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Immunochemical and Physical Properties of Peptic-Digested Ovomucoid

Tsukasa Matsuda,* Kenji Watanabe, and Ryo Nakamura

Ovomucoid was digested by pepsin (5% of substrate weight), and the immunochemical and physical
properties of the peptic-digested ovomucoid were investigated. The peptic digestion induced confor-
mational changes and decreased the trypsin inhibitory activity of ovomucoid. In the quantitative
precipitation experiment, the maximum immunoprecipitation yielded by the peptic-digested ovomucoid
was only 30% of that by native ovomucoid. However, the digested protein inhibited about 70% of the
specific immunoprecipitation reaction of native ovomucoid and also inhibited the rat passive cutaneous
anaphylaxis reaction. The immunoelectrophoresis of peptic-digested ovomucoid and the immunodiffusion
of peptic fragments fractionated by gel filtration demonstrated that some of the ovomucoid peptic
fragments retained their antigenicity. The circular dichroism analysis of antigenic fragments prepared
by the immunoaffinity chromatography of antibody-conjugated Sepharose 4B suggested that peptic
fragments with antigenicity contained some ordered secondary structure. These results indicated that
the peptic digestion did not completely destroy ovomucoid antigenic sites. Thus, some antigenic fragments

were produced.

Chicken egg white has been found to cause allergic re-
actions frequently at the clinical level (Breneman, 1978).
It has also been reported that most active allergen in egg
white is a heat-stable protein, ovomucoid (Bleumink and
Young, 1969), though allergic reactions to ovalbumin and
lysozyme have been noted only to a lesser extent (Virtue
and Wittig, 1970). The allergenicity of ovomucoid is partly
associated with its heat stability, because heat-stable
proteins can survive certain types of processing (Taylor,
1980). In fact, many investigators have reported on the
heat stability of ovomucoid (Fredericq and Deutsch, 1949;
Stevens and Feeney, 1963) and the antigenicity of heat-
denatured ovomucoid (Deutsch and Morton, 1956; Mat-
suda et al., 1982).

Another important factor in the allergenicity of food
proteins is the effect of proteolytic digestion on protein
immunoactivities. (-Lactoglobulin, a milk protein pos-
sessing allergic activity, was split by peptic digestion into
fragments with a molecular weight of 12000 or less, which
had both antigenicity and immunogenicity (Spies et al.,
1970; Haddad et al., 1979). It was also reported that the
enzymatic hydrolysate of bovine casein with a molecular
weight of less than 1000 did not show antigenic activity
against anti-casein antiserum (Takase et al., 1979).
Though many such studies on milk protein have been
reported, the antigenicity of proteolytic hydrolysates of
other food proteins is still not well investigated.

Ovomucoid is found in the egg white of avian species and
comprises about 10% of the egg white proteins (Rhodes
et al., 1960). Chicken ovomucoid is a trypsin inhibitor and
is thus resistant to tryptic digestion but does not inhibit
human trypsin (Buck et al.,, 1962). Ovomucoid had a
characteristic molecular structure (i.e., it consists of three
well-separated domains in its amino acid sequence (Kato
et al., 1978), and the three domains were structurally in-
dependent (Matsuda et al., 1981)). Like some proteins
such as myoglobin (Atassi et al., 1973), lysozyme, and se-
rum albumin (Atassi, 1975), relatively larger fragments
produced by limiting hydrolysis (Morton and Deutsch,
1961) or CNBr cleavage (Beeley, 1976) of ovomucoid have
been reported to show almost as much antigenicity as the
parent molecule.

In the present study, the effect of peptic digestion on
the immunochemical and physical properties of ovomucoid
was investigated by several immunochemical methods,
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trypsin-inhibitory activity measurement, and circular di-
chroism analysis.

MATERIALS AND METHODS

Ovomucoid was isolated from egg white of White Leg-
horn hens by means of the trichloroacetic acid method and
SP-Sephadex C-50 column chromatography as described
by Waheed and Salahuddin (1975). All fractions with
trypsin inhibitory activity recovered from the column
chromatography were pooled, dialyzed, and lyophilized.
Porcine pepsin was obtained from Worthington Biochem-
ical Corp. and used without further purification.

Peptic Digestion. Ovomucoid was digested by pepsin
(5% of substrate weight). Twenty milligrams of ovomucoid
was dissolved in 10 mL of distilled water and pH of the
solution was adjusted to 2.0 with HCl. One milliliter of
the ovomucoid solution was placed in test tubes and 100
uL of pepsin solution (1 mg/mL in 10 mM HCI) was added
to each tube. The solutions were incubated at 25 °C for
2, 4, 10, 20, and 60 min. The enzyme reaction was ter-
minated by adding 51 L of 0.2 M NaOH. NaOH was
added to the sample of zero-time incubation before ad-
dition of the pepsin solution. Some of each solution was
used for electrophoresis, and the remainder was diluted
10-fold with 0.15 M NaCl-0.01 M phosphate buffer, pH
7.2 (PBS), and used for the immunodiffusion, immumo-
precipitation, and PCA experiments.

Polyacrylamide Gel Electrophoresis. Slab gels of
10% acrylamide and electrophoresis buffer of Tris—glycine
were prepared as described by Davis (1964). Sodium do-
decyl sulfate (NaDodSO,)-polyacrylamide gel electro-
phoresis (15% acrylamide) was performed according to the
method of Laemmli (1970). Gel sheets were stained with
a solution of 0.2% Coomassie Brilliant Blue R-250 in
water-2-propanol-acetic acid (5:5:1 v/v/v) and destained
with 7% acetic acid containing 10% methanol.

Trypsin Inhibitory Activity. Trypsin inhibitory ac-
tivity was assayed by measuring the initial rate of increase
in absorbance at 420 nm with N*-benzoyl-L-arginine-p-
nitroanilide as described by Waheed and Salahuddin
(1975).

Circular Dichroism (CD) Analysis. CD spectra of
samples were measured at 25 °C with a Jasco J-40CS
spectropolarimeter; the mean residue ellipticities, (0], of
the spectra were corrected by subtracting the spectra of
the carbohydrate moiety (Watanabe et al., 1981).

Preparation of Antisera. Rabbit antiserum to ovo-
mucoid was prepared as described previously (Matsuda
et al., 1982). Mouse antisera to ovomucoid were prepared
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The CD spectra of peptic-digested ovomucoid indicated
that peptic digestion induced remarkable conformational
changes in ovomucoid. The present authors have already
reported that the ovomucoid secondary structure was little
affected by only cutting ovomucoid domains apart (Wa-
tanabe et al., 1981). Hence, the peptic digestion of this
experiment would cleave some peptide bonds other than
those of the connecting peptides between the domains,

The antigenicity of peptic-digested ovomucoid was an-
alyzed by immunodiffusion and immunoelectrophoresis
methods (Figures 4 and 5). Two precipitin arcs formed
between ovomucoid digested for 20 min and antiserum
indicated that some ovomucoid fragments produced by the
peptic digestion retained their antigenicity. Moreover, the
antigenicity of peptic fragments was demonstrated clearly
by immunoelectrophoresis.

To quantitate the antigenicity of peptic-digested ovo-
mucoid, immunoprecipitation analysis was performed in
the PBS system (Figure 6). The remarkable decrease of
immunoprecipitation by peptic digestion is well explained
by one or both of the following hypotheses. Some of the
ovomucoid antigenic determinants were destroyed by the
peptic digestion and/or ovomucoid antigenic sites were
separated by the peptic fragmentation. Therefore, non-
precipitating antigens with only one or two antigenic sites
were produced (lattice formation and immunoprecipitation
are said to require at least three determinant groups per
antigenic unit). The results of immunoprecipitation in-
hibition analysis (Figure 7) strongly supported the latter
hypothesis rather than the former one. The inhibition
(about 70%) by the peptic-digested ovomucoid indicated
that a considerable amount of nonprecipitating antigen was
produced. Moreover, the rapid increase up to 70% in the
inhibition of peptic-digested ovomucoid suggested :hat
about 70% of the antigenic sites in a ovomucoid molecule
remain intact in most molecules after the digestion.

The peptic-digested ovomucoid inhibited the PCA re-
action to the same degree as native ovomucoid, indic-ting
that most of ovomucoid antigenic sites retained their
binding capacity with mouse IgE antibody. Human IgE
antibody is known to induce an immediate type of food
allergy called the Gel-Coombs Type I reaction (Breneman,
1978). Therefore, it is probable that peptic-digested
ovomucoid will cause allergic symptoms in a patient al-
ready sensitized to ovomucoid.

The immunodiffusion analysis of fractions prepared by
the gel filtration suggested that at least three kinds of
fragments with antigenicity were produced by the peptic
digestion. The antigenic fragments from fractions I and
III seemed to contain some ordered secondary structure
(helix and §-sheet), when the CD spectra of the fragments
were compared with the standard spectra of helix and
B-sheet (Chang et al., 1978). The weak ellipticity of the
antigenic fragments from fraction II may be due to
structural destruction by peptic fragmentation and/or by
treatments during sample preparation.

Ovomucoid contains no less than about 25% carbohy-
drate. From the present study, it is uncertain whether the
carbohydrate groups contributed in any way to the anti-
genicity of the ovomucoid. The carbohydrate groups may
have something to do with resistance of antigenic sites to
peptic hydrolysis. However, the carbohydrate groups are
considered to make less or no contribution to the anti-
genicity itself, because denatured ovomucoid was found
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to have no antigenicity to anti-native ovomucoid antibody
(Morton and Deutsch, 1961; Beeley, 1976).

It is quite predictable from the above-described mo-
lecular characteristics of ovomucoid that ovomucoid
fragments produced by limiting hydrolysis of interdomain
connecting peptides would retain their antigenicity.
However, the peptic treatment of this study seemed to
cleave not only the interdomain connecting peptides but
also intradomain peptide bonds. It is not clear why the
ovomucoid antigenicity was only slightly diminished by
the appreciable peptic hydrolysis. Maintenance of struc-
ture after peptide-chain cleavage may be aided by the
presence of a high proportion of disulfide bonds in each
of the fragments (Beeley, 1976). The isolation and char-
acterization of antigenic fragments from the ovomucoid
proteolytic hydrolysate are now in progress.
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