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Human casein is considered to consist mainly of - and k-caseins. In
addition to these, we have found a 20,000-dalton casein component in a
human casein fraction prepared by either acid precipitation or ultra-
centifugation, and demonstrated that this fragment was derived from
B-casein, being cleaved by the action of plasmin.? The formation of the
y-casein group (fB-CN-1P(f29—209), -CN(f106—209), and S-CN({108—
209)) from bovine f-casein has been investigated and ascribed to
the action of plasmin.>”* However, the human 20,000-dalton casein
fragment described above contained the N-terminal phosphosery! region,
and is one of the major components of human casein. These findings led
us to presume that plasmin primarily attacks the C-terminal portion of
human S-casein, unlike its attack on bovine B-casein,? and releases the
C-terminal fragment from human f-casein instead of converting it to
component(s) like bovine y-caseins.® In this study, we isolated the
C-terminal fragment of human f-casein that was released by plasmin
action, and identified the cleavage point.

Human pS-casein was prepared from acid casein by gel filtration on
Sephacryl S-300 (Pharmacia, Uppsala, Sweden) in a 50 mM imidazole
HCI buffer at pH 7, containing 4M urea and 0.1% 2-mercaptoethanol
as described clsewhere.") The B-casein was further fractionated on
DEAE-Sephacel (Pharmacia) in accordance with its phosphorus content
as described previously,” and the major p-casein component of 4-
phosphorus form was used in this study.

Hydrolysis of human f-casein by plasmin from human plasma (EC
3.4.21.7; Sigma, St. Louis, MO) was done in a 0.2 M phosphate buffer at
pH 7.4 with a substrate to enzyme ratio of 50 to 1 for [.5hr at 37°C. The
reaction was stopped by heating in a boiling water bath for 10min. A
sample of the hydrolysate was put directly onto reverse-phase high-
performance liquid chromatography (HPLC). A Tri Rotor SR-2 liquid
chromatograph (Jasco, Tokyo, Japan) with a C4 hi-pore column (SSC-
SC4, 250 x 4.6 mm, Senshu Kagaku, Tokyo, Japan) was used. Elution
was done with a linear gradient of acetonitrile (1% per min) in 0.1%
trifluoroacetate at 40°C and a flow rate of 1ml per min. The peptide
concentration was monitored at 230 nm, and each peptide fraction was
manually collected and lyophilized.

The amino acid composition of each fraction was analyzed in a
Hitachi 835 amino acid analyzer after it was hydrolyzed in 6 M HCI at

0.64AU at 230 nm
: —

110°C for 24 hr. The peptide that possibly was the C-terminal fragment
was analyzed by automated Edman degradation on a 470A protein
sequencer (Applied Biosystems, California, U.S.A.).

The C-terminal peptide corresponding to the part of human f-casein
other than the 20,000-dalton fragment was isolated by reverse-phase
HPLC from the plasmin hydrolysate of human f-casein (Fig. 1). The

Table I. Amino Acid Composition and Sequence of the C-Terminal
Peptide Released by the Action of Plasmin from Human f-Casein

Amino acid mol% Nearest integer f-CN (f160—210)°
Asx 6.1 3 3
Thr 4.4 2 2
Ser 2.2 1 1
Glx 17.1 8 8
Pro 18.0 9 10
Gly nd 0 0
Ala 7.0 3 3
Cys nd 0 0
Val 15.7 8 7
Ile 6.1 3 3
Leu 15.6 8 8
Tyr 3.1 2 2
Phe nd 0 0
Lys nd 0 0
His 32 2 2
Arg 1.9 1 1
Trp nd 0 0

Sequence (up to 40th residue):
VLPIPQQVVPYPQRAVPVQALLLNQELLLNPTHQIYPVTQ

a

From the sequence data of Lonnerdal et al.®
nd, not detected.
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Fig. 1.

The desired peptide peak is indicated by the arrow.

T To whom correspondance should be addressed.

Reverse-phase HPLC Pattern for Human S-Casein after Treatment with Plasmin.
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peptide indicated by the arrow in Fig. 1 was found to be the desired
peptide from its amino acid composition and sequence.

The result of the amino acid composition of this peptide is shown in
Table I, together with its N-terminal amino acid sequence up to the 40th
residue. Table I also has the amino acid composition of the corresponding
fragment of human f-casein (residues 160 to 210) analyzed by Lonnerdal
et al.® from the nucleotide sequence. The amino acid sequences of these
portions were identical. Consequently, the plasmin cleavage point was
clarified to be the peptide bond between 13°Lys—'°Val. The amino acid
residues at positions 166 (Q/E), 168 (V/L), 172 (Q/V), 191 (T/P), 198
(T/P), and 199 (Q/E) (residue numbers are according to Lonnerdal et
al.®) are in conflict with those reported by Greenberg and Groves,” and
unlikely to be due to genetic variants.

As the amino acid composition of this peptide was closely similar to
that of the C-terminal fragment from residues 160 to 210, as found by
Lonnerdal et al.,® this peptide is considered to have the full amino acid
sequence to the C-terminus.

In our previous paper,” we clarified that, by plasmin action, human
B-casein was converted to the 20,000-dalton fragment (termed S-CN(f)1),
with the phosphoseryl residues in the N-terminal region. Because f-
CN(f)!l can be found in the casein fraction prepared by either acid
precipitation or ultracentrifugal precipitation, and because the C-terminal
peptide considered to be the other part of S-casein can be released by
the action of plasmin, it is likely that the peptide bond between
1591 ys-160Val is primarily hydrolyzed by plasmin. This cleavage point was
not indicated by Greenberg and Groves®; they showed the occurence of
y-casein like peptides which has comparable mobilities to that of bovine
y,- and y;-caseins on alkaline-urea polyacrylamide gel electrophoresis
(PAGE). The band of their y,,s-casein like peptides may be identical
with our -CN(f)1 with one phosphorus, judging from their mobilities on
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alkaline-urea PAGE. The cleavage points for the occurrence of y-casein
like peptides estimated by Greenberg and Groves® from the homology
between human and bovine f-caseins are all included in -CN(f)1, and
the cleavage point for releasing our C-terminal peptide is included in all
y-casein homologues.

These findings suggest that the occurrence of y-casein homologues is
inconsistent with the occurrence of f-CN(f)1 accompanied by the release
of the C-terminal peptide.

Acknowledgments. We wish to thank Mr. Ten Koide and Shin-ichi
Kojima at the Takarazuka Research Center of Sumitomo Chemical Co.,
Ltd. for assisting with the sequence analysis.

References

1) N. Azuma, H. Kadoya, and K. Yamauchi, J. Dairy Sci., 68,
2176—2183 (1985).

2) W. N. Eigel, Int. J. Biochem., 8, 187—192 (1977).

3) S. Kaminogawa, H. Mizobuchi, and K. Yamauchi, Agric. Biol.
Chem., 36, 2163—2167 (1972).

4) S. Kaminogawa and K. Yamauchi, Agric. Biol. Chem., 36, 255—260
(1972).

5) N. Azuma, M. Aizawa, and K. Yamauchi, Agric. Biol. Chem., 53,
1037—1041 (1989).

6) B. Lonnerdal, S. Begstrom, Y. Anderson, K. Hjalmarsson, A. K.
Sundqvist, and O. Hernell, FEBS Lett., 269, 153—156 (1990).

7) R. Greenberg, M. L. Groves, and H. J. Dower, J. Biol. Chem., 259,
51325138 (1984).

8) R. Greenberg and M. Groves, Biochem. Biophys. Res. Commun.,
125, 463—468 (1984).

NII-Electronic Library Service





