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Abstract

Goat x-casein in the reduced state, prob-
ably the natural state, has a mobility on
acrylamide gel electrophoresis at pH 9,
very close to that of the B-caseins. The goat
k-casein was identified by eclotting with
rennin, by specific changes in the electro-
phoretic pattern after rennin aetion, and
by nonprecipitation with caleium ions. It
stabilized goat a.-casein so that a,-casein
was not precipitated with caleium ions.
Polyacerylamide gel electrophoresis of goat
k-casein in some cases gave a single band
(together with identifiable contaminants),
and, in other cases, gave a multiplicity of
slower-moving bands. In all cases only a
single major band was observed when the
k-casein was reduced with mercaptoethanol.
Components with the mobilities of para-«-
casein were present in considerable amounts
in some preparations of «-casein.

Goat casein is characterized by two strong
bands in the B-casein region® on gel electro-
phoresis at pH 9. On treating whole goat casein
with urea-sulfuric acid for the isolation of
k-casein (11), preparations were obtained that
on electrophoresis gave a principal band moving
in the B-casein region. Other preparations on
electrophoresis gave multiple slower-moving
bands, but these preparations, too, gave a prin-
cipal band moving in the B-casein region when
treated with mercaptoethanol for electrophoresis.
This paper will show that the preparations ob-
tained by the urea-sulfuric acid method are
indeed k-casein and will report some. interesting
properties of goat x-casein.

Materials and Methods

Goat milk. Tresh goat milk, both pooled
and from two individual goats, was used in the
following studies. No major differences were
observed in the pooled and in these individual
samples. The milk was warmed to 30 to 36 C
and skimmed in a separator. Preparation of
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the caseins from this milk is deseribed in the
next section.

Polyacrylamide gel electrophoresis. Electro-
phoresis was performed in a vertical cell at
pH 9.0 in a 4.5 M urea with an aerylamide con-
centration of 7.0% (7). In some experiments
mercaptoethanol was added (10).

Experimental Procedures and Results

Whole casein was prepared from skimmed
goat milk by acidification with HCl. The most
effective flocculation and rapid filtration was
obtained when the pH was 4.2. The casein was
washed twice with water maintained at the same
pH. The casein was subsequently washed with
ethanol, .acetone, and ethyl ether, a process
which extracted lipids and dried the casein.

k-Casein was prepared from whole goat
casein by the sulfuric acid-urea procedure (11).
Goat casein behaved in this procedure as did
bovine casein. The lyophile-dried «-casein ob-
tained was about 139, of the whole casein used.
These impure (see electrophoretic patterns)
k-caseins had the following composition: 8%
volatile matter (moisture), 5% fixed ash,
155% N, 06% P, and 0.8% S, all on a
moisture-free basis. The same values for the
whole casein were 8, 2, 15.6, 0.8, and 0.8.

The sialic acid content of these preparations
was determined by the method of Warren (9).
The whole caseins contained 0.13%, the «-
caseins 0.3% sialic acid. Although these goat
x-caseins still contain other components, it is
evident that they contain considerably less sialie
acid than bovine k-casein (2.09%). Sialic acid
content of goat and cow whole casein, is respec-
tively, 0.13 and 0.36%. Alais and Jolles (1)
have found goat casein to contain 0.139, sialie
acid, the glycopeptide 3.09%.

The precipitate obtained in the x-casein isola-
tion, termed as,-B casein, was suspended in
water, dissolved with NaOH, dialyzed for 18 hr
against H.O, precipitated with 0.1 ¥ HCI, and
dried with organic solvents, as was the whole
casein. Polyaerylamide gel electrophoresis of
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Fic. 1. Polyacrylamide gel electrophoresis of
whole goat casein, k-casein, and as-B casein. 1, 2
Whole casein; 3, 4 k-casein; 5, 6 as-8 casein. Pat-
terns 2, 4, and 6 were obtained with mercapto-
ethanol present. The doublet of intermediate mo-
bility, very evident in Patterns 1, 2, 5, and 6, is
B-casein. The ecomponents of greatest mobility are
as-casein. The major band of the mercoptoethanol-
treated k-casein, presumably reduced k-casein,
moves just ahead of the B-casein. This preparation
without mercaptoethanol gives the multiple bands,
presumably ecorresponding to oxidized «k-casein,
showing between the B-caseins and the origin.

the goat whole casein, k-casein, and the a.-8
casein preparation are shown in Figure 1, boili
without and with mercaptoethanol. Some of the
k-casein preparations gave a pattern almost
identical to no. 4 without the use of mercapto-
ethanol. The urea—sulfuric acid method ex-
cluded most of the B-casein, but considerable
as-casein is still present in this x-casein prepa-
ration. Other x-casein preparations have been
considerably freer of as-casein (see Figure 2),
with most of this component in the a,-8 casein
preparation. An electrophoretic comparison of
goat whole casein with the bovine casein is
shown in Figure 2. Although the B-caseins have

F1a. 2. Electrophoretic comparison of goat and
-bovine whole caseins and goat k-casein without
and with mercaptoethanol present. 1. Whole goat
casein. 2. Goat x-casein. 3. Goat k-casein with mer-
captoethanol present. 4. Whole bovine casein. The
two slow-n@oving bands in mno. 3 correspond to
para-k-casein.

about the same mobility, the goat a,-casein has
a lower mobility than the bovine a,-casein. Also
shown is another x-casein preparation, without
and with mercaptoethanol. This preparation
shows the presence of some spontaneously
formed para-x-casein (see later). The influence
of mercaptoethanol on another, more typical
preparation (sharp bands, little of the diffuse
staining, only trace of para-«-casein) of «-
casein is shown in Figure 3.

Since the «k-casein preparation gave the
strong band in the B-casein region, tests were
performed to determine whether the prepara-
tion had the characteristics of x-casein. Neutral
19% solutions of goat whole, -, and as-caseins
were mixed with 0.1 M CaCl,, final concentra-
tion 0.01 M. The solution of whole casein be-
came white, the «-casein solution remained
clear, and the a,-casein precipitated. The same
caseins at pH 6.5 with 0.05 M NaCl (no CaCl,)
present were treated with rennin (1:100) at
37 C. The whole casein and the a,-casein re-
mained clear; the x-casein became white. The
goat as-casein, 809, precipitated by 0.020 M
CaCl,, was stabilized by the x-casein at a weight
ratio of 1:7, so that only 20% of the a,-casein
was precipitated.

All these properties are characteristic of «-
casein, based on what is known about bovine
k-casein. The most striking demonstration that
the sulfuric acid—urea preparation is indeed
mainly x-casein was obtained by following the
action of rennin with polyacrylamide gel elee-
trophoresis. The casein was treated with rem-
nin, as described above, but in this experiment
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F1e. 3. Influence of mercaptoethanol on poly-
acrylamide gel electrophoretic pattern of goat «-
casein. 1. x-Casein without mercaptoethanol. 2. «-
Casein with mereaptoethanol.



no NaCl was added. Small samples were re-
moved at intervals and NaCl added to determine
the course of rennin action. The action ap-
peared to be complete at 30 min (treatment for
70 min gave the same electrophoretic results)
and the sample was frozen and freeze-dried.
The electrophoretic results are shown in Figure
4. The strong band in the B-casein region, the
k-casein band, is totally transformed by rennin
to two bands of much less mobility. These re-
sults are reminiscent of the action of rennin on
bovine k-casein (4, 5), although both goat «-
and para-x-caseins have greater positive mo-
bilities than the corresponding bovine compo-
nents. Identical patterns were obtained whether
the rennin acted for 30 or 70 min. The complex
pattern of the contaminating a,-casein remained
unchanged, suggesting that during the period
the rennin acted no nonspecific proteolysis
occurred.

One preparation of x-casein, obtained from
the whole casein of a seeond lot of pooled goat
milk, showed some differences from the other
preparations. These differences are shown in
the electrophoretic patterns in Figure 5. The
pattern (no. 1) is more diffuse and, when
treated with mercaptoethanol (no. 2), two slow-
moving bands appear near the origin, together
with the faster-moving «x-casein band. The ma-

jor of these two bands appears in other prepa-

rations, but not to the same extent. Results
obtained with rennin (Figure 4) suggested that
these bands corresponded to para-x-casein.
Treatment of this preparation with rennin, fol-
lowed by mercaptoethanol reduction, trans-
formed all of the k-casein to components (no. 4)
whose mobilities coincided with the slow-moving
bands, strongly suggesting that these bands eor-
responded to para-k-casein that had been spon-
taneously formed.

F1¢. 4. Electrophoretic patterns illustrating the
action of rennin on k-cagein. 1. 70-min treatment.
2. 30-min treatment. 3. Untreated «-casein.
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F1a. 5. Polyacrylamide gel electrophoretic pat-
terns of goat k-casein containing considerable
para-k-casein-like material initially, without and
with mercaptoethanol, before and after treatment
with rennin. 1. x-Casein. 2. x-Casein treated with
mercaptoethanol. 3. x-Casein treated with rennin.
4, x-Casein treated with remnin and reduced with
mercaptoethanol. :

Discussion

In goat whole casein two strong bands ap-
pear in the B-casein region on acrylamide gel
electrophoresis. In none of many samples ex-
amined has a single band been observed in this
region.! Present results indicate that these
bands obscure the reduced x-casein band or that
one of these bands is k-ecasein. The position of
the x-casein band in the purified preparation
relative to the position of the two strong bands
in the whole casein, as well as the position of
the two strong bands remaining in the o.-8
casein preparation, suggest that the x-casein is
obscured by these B-casein components. The
identity of the ecomponent separated by uiea—
sulfuric acid as k-casein was established by a
number of properties. The most striking is the
change in electrophoretic mobility brought
about by the action of rennin. Major and minor
bands of much less mobility are obtained, remi-
niscent of bovine x-casein (4, 5). Studies with
pure goat x-casein are needed to show “whether
these para-c-ecasein bands arise from one or
two k-casein components [see Reference (5)].

Apparently, goat k-casein can change to para-
k-casein without treatment with rennin. This
change was very marked in one preparation of
goat «-casein studied. This transformation has
been observed with bovine «k-casein, but only to
a small extent. This change has been attributed
(3) to spontaneous breakdown of the rennin-
sensitive bond or to the action of microorgan-
isms. The naturally oceurring milk protease
would appear to be a possible cause also, al-
though assay (12) of the goat whole casein giv-
ing the x-casein just mentioned showed rela-
tively little protease.



The two types of electrophoretic patterns ob-
tained with x-casein, a single band and a multi-
plicity of bands, have interesting implications.
In view of the single band obtained when re-
duction is accomplished with mercaptoethanol
and from analogy with bovine «-casein, the
single band is interpreted to represent the
reduced k-casein. Presumably, this is the form
synthesized by the goat, since some prepara-
tions show this electrophoretic pattern even
without reduction. When oxidation oceurs, and
this apparently can oceur spontaneously, a
multiplicity of components results, as shown in
the electrophoretic patterns. The result of oxi-
dation of goat x-casein differs from that of the
cow. In cow k-casein, a size heterogeneity ap-
parently results that is apparent as a smudge
on gel electrophoresis, whereas in the goat «-
casein, apparently polymers of discrete sizes
result preferentially.

The nature of the interactions that lead to
the apparent great heterogeneity in bovine «-
casein is not clear, although formation of di-
sulfied bonds must have a major role. The for-
mation of polymers of discrete sizes postulated
for goat x-casein has a counterpart in the
human serum haptoglobulins (2). The hapto-
globulin polymers are transformed to monomers
by treatment with mercaptoethanol (8).

These observations with goat x-casein, and
the recent report on the heat stability of goat
milk (6), indicate that goat x-casein is an inter-
esting casein for further study, particularly
comparative studies with the bovine x-casein.
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