protein

aLa

/?Lg

BSA

B-IgG

Antibody

H-lgE
H-!gG
H-lgE
H-lgG
H-lgE
H-lgG
H-lgE
H-lgG

pH20

4̂ 8
0
8'3
9 0

0
0
2-5
0

Before ultrafiltration

p H 3 0

14-0
0
0
7-4
0
0

54-4
0

p H 4 0

47-8
4-2
0
6-4

57-6
17 9
912

100

pH2 0

0
0
7-1
0
0
08
0
0

After uitrafiltration

pH 3 0

4-2
0
0
1-8
0
0
59
0

pH4 0

4-7
0
0
0
0
0
5-5
0

" Percentage inhibition of H-lgE and H-IgG binding to the individual milk proteins. The concentration of the inhibiting proteins
was I g L.
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Fig. 3. Amount ol'peptides of molecular mass .>5 kDa as a function of the total lime of hydrolysis during incubation with pepsin at
pH2-0(n). 3-0(A)or4 0(O). followed by incubation with Corolase PP at pH 7-5. Arrows indicate the time of Corolase PP addition,
(a) f.La. (b) BSA. (c) (Lg. (d) B-lgG.

greater (Fig. 5) and the H-lgF binding inhibition was
considerably greater (Fig. 4 and Table I).

Pepsin incubation al pi I 4-0: Corola.se PP incubation at
pH 7-5

When the pepsin ineubation was carried out at pH 4 0
most of the electrophoretic patterns dilfered consider-
ably from those obtained after hydrolysis at pH 2 0 or
3() (Fig. I). Not only was rtLa hardly hydrolysed b>
pepsin, but the following hydrolysis with Corolase PP
was also less efficient, which is also clear from the lower
values of the degree of hydrolysis (Fig. 2), the increased
amounts of peptides of molecular mass >5kDa (Fig. 3)
and the enhanced binding inhibition of H-lgE antibodies
(Fig. 4). Figs I 5 show that, in contrast, the overall
hydrolysis of/iLg was only slightly influenced by the pH
of the pepsin incubation.

BSA seemed to be hydrolysed well at pH 4-0. as is
demonstrated by Figs I and 2. but overall H-IgE and

H-lgG binding inhibition of the hydrolysates was con-
siderably iticrea.scd (Figs 4 and 5 and Table 1). which
agrees with the presence of some peptide material of
molecular mass around 14 kDa in the electrophoretic
pattern of the ultraliltration retcntate (Fig. 1). It is worth
noting that at all pH values the amount of peptide
material of molecular mass >.*>kDa was larger in the
tinal hydrolysate of BSA than in that of oLa and .̂ Lg
(Fig. 3).

Figures 1 5 and also Table I most eonvincingly
demonstrate that the hydrolysis of B-lgG at pH 4-0
was very small. Neither the pepsin incubation at pH
40 . nor the subsequent incubation with Corolasc PP at
pH 75 resulted in an appreciable hydrolysis or change in
antigenic properties of B-lgG.

In Fig. I the eleetrophorctic patterns of the unhydro-
lysed whey proteins (the lanes 2 in the gels) suggest that
the proteins contain some impurities. The oLa sample
may be slightly contaminated by /iLg and B-IgG and
sotne eHect of cross-contamination mav have occurred in
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Fig. 4. Residual H-IgE antigenicity (percentage inhibitioti of H-IgE binding al a protein inhibitor concentration of 1 g/L) as a
function of the total time of hydrolysis during inciihation with pepsin at pH 2-0(0). 3'0 (A) or 4-0(0), followed by incubation with
Corolase PP at pH 7'5. Arrows indicate the time of Corolase PP addition, (a) oLa. (b) BSA. (c) /JLg. (d) B-lgG.

the immunological analyses. In the electrophoretic pattern
of iJLg the band corresponding to a molecular mass
somewhat higher than 31 000 represents the dimer of
/iLg. Similarly, the different bands in the electrophoretic
patterns of BSA and B-IgG also represent various states
of aggregation of these proteins.

Discussion

Our results clearly show that incubation of oLa, BSA
and B-igG with pepsin at pH 4 0 not only leads to a
reduced hydrolysis compared with incubation at lower
pH values, but also to a decreased susceptibility to
subsequent hydrolysis by Corolase PP at pH 7-5. In
contrast, the very limited hydrolysis of iiLg is hardly
influenced by the pH of the pepsin incubation. Not only
is the pH in the stomach of infants higher than in that of
adults but also acid production is delayed, so the pH in
the stomach will remain at a high level for a considerable
time after food intake; pH values well above 4 up to 3 h

after food intake have been reported [15.16]. In addition
secretion of pepsin in infants is low [16]. We thus
conclude that in the stomach of infants whey proteins
are hardly hydrolysed and that they will pass almost
unchanged into the duodenum, as suggested earlier [15].
Except for /JLg the subsequent proteolysis by the pan-
creatic enzymes is reduced and it is to be expected that
large peptides and even intact protein molecules will
survive for a sufficient time to be transferred to the
circulation. The persistence in the gastrointestinal tract
of high levels of epitopes of the whey proteins, which,
after absorption, are capable of binding preformed H-
IgE antibodies or inducing an immunological IgE
response, might be of considerable importance for the
development of cow's rnilk allergy. This is particularly
true in young infants having an immature epithelial cell
surface barrier, so that comparatively large amounts of
various macromolecnies are able to cross the intestinal
epithelium [6-9, 25-27].

In our experiments ,;:?Lg was barely hydrolysed by
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Fig. 5. Residual H-IgG antigenicity (percentage inhibilion ofH-IgG binding at a protein concentration of 1 g/L) as a function of the
total time of hydrolysis during incubation with pepsin at pH 20 (D). 30 (A) or 4-0(0). followed by incubation with Corolase PPat
pH 7-5. Arrows indicate the time of Corolase PP addition, (a) oLa. (b) BSA. (c) /JLg. (d) B-lgG-

pepsin. independent otlhe pH ofthe pepsin Incubation, a
result which agrees with other observations [2-5]. The
subsequent hydrolysis by pancreiUic enzymes, however.
was very ctFicicnt and in jicncrul the residual H-IgE and
H-IgG antigenicities of the final hydrolysates were less
than those of the other whey proteins (Figs 4 and 5 and
Table I). The physiological digestion process is appar-
ently well able to destroy potentially untjgenic epitopes
of this protein, although under our experimental condi-
tions the pancreatic en/ymes need an hour to accomplish
their complete destruction. Therefore it is desirable to
eliminate untlgenic epitopes completely from whey pro-
tein hydrolysates which are to be used iti infant Ibrmtilas
for children with an increased risk of allergy. Table I
shows that ultrafiltration through a 3000 Da filter is an
efficient means of achieving this goal, which agrees with
our earlier results [28].

As mentioned above the residual H-lyE and H-lgG
antigenicity of B-lgG is hardly influenced by the succes-
sive hydrolyses by pepsin at pH 4 0 und paticreatic

enzymes at pH 7 5, conditions which prevail in the
gastrointestinal tract ofthe young. In calves the surviv-
ing epitopes contribute to the passive imtnuni/atJon of
the newborn by entering into the gut lumen or., after
absorption, into the circulation. In this respect it is
worthwhile noting that the level ofirnniunoglobulins in
colostrum is much enhanced compared to that later in
the lactation [29]. It must be recognized, however, that
this immunization process, which occurs in ruminants,
does not take place in human infants, who receive their
immunity from the intrauterine transport of maternal
antibodies [6].

Figures 4 and 5 also show that alter the pepsin
incubation at pH 4 0 the H-IgE and H-IgG antigenicity
ofthe BSA hydrolysates remains high. Apparently some
antigenic epitopes survive the en/ymatie treatment,
which agrees well with the electrophoretic pattern of
the Liltrafiltration retentate (Fig. I) and the amount of
peptides of molecular muss >5kDa (Fig. 3). This
reduced proteolysis tnight be due to the incompleteness
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of the helical-disordered transition in BSA. whieh starts
around pH 5 [30]. leaving the peptide bonds in BSA less
accessible to pepsin.

The surviving H-IgG epitopes of BSA might be of
importance for the triggering of the auto-immune pro-
cess leading to insulin-dependent diabetes mellitus. In the
mechanism which, according to Karjalainen el al. [31].
underlies this process the so-called ABBOS(126 144)
peptide. whieh comprises the atnino acid residues 126
144 in BSA. plays a leading part. This hypothesis,
however, has been challenged by Atkinson et al. [32].
Definite conclusions can only be made when the results
of a large intervention study, undertaken by Akerblom
et al. [33] become available. In the future we will analyse
for the presence of the ABBOS( 126 144) peptide in our
hydrolysates.

It is clear that the high pH in the stomach of infants
has an adverse effect on the digestion of (vLa, BSA and
B-IgG by pepsin. Acid irtfant lortnulas could possibly
counteract a detrimental rise of the pH in the stomach
after food intake. Such fortnulas might therefore be
preferred in cases where increased risks of allergy or
diabetes mellitus exist.
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