Studies on x-Casein of Bovine Milk. IV.

The binding of calcium to as-, and k-casein.
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Summary Reactions between Ca and casein were investigated at various Ca concentrat-
jons ranging from 0 to 10mM. as.Casein began to precipitate at 3 mM and was completely
stabilized by x.casein. r.Casein tended to aggregate randomly in the presence of 5mM Ca.
Shw,w values were 14.4 and 1.8 for s-casein and as-casein, respectively, in the absence
of Ca. Caseins were found in gel filtration to be brought into polymerization at such low
Ca concentrations that no aggregated particles were visible. as-x Complex did not grow
as fast as as-casein did in the presence of Ca. The amounts of Ca bound to caseins were
determined at pH 7 and 8 in the presence of 1 to 10 mM Ca using ; equilibrium dialysis,
gel filtration and centrifugation. The minimum amount of Ca necessary for the initiation
of as-casein precipitation is posited to be about 12 moles per mole casein. Weak adsorption
of Ca, due to some structural factor, was indicated since the amounts of hound Ca obtained
by centrifugation were remarkably lower than those determined by the other two methods.
The state of bound Ca were studied by gel filtration of ‘Ca.caseinates with an eluant
containing no Ca. More Ca was bound to the as-x complex in the early stage of the
reaction than to the same amount of «s-casein only. But the amount of Ca bound to the
complex did not vary with reaction time, while that bound to as.casein increased greatly,
accompanied by the progress of polymerization. The intensity of Ca binding to #-casein
was so weak that only a small amount of Ca was eluted together with x.casein in the
gel filtration of Ca.x.caseinate.
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as-Casein begins to precipitate at a neutral pH when the Ca concentration is
about 3 mM. But if £-casein is present in an amount of more than one tenth of the
as-casein by weight, most of the as-casein is prevented from sedimenting and maint-
ains a stable colloidal state. The degree of this stabilizing ability was once used as
a criterion of the purity of r-casein.’” It has been already established that r-casein
forms a complex with as-casein prior to displaying its stabilizing ability.2» 3> This
complex is often referred to as micelle in the field of milk protein study. The mech-
anism of the micelle formation has been investigated using ultracentrifugation, 2, 3’
chemical modification of amino acid residues in the caseins,%>5>° measurement of
various physical and chemical properties etc.6» 7> 8 ; however, little datum has been
accumulated as yet. The present experiments were performed to obtain information
on changes in molecular size of caseins due to Ca and on both the quantity and
quality of Ca bound to them. Methods used were the stabilization test of as-casein,
ultracentrifugation, gel filtration using a buffer with and without Ca, electric condu-

Laboratory of Nutritional Chemistry, Faculty of Agriculture, Kyoto Prefectural University.
Received on July 31, 1971,



135 Sci. Rep. Kyoto Pref. Univ, Agr. No. 23
ctivity measurement, equilibrium dialysis and centrifugation.
Experimental methods

1. Preparation of as-casein and k-casein. as-Casein and r-casein were prepared from
acid casein according to the methods of Zittle and Custer.?,1®  They were shown to
be reasonably pure by starch gel electrophoresis and disc electrophoresis.

2. Stabilization of as-casein by k-casein. Ceneral procedures were similar to those
described by Zittle This test was performed at low concentrations of Ca, ranging
from 0 to 10 mM, in order to study the state of as-casein and Ca around the critical
concentration where visible micelles are initiated to form.

3. Ultracentrifugation. Ten mg of r-casein was dissolved in 2 ml of tris-HCl buffer
(0.01M, pH 8.0) and left overnight at 5°C. Calcium chloride was added to 1 ml of
the r-casein solution to make the concentration 5 mM. The same buffer, containing
no Ca, was added to the other x-casein solution. ¢-Casein solutions with and without
Ca were warmed to 30°C for 15 minutes, and then were simultaneously centrifuged at
48,000 r.p.m. (180,000xg) for 25 minutes. In another series, an as-casein solution
(0.5%) and a mixture solution of as- and k-caszins (3 1 1) were prepared in the above
buffer. After allowing them to stand at 30°C for 30 minutes, their calcium concent-
rations were made to 0.5 mM. Then, they were centrifuged at the same time under
the above conditions for 90 minutes. Temperature was kept at 25°C during the
centrifugation. Sso,, Values were calculated in the usual way.

4. Gel filtration of as- and k-caseins. Two tenths percent solution of as-casein,
-casein and an equal mixture of them were prepared in tris-HCl buffer (0.01M, pH
7.0). They were shaken for 30 minutes in a water bath kept at 37°C after being
made to a given concentration of Ca; 0, 1, and 2mM. Thereafter, 1 mi of each
solution was applied to a column of Sephadex G-200(1.2x 17cm) equilibrated with the
same buffer containing Ca at the same concentration as the sample used. Elution
was made at room temperature with a fraction of 1.7g. In another series, 0.6 percent
solution of as-casein and 0.2 percent solution of r-casein were prepared in tris-HCl
buffer (0.01M, pH 7.0). One «s-casein solution of 0.5 ml was mixed with 0.5 ml of
the above buffer. Another solution of 0.5 ml was also mixed with equal volume of
g-casein solution. After warming them at 40°C for 45 minutes, 0.1 ml of 11 mM
calcium chloride labeled with %Ca was added to each solution. Solutions were left
in a water bath (30°C) for another 30 minutes or 120 minutes before being applied
to a column of Sephadex G-200(1x19 cm). Elution was carried out at a constant
flow rate of 0.4 ml per minute with a fraction volume of 2.5 ml. UV absorption at
280 myu and radioactivity were measurcd for each fraction.

5. Measurement of clectric conductivity of the casein solution in the presence of
calcium chlovide. Ten mM calcium chloride solution and 3 percent as-casein solution
were prepared using 0.01M tris-borate buffer, pH 7 and 9. A solution of the as- and
c-casein mixture was prepared in such a way that 3 percent as-casein and 0.45
percent k-casein were contained in it. The electric conductivity of a buffer solution
containing no casein was measured at 15°C by repeatedly dropping 0.4 ml of 10 mM
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CaCl, solution into a vessel which originally contained 8 ml of the tris-borate buffer.
By replacing the vessel with another containing 8 ml of the casein solution, the
conductivity of the casein solution was measured in the same way. When casein
started to precipitate, measurement was stopped. In a few cases, time dependent
changes of conductivity were measured until 30 minutes after 0.4 ml Ca solution
was added at some steps.

6. Equilibrium dialysis of *5Ca-caseinate. Four test tubes were prepared. The first
contained 1ml of tris-HCI buffer, pH 7.0. The second contained 12 mg of ag-casein
in 1 ml of the same buffer, the third 12 mg of k-casein and the last tube 3 mg of
t-casein and 9 mg of as-casein in 1 ml of the tris-HCI buffer. After being kept at
37°C for 60 minutes, calcium chloride solutions labeled with 4Ca were added so that
the Ca concentration became 1 mM. The same type of experiment was carried out
by changing the pH to 8 or the Ca concentration to 3 and 10 mM. These four test
tubes were shaken at 30°C in a water for 30 minutes. Each was put into a dialysis
bag with one side open, and was dialysed against 40 ml of the above buffer cont-
aining cold calcium chloride at the same concentration as the casein solution. Dialysis
was carried out at 15°C with continuous shaking. 0.5 ml of dialysate was used to
measure the radioactivity at specified intervals. Finally when 300 minutes had passed
from the beginning of dialysis, radioactivity of the casein solution inside the bag was
also measured. By subtracting the count of the dialysate, the amounts of Ca adsorbed
by caseins were calculated.

7.Gel filtration of “*Ca-caseinate. Three milligrams of as-casein, 1 mg of k-casein
and a mixture of them were, respectively, dissolved in 1 ml of tris-HCI buffer, pH 7
and 8. These were kept at 37°C for 60 minutes, then, 0.1 ml of 11mM and 33mM
calcium chloride solution labeled with ¥Ca was added to each. These solutions were
allowed to stand at 30°C for 30 minutes. Thereafter they were subjected to gel
filtration on Sephadex G-75 using as an eluant the above buffer containing exactly
the same amount of active and cold Ca. 2.5 ml fractions were collected and their
radioactivities were measured. The amount of Ca bound to caseins was calculated
by converting the increased radioactivity of the casein fractions into a quantity of
Ca in reference to the radioactivity of the eluant which was set at a known concen-
tration of Ca. In another gel filtration series, caseins which reacted with exess am-
ounts of CaCl; labeled with #Ca filtered with Sephadex G-75 using as an eluant the
same buffer containing no Ca. In one case, 3 mg of as-casein, 3 mg of k-casein and
a mixture of 3 mg of as-casein and 1 mg of k-casein were, respectively, dissolved in
1 ml of tris-HCI buffer at pH 7, 8 and 9, and were kept at 30°C for 45 minutes.
Then, as soon as 0.1 ml of 11mM calcium chloride labeled with 4Ca was added to
each of them, they were applied to a Sephadex C-75 column (1x19cm) and were
eluted using 0.01M tris-HCI buffer without Ca. UV absorption at 280mz and radio-
activity were measured for each fraction of 2.5 ml. The reaction was also carried
out between Ca and caseins at 30°C for 30 minutes and 120 minutes before gel
filtration in order to investigate the time dependent progress of the Ca binding reaction.
For as-casein only, other special experimental conditions were used to examire detailed
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elution patterns of Ca near as-casein, using different ionic strengths of tris-HCl buffer
at pH 9, different Ca concentrations and different reaction temperatures from those
given above.

8. Centrifugation of Ca-as-caseinate. Three milligrams of as-casein was dissolved
in 0.01M tris-HCI buffer, pH 7 and 8. Then, ¥Ca labeled calcium chloride was added
until its concentration reached a desired value. The as-casein solutions were left at
15°C for 15 minutes before being centrifuged at 12,000 r.p.m. for 20 minutes. Decre-
ases in radioactivity in the supernatant solutions were measured in comparison with
the radioactivity of the original calcium chloride solution. The amount of the precip-
jtated as-casein was also determined by UV absorption. The molar ratio of bound
Ca to precipitated as-casein was calculated from these measurements.

Results and Discussion

1. Stabilization of as-casein by r-casein in the presence of calcium.

Although this stabilization test is
usually performed in the presence of
0.02M calcium chloride, the behavior

of as-casein at lower Ca concentrations

1008

was investigated in this experiment.
Within the limits of the conditions used, %
as-casein was completely soluble up to
1mM Ca at pH 7, and started to pre-
cipitate at 3 mM Ca. Fig. 1 shows the

solubility of as-casein depended upon

Soluble a -casein %

CamM

pH mainly, although temperature, time, Fig. 1. Solubilty of as-casein & its stabil-

ionic strength, and concentration are ization by k-casein in the presence of cal-
involved in the factors affecting the cium. s .

solubility. The critical Ca concentrat- mg/3ml 0.01M tris-borate buffer pH

jon where as-casein becomes comletely _o_ g 8 g
unstable was around 8 mM at pH 7 3 1 7

and seemed slightly higher at pH 8. Ca—s:e;x—l— soln. 3Was centrifuéed at 3000>§g after
Attention was mainly focused on this 30 min reaction at 30°C.

range of Ca concentration in all the present experiments.
2. Ultracentrifugation.

Sedimentation behaviors of caseins shown in Fig. 2 showed that x-casein in pH 8
buffer without urea had an sz, value of 14.4 which was close to the value reported
by Mckenjie and Wake.’? The symmetrical peak was not so broad as had been
assumed from the polydispersity shown by «-casein in starch gel electrophoresis,
indicating that polydispersity is attributable not only to molecular size but also to
molecular charge. A much larger Sso,w value was obtained in the presence of 5 mM
Ca, which suggests that k-casein polydispersed due to random polymerization so
that the sedimentation peak disappeared in 25 minutes or so. This polymerization
proceeded up to a Ca concentration of at least 10 mM. It is not possible to explain
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1.8 ever, the decrease in the st-

5.5 abilizing ability of «-casein

which is caused by the

Fig. 2. Ultracentrifugation of as-casein, k-casein and their

mixture with and without calcium.

presence of Ca in the k-

In 1 ml of 0.01M tris.HCI buffer, pH 8.0 : 1 ; x-casein casein prior to its being

Smg, 2 ; k-casein 5mg & Ca 5mM, 3 ; as-casein 5mg &
Ca 0.5mM, 4 ; as-casein 5mg, f-casein 1.7mg & Ca 0.5

mixed with «g-casein is

mM. Centrifugation was performed at 180, 000 x g, 25°C more easily accounted for

In reference to the present data. When as-casein and -casein were mixed at 30°C

in the presence of 0.5 mM Ca, they formed a new 1:1 comlex, leaving excess Qg-

casein completely free as judged from the same Sa20,w Vvalue(1.8) as that of free as-
casein, the s, value of which was calculated to be 5. 5.
3. Sephadex G-2)0 gel filtration of Ca-caseinates.

Fig. 3 shows that the mixture of as-casein and g-casein is in all the cases more

highly polymerized than each casein. This tendency is particularly remarkable when

the temperature is high
enough to maintain the
structure of the mixed

complexes. Normally,

2| coomm Ca tmM Ca2mM
S
~
3
8
Frac.No 3 S 7 1 k) H 7 1 H

Fig. 3. Gel filtration of as- and k.caseins on Sephadex G-200 at

various Ca concentrations.
—(QO— Average curve of as- and x-caseins.

the degree of polymeriz-
ation increased as the

Ca concentration went

—@— Curve of their mixture. One ml of 0.2% soln. in 0.01M N
tris.HCI buffer, pH 7, was applied to a column of Sephadex G.200 up. As Waugh et al.

(1.2X17cm).
ation between as-casein and k-casein
occurred at 37°C even without Ca. It
is not evident how much larger the as-x
complex was, because the largest portion
was eluted at the void volume of the
Sephadex column used. However, when
changes in the elution patterns accomp-
anying those of Ca concentration are
checked, it seems that the as-x complex
is a complex between greatly polymer-
ized as-casein and slightly polymerized
k-casein because the difference in elu-
tion patterns between the as-r mixture
and as-x complex was not surprisingly

reported, complex form-

0D at 280my

Fig. 4. Gel filtration of as- and «.casein on Seph-
adex G-200 column (1x19cm).
Reaction time

a 0.6% as-casin in b 0.6% as.casein &

0.01M tris.HC1 0.2% k-.casein in
buffer. pH 7. the same buffer.

~—— 30min 30°C ImM Ca. 30 min 30°C 1mM Ca.
---- 120 min 30°C 1ImM Ca. 120 min 30°C 1mM Ca.
------ 180 min 10°C ImM Ca. 180 min 10°C 1mM Ca.
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large. Gel filtration of x-casein only was carried out in order to obtain the average
elution pattern of as-x mixture. It suggested the polymerization of k-casein is
probably due to the presence of Ca, which was also shown to occur by the above
ultracentrifugation. Fig. 4 shows that polymerization of as-casein induced by 1 mM
Ca advanced at 30°C with passage of time, but did not so eminently at 10°C. On
the other hand, as-x complex hardly showed any tendency to time dependent polym-
erization even at 30°C, not mention at 10°C.
4. Electric conductivity in the presence of various concentrations of Ca.

The electric conductivity produced on adding 10 mM calcium chloride solution to
8 ml casein solution was compared with the result of an addition of the same calcium
chloride solution to an equal volume of tris-HCl buffer at pH 7 and 9. As unknown
factors are involved, it is impossible to s
know the real nature of the Ca-protein :

pH? 4321 300y pHO /
interaction. But, a decrease in the slope
of the titration curve in Fig. 5 indicates hat /
some interaction took place between Ca 0]
and casein. Based on this assumption,
40q
#
—

2
z
as-casein reacted with Ca to the grea- ¥ oo ,
test degree, followed in decreasing order 2 /v 100 3
. & 200} .
by the as-k complex, and k-casein. It @ : 2
. e ppe . . ¥
is difficult to explain changes in cond- mwé—w % " E—
min 10 30 min
e B —
uctivity in a range of over 2mM Ca v . 7

because of the precipitation of casein. Fig. 5. Electric conductivity of casein solutions in

Possibly structural changes in casein the presence of various amounts of calcium at 15°C.

occur at pH 7 since both the titration 1 : without casein, 2 : as-casein, 3 : x-casein, and
4:r., & as-caseins preincubated at 30°C for 30
minutes. 2/, 3’and 4/ show time dependent change
es of conductivity were more evident of conductivity.

at pH 7 than at pH 9.

5. Equilibrium dialysis of ®Ca-casein- | T
ates. ﬁ
The binding of Ca to as-casein, k- .

casein and their complex was determined

changes and the time dependent chang-

8
by equilibrium dialysis using several Ew e 1 et
concentrations of Ca at pH 7 and 8. 5
Representative data from which the
binding values were calculated are given
in Fig. 6 and Table 1. The order of the W0 200  Romin 106 200  300min
ability to adsorb Ca ion was as-casein Fig. 6. Equilibrium dialysis of Ca-caseinates.
> as-£ complex> IC-Ca.SeiIl by weight. {I;I?idgfa()-d(;i‘ﬁﬁtsﬁ‘fﬁél L ,%S,mg '8, mg
In the early step of dialysis, no differ- buffer and : -O- 0 12
ence was observed between as-casein ‘ :g: 13 (3)

and as-&  complex. The apparent Casein solns were preincubated with 1ImM CaCl,

difference in the later step indicates (#5Ca) at 30°C for 30min before dialysis.
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Table 1. Calculation of calcium bound to caseins: determined by that time dependent polymeriz-

equilibrium dialysis. Experimental conditions are shown ation of Ca-as-caseinate progr-
in Fig. 6. essed faster than that of the as-x

Casein Ca in soln Ca bound Ca/casein .
pH Type 52.__1”7 BN cpe/RY ni Y—'ﬂf@@ __!H'_'- ° complex. The complex caseins
- x 10" 'x 10~

x 10

7 @ 43 1 130512 8.6 35.3 8.2 bound more Ca than the expec-
7 & 6.0 1 134397 4.7 19.3 3,2 ted amount which had been
4 3.3 1 132253 7.9 32,4 26.3

[':' 1 calculated from the amount of
7 @ 3.6 3 142977 3.7 45,5 12.6 Ca bound by each component of
7 x 2,0 3 138711 0.7 8.6 4.3 .
7 [“’ 2.7 3 0537 3.8 46.7. 36.4 the complex. This phenomenon
. x 0.5 suggests that additional Ca,

4 4.3 1 129113 11,9 48.8 1.4 .
8 & 6.0 1 13266 6.1 250 4.2 other than that bound to casein
8 [as 3.3 1 130138  10.3 42.2 42.9 through electrostatic binding,

£ 1,5 . . .
8 a4 0 115711 1.4 s6.0 12.9 may be involved in micelle for-
8 10 115598 0.6 24.5 4.1 mation. Little difference between

4.3
k6.0
8 3.3 10 1158 1.7 69.7 48.1 . :
2 8 GO the experimentally obtained val-

ue and the calculated value at
pH 8 and 1 mM Ca indicates that few micelles were formed under these conditions.
It is probable that more Ca is necessary for the micelle formation at pH 8 than at
pH 7. The molar ratios of bound Ca to caseins are also listed in Table 1. A molar
ratio of 12 or 13 is probably a critical value for the initiation of as-casein precipitation
and the ratio of 4 is perhaps the highest value for k-casein.
6. Sephadex G-75 gel filtration of Ca-caseinates.
The binding of Ca to as-casein and their complex was determined by gel filtration
with two concentrations of Ca at pH

. g J 2 a 7 and 8. Representative data are shown

. ] j in Fig. 7 and Table 2. The amounts
,,; o Jooooa of Ca bound to caseins were calculated
x 1 1 4 from the increase of 4Ca in the casein
13
g2 ! 1 fractions ; normally the third and the
gg N A R fourth fractions. Another calculation
£ 4l i { could have been made from the decre-
E +14 1 . ase of ¥Ca in fractions following those
5 o 1 1

~14 - . Table 2. Calculation of caleium bound to caseins;

-2 4. . , determined by gel filtration. Experimental

conditions are shown in Fig, 7.

2 4 8 2§ 6 2 4 6 Casein Ca in solm b
Fraction No 1] w E’fﬁﬁ;ﬁ Eﬁc ® ROT#s calcd ﬁh
x 10~7 10-"x 1077

X

Fig. 7. Gel filtration of Ca.caseinates on Seph- ?7 a4 1.07 1 2500 3000 6.0 5.6
? 4 0,50 1 2500 22 0.04 0.1
adex G-75 column (1X19cm). N 7 o 107 1 se% 25 s 6.0
as £ other conditions [« 0.50
—0— 3mg 0mg ~ . Ca:imM ; s 107 3 2533 1962 11.6 10.8
. . 0.50 3 2533 197 1.2 2.4
—0—0 1 - buffer : 0.01M a ;pH7 “
tris-borate b ;pH8 7 [« :';’g > 2533 2630 15.6 12.8
—®-3 1 « fraction : 2. 5ml 8 e« 1.07 1 2133 W48 111 10.4
Casein solutions were incubated with Ca at 30°C 8 4 0,50 1 2133 W2 1,0 2.0
for 30 minutes before gel filtration with Ca 8 [‘;' ;-;Z 1233 6645 15.6 12,1

containing buffer.
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_of casein. But the first method for calculation of the bound Ca was used because
the partial specific volume of casein is small enough to neglect. The molar ratios of
bound Ca to casein are generally smaller than those obtained by the dialysis method.
These differences, ranging from 1 to 3, are probably due to the differehce in reaction
time employed in the two methods. Dialysis continued up to 300 minutes after Ca
had been added to the casein solutions. On the other hand, gel filtration was finished
within 10 minutes so that neither turbidity nor precipitation appeared in this case.
Therefore, the additional bound Ca necessary for casein to visibly aggregate should
be within 3, based on the molar ratio from values obtained by gel filtration. The
ability of casein to adsorb Ca is of an order similar to that determined by dialysis
on the molar basis ; as-£>as->k-casein. Here again, the as-x complex bound more
Ca than the total amount bound to each casein of the same quantity.

7. Centrifugation of *Ca-as-caseinale.
‘Results of the calculation of Ca bound to as-casein determined by centrifugation

‘are listed in Table 3. Distinctly lower ratios of Ca to ags-casein were obtained than those
Table 3. Binding of calcium to a,-casein; determined ratios determined by the other two

by centrifugation. Three mg of a,-casein was methods. The low value may be ascr-

incubated with various amounts of Ca at 30C . .
for 30min in L5ml of 0.01M tris-HCI huffer  1D€d to the absence of structural bind-

before centrifugation. ing of Ca. When Ca-as-caseinate is
Ca l"SCa in_the sup, Ca bound Casein ppt., _Ca/casein 3 3 3

pH mM - cpm/0.5 ml x 10-'mole x 10~ 'mole molar ratic Centrlnged’ 1t s Strongly pressed to
7 0 11689 --- - - the cell bottom and excludes weakly
7 4 10394 4.5 0.86 5.2
7 8 10856 5.7 1.00 5.7 bound Ca out of the outer binding
8 o 53384 --- -—- --- . . .
8 5 53336 — 0.00 — region of as-casein aggregates. It is
8 10 51830 10.6 1.00 0.6

probable that there are at least two

kinds of Ca binding ; one is an electr-
ostatic binding with definitely fixed ion
pairs, the other a structural binding
with fairly moving ion clouds. Alth-

ough there is little information on this
type of problem, it is interesting to

45¢a cpm x103

apply the concept of P and ¢ bindings

of small ions to polymers to the study

of the nature of Ca bound to casein.

8. Sephadex G-75 gel filtration of 3690 3F3 9N 2 R
rac. No, N
45 - , ] -
Ca-caseinates with buffer cont Fig. 8. Sephadex G.75 gel filtration of
aining no Ca. Ca-caseinates.
The results of gel filtration of ¥Ca- In 1ml of 0.01M tris-HCl buffer
caseinates with an eluant of 0.01M . fi‘;‘s;i,{mﬁ’lmg, %a'Clz ImM
e .. —— b as-casein 3mg, CaCl, ImM
tris-HCl buffer containing no Ca are ¢ s.casein 3mg, /r-casfein’lmg, CaCl,
shown in Fig. 8. They supposedly 1mM
show the relative intensity of Ca bind- One ml of casein solution was incubated with

0.1ml of 11mM CaCl, at 30°C for 30 minutes
before gel filtration with a buffer containing
the elution Volume4 of »free Ca, some no Ca. Column : 1x19cm, frac. Vol. : 2.5ml.

ing by casein. When compared with
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calciums are seen to be eluted earlier. This type of Ca is considered to have been
bound to proteins in some way. An assumtion was made that those calciums eluted
together with casein are probably the most strongly adsorbed calciums. This assum-
ption made it possible to survey the relative state of bound Ca, although the elution
pattern does not reflect the real state of Ca in casein solution. There is a general
tendency for caseins to adsorb more Ca, more strongly, at pH 9 than at pPH 7 or 8.
The tendency is particularly noticeable for as-casein. In the as-x casein complex,
not only the Ca in the protein fractions
but also that in the second peak is of
greater quantity than the simple total of
each casein. This is consistent with the
above stated increase of bound Ca.
It is very interesting that the Ca bin-

ding intensity of x-casein is very weak.
In addition to the low values of Ca
bound to k-casein, the weakness of this
binding has some connection with the
high stability of t-casein in the prese-

nce of Ca. Fig. 9 shows time dependent

Frac. No,
C e 1 filtrati t .
hanges of gel filtration patterns on Fig. 9. Sephadex G.75 gel filtration of
Sephadex G-75. As the pH became Ca-caseinates,
more alkaline, as already noted, more In one ml of 0.01M tris.-HCI buffer

Ca as k£ reaction time at 30°C
-——- 1mM Omg Omg
the casein solution. As reaction time — al 3 0  30min
—— bl 3 0 120
— cl 3 1 30

calciums were restricted in mobility in

became longer, as-casein continued to

polymerize fixing a greater quantity a1l 3 1 120
of Ca. From data in Fig. 10 we sugg- Other conditione are shown in Fig. 8.
est that as-casein split into at
least two components ; one which 103,1_ a . b . . d
was able to adsorb Ca and - -
t
another which could not. Even 2o
when various changes were S
[}
made in elution conditions, §:;
there was no difference in the 3 5
results. These results indicate ~ ? 0 3
that the reaction between casein Frac, No,
and Ca is much more complica- Fig. 10. Sephadex G.75 gel filtration of Ca.as-caseinates in
ted than imagined. various conditions.
a b ¢ d
as-casein, mg 3 3 3 3
tris.-HCl buffer, pH 9, M 1072 10"2 10" 10°*
CaCl,, mM 1 0 1 1
+CaCl, soln., ml 0.1 0.1 0.1 0.1
preincubation, T°C 30 30 30 10

time (min.) 30 30 30 30
Other conditions are shown in Fig. 8.
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DL UL feodedt, WBIE Lichrotc, Ca BFFEL
feWBA, k-hEA Vv E as-HEAA VD s10w 135~
14.421.8TH 70, CalpEofinLiicaaglL Ty
QI NBEOIT Ly A DB L > THER S i
CanHHET T as-# ¥4 Vit & e L EEE L,
SIS B hias-k- ¥ A VRERRL, k-hEA
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