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Plakalbumin Converts to Heat-Stable Form under the Same Condition as an

Ovalbumin-s-Ovalbumin Transformation

Shinji Shitamori and Ryo Nakamura*

A solution of plakalbumin, a protein derived from ovalbumin by mild hydrolysis with subtilisin, was
adjusted to pH 9.9 and kept at 55 °C for 16 h. The denaturation temperature of plakalbumin measured
by differential scanning calorimetry before and after this treatment was 77.2 and 86.6 °C, respectively.
The circular dichroism of both kinds of plakalbumin was almost the same, the isoelectric focusing of
plakalbumin became broad, and the surface hydrophobicity of plakalbumin increased slightly with the
above treatment. All these results suggest that plakalbumin converts to the heat-stable form (s-plak-
albumin) after the manner of an ovalbumin-s-ovalbumin transformation.

Ovalbumin has been shown to change to a heat-stable
form (s-ovalbumin) during the storage of shell eggs (Smith,
1964). This conversion also occurs in an isolated ovalbu-
min solution, the rate increasing with pH and temperature
(Smith and Back, 1965). Although slight conformational
changes were detected by Raman difference spectroscopy
(Kint and Tomimatsu, 1979), the gross conformation of
ovalbumin and s-ovalbumin was almost the same (Smith
and Back, 1968; Nakamura et al., 1980).

In previous studies (Nakamura et al., 1980, 1981; Na-
kamura and Ishimaru, 1981), the authors compared the
properties of ovalbumin with those of s-ovalbumin and
found some differences; the isoelectric focusing of s-
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ovalbumin became broader than that of ovalbumin
whereas their polyacrylamide gel electrophoretic pattern
was identical. Also, the intrinsic viscosity of s-ovalbumin
was lower than that of ovalbumin, whereas its hydropho-
bicity was greater. The relationship of these differences
between both proteins with the increased thermal stability
of s-ovalbumin, however, is not clear.

It is of interest to know whether proteins other than
ovalbumin can be converted to the heat-stable form under
the same condition as for ovalbumin—s-ovalbumin trans-
formation. Our previous study on several proteins revealed
no conversion to the heat-stable form (Nakamura et al.,
1980). The present investigation provides results on the
conversion of plakalbumin, a protein derived from oval-
bumin by mild proteolysis with subtilisin (Linderstrom-
Lang and Ottesen, 1947), to the heat-stable form by
heating at 55 °C for 16 h under the pH of 9.9. This form
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of ovalbumin to plakalbumin (Ottesen, 1958). There were
the broad P, and P, bands in the isoelectric focusing of
s-plakalbumin, just as for s-ovalbumin, as presented in the
previous study (Nakamura et al., 1980).

Table I shows the surface hydrophobicity of ovalbumin,
plakalbumin and s-plakalbumin. The hydrophobicity of
s-plakalbumin was greater than that of plakalbumin, al-
though it was similar to that of ovalbumin.

DISCUSSION

Since studies concerning the preparation and properties
of plakalbumin are relatively few, first the properties of
plakalbumin found in the present experiment were com-
pared with those of previous studies (Linderstrom-Lang
and Ottesen, 1947; Smith, 1968). Plakalbumin has been
shown to release a large peptide of molecular weight 3700,
with an N-terminal serine residue, which is firmly bound
to the plakalbumin by noncovalent forces and can be
isolated by gel filtration in 6 M urea solution (Smith, 1968).
This means the molecular weight of denatured plakalbu-
min is 40 000 or less. In the present experiment, the mo-
lecular weight of plakalbumin was measured by using
NaDodSO, —polyacrylamide gel electrophoresis in the de-
natured condition. Actual molecular weight of plakalbu-
min was about 40000 and coincided well with the esti-
mated weight. The solubility of plakalbumin in the con-
centrated (NH,),S0, increased with the conversion to
s-plakalbumin (Figure 3). Although the minimum con-
centrations of (NH,)»SO, to give the turbidity were slightly
different from those cited in the literature (Linderstrom-
Lang and Ottesen, 1947), the ratio of the (NH,),SO, con-
centration of ovalbumin to that of plakalbumin (46.7/41.3)
was about 1.1, which was almost the same as reported by
Linderstrem-Lang and Ottesen (1947).

The relationship between the properties of plakalbumin
and s-plakalbumin is very similar to that of ovalbumin and
s-ovalbumin (Nakamura et al., 1980, 1981; Nakamura and
Ishimaru, 1981); the gross configuration of s-plakalbumin
was almost the same as that of plakalbumin, although the
isoelectric focusing of s-plakalbumin gave a broader band
and the surface hydrophobicity of s-plakalbumin was
greater than that of plakalbumin. All these results suggest
that the mechanism of s-plakalbumin formation is the
same as that of s-ovalbumin formation from ovalbumin.
Since CD spectra of ovalbumin and plakalbumin are al-
most the same, both small peptides released from oval-
bumin during its conversion to plakalbumin and large
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peptides bound to the plakalbumin by noncovalent forces
might not affect the gross configuration of both proteins.

In the previous study (Nakamura and Ishimaru, 1981),
the authors showed that the surface hydrophobicity of
s-ovalbumin was greater than that of ovalbumin and
suggested the exposure of some peptide portions of higher
hydrophobic amino acid contents during the ovalbumin-
s-ovalbumin transformation. Since the large peptide
molecule bound to the plakalbumin by noncovalent forces
has large amounts of hydrophobic amino acid (Tompson
et al., 1971; Nisbet et al., 1981), a part of the peptide
portion might be exposed on the surface of s-plakalbumin
during the conversion to s-plakalbumin.
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