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SUMMARY: Plasmin cleaves isolated human B-casein to form specific fragments
in a manner similar to the generation of y;-, y2-, and Yys-caseins from the
bovine homologue. Identification of a protein previously isolated from
human milk as a specific plasmin cleaved portion of B-casein indicates that
endogenous plasmin is active in whole milk. These findings suggest that
protease activity should be considered in casein quantitation or isolation
of components from human milk. © 1984 Academic Press, Inc.

Values for the protein content and distribution in human milk, the
recommended nutritional regimen for pre-term and term infants, remain largely
unsettled. Total protein concentrations of 0.8 to 1.7% have been reported
with the casein fraction estimated between 30 and 50% of the total protein.
Working values of 0.9% protein (1), ome third as caseins (2), are currently
used by the pediatric nutritional community pending definitive resolution of
the question. | ‘

Comparison of the primary structure of the major componentbof the
casein fraction in mature human milk, B-casein, with the bovine homologue
yields a value of 50% sequence identity (3). Both milk systems contain
small amounts of proteinases possibly §ssociated with'casein micelles and
fat globule membranes (4,5). Studies on the bovine Yy-casein familvahich
includes several temperatufe sensitive (higher solubility with decrease in.
temperature) minor casein proteins indicated a close relationship of these
materials to B-casein. Comparison of the amino terminal sequences of these

molecules with the primary structure of B-casein revealed that these Y17
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Yy and y3-caseins represent successively smaller carboxyl terminal fragments
of B-casein (6). Bovine yl—, yz-, and y3-caseins consist of residues 29-209,
106-209, and 108-209 of B-casein (6). Under a proposed new nomenclature

system (7), all casein fragments would be named as portions of the parent
proteins; the aforementioned y-caseins would be referred to as B-CN B (£29-209),
B-CN B (£f106-209), and B-CN B (£108-209). Eigel (8) demonstrated production

of these components by incubation of bovine B-casein with plasmin, which
together with its zymogen has been identified in bovine and human milk

(9-11). 1In 1970, before the aforementioned bovine B-casein plasmin

cleavage was described, Schade and Reinhart (12) reported the isolation and
characterization of a temperature sensitive protein from human milk whey

having a molecular weight of 14,000 which they called galactothermin. In

the present communication we report that plasmin cleaves human B-casein

highly specifically in analogous fashion to the bovine protein, that galacto-
thermin is a product of this proteolysis, and that this phenbmena may contribute

to the uncertainty in protein and casein quantitation.

MATERIALS AND METHODS

The whole B-casein fraction from mature human milk and its six components
having identical amino acid compositions but differing in phosphate content
from zero to five phosphate groups per molecule were isolated as described
by Groves and Gordon (13). Sequence studies were carried out on the intact
protein and on peptides produced by enzymatic and chemical cleavages. The
complete primary structure including location of the phosphate groups is
reported elsewhere (3).

Plasmin mediated proteolysis was performed by a modification of the
procedure described by Eigel (8) for the bovine system. To the 37°C incubation
mixture containing human B-casein-1-P (5 m§/m1) in 0.05 M tris-HCl, pH 7.4,
was added 0.025 mg/ml human plasmin (Sigmal!). Aliquots (50 pl) were removed
after 0.5, 1, 4, and 8 min and mixed with equal volumes of 8 M urea containing
0.2% 2-mercaptoethanol.

The extent of digestion was monitored by disc gel electrophoresis at
pH 9.6, 4 M urea (14), and by sodium dodecyl sulfate gel electrophoresis
using 10% gel (15).

RESULTS AND DISCUSSION
Plasmin mediated proteolysis of human B-casein proceeds rapidly and

appears to effect a highly specific cleavage. At a protein to enzyme ratio

Reference to brand or firm name does not constitute endorsement by the U.S.
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Figure 1. Disc gel electrophoresis of human B-casein-1-P incubated at 37°C
with human plasmin.
a. pH 9.6, 4 M urea
b. SDS-10% gel
Samples 1 through 5 on both gels are the same, (1) 0.5, (2) 1,
(3) 4, (4) 8 min incubation, (5) human B-casein-1-P, (6b) bovine
p-casein B, (7b) ¥,-casein, (8b) Yy t y3-caseins.

of 200:1 the alkaline gel electrophoretic patterns (Fig. la) clearly indicate
the disappearance of the parent protein and concomitant appearance of new
bands in less than 1 min. The 37°C digestion mixture became increasingly
turbid in the same time period confirming the release of temperature sensitive
fragments. The y-casein-like components have comparable mobilites to the
equivalents formed in the bovine system, although the latter are not shown

on the pH 9.6 gel. The human Y, + yg-equivalent band represents the major
fragment as judged by staining intensity. The faster moving bands at pH 9.6
may comprise the amino terminal portions of P-casein released during plasmin
cleavage which in the bovine system have been identified as components of

the proteose-peptone fraction (16,17). The SDS-gel (Fig. 1b) which also
indicates rapid formation of fragments, includes bovine f-, Y17 and Yy + Y3~
caseins for molecular weight comparisons. The human B-casein digestion
products appear to be of slightly higher molecular weights than their bovine

counterparts.
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Figure 2. Sequence of human B-casein with plasmin cleavage points indicated.

The sequence of human B-casein shown in Fig. 2 was elucidated by the
preparation of cyanogen bromide cleaved fragments and by proteolysis with
trypsin of the trifluoroacetylated protein (3). The latter procedure yielded

two large peptides, T, and T3, which included residues 99 to the end of the

2
molecule. Table 1 compares the amino acid compositions of T2 plus T3 with
galactothermin as reported by Schade and Reinhart (12). This comparison
indicates that galactothermin is a fragment of human B-casein, actually a
mixture of two fragments, and is analogous to bovine Yy~ and y3—caseins. As
shown by the plasmin digestion experiments the enzyme may mediate a specific
cleavage at lysine 96 and arginine 98 (Fig. 2) producing a pair of molecules,
97-212 and 99-212. Note in Table 1 that galactothermin contains 0.5 glycine
residue and 1.6 arginine (see Fig. 2, positions 97 and 98). Consistent with
the new proposal, these human milk derived molecules would be named H-B-CN
(f21-212), H-B~-CN (£f97-212), and H-B-CN (£99-212). Although the fragment
equivalent to bovine yl-casein has not been isolated, cleavage at residue 20
is likely based on the human-bovine sequence comparison (3). As the SDS-gel
pattern suggested, the human fragments are slightly larger than bovine
equivalents due to the 10 residue shifted sequence alignment between the

homologues.



Table 1

Amino Acid Composition (Residues/Mole)

T2 + T3a Galactotherminb T2 + T3a Galactotherminb
Asp 6 6.0 Met 2 1.8
Thr 5 3.3 Ile 6 5.3
Ser 4 1.5 Leu 19 17.6
Glu 18 16.4 Tyr 2 2.5
Pro 27 23.7 Phe 2 1.9
Gly - 0.5 Lys 3 2.8
Ala 4 4.7 His 3 2.6
Val 11 11.5 Arg 1 1.6

Try 1 1

3From sequence, Ref. (3).

b
Data of Schade and Reinhart (12) recalculated based on Asp = 6.0,
16 hr hydrolyzate.

Recently Monti and Jollesv(18) reported on another temperature sensitive
auman milk whey protéin, also referred to as '"galactothermin," which they
concluded was intact zero-phosphate B-casein. Increased solubility of this
form during casein precipitation at pH 4.6 allows its distribution between
the whey and casein fractions.

In addition to an active plasmin system, an enzyme with chymotryptic-like
activity has been reported in human milk (19). One study concerned with the
variation of casein from individual milk samples (20) reported that on
occasion no pH 4.6 precipitate was evident and gel patterns of these milks
showed the absence of B-casein bands and the presence of lower molecular
weight peptides. During many such studies, human milk was allowed to stand
either at 37°C, room temperature, or 4°C for extended periods of time (1 to
24 hr). Now that the existence of endogenous protease activity (plasmin and
others) is apparent, this may be a partial reason for the large variations

reported in casein content. It is likely that this substantial protease



activity plays a beneficial role for the infant in enhancing digestibility,

but it must be considered in casein quantitation or isolation of components.

Acknowledgement - The authors wish to thank Rogers E. Seiler for his

excellent technical assistance.

REFERENCES

1. Lonnerdal, B., Forsum, E., and Hambraeus, L. (1976) Nutr. Reports
Int. 13, 125-134.

2. Hambraeus, L., Lonnerdal, B., Forsum, E., and Gebre-Medhin, M.
(1978) Acta Pediatr. Scand. 67, 561-565.

3. Greenberg, R., Groves, M. L., and Dower, H. J. (1984) J. Biol. Chem.
259, 5132-5138. :

4. Fox, P. F. (1981) Netherlands Milk Dairy J. 35, 233-253.

5. Hofmann, C. J., Keenan, T. W., and Eigel, W. N. (1979) Int. J. Biochem.
10, 909-000. .

6. Gordon, W. G., and Groves, M. L. (1975) J. Dairy Sci. 58, 574-582.

7. Eigel, W. N., Butler, J. E., Ernstrom, C. A., Farrell, H. M., Jr.,
Harwalker, V. R., Jenness, R., McL. Whitney, R. (1984) J. Dairy
Sci. 67, 1599-1631.

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

9. Korycka-Dahl, M., Ribadeau-Dumas, B., Chene, N., and Martal, J. (1983)

J. Dairy Sci. 66, 704-711.

10. Kaminogawa, S., Mizobuchi, H., and Yamauchi, K. (1972) Agr. Biol. Chem.
36, 2163-2172.

11. Rollema, H. S., Visser, S., and Poll, J. K. (1983) Milchwissenschaft
38, 214-217.

12. Schade, A. L., and Reinhart, R. W. (1970) Biochem. J. 118, 181-186.

13. Groves, M. L., and Gordon, W. G. (1970) Arch. Biochem. Biophys. 140,
47-51.

14. Groves, M. L. (1974) in Swaisgood, H. (ed.): Methods of Gel Electrophoresis
of Milk Proteins, pp. 26-29, ‘Am. Dairy Sci. Assn. Nomenclature and
Methodology of Milk Proteins Comm.

15. Weber, K., and Osborn, M. (1969) J. Biol. Chem. 244, 4406-4412.

16. Andrews, A. T. (1978) Eur. J. Biochem. 90, 59-65.

17. Andrews, A. T. (1978) Eur. J. Biochem. 90, 67-71.

18. Monti, J. C., and Jolles, P. (1982) Experientia 38, 1211-1213.

19. Miyashiro, H. (1978) Nippon Shonika Gakkai Zasshi 82, 427-431.

20. Azuma, N., Kobayashi, H., and Yamauichi, K. (1981) Aric. Biol. Chem. 45,
1007-1009.



