DEAE-Cellulose-Urea Chromatography of Casein

in the Presence of 2-Mercaptoethanol

Abstract

k-Casein, after reduction of the disulfide
bond(s) by 2-mercaptoethanol, can be
separated from a.- and B-casein variants,
as well as from whole casein, by DEAE-
cellulose-urea chromatography. When «-
casein is in the reduced form it elutes from
DEAE-cellulose at 0.05 M NaCl. Use of a
reduction step simplifies purification of the
major casein components (as-, 8) by chro-
matography.

Unlike a,- and B-caseins, k-casein possesses
peculiar behavior upon starch-gel electropho-
resis; it migrates as a smeared, ill-defined
zone (2). Many researchers have observed
‘that k-casein associates more strongly with
B-caseins than with as-caseins. Detection of
small amounts of k-casein in other casein com-
ponents is difficult. (Although sialic acid con-
tent is a measurement of the presence of
k-casein, small amounts would be detected with
difficulty, if at all.) Physical measurements
offer little hope for its detection, because of
interactions with a.- and B-caseins.

Renewed interest in «x-casein has been gen-
erated by the studies of Swaisgood and Brun-
ner (6), who observed upon reduction of the
disulfide of this protein that it consisted of at
least two polypeptide chains of about 26,000
mol wt. A logical progression of observations
resulted from this study; three laboratories
working concurrently, but independently, of
each other (3, 5. 10), reported that upon re-
duction of x-casein, followed by zonal electro-
phoresis, two prineipal zones appear. Since
variation in these zones (which ocecur either
singly or in pairs) appeared among individual
cows, genetic polymorphism was suspected. Un-
fortunately, however, since family studies or
segregation data were not reported, the authors
could not conclude that genetic variation was
responsible for the polymorphism. Aschaffen-
burg (1) has since suggested that the variation
in x-casein has, indeed, a-genetic basis; the
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polymorphism («k-A and «-B) is universal
among breeds studied.

This paper reports a method for removing
k-casein (regardless of genetic type) from
preparations of .-, 8-, or whole casein. ‘The .
method utilizes the fact that when k-casein is
reduced by 2-mereaptoethanol it elutes from
DEAE-cellulose-urea. columns at low ionie
strengths (about 0.05 M ‘NaCl). Without the

_ incorporation of 2-mercaptoethanol, a portion

of the k-casein elutes in the B- and .- regions,
whereas some is absorbed to the exchanger and
must be eluted with 0.2 x NaOH (4). Because
a,- and B-caseins contain no disulfide, these
proteins are unaffected and elute in their normal
positions from the DEAE-cellulose columns

7, 8).
Materials and Methods

Sources amd preparation of a.-, B-, and
whole caseins. The sources and preparation of
genetic variants of a.- and pB-caseins from
homozygous cows have been described (7, 8).
‘Whole casein (typed a.-B, B-AC, and «x-B)
was obtained from the milk of a Guernsey cow
by isoelectrie precipitation of casein at pH 4.6
and 20 C, followed by successive washings with
water. The casein was dried by extraction of
the water with successive washings of ethyl al-
cohol, acetone, and ether.

Preparation of samples for chromatography.
One-half to one gram of lyophilized a.- and
B-casein variants were dissolved in 50 ml of
0.01 M imidazole-HCl buffer at pH 7.0 and
3.3 M urea, and adjusted to pH 7.0 by addition
either of 0.1 X NaOH or of 0.1 x HCl. One-
half milliliter of 2-mercaptoethanol (ME) was
added with stirring and the solution stored
overnight at 4-5 C. Solvent-dried whole casein
(1.5 g) was dissolved in 60 ml of the above
buffer and adjusted to pH 7.0 with 1 v NaOH.
To this solution 0.5 ml of ME was added.

Column chromatography. Chromatography
of ‘a.i-—and B-casein was performed essentially
as previously described (7, 8). To insure main-
tenance of k-casein in the reduced form for the

duration .of the chromatographic separation of



components, 0.1 ml ME was added to each
reservoir (150 ml buffer) in the mixing cham-
bers. The gradient elution of B-casein from a
2 by 20-cm DEAE-cellulose eolumn was com-
menced at 0.00 m» NaCl (0.00 to 0.21 m NaCl)
instead of 0.05 M, to produce a salt gradient
sufficiently slow to insure quantitative elution
of k-caseins. For a-caseins, the salt gradient,
0.10 to 0.27 m NaCl (7) will, of course, elute
all B-casein and x-casein without interfering
with the elution of ay- itself. Whole casein
was eluted with a NaCl gradient of 0.00 to
0.30 M as employed heretofore (8). Following
column chromatography, selected casein frac-
tions were thoroughly dialyzed to remove urea
and NaCl and were lyophilized.

Zonal electrophoresis.  Polyacrylamide-gel
electrophoresis (PAE) (7, 8) was employed to
detect the presence of x-casein and other casein
contaminants in the pB-casein preparations.
Five to seven milligrams of each casein fraction
was dissolved in 1 ml of 7.0 M urea-buffer,
0.05 ml of ME added, and the solution allowed
to set overnight at 45 C. PAE runs were
performed as usual at pH 9.1, tris, Na,EDTA,
H;BO; buffer with 0.10 ml of ME added to
150-ml gel solution prior to pouring.

Results and Discussion

Until recently no adequate methods have
been available for detection of small amounts
of k-casein in preparations of a.- and B-casein.
Previously deseribed methods of zonal electro-
phoresis in starch-gel (SGE) or PAE will not
detect small amounts of x-casein. Upon addition
of ME to B-casein preparations (7), which
appeared to be pure by PAE in the absence of
ME, small but observable amounts (<5%) of
k-casein were observed. The presence of «-
casein as a contaminant of purified B-casein
was confirmed by immunoelectrophoresis by
Dr. R. Lyster, National Institute for Research
in Dairying, Reading, England. The column
chromatographic method deseribed above,
wherein ME is used to reduce x-casein and
maintain reduection throughout the course of
column separation, is an adaption of a previ-
ously described method (4), further developed
to remove all traces of x-casein. Figures 1 and
2 demonstrate results of this method. The two
patterns (Figure 2), represented as 0, are the
crude B-caseins prior to eolumn chromatog-
raphy. Fraction I represents an enrichment
of temperature-sensitive casein and other ill-
defined components which elute from the col-
umns at low NaCl ceoncentrations. Fractions
IT and III correspond to the B and A variants
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F1a. 1. Elution diagram (absorbaney, A, 280
mu, versus tube number) of p-casein A from
DEAE-cellulose, pH 7.0, imidazole-HCl-urea
buffer in the presence of mercaptoethanol; 500-mg
protein charge. '

of «k-casein, respectively. Occurrence of the AB
phenotype in this preparation of B-casein is
fortuitous, but of interest is the good separa-
tion of the two; while the separation is good
the two remain contaminated with each other.
Fraction IV (Figures 1 and 2) is unidentified,
but may constitute a carbohydrate-rich frac-
tion of k-casein. B-Casein (Fraction V in
Figures 1 and 2) elutes in the characteristic
asymmetric peak for this protein. Fraction VI;
constitutes a separation of SGE and PAE
zones 1.00 and 1.04, tentatively characterized
as ay (1.04) and as; (1.00) caseins (7). Re-
chromatography of Peak V (which amounts to
65% of the total protein eluted), B-casein, is
shown in Figure 3. Only small amounts of con-
tamination were observed; this fraction was
now free of k-casein by immunoelectrophoresis
(R. Lyster). B-Caseins B and C have been

similarly purified by the above method. Phos-
phorous analyses of B-caseins as chromatog-

Fia. 2 Polyacrylamide-gel electrophoresis of
fractions shown in Figure 1. See text for details.
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Fie. 3. Elution diagram of rechromatography
of Peak V, Figure 1. Conditions same as in
Figure 1.

raphed above were 0.58-0.60% for 8-A and B
and 0.50% for B-C. In free boundary electro-
phoresis, pH 8.6, I'/2'= 0.10, veronal buffer,
the mobility values for B-A, B, and C are
-32, —3.0, and —-29 x 107° em® v7* see”’,
respectively, at 19 concentration.

Chromatography of the genetic variants of
ag-caseins, in the presence of ME, offers no
particular advantage in purification over the
method deseribed by Thompson and Kiddy (7).
as-A, B, and C were immunochemically pure.
The a.-variants prepared by these authors
were free of carbohydrates and cystine or
‘cysteine. The chemical fractionation method
used in the preparation of a.-caseins (caleium
fractionation at low temperature and precipi-
tation of contaminants from 509 ethyl aleohol
by ammonium acetate) serves to remove «-
caseins, as well as other contaminating com-
ponents.

DEAE-cellulose-urea  chromatography of
whole casein (typed a.-B, B-AC, and «-B) in
the presence of ME is shown in Figure 4. The
initial peak (Fraction I) appears to contain
a variety of casein components (Figure 5, I),
the most concentrated of which eorresponds in
behavior to temperature-sensitive casein. Frae-
tion IT (Figures 4 and 5) corresponds to y-
casein (compared with authentic y-casein, un-
published) and has a higher mobility than «-
casein B (Fraction IIT). The most apparent
reason for the greater mobility of vy-casein
(lower retention time on DEAE-cellulose), as
compared with x-casein B, is the molecular siev-
ing effect afforded by acrylamide gels. Figure 5,
Fraction IV, corresponds to the casein compo-
nent (IV) seen in Figure 1. Separation of g-
casein C from B-casein A is clearly seen in
Figures 4 and 5 (Fraction V and VI, respec-

tively). B-casein C prepared by this method is

free of B-A and other visible contaminants
whereas B-A is contaminated with 8-C. Better
separation of B-A from B-C is accomplsihed by
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F1¢. 4. Elution diagram of whole casein typed
as-B, B:AC, x-B from DEAZE-cellulose-urea in the
presence of mercaptoethanol.

decreasing the quantity of total casein applied to
the column. Attempts to separate B-casein A
from B-casein B have met with failure. How-
ever, the abundance of B-casein B in the milks of
Jersey cattle makes its separation from either A
or C unnecessary. Fraction VII in Figures 4
and 5 represents an enrichment of zones 1.00 and
1.04, whereas Fraction VIII represents a.-B,
which is only slightly eontaminated. No casein
components were eluted from the ecolumn when
0.20 N NaOH was applied to remove possibly
adsorbed material, either with whole casein, -,
or ag-caseins. Use of ME, then, insures quanti-
tative elution of all easein components with NaCL

Finally, when ME is incorporated in PAE,
two observations are made. First, the compon-
ent referred to as 0.86 (9) on starch-gel electro-
phoresis disappears; the inference is that it
contains disulfide. Secondly, when whole milk
is typed for as-, 8-, and k-caseins in the presence
of ME by PAE, pB-lactoglobulin B migrates in
proximity to B-casein B, making an accurate
phenotyping of B-casein diffienlt when either
B-lactoglobulin AB or BB is present in the
milk. A new method, thin starch-gel electro-

F16. 5. Polyaerylamide-gel electrophoresis of
fractions shown in Figure 4. See text for details.



phoresis in the presence of ME, devised by
Aschaffenburg and Thymann (1), eliminates
this problem, as does the method of Wake and
Baldwin (9) when ME is introduced into the
gel.
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