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Casein phosphatase in the developing rat brain

Shigeru MATSUZAKI *

Department of Physiology, Institute of Endocrinology, Gunma

University, Maebashi

Ocurrence of phosphoproteins and phos-
phopeptides in the brain and a rapid turn-
over of their phosphate after electrical
stimulation have been reported®il). It is
highly likely that the phosphate metabolism
plays an important role in the function of
central nervous system (CNS)?. Protein
kinases, both cyclic AMP-dependent and
-independent, are particularly active in the
CNS912), Postnatal development of the
kinases has been described by the present
authorsl® as well as by other workersb9.
On the other hand, phosphoprotein phos-
phatase has been reported to be present in
the CNS, and some enzymological studies
have been made thereon®. Few reports,
however, have appeared concerning the
development of the phosphatase. The pre-
sent study deals with the postnatal develop-
ment of casein phosphatase, and also that
of casein kinase, histone kinase and acid
phosphatase.

Pooled brains (3-6) from Sprague-Dawley
rats were homogenized in 9 volumes of cold

0.32 M sucrose. Fractionation of the homo-

genate was performed as described by
Maeno et al®. The activities of histone
kinase and casein kinase, and cyclic *H-
AMP-binding capacity were measured as
described elsewherel®. Casein phosphatase
was assayed in 1.0 ml of a reaction mixture
containing 50 mM Tris-HCI buffer (pH 6.5),
6 mM magnesium chloride and 2mg of
casein which contained 9pg alkalilabile
phosphate per mg protein. The incubation
was carred out at 37°C for 30 min and the
reaction was terminated by adding 1.0 ml of
109, trichloroacetic acid. After centrifuga-
tion, a 0.1 ml aliquot of the supernatant was
analyzed for inorganic phosphate. Acid phos-
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phatase activity was measured at. pHS5.0
using p-nitrophenyl phosphate (5 mM) as a
substrate.

Most of the histone kinase, cyclic *H-
AMP-binding activity and casein phospha-
tase were found to be located mainly in the
supernatant fraction of 105,000 g centrifu-
gation. The mitochondrial fraction showed
the lowest specific activity of casein phos-
phatase. Acid phosphatase  activity was
concentrated in the microsomal and mito-
chondrial fractions. The distribution profile
for acid phosphatase was conspicuously
different from that of casein phosphatase,
indicating that they represnt two different
enzymes. .

No essential differences were observed in
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Fig. 1. Postnatal development of brain casein
phosphatase. The enzyme activity in a whole
homogenate (solid line) and in a soluble fraction
(broken line) is shown. Each value is the mean
of triplicate determinations. Essentially the same
results were obtained in two other experiments
of the same type. '
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Table 1.

Age No. of Supernatant Casein phosphatase

in days | experiments | Protein(mg/g tissue)| (nmoles Pi/mg protein/min)

3

Protein kinase(nmoles Pi/mg protein/min) ' “H-cAMP binding

9 4 24,5 4 0.74" 12.3 + 0.3"
30 4 31,2 + 0,55 12,0 + 0.2
2¢€0.001 N.S.

~cAMP +cAMP cAMP stimulation | (pmoles/mg protein/30m
126 +0.08% 6.22+0.29% 502 % 6.83 +0.24"
2.31 4£0.19  5.54 +0.33  260'% 3.66 + 0.57
2¢0.01 oS, P(0.01

£<0.01

Activities of casein phosphatase, protein kinase and 3H-cAMP-binding in the brain cytosol from
9 and 30 day-old rats. Asterisks show the mean:+standard error of the mean. N. S : statistically

non-significant.

the distribution pattern of casein phospha-
tase between 16 and 29 days of age. Total
phosphatase activity in terms of units per
g tissue increased between the 9th and 30
th days after birth (Fig. 1). The increase
was statistically significant. The phospha-
tase activity in the soluble fraction which
contains only a slight acid phosphatase
activity, also showed a statistically signifi-
cant but lesser increase. Since the specific
activity of the cytosol enzyme (per mg
protein) showed no significant change during
this age period, the increase means that the
enzyme protein increased in parallel with
other proteins. As shown in Table 1, during
the period of brain maturation, basal histone
kinase activity increased and cyclic *H-
AMP-binding activity decreased in the
soluble fraction. Casein kinase was also
shown to be increased during the postnatal
development!®. These results suggest that
the increase in turnover rate of protein-
bound phosphate is important during the
brain maturation.

Some properties of the casein phosphatase
in the soluble fraction was studied. The
enzyme was inhibited partially (—739) and
completely by 0.01M and 0.1M KEF, re-
spectively. Cysteine (1 mM), cyclic AMP (0.5
mM), theophylline (2 mM) had no significant
effects. AMP (1mM) was only slightly
inhibitory (—16%) and the nucleotide per se
was dephosphorylated by the soluble en-
zyme. The mitochondrial casein phosphatase
showed a different pH optimum from that
of the soluble casein phosphatase, which
suggests that these two are different en-
zymes. Two distinct casein phosphatases,

were found in the mitochondria and cytosol
of the rat liver™.

Phosphatases for several different phos-
phoproteins, such as histone and protamine,
have been found in the rat cerebral cortex®.
The dephosphorylation of phosphoproteins
in the CNS catalyzed either by the casein
phosphateses or some other specific phos-
phatases would certainly be of physiological
importance in the regulation and matura-
tion of brain functions. Though the exact
role of these phosphoprotein phosphatases
in the cellular processes and the signifi-
cance of the postnatal development of the
enzymes remain to be clarified, the present
study revealed that the casein dephosphory-
lation increased during the postnatal deve-
lopment. It would be interesting to measure
phosphatases specific for endogenous phos-
phoproteins in the CNS.
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Note on the activity of plasma angiotensinase
~in human exercise

Sumio MASUMURA, Shinsuke TAKASHIMA and Nagao MURAKAMI *

Department of Physiology, Mie University School of Medicine, Tsu, Japan

Recently, Castenfors!) has reported that
activity of renin is increased to stimulate
the production of plasma angiotensin J
during and after human exercise. Under
the conditions, the activity of angiotensinase
in the systemic circulation might be also
increased to inactivate the angiotensin [
augmented. So, to make sure of our con-
ception, it has been studied whether the
activity of plasma angiotensinase is actually
increased or not in exercise.

Nine young, male volunteers were used
as subjects. Before their running up and
down a stairway (7.4 meter high, the runn-
ing for 3.0 minutes), the control blood (2.0
ml) was collected from a vein in a forearm
of each subject. Then, second collection was
made at 1.0~5.0 min after the running. In
each case, heparin was used to prevent the

sample from coagulation. After the plasma -
was obtained by centrifugation at 1,000x g- .
for 10 min, 959 ethyl-alcohol (4.0 ml) was"

added to 1.0 ml of it. The mixture was again
centrifuged at 1,000 x g for 10 min. The sedi-
ment was collected and was subsequently
homogenized with Krebs Ringer solution (5.0
ml at pH 7.0~7.4). It was dialyzed through
a cellophane tubing against the same Krebs
Ringer solution for 24hr in a cold room
(0°~ 4°C). When the dialytic treatment was
over, it was finally centrifuged at 1,000Xx
g for 10 min to separate the supernatant
(the sample of angiotensinase). The final
volume was adjusted at 10ml by adding
water. The protein amount was estimated
by the method of Lowry%. Using 1.0 ml of
the sample prepared, the activity of an-
giotensinase was determined by the same
method as described in our previous study

* BATRE, WBEE, NLEH: SEXER
(Received for publication June 5, 1974)

(Masumura et al.®).

Throughout the experiment, the activity
of angiotensinase was expressed in terms
of the amount of angiotensin ] which had
been inactivated per milli~grams protein of
each sample per minute of incubation at
37°C. As shown in Fig. 1, all of these acti-
vities estimated before the running (the
control values: b;, i=1, 2, --eeeeeen 9) were
0.003~0.04 pg/mg protein/min, while those
obtained during and after exercise (the
values : a;, i=1, 2,:-eereee- 9) were 0.018~
0.059 ng/mg protein/min. When we had
employed the following expression: A=
{x|x=a;/b;>1.0}, each value (x) in this

Angiotensin I (ug) inactivated / mg protein /min

. (?.060 as
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) before during and
exercise after exercise
Fig. 1. The effect of exercise on the activity

of plasma angiotensinase. Ordinates : angiotensin
I (#g) inactivated per milli-grams protein per
minute of incubation at 37°C. The activities
estimated before the running : bi, i=1, 2, - 9.
Those determined during and after exercise: aj,
i=1, 2, 9.



assembly (A) was highly scattered and dis-
tributed within the range of 1.1~13.5 in
eight of nine subjects. On the contrary, the
value of x with respect to the second sub-
ject (i=2) was 0.9. Comparing with the
average of the control values (b=0.021+
0.01 pg/mg protein/min), that of the values
obtained during and after exercise (A=0.039
+0.014 #g/mg protein/min) was increased
by about 85% (P<0.02). Therefore, the acti-
vity of plasma angiotensinase tended to be
enhanced under the conditions of muscular
exercise. Such an increase in the activity
appears to be sufficient to conduct inactiva-
tion of angiotensin ]| augmented as reported
by Castenfors) and to recover the normal
level of this polypeptide in plasma, when
the subjects rested on their running.
Apart from this, concerning the regional
distribution of angiotensinase in mammals,
many investigators have found it in liver
(Kokubu et al®), red blood cells, plasma
(Khairallah et al?) and kidney (Yang et
al.®). However it is difficult to explain the
mechanism of angiotensinase liberation
from such organs and/or such red blood
cells as mentioned above in exercise. What-

key words : angiotensinase, running exercise.
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ever it may be, we have suspected that
the increase in the activity relys upon the
liberation of angiotensinase somewhere.
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