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Although the presence of phosphoproteins in many
organisms and tissues has been reported [1-6], the role
of these compounds is still obscure. The turnover of
their phosphate groups appears to be regulated by at
least two classes of specific enzymes: protein phosphat-
ases which hydrolize the protein phosphate to ortho-
phosphate [7, 8] and protein kinases which transfer
phosphate from ATP to phosphoproteins [9-11].

Since it is difficult to isolate and purify endogenous
phosphoproteins from tissues, in most instances the
activity of these enzymes has been tested by using as
substrate foreign phosphoproteins, like casein or phos-
vitin. H0\<ever the phosphate transfer to such foreign
proteing might be of limited physiological significance.

In order to give an answer to this question it seemed
to us of interest to investigate the specificity of the
chick embryo enzymes concerned with the phosphate
turnover in phosphoproteins, by using as substrate the
phosvitin which is available in egg yolk.

Both embryo and yolk, at least up to the 8th day of
development, do not exhibit any phosvitin phosphatase
activity tested both in the crude homogenate and in the
dialysed extract under the most suitable conditions for
the test *.

On the other hand, the same extract from embryos
on the 7th day of development, actually shows a very
significant protein kinase activity catalysing the trans-
fer of 32P from (y-32P)ATP to added phosvitin (table
1). The yolk, which is lacking in any phosvitin kinase

* The extract, prepared as described in table 1, was dialysed
overnight against 20 mM cysteine pH 6.5 in order to re-
move the Pi which is known to inhibit protein phosphatase
and its phosphatase activity was tested at pH 6.0, in the
presence and absence of Mg** and cysteine.
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activity, can be phosphorylated, like phosvitin, by em-
bryo extracts.

The embryo phosvitin kinase has been purified
about 10-fold, as described in the legend of table 1.
The activity of partially purified enzyme has been
tested also on other phosphoproteins: casein and
protamine, unlike ovalbumin, are phosphorylated,
though to a lower extent than phosvitin. The com-
bined addition of phosvitin and protamine results in
the formation of an insoluble complex which is phos-
phorylated to a much lower extent than free phosvitin
(see table 1).

The pH dependence of enzyme activity is shown
by the curve of fig. 1, while in table 2 the apparent
K., for phosvitin and casein as well as the
V nax(Phosvitin)/ V. . (casein) ratio are compared
with those obtained with rat liver protein kinase. Sur-
prisingly, in spite of the fact that phosvitin is a phys-
iological substrate for the embryo enzyme, the appa-
rent K, of phosvitin is not higher, but even lower
for the liver kinase than for the chick embryo kinase.

This supports the idea that in tissues some phos-
phoproteins are present which share with phosvitin
fundamental similarities of structure.

The reversibility of the phosphate transfer hetween
ATP and phosvitin, catalysed by the partially purified
chick embryo enzyme, has been demonstrated by
using 32P-labelled phosvitin and unlabelled ADP. Ap-
preciable amounts of (32P)ATP have been detected at
the end of incubation (table 3).

In conclusion the presence of a protein kinase ca-
talysing the reversible phosphate transfer between
ATP and phosvitin, and the absence of any protein
phosphatase activity suggest that the role of phosvitin
might be that of supplier of high energy phosphate
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Table 1
mumoles 32p transferred
Experiment to phosphoprotein per
mg enzyme protein
1. Crude embryo extract 0.82
Mgt omitted 0.06
plus phosvitin (1 mg) 8.52
Dialyzed yolk 0.07
plus phosvitin (1 mg) 0.06
plus crude embryo extract 5.34
2. Partially purified kinase
plus phosvitin (1 mg) 74.40
plus casein (1 mg) 35.59
plus ovalbumin (1 mg) 0.70
plus ovalbumin (4 mg) 0.50
3, Partially purified kinase
plus phosvitin (1 mg) 51.60
plus protamine (0.5 mg) 12.67
plus phosvitin plus protamine 18.10

Extracts were prepared by homogenizing 7-days old chick
embryos free of yolk in five times their volume of ice-cold
0.1 M phosphate buffer pH 6.8 containing 0.3 M NaCl and
0.1 mM EDTA. After two hours stirring at 2°C the insoluble
residue was discarded by centrifugation at 40 000 X g. The
opalescent supernatant, as well as the yolk, were separately
dialysed against 3 changes of 0.05 M Tris-HCi buffer pH 7.0
containing 0.1 mM EDTA. The partially purified enzyme
preparation was obtained from the crude embryo extract by
following in its general lines the procedure described by Rod-
night and Lavin [10] for brain protein kinase, except in that
the active fraction used in these experiments was precipitated
between 25 and 55% saturation of (NH4)2S04. Protein kin-
ase activity was tested by incubating for 30 min at 37°C 1 ml
of a medium containing: 6 umoles MgCly; 200 umoles Tris-
HCl buffer pH 7.5; 0.5 umoles of ATP containing 1-2 uC as
(v-32P)ATP prepared according to Glynn and Chappel [12];
phosphoprotein amounts as indicated. The reaction was
started by the addition of the crude extract (1 mg) or of the
purified enzyme preparation (0.2 mg) or the dialysed yolk
(12 mg protein containing 68 ug of bound alkali-labile phos-
phate). Incubation was stopped by addition of 0.3 ml of 50%
trichloroacetic acid and the precipitate washed 4 times with
5 ml of 10% trichloroacetic acid. Finally the precipitate was
transferred to a stainless planchet and counted in a thin win-
dow Geiger counter. Phosvitin with 10% alkali-labile phosphate
content was prepared according to Mechan and Olcott [13].
‘Hammarsten’ casein and ovalbumin were from Merck; salmine
was from BDH.
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Fig. 1. pH dependence of embryo phosvitin kinase activity.

General conditions as described in table 1. 1 mg phosvitin

and 0.21 myg of partially purified phosvitin kinase were pres-

ent. pH 6.5 - 7.5 buffers were Tris-acetate, pH 7.5 - 8.5 buf-
fers were Tris-HCL

Table 2
Source of Apparent Ky, (mg/ml) Vpax(phosvitin)
protein kinase phosvitin casein Vmax(casein)
Chick embryo 1.2 5.9 1.95
Rat liver (soluble) 0.68 0.66 2.40

General conditions as described in table 1. Incubation
time: 15 min. Apparent Ky, and Vg  for the partially puri-
fied protein kinase were calculated according to the Line-
weaver and Burk ‘double reciprocal plot’ procedure.

rather than a storage of inorganic phosphate.

Furthermore it is worth underlining that protamine
forms with phosvitin a complex which is less suitable
for kinase reaction than phosvitin alone. Such a find-
ing, in agreement with the Langan view concerning
nuclear phosphoproteins [15], suggests that phos-
vitin might also play in chick embryo a concomitant
role in ‘depressing’ nucleic acid synthesis by binding
histones.
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Table 3
(32P)ATP formed
(counts/min)
Proteim kinase omitted 55
ADP omitted 100
Complete system 1125

The complete incubation system contained in a final vol-
ume of 1.0 ml: 200 umoles Tris-HC1 buffer pH 6.5; 6 umoles
MgCly; 5 umoles ADP and approximately 1 mg of 32p_phos-
vitin having a specific radioactivity of 30 000 counts/min per
mg. Incubation: was started by the addition of 0.7 mg of en-
zyme preparation; a:second addition of 0.7 mg enzyme was
made after 2 hr. Incubation lasted S hr in the presence of a
drop of toluene. The reaction was stopped with 0.3 ml 50%
trichloroacetic acid. After removal of precipitate by centri-
fugation the supernatant was stirred at 2°C with 200 mg of
Norit and centrifuged. The precipitated Norit, after two
washings with cold 5% trichloroacetic acid, was submitted to
hydrolysis in 1 M HC1 at 100°C for 10 min, and the radioacti-
vity released in the supernatant was determined. Organic and
inorganic 32P radioactivity present in the trichloroacetic
supernatants after the remotion of Norit was evaluated fol-
lowing a procedure similar to that described by Wadkins and
Lehninger [14}. The identification of (32P)ATP has been
confirmed by means of the glucose-hexokinase trap and by
the identification of glucose-6-32P formed by paper ascend-
ing chromatography (solvent: n-butanol : n-propanol : ace-
tone : 80% formic acid : 30% trichloroacetic acid, 40 : 20 :
25 : 25 : 15). Partially purified phosvitin kinase was pre-
pared as described in table 1. 32p-jabelled phosvitin was pre-
pared by incubating phosvitin in the presence of (y-32P)ATP
and rat liver cytosol protein kinase as described in a previous
paper {11}.
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