TECHNICAL NOTES

It has been found helpful in studies of the
caseins to characterize the -calcium-sensitive
casein by its quantitative precipitation with
calcium chloride (6), and the kappa-casein by
its ability to quantitatively stabilize the calcium-
sensitive casein so that it does not precipitate
with calecium chloride (5). The latter test,
which has not been reported in detail, is per-
formed with calcium-sensitive (a.) casein
(0.3%), at pH 6.7, with varying amounts of
kappa-casein, with a 0.020 M concentration of
calcium chloride. The test is set up in 15-ml.
centrifuge tubes; total volume of the test mix-
ture is 10.0 ml. A 29% solution of the as-casein
at pH 7.8 is used; subsequent addition of cal-
cium chloride brings the pH of the mixture to
the desired pH of 6.7. The solution of a.-casein
(30 to 34 mg.) is added to the tubes, followed
by the required volumes of water, and amounts
of kappa-casein such that the kappa/a. ratios
vary from about 0.03 to 0.12. Finally, 2.0 ml.
of 0.1 M ecaleium chloride is added and the
mixture stirred ‘with a spatula. The test mix-
tures are kept at 30° C. for 15 min., then cen-
trifuged at about 3,000 X G for 5 min. Sam-
ples of the supernatant solutions are withdrawn,
appropriate dilutions made, and 1 drop of 0.5
M NaOH added to clarify the dilutions. The
casein in solution is determined from the light
absorption at 280 mu. A factor of 1.0 is used
for econvenience for converting light absorption
(optical density) to milligrams of protein per
milliliter. The amount of kappa-casein used
in the test is deducted from the casein in solu-
tion and the results expressed as per cent of
as-casein in solution. Solutions of a.-casein for
the test are stored at 7° C. and are not kept
more than three days, since the soluble portion
at zero kappa concentration tends to increase.
A stabilization test with an aged a.-casein
solution parallels that obtained with a fresh
solution, but is at a higher level. A typical
curve for kappa-casein by this test procedure
is shown by the eurve No. 1 (O Q) in
Figure 1-A, where the per cent a.-casein solu-
ble is plotted against. the ratio of kappa/a. in
the test mixtures. Choice of a method for pre-
paring kappa-casein of maximum stabilizing
power has been guided by the use of this sta-
bilization test.

This test has also been useful in investigat-
ing the influence of various treatments on
kappa-casein. One of the treatments investi-
gated was the influence of heat (90° C. for 15
.min.).. On investigating' various preparations
of kappa-casein it was found that some were
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heat-stable, that is, after heating they. retained
their ability to stabilize the calecium-sensitive
casein, whereas others were heat-labile. The
latter were adequate stabilizers before heating,
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Fie. 1. Stabilization of ecalcium-sensitive (as)
casein by kappa-casein. Influence of heat and
chymotrypsin treatment on kappa-casein. Details
of the test are deseribed in the text. Results with
kappa-casein prepared by the method of McKenzie
and Wake (3) and subsequently ultracentrifuged
to remove the heavy fraction (results by Dr. M. P.
Thompson have shown that the heavy fraction has
very little stabilizing ability). Stabilization tests
with the kappa-casein subjected to various treat-
ments are designated by the following curves:
1) O O Kappa-casein as is (1.0% stock
solution at pH 7.0 used). (2) A------ A Kappa-
casein heated at 90° C. for 15 min. (7). (3)
®------ ® Kappa-casein plus chymotrypsin (10.0
ml. 1.09% kappa-casein, pH 7.0 and 0.3 ml. (3.5 v)
of chymotrypsin, at 25-27° C.), tested for stabiliza-
tion immediately. Same as curve drawn for 2. (4)
XP------X2 Same as (3), but tested after chymo-
trypsin had acted for 60 min. (5) W------ L]
Same as (4), but heated at 90° C. for 15 min.
before tested. (6) [J------ [1 Same as (3), but
tested after chymotrypsin had acted for 120 min.
(7)) A------ A Same as (6), but heated at 90° C.
for 15 min. before tested. :
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but after heating had lost much or all of this
property.

The explanation for this difference in the
effect of heat on kappa-casein is not apparent
yet. Chemical manipulation during the prep-
aration of the kappa-casein might produce the
heat-labile form, or enzymes in milk might pro-
duece the heat-labile form. The protease in milk
is a possibility, since this enzyme is precipi-
tated almost quantitatively with the casein in
the preparation of acid-precipitated casein (4).
This protease is of the trypsin-chymotrypsin
type, most active at pH 8.5. The enzymes
trypsin and chymotrypsin are considerably less
specific in their action on casein than are pep-
sin and rennin (2). Chymotrypsin was avail-
able, so the effect of this enzyme on the stabil-
izing activity of kappa-casein has been
investigated. The effect of heat on the partially
enzyme-altered kappa-casein also has been
studied. The results with two preparations of
kappa-casein are given in Figures 1 and 2.
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F1a. 2. Results with kappa-casein prepared by
the method of McKenzie and Wake (3). This
casein had not been treated to remove lipides and
the solution was slightly turbid. (1) O O
Kappa-casein as is. (2) A /A Kappa-casein
heated at 90° C. for 15 min. (3) V. v
Kappa-casein plus chymotrypsin (same conditions
as for A-3). Stabilization test after chymotrypsin
had acted for 60 min., no heat. (4) A
Kappa-casein plus chymotrypsin. Immediately
after addition of chymotrypsin, mixture was heated
at 90° C. for 15 min. (5) B———M Similar to
(4), but not heated until chymotrypsin had acted
for 15 min. (6) [J [1 Similar to (4), but
not heated until chymotrypsin had acted for 30
min, (7) W V¥ Similar to (4), but not
heated until chymotrypsin had acted for 60 min.

The experiments described utilize amounts
of chymotrypsin (ratio of kappa-casein to chy-
motrypsin 28,500 to 1) that have only a limited
action on casein. Calcium caseinate is clotted
by chymotrypsin (2) and the present studies
have shown that kappa-casein can be clotted
with chymotrypsin (500:1 at pH 6.8) with or
without calecium chloride present. The kappa-
casein, inactivated by successive action of chy-
motrypsin and heat as deseribed in the present
experiments, is clotted by caleium chloride at
concentrations of 0.005 M, but this clot dis-
solves at concentrations of 0.025 to 0.050 M
(this has varied with different preparations)
calcium chloride. This clot can also be dis-
solved with sodium chloride. Furthermore, this
inactive kappa-casein, with a concentration of
caleium chloride in which it is soluble, will clot
when acted on by rennin.

Figure 1 shows the stabilization by a prepa-
ration of kappa-casein that is not affected
by heat alone (A----A) (compare with
O O} the apparent increase in stabiliza-
tion by heating is probably not significant).
When acted on by chymotrypsin for 60 min.
there is a slight decrease in stabilization
¥---X?)), and after 120 min. a considerable
decrease ([J----0). Both of these solutions
lose their stabilization ability when heated at
90° C. (the negative stabilization slope indi-
cates that some of the kappa-casein is preeipi-
tated with the calcium-sensitive casein). \

In Figure 2 a preparation of kappa-casein
is illustrated (O Q) that has some heat-
lability without chymotrypsin treatment
(A A). Treatment with chymotrypsin
for inereasing periods (0, 15, 30, and 60 min.),
followed by heat, leads to increasing inactiva-
tion of the kappa-casein. At 60 min., stabiliza-
tion ability is completely lost (VW v),

whereas treatment by chymotrypsin alone has caugec

The relation of these results to the properties
of kappa-casein in milk, and the properties of
kappa-casein in the isolated form, can only
be guessed. It does suggest, however, as a
subject for further study, that the naturally
occurring protease in milk might be the cause
of the variable heat-lability of various prepara-
tions of kappa-casein. The protease in milk
may be of the chymotrypsin type, for it has
been found that free tyrosine was released by
its action (1). Furthermore, the protease in
milk should be studied to see if it might be
responsible for some of the adverse changes
that occur in. the storage of high-temperature,
short-time sterilized concentrated milks.
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