Studies on x-Casein of Bovine Milk. IL

Heterogeneity of k-casein.

MASAMITSU M1vosHI, FuMio IBUKI, and MASAO KANAMORI.

Summary Heterogeneity of x-casein prepared by various methods was investigated using disc
electrophoresis, starch-agar gel electrophoresis, agarose gel electrophoresis, starch-agarose gel elect-
rophoresis, DEAE cellulose chromatography, Sepharose 6B gel filtration. and isoelectric focusing.
Results suggest that all the r-caseins regardless of their preparative methods, were more or less
heterogeneous and that the heterogeneity depends upon at least two factors; molecular size and charge.
The result of DEAE cellulose chromatography shows that x.casein could dissociate into two com-
ponents one of which seemed to be a para-like x-casein. The para-like £-casein had been impossible
to identify by standard starch gel electrophoresis or by disc electrophoresis. Therefore, it does
not seem to be a simple impurity, but seems to be a component which forms a £-casein complex.

Although random S-S bonds have been thought to be a unique cause for the heterogeneity of
k-casein, variation in the amount of para-like r-casein may be another cause. The little deviation
in the concentration of para-like fg-casein seems to indicate that it was in the original milk and
was not an artifact produced during preparation. It was also found that the fg-casein molecules
were the largest and the least heterogeneous when prepared by the urea sulfuric acid method. On
the other hand, k-casein prepared by the calcium ethanol method seemed to be somewhat unfolded

into smaller units and to release para-like x-casein most easily.

It is well known that the purest g-casein does not appear as a sharp band in zone
electrophoresis.!> When reduced, however, it shows several sharp bands.?” So, the
k-casein complex is believed to be composed of several distinctly different components
crosslinked through S-S bonds in various ways so that molecules of different sizes
are included.

Some researches3 have focused on reduced k-casein. But, since most of the
k-caseins reported so far were not entirely pure, containing various amounts of «s-,
B-, and 7r-caseins, it is also necessary to reexamine the purity and the hemogeneity
of unreduced r-casein in connention with its preparative methods. Some analytical
data on k-casein obtained using starch gel electrophoresis, standard method for
investigating its purity, were previously reported.®> In the present paper r-caseins
obtained by three different methods were subjected to zone electrophoresis, DEAE
cellulose chromatography, gel filtration and isoelectric focusing. Results are discussed
mainly from the viewpoints of molecular size and electric charge of £-casein complexes.

Experimental methods

1. Preparation of k-casein.

As previously described, r-casein was prepared by the following three methods:
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the calcium ethanol method,>> the Sephadex method,%> and the urea sulfuric acid
method.”  Starch gel electrophoresis indicated that the k-caseins obtained were
reasonably pure.

2. Disc electrophoresis.

Polyacrylamide gel electrophoresis was performed according to the method of B.].
Davis with a modification where different concentrations of acrylamide, ranging from
4 to 6 percent instead of 7.5 percent, were used.

3. Starch-agar gel electrophoresis.

The general procedure and form of the apparatus used in all the present zone
electrophoresis was similar to that described by R. G. Wake and R. L. Baldwin® for
starch gel electrophoresis. Various amounts of partially hydrolyzed potato starch
(0.8-8.0g per 35ml tris-citrate buffer, pH 8.6)were mixed with 1 g of agar and the
mixture was heated to the boiling point. Then, urea (13. 5g) was added. The sol
obtained was defoamed in a vacuum and kept at 40°C for 3 hours. The gel formed at
5°C overnight. «-Casein dissolved in TCU buffer (tris-citrate buffer, pH 8.6, conta-
ining 6M urea) was electrophoresised at 180 volts for 11 hours in a cold room.

4. Agarose gel electrophoresis.

A two percent agarose gel was formed in a way similar to that in starch agar
gel electrophoresis. Electrophoresis was performed at 160 volts for 2 hours in a cold
room.

5. Starch-agarose gel electrophoresis.

A gel consisting of 6.6 percent starch and 2 percent agarose was obtained in a
way similar to that in starch-agar gel electrophoresis. Electrophoresis was performed
at 100 volts for 12 hours in a cold room.

6. DEAE cellulose chromatography.

a) DEAE cellulose was washed with an appropriate amount of phosphate buffer
(0.05M, pH8.3) containing 6M urea. x-Casein (50mg/5ml starting buffer) was
applied to a DEAE cellulose column (2x15cm). A linear NaCl gradient 0 to
0.2 or 0.5 M at pH 6.4 in 400ml) following a linear pH gradient, 8.3 to 6.4 in
100 ml, was used for the elution. All eluants contained 6M urea.

b) £-Casein(50mg) was applied to a column of DEAE cellulose (2 x 8cm) equilibrated
with 0.05M phosphate-citrate buffer, pH 7.4, containing 6M urea. The column
was then washed with the starting buffer (80 ml). Elution was carried out
with a pH and NaCl gradient consisting of 100 ml phosphate-citrate buffer (pH
7.4, containing 6M urea) and 100 ml of the same buffer (pH 4.5, containing
6M urea and 0.2M NaCl).

c) k-Casein (30mg) was dissolved in phosphate buffer, pH 7.0, containing 6M
urea, and was reduced overnight with 0.1 ml mercaptoethanol in nitrogen gas.
Then, the reduced k-casein was applied to a DEAE cellulose column (2x 13cm)
equilibrated with 0.05M phosphate buffer, pH7.0, containing 6M urea and 0.3
percent mercaptoethanol. After washing the column with 100 ml of the starting
buffer, a NaCl gradient ranging from 0 to 0.2M in 400 ml of the above buffer
was used for the elution. Finally, the column was washed with 100 ml of 0. 2N
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NaOH. Standard starch gel eletrophoresis was used according to R. G. Wake
and R. L. Baldwin to characterize the s-caseins fractionated by DEAE cellulose
chrofnatography. The concentration of hydrolyzed potato starch prepared in
our laboratory was changed to 17 percent.

7. Sepharose gel filtration.

k-Casein (10 mg) was applied to a Sepharose 6B column (2x54cm) equilibrated
with 0.1M TCU buffer, pH 8.6, then it was eluted with the same buffer at a room
temperature. Fraction volume was 2.5ml and the flow rate was kept constant at
2.8ml per minute.

8. Isoelectric focusing.

To avoid precipitation of r-casein, isoelectric focusing was performed in 6M urea
at 5°C for 44 hours. Voltage was kept constant at 500V during the electrophoresis
in which k-casein (10 mg) was dissolved in the light solution for preparing the sucrose
gradient (0 to 49.8%) throughout the ampholine column (3x25cm). The ampholine
column was prepared by mixing 60 ml of light solution with 50 ml of concentrated

solution i ch ay that the above
ution in such a way tha ¢ abo Table 1. Composition of ampholine column for

linear sucrose gradient was obtained. At isoelectric focusing of x -casein.
the end of electrophoresis, the ampholine "
Ethylene
. . . i Phosphor . Mavapto- T
solution was fractionated into about 60 repoine Sucrose  Urea  Premgharc oo T
(mi) (Q) (g) {mi) (ml)  (ml) (mi)
test tubes. The pH and OD at 280 mgof | = ., 200 1w — — o5 50
each fraction were measured respectively.
o . Light soln. 2.8 — 21.8 —_— —— 018 60
Other conditions are shown in Table 1,
Anode soln. R 25.0 180 0.8 —_— —_— 50
Cathode soln. —— — — — 0.4 — 25

Results and discussion

1. Disc electrophorests.

Disc gel electrophoresis was carried out to find the concentration of acrylamide
at which x-casein completely enters into the small pore gel. Another purpose was to
check whether the dyed pattern shows narrower bands as the acrylamide concentration
decreases. We expected that the protein electrophoresised at a decreased concentration
of acrylamide would give a sharper band if heterogeneity of molecular size is the
only factor to cause the spread band of k-casein at a normal concentration of
acrylamide. Results in Fig. 1, however, did not satisfy our expectation. There was
no significant difference in band widths between 4.0 percent and 4.6 percent concen-
tration of acrylamide.  All the x-casein entered into the small pore gel when the
concentration decreased to 4.0 percent. However, we found a distinct discontinuity
between the protein which entered into the small pore gel and that which remained
in the large pore gel. This discontinuity could not have been expected if the hetero-
geneity of x-casein had been due only to molecules of continously varied size. This
discovery suggested that the electric charge of r-casein might be another cause for
the heterogeneity. It is also possible that the huge k-casein molecule may be asym-
metrical; for instance, fiberous and rod-like.

2. Starch-agar gel electrophoresis.
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Fig. 5. DEAE cellulose chromatography of various
k-caseins in 6M urea.
k-casein 1, 2, 3: see Fig. 3.
x-Casein(50 mg)adsorbed by DEAE cellulose
column (2x15) was eluted by :
(a) pH gradient 8.3—6.4.
(b) NaCl gradient 0—0.2 or 0.5M.
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Figure 2 shows clearly that electrophoretic mobility and band width increased as
starch concentration decreased. This supports the idea that k-casein is composed of
various components with continuously different molecular sizes. However, the fact
that the most slowly mobile portidn remained at the starting slot in every case indi-
cates that molecular size is not the only cause for the heterogeneity of k-casein. Some
interaction probably occurs between starch or agar gel and k-casein. Again in this
experiment, there appeared no tendency for the electrophoretic band to become
narrower as the starch concentration decreased to a level of 1.6 percent.

3. Agarose gel electrophorests.

In agarose gel electrophoresis, the agarose gel pore is believed to be wide enough
for even k-casein to enter under electric pressure. So, broadening of the bands
indicates the existence of heterogeneous charges on the molecules. Figure 3 shows
that k-casein prepared by the urea sulfuric acid method is the most homogeneous
and that k-casein prepared by the calcium ethanol method is the most heterogeneous.
On the other hand, the average electrophoretic mobility was nearly the same for all
the k-caseins, indicating that all of them were of totally similar electric charge. The
k-casein prepared by the calcium ethanol method, however, split into two components;
one of which hardly moved from the sample slot.

4. Starch-agarose gel electrophoresis.

As shown in Fig. 4, some r-caseins moved well and far from the samle slot,
especially the r-casein prepared by the Sephadex method and the k-casein prepared
by the TCA method. The r-casein isolated by the calcium ethanol method mainly
split into two components, one of which remained near the starting slot just as found
in the agarose gel electrophoresis. The r-casein prepared by the urea sulfuric acid
method also appeared near the sample slot. As differences in mobility in this experi-
ment are ascribable mainly to differences in molecular size, «-casein of the largest
size would be that prepared by the urea sulfuric acid method.

5. DEAE cellulose chromatography of intact k-casein.

Reduced or alkylated k-casein has been examined by several researchers using
DEAE cellulose chromatography, but no one has ever tried to examine the purity of
intact k-casein by this method. Results in Fig. 5, to our surprise, show at least
two peaks in the present DEAE cellulose chromatography. The first peak was
eluted by a pH gradient without NaCl. This may be an unadsorbed portion or a
weakly adsorbed one. The second peak appeared when the NaCl gradient nearly
reached 0.07 molarity. Figure 6 shows that the first portion was$ somewhat similar
to para k-casein in its starch gel electrophoresis in which most of that portion moved
toward the cathode or otherwise remained at the sample slot; which is most charate-
ristic of para t-casein. The remainder, however, moved toward the anode as intact
c-casein does. These results indicate that the para-like k-casein is not a simple impu-
rity, but is one of the components which form a g-casein complex. Not until #-casein
had been fractionated by DEAE cellulose chromatography was the para-like «-casein
found in the k-casein complex. &-Casein with the highest peak of the para-like k-casein
in DEAE cellulose chromatogram, however, does not always mean the most denatured
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k-casein because the para-like k-casein

casein. Thus, it is impossible to estimate
the exact amount of para-like k-casein
in the whole k-casein complex by this method. DEAE cellulose chromatography of
reduced «-casein was used for this purpose.

6. DEAFE cellulose chromatography of reduced k-casein.

Reduced r-casein also showed two peaks as seen in Fig. 7. The relative ratio of
the first peak to the second one increased greatly when compared with that of intact
~k-casein. This ratio suggests a practical ratio between the para-like k-casein and
intact k-casein because the two components were clearly separated by the present
method, so far as purity was determined by starch gel electrophoresis. The para-like
k-casein has been found in every paper reporting DEAE-cellulose chromatography of
reduced £-casein and it is simply regarded as an impurity.2:3% The third peak, which
was almost negligible, appeared when NaOH was used for the last elution. Although
J.v Pujolle et al.®’ reported that several components of reduced x-casein were separable
by the method in the present experiment, complete fractionation seemed to be very
difficult.

7. Sepharose 6B gel filtration.

In a previous paper,* no differences were found in the gel filtration patterns of
various £-caseins with Sephadex G-150, in which a single peak appeared at a void
volume so that it seemed as if x-casein molecules had been homogeneous in size.
Eigure 8 shows, however, different results that all the k-caseins did not appear at a
void volume of Sepharose column. Some k-casein did not form a single peak and
some formed a.tailing skirt on the main peak. As far as molecular size is concerned,
k-casein isolated by the urea sulfuric acid method was the most homogeneous and
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k-casein isolated by the calcium ethanol
method was composed of clearly different
components, as was indicated in starch
gel electrophoresis. The idea that the
para-like k-casein found through DEAE
cellulose chromatography is not a simple
impurity, but a component which forms
a k-casein complex is supported by
Sepharose 6B gel filtration data of the
k-casein fractionated by DEAE cellulose
treatment as seen in Fig. 9. Compared
with unfractionated £-casein, the frac-
tionated components decreased in mole-
cular size, showing that the «-casein
complex disaggregated in some measure
to smaller fragments leaving the two
components separated.

8. Isoelectric focusing.

Peak 1 in Fig. 10 is due to some
impurity in the urea, while peaks 2 and
3 are believed to be caused by some
The
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nously varied components rather than of several clearly different components. As the
results of isoelectric focusing may be explained in terms of simple differences in the
molecular charge of k-casein, x-casein proves to be not homogeneously charged.
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