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1. Introeduction

Isolated skeletal muscle sarcoplasmic reticulum
from rabbit [1] and I-strain mice 2] contains Ca**-
dependent membrane-bound protein kinase activity.
This kinase seems to be similar but not identical to
phosphorylase kinase and presumably is involved in
the regulation of the Ca®*-transport ATPase activity
[3]. We have demonstrated that calsequestrin isolated
from rabbit skeletal muscle sarcoplasmic reticulum is
associated with Ca**-independent protein kinase activ-
ity {41 which however can be stimulated by calcium-
saturated calmodulin or troponin C [5].

In addition to the Ca**-dependent protein kinase
activity a cAMP-stimulated protein kinase seems also
to be present in these vesicles and may play an impor-
tant role in the Ca**-dependent regulation of mem-
brane-bound protein phosphatase activity [6].

Here, we show that isolated calsequestrin can
undergo autocatalytic phosphorylation during its
incubation with [v-32P] ATP/Mg?®*. This autophospho-
rylation can be stimulated ~10-fold (from ~0.04 to
~0.4 mol/mol protein) by preincubation of the iso-
lated calsequestrin with protein phosphatase.

2. Material and methods

Phosphorylase b was prepared from rabbit skeletal
muscle asin {7]. Rabbit skeletal muscle phosphorylase
kinase was isolated according to [8] and as modified
in [9]. The enzyme activity was measured according
to [10] or manually as in [2]. The enzyme had spec.
act, ~9800 nmol phosphate transferred . min™ . mg™!
at pH 8.2. Homogeneous calsequestrin was isolated
from the protein glycogen complex asin {11} as
modified in [4]. Tts kinase activity measured with
phosphorylase b as substrate was 13 U/mg at pH 82,
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the pH 6.8/8 .2 activity ratio 0.45. Protein phosphatase
from rabbit skeletal muscle was prepared according

to [12] and as in [6]. The catalytic subunit of the
cyclic AMP-dependent protein kinase (470 nmol .
min™* . mg™") was prepared according to [13].

[y-*2P] ATP was prepared according to [14]. [3?P]Phos-
phate was obtained from Amersham Buchler, Braun-
schweig. Protein was determined by the Lowry
method [15] on a Technicon Autoanalyzer using
bovine serum albumin as standards (€550 = 4.42 . 10*
M~ .cm™). Protein bound radioactivity was deter-
mined as in [16]. SDS—Polyacrylamide gel electropho-
resis (5%) was carried out as in [17]. Densitometry
was measured at 540 nm. For the estimation of the
radioactivity distribution the gels were cut into 1} mm
slices with a Gilson gelfractionator. The radioactivity
of the slices was counted in a Packard liquid scintilla-
tion counter. Endogeneous phosphate of calsequestrin
was determined as in [18].

3. Results and discussion

Calsequestrin incorporates a very low amount of
phosphate, maximally 0.04 mol/miol protein,ina
time-dependent reaction if incubated with [y-**P]ATP
and Mg®". This reaction is neither influenced by addi-
tion of ~10 uM Ca**, nor 0.2 mM EGTA, nor phos-
phorylase kinase (not shown) nor the catalytic sub-
unit of the cAMP-dependent protein kinase (fig.1).
However, this self-phosphorylation of calsequestrin
can be stimulated ~10-fold (from ~0.04 ~0.4 mol
phosphate/mol protein) by simultaneous addition of
protein phosphatase. Again, neither the rate of this
reaction nor the total amount of incorporated phos-
phate is influenced by addition of cAMP-dependent
protein kinase (fig.1). The observed enhancement of
the autocatalytic phosphorylation in the presence of
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F-o 1. Phogphorylation of {‘akpnuegt!m 2 mcrlm! homoge-
neous calsequestrin was incubated in the presence of 20 mM
Tris, 20 mM sodium-glyoerolphosphate 1 mM DTE, 1 mM
[y-**P}ATP, 16 mM Mg®*, 0.2 mM EGTA with (o) and with-
out (e) the catalytic subunit of the cyclic AMP-dependent
protein kinase (45 ug/mg calsequestrin) at pH 7.5 (30°C).
During the incubation aliquots were removed for determina-
tion of ?P incorporation from [y-*?P]ATP into the calse-
questrin according to [16]. After 120 min to 100 ul reaction
mixture without cAMP-dependent protein kinase, 270 ug
phosphoprotein phosphatase was given and further incubated.
After 60 min, 10 ug catalytic subunit of the cyclic AMP-
dependent protein kinase was given to 60 ul reaction mix-
ture and further incubated (0) During the whole incubation,

oamywa were removed and the pio ein-bound lauluauuvuy
was determined as above.

protein phosphatase may indicate that the isolated
calsequestrin contains endogeneously bound phos-
phate. Upon incubation of calsequestrin with protein
phosphatase it presumably is removed, at least partial-

ly, and the dephosphorylated calsequestrm is re-phos-
phorylated in the autocatalytic process. Following tri-
chloroacetic acid precipitation (3 times) and digestion
of the protein with sulphuric acid, an amount of 0.61
mol phosphate/mol protein was determined. There-

fore, the presence of endogeneous phosphate in calse-

auectrin ig comnatible with the enhancement of the
gquestrin is compativie witnh tne ennancément oI Ine

autocatalytic incorporation of phosphate into calse-
questrin upon pre-dephosphorylation. However, con-
tamination of the protein with other trichloroacetic
acid-precipitable phosphorous-containing materials
cannot be excluded [19].

SDS—polyacrylamlde el electrophoresis reveals

c
tad durine tha auto-
wia o

at the n nhata incor
that the ; Prigie ol WIIIIE Ui aulu-

228

FEBS LETTERS

December 1980

’
4 .
‘g "‘/U:‘Z)
= c
€ y| 607
£ / ° | B
0 =
z2r {505
5 | ) S
5 -
e !% | g
] ‘ | LD
= a I 45 @
g |2 I 130 ¢
-91; | s
5 | 7{} K‘}L 1203
L e €
24 ! { ~
: | 410 @
| oot At / -
‘—.. el

~-— MA—A’T‘ A x4

10 20 30 40 50 60 70 80

migration (mm)

Fig.2. Two aliquots autophosphorylated calsequestrin (10 ug)

were enhmpfpd to SDS electrophoresis. The fir
cirepnoresis. ine first svl was

scanned after staining and destaining with Coomassie brilliant
blue (a) and the second was used for the determination of
the radioactivity in 1 mm siices as in section 2 (2).

catalytic reaction is present exclusively in calseques-
trin (fig.2).

To exclude an influence of the added protein
phosphatase on the autocatalytic phosphorylation of

calcannactrin tha lattar nratain wae nraincng ad wisla
VAISVH UVSLLIILL WV Iaiivl PLULLLIL wad yluul\-uUdlUu YilLil

the protein phosphatase which should result in
dephosphorylation. Then the protein phosphatase
was removed by gel filtration (not shown). The
dephosphorylated calsequestrin incorporates again
autocatalytically 0.26 mol phosphate/mol protein
(fig.3). The initial velocity of the self- phosphoryla-
tion before preincubation wun protein phosphatase
was 3.7 pmol . min™ . mg~! whereas the phosphatase
pretreatment increases it 10-fold (37 pmol . min™! .
mg™"). It should be noted that the initial velocity of
phosphorylation of an exogeneous substrate phos-
phorylase b (13 nmol . min ™. mg™) is ~350-fold
faster than the phosphatase stimulated autophos-
phorylation rate of calsequestrin. Similar relationship
can be observed with rabbit skeletal muscle phospho-
rylase kinase, too: it phosphorylates phosphorylase b
at a 300-fold higher rate than autocatalytically its
own subunits « and § [20].

About 50% of the autocatalytically-incorporated
radioactive phosphate into calsequestrin can be rapidly
removed by incubation with protein phosphatase
(fig.3); the hydrolysis of the remaining phosphate
occurs slowly. It might be interpreted that calseques-
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Fig.3. Calsequestrin (2.3 mg) was dialized against 20 mM
Tris, 1 mM DTE (pH 7.5). After intensive dialysis for 6 h
phosphoprotein phosphatase (= 2 mg) was added to the calse-
questrin and incubated for 30 min at 30°C. To separate
phosphoprotein phosphatase the incubation mixture was
gelfiltered over a Sephacryl § 300 column (1.5 X 80 cm)
equilibrated with 20 mM Tris, 1 mM DTE (pH 7.5). Calse-
questrin was pooled according to gel slectrophoresis accord-
ing to [17] and concentrated on Amicon PM 10 filter. There-
after 230 ug/ml dephosphorylated calsequestrin was auto-
phosphorylated as in the legend of fig.1. After addition of 10
mM EDTA for binding Mg?* in the incubation mixture and
300 ug phosphoprotein phosphatase/50 ug calsequestrin the
dephosphorylation of calsequestrin was followed according
to [16].

trin is phosphorylated at different sites which are
dephosphorylated with different velocities by the
protein phosphatase. However such different sites
have not yet been shown.

The rate of the calsequestrin autophosphorylation
reaction increases with increasing pH (fig.4). This is
in agreement with the acidic nature of calsequestrin
[21]. Autophosphorylation has also been observed in
other protein kinase preparations. Cyclic AMP-depen-
dent protein kinase from bovine heart can catalyze
self-phosphorylation of the regulatory [22] and cata-
lytic [23] subunits. The phosphorylase kinase autoca-
talytic phosphorylation was extensively studied [24]
and shown that the partial activities of the phospho-
rylase kinase (4, , a4 ) are activated through the auto-
catalytic process [25]. In {26], during a phosphopro-
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Fig.4. Autocatalytic phosphorylation of the dephosphoryl-
ated calsequestrin at various pH values was carried out as
in the legend of fig.1: pH 6.6 (2), 7.2 (1), 8.9 (»), 9.4 (v).

tein formation study in sarcoplasmic reticular sub-
fractions, phosphorylation of a 57 000 M, polypep-
tide in the low density vesicles was observed, but it was
not clear whether that polypeptide is calsequestrin.
Assuming that it is calsequestrin a phosphorylation

of ~0.001 mol/mol protein can be calculated from
these data.

We cannot assign yet any physiological role to the
autophosphorylation of calsequestrin. It might how-
ever occur in the intact membranes since the protein
is isolated in phosphorylated form.

Acknowledgements

We wish to acknowledge the excellent technical
assistance of Mrs B. Moiler, S. Rigler and Mr U.
Siemen. This work was supported by the Deutsche
Forschungsgemeinschaft and the Fonds der Che-
mischen Industrie.

229



Volume 122, number 2

References

[1] Horl, W. H., Jennissen, H. P. and Heilmeyer, L. M. G.
jr (1978) Biochemistry 17, 759--766.

[2] Varsanyi, M., Groschel-Stewart, U. and Heilmeyer,
L. M. G. jr (1978) Eur. J. Biochem. 87, 331-340.

[3] H6:l, W. H. and Heilmeyer, L. M. G. jr (1978) Biochem.

istry 17, 766-772.

[4] Varsanyi, M. and Heilmeyer, L. M. G. jr (1979) FEBS
Lett. 103, 85-88.

[5] Heilmeyer, L. M. G., Jahnke, U., Kilimann, M. W.,
Kohse, K. P., Sperling, J. E. and Varsanyi, M. (1980)
BioSystems 12, 317-323.

[6] Varsanyi, M. and Heilmeyer, L. M. G. jr (1979) Bio-
chemistry 18, 4869—4875.

[7] Fischer, E. H. and Krebs, E. G. (1958) J. Biol. Chem.
231,65-71.

[8] Cohen P. (1973) Eur. J. Biochem. 34,1-14.

[9] Jennissen, H. P. and Heilmeyer, L. M. G. jr (1975)
Biochemistry 14, 754—-760.

[10] Jennissen, H. P. and Heilmeyer, L. M. G. jr (1974) Anal.

Biochem. 57,118-126.

[11] Caudwell, B., Antoniw, J. F. and Cohen, P. (1978) Eur.
J. Biochem. 86, 511-518.

[12] Djovkar, A. (1979) Dissertation, Ruhr-Universitit
Bochum.

{13] Beavo, J. A., Bechtel, P. J. and Krebs, E. G. (1974)
Methods Enzymol. 38, 299-308.

230

FEBS LETTERS

December 1980

[14] Glynn, I. M., Chappel, J. B. (1964) Biochem. J. 90,
147-149.

[15] Lowry, O. H., Rosebrough, N. J., Farr, A. L. and
Randall, R. L. (1951) J. Biol. Chem. 193, 265-275.

[16] Mans, R. T. and Novelli, G. D. (1961) Arch. Biochem.
Biophys. 94, 48-53.

[17] Weber, K. and Osborn, M. (1969) J. Biol. Chem. 244,
4406-4412.

[18] Bartlett, G. R. (1959) J. Biol. Chem. 234, 466—468.

[19] Koppitz, B., Feldmann, K. and Heilmeyer, L. M. G.
jr (1980) FEBS Lett. 117, 199-202.

[20] Kilimann, M. W. (1978) Dissertation, Ruhr-Universitit
Bochum.

[21] MacLennan, D. H. and Holland, P. C. (1975) Annu.
Rev. Biophys. Bioenerg. 4, 377-404.

[22] Rangel-Aldao, R. and Rosen O. M. (1967) J. Biol.
Chem. 251, 3375-3380.

[23] Chin, J. S. and Rao, M. (1978) J. Biol. Chem. 253,
7145-7148. ‘

[24] Wang, J. H., Stull, J. T., Huang, T. S. and Krebs, E. G.
(1976) J. Biol. Chem. 251, 4521-4527.

[25] Heilmeyer, L. M. G. jr, Grdschel-Stewart, U., Jahnke,
U., Kilimann, M. W., Kohse, K. P. and Varsanyi, M.
(1980) Adv. Enzym. Regul. 18,121-144.

[26] Heilmann, C., Brdiczka, D., Nickel, E. and Pette, D.
(1977) Eur. J. Biochem. 81, 211-222.



