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Figure 3. Effect of ceruloplasmin (150 U/g) on in situ lipid
peroxidation in minced turkey muscle tissues: @, control, minced
muscle (run 1); a, minced muscle (run 1) in the presence of
ceruloplasmin; O, control, minced muscle (run 2); A, minced
muscle (run 2) in the presence of ceruloplasmin.

Reactions 5 and 6 resemble the activity of a hydroper-
oxidase like glutathione peroxidase, which decomposes
hydroperoxides to nonradical compounds. The decom-
position of hydroperoxides by heme proteins in the pres-
ence of ascorbic acid has been documented (O’Brien, 1969).

In situ minced turkey muscle lipid peroxidation was
inhibited by ceruloplasmin (Figure 3). This result was
obtained with two different sources of turkey muscles, one
of which tends to oxidize rapidly, the other more stable.
In both samples, ceruloplasmin prevents between 76 % and
56% of the lipid peroxidation process. As a great part of
the oxidation is prevented by low concentration of EDTA
(Kanner et al., 1988) and ceruloplasmin, we conclude that

“free” iron ions are the major prooxidant factor in minced
turkey muscles. Our results open a new way for the uti-
lization of ceruloplasmin, a natural byproduct of animal
blood, as a natural antioxidant for muscle foods.

Registry No. Fe, 7439-89-6; ceruloplasmin, 9031-37-2; as-
corbate, 50-81-7.
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Limited Proteolysis of Ovalbumin by Pepsin

Naofumi Kitabatake,* Kaoru Indo, and Etsushiro Doi

The hydrolysis of hen egg white ovalbumin by porcine pepsin was examined at various pHs. Changes
in molecular size of the ovalbumin occurring during hydrolysis were investigated by SDS—polyacrylamide
gel electrophoresis. A strictly limited hydrolysis was observed at pH 4. Only a single peptide bond in
the original ovalbumin (MW 45 000) was cleft, and a peptide with a molecular weight of about 3000 was
released. Both the released peptide and the residual protein (MW 42000) were resistant to further
hydrolysis by prolonged incubation or addition of more pepsin. The cleavage site was between His-22

and Ala-23 of the ovalbumin amino acid sequence.

Enzymatic modification is a useful method to improve
and upgrade the functional and nutritional properties of
food protein; in particular, proteolytic hydrolysis is widely
applied for such modification (Yamamoto, 1975; Kay, 1982;
Adler-Nissen, 1986). Kitabatake and Doi (1985) prepared
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a transparent gel from pepsin-treated ovalbumin and egg
white by heating although nonproteolyzed proteins gave
turbid gels. However, it is known that an extensive hy-
drolysis of protein gives deteriorative effects: formation
of a bitter peptide or loss of a functional property. Pro-
teolytic activities are required to be controlled in some
cases. For this purpose limited proteolysis is available.

The transparent gel obtained from pepsin-treated
ovalbumin, described above, gave no bitterness and a
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The results indicate that the amino terminal of p-
ovalbumin is alanine. The only possible site of cleavage
of the ovalbumin is the peptide bond between His-22 and
Ala-23, which is between Cys-11 and Cys-30.

The amino and carboxyl terminals of the fragment (after
12 h of hydrolysis) separated by Sephadex G-75 were also
examined as described above. No dansyl amino acids
derived from the amino terminal of the fragment were
detectable on the polyacrylamide sheets. The carboxyl
terminal of the fragment was histidine. The results in-
dicate that the fragment was a peptide from the amino
terminal to the His-22 of the original ovalbumin. The
fragment obtained after 24 h of hydrolysis contained the
same carboxyl terminal (histidine). All these results in-
dicate that only a single peptide bond (His-22-Ala-23) in
the ovalbumin was cleft after reaction with pepsin at pH
4.

DISCUSSION

At pH 2.0, pepsin hydrolyzed the ovalbumin molecule
into small peptides not detected by SDS-PAGE,; that is,
it attacked the many peptide bonds of ovalbumin at this
pH.

However, at pH 4.0, pepsin acted on only one peptide
bond in the ovalbumin molecule and produced a stable
intermediate, p-ovalbumin.

The roughly estimated molecular weight of the released
peptide (3000) from the SDS-PAGE pattern coincided well
with the number of residues, determined by amino and
carboxyl terminal analyses to be 22. Both the fragment
peptide and the p-ovalbumin were resistant to further
hydrolysis by pepsin at pH 4. The proteolysis might be
limited for two reasons. One is the change of the substrate
specificity of pepsin caused by changes in pH. The other
is the conformation of the native ovalbumin.

As described in the introduction, two carboxyl groups
in pepsin molecule are essential to its catalytic action. The
enzyme is most active for various synthetic peptides be-
tween pH 1.5 and 4.5.

Most experiments for the hydrolysis of a protein sub-
strate by pepsin are carried out at pH 1.8 or 2.0, but when
the hydrolysis was carried out at pH 4 in this study, only
a single peptide bond of the ovalbumin was hydrolyzed.
In separate experiments, the hydrolysis of casein by pepsin
was examined (data not shown). At pH 4, the formation
of a intermediate protein (limited hydrolyzed ovalbumin)
was observed on SDS-PAGE, indicating that, at least at
pH 4, the cleavage sites of the protein were fewer than at
pH 2. However, in the case of casein, the intermediate
protein gradually diminished after prolonged incubation.
This difference of ovalbumin and casein can be explained
by the difference of their conformations. The casein
molecule has a random structure at all pHs and does not
need the addition of a denaturant even for proteolysis at
neutral pH. However, most proteins need the addition of
some denaturant or the treatment for denaturation of
protein to be proteolyzed at neutral pH.

Ovalbumin is also resistant to proteolysis at neutral pH.
For example, trypsin did not act at all at pH 7 (unpub-
lished data). Subtilisin can hydrolyze two sites of oval-
bumin (bonds 345-346 and 352-353).

At pH 4, the conformation of ovalbumin would not be
very different from that at neutral pH, and the bonds
between His-22 and Ala-23 are exposed at the surface, to
be easily cleft by pepsin. Another peptide sequence be-
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tween 345 and 353 is also probably exposed, as shown by
experiments with subtilisin. However, this part of the
peptide was not hydrolyzed at pH 4 by pepsin, probably
by the decrease of cleavage sites by pepsin at pH 4.

It is known that ovalbumin is synthesized and secreted
without the cleavage of a hydrophobic signal peptide,
unlike other secretory proteins. Meek et al. (1982) spec-
ulated that the hydrophobic signal peptide lies between
residues 25 and 45 and folds back toward the preceding
residues to form an amphipathic hairpin structure. Res-
idues 1-25 of ovalbumin do not possess a hydrophobic
stretch, whereas residues 26-45 are all either hydrophobic
or uncharged. They suggest that this amphipathic se-
quence forms one limb of a hairpin loop, which is the signal
element responsible for interaction with the microsomal
membrane. The site of pepsin attack is the curved part
of the loop, that is, the conversion area from a hydrophilic
amino acid sequence to a hydrophobic amino acid se-
quence. On the other hand, Lingappa et al. (1979) stated
that the signal sequence involved in membrane translo-
cation is located between residues 234 and 253.

Our studies suggest that His-22 and Ala-23 are exposed
on the outside of the ovalbumin molecule and that when
the hairpin loop is also on the outside and linked to the
rest of the ovalbumin molecule (residue 50 linked to 385),
pepsin will probably selectively attack only the peptide
bond between His-22 and Ala-23. This supports the sug-
gestion of Meek et al. (1982) rather than that of Lingappa
et al. (1979).

Registry No. Pepsin, 9001-75-6; carboxypeptidase Y, 9046-
67-7.
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