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1. Introduction

Phosphorylase kinase isolated from rabbit skeletal
muscle has been reported to contain three types of
subunits called A, B and C [1] ora, fand ¥ [2].
Molecular weights have been determined by SDS-gel
electrophoresis to be 118 000 or 145 000 for A or a,
108 000 or 128 000 for B or 3, and 41 000 for C or
9. The molar ratio for A : B : C has been determined
to be 0.85:1.0: 1.83 [1] whereas fora:f§: v
aratio of 0.83 : 1.0 : 1.06 was found [2]. Based on a
molecular weight of 1.33 X 10° or 1.28 X 106 for
the native enzyme determined by [1] or [2] respec-
tively a subunit structure of A4 B;Cs or ay847,4 was
proposed [1, 2]. Cohen showed, that the « chain is
contaminated with a protein, called o’ which was
thought to be a proteolytic breakdown product of e
Application of affinity chromatography [3] to the pu-
rification of this enzyme from the physiological mix-
ture of white and red muscle yields the same subunit
pattern a, o, § and 7 as that described for the homo-
geneous enzyme by Cohen [2]. The present publica-
tion shows that white and red muscle phosphorylase .
‘kinase differ in their subunit composition.

2. Methods and materials

The adsorption and elution of phosphorylase kinase
on an affinity column is described in [3]. Further pu-
rification of the red muscle enzyme was achieved by
affinity chromatography on a casein—Sepharose co-
lumn is analogy to the purification of protein kinase
described by [4]. For the isolation of the red muscle

North-Holland Publishing Company — Amsterdam

enzyme, muscles were excised according to [5]. The
psoas was used as white muscle. Phosphorylase and
phosphorylase kinase assays were performed on an
Auto analyzer according to [7] and [8] respectively.
Protein was determined according to the method of
Lowry et al [9]. Zone electrophoresis in the presence
of SDS was performed according to [10] or in the dis-
continuous system according to [11]. As standards for
the calculation of the molecular weights the following
peptides were used: Chymotrypsinogen (25 000),
lactate dehydrogenase (36 000), catalase (60 000),
bovine serum albumin (68 000), phosphorylase b
(100 000) and myosin (200 000). All reagents used
were analytical grade.

3. Results and discussion

Fig. 1A shows the separation of the subunits of puri-
fied, homogeneous rabbit skeletal muscle phosphory:-
lase kinase by zone electrophoresis on 5% polyacryla-
mide SDS gels according to Weber and Osborn [10].
As can be seen, this preparation purified by affinity
chromatography contains the main polypeptide chains
@, 8, v and the minor component & as described by
Cohen [2]. ’

Since the method of purifying the enzyme has cir-
cumvented the pH 6.1 acidification step of the classi-
cal procedure, which might have been expected to ac-
tivate those cathepsins with pH-optima in the acid
range, the continued presence of & argues against it
having resulted from proteolytic breakdown. There is
however, a correlation between the weight ratio of
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Fig. 1. SDS gel electrophoresis of phosphorylase kinase.

15 ug of the enzyme were applied to both gels. A represents
results obtained with the zone electrophoresis system (5%
gel) according to Weber and Osborn [10] and B those
obtained with the discontinuous system (10% gel) according
to Neville [11]. Protein was stained with Coomasie Brilliant
Blue and destained by diffusion into Dowex AG 501 X 8.

ato o of approx. 10:1 and the weight ratio of white
to red muscle in the mixture of the back, hind and fore
leg muscles employed for the usual purification. Thus,
phosphorylase kinase was purified approx. 150-fold-
from white and approx. 340-fold from red muscle
{Methods). The densitometric tracings of the polypep-
tide chains of both enzymes following separation in the
Weber-Osborn system are shown in fig. 2, A and B. It
can be clearly seen, that the white muscle enzyme
(named enzyme w) contains only the subunit & with
an apparent molecular weight of 136 000, whereas the
component ¢ with an apparent molecular weight of
133 000 is derived from red muscle (enzyme r). When
the red and white muscle enzymes are mixed, the sub-
units o and o’ are well separated, whereas the com-
ponents 8 and v give single bands of an intensity
corresponding to the sum of the chains from both en-
zymes (see fig. 2C). The red muscle enzyme is still
contaminated by a small amount of polypeptides of
molecular weights 100 000, 64 000 and 52 000. From
the area under the peaks, a molar ratio of 0.78 : 1.0 :
1.18 for a : 8 : y of white muscle and 0.86 : 1.0: 0.84
for @ : B: v of red muscle is calculated. As demonstra-
ted in fig. 3, both enzymes, w and 7, are eluted from a
column containing Sepharose 4 B with identical elu-
tion volumes. Since the enzyme isolated from the mix-
ture of both types of muscles shows the same beha-
viour, the molecular weights of both enzymes, w and
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Fig. 2. Electrophoresis of white and red muscle phosphory-
lase kinase on 5% polyacrylamide SDS gels according to
Weber and Osborn [10]. The optical density of the destained
gels was recorded with a Gilford automatic densitometer.

A contains 10 ug white muscle enzyme (enzyme w) and B

6 ug red muscle enzyme (enzyme 7). C contains a mixture of
1pug enzyme w and 3 ug enzyme r. For other conditions

see legend to fig. 1.

1, must be the same (approx. 1.3 X 10°). From the
molar ratios of the polypeptide chains (see above), the
subunit structure &;8473 can be assigned to the white
muscle enzyme and &' 4 8474 to the red muscle en-
zyme. The pH 6.8/8.2 activity ratio was determined
to be 0.02 for the enzyme w and 0.05 for the enzyme
r. This again argues against proteolytic degradation
which is known to increase this ratio by a factor of 10
to 20 [12]. Unless specific proteolysis of the o com-
ponent to form & has occurred in the intact red
muscle cell without affecting the pH 6.8/8.2 activity
ratio, one may define the white and red muscle
phosphorylase kinase as isoenzymes.

A further resolution of the subunits of phosphory-
lase kinase is obtained in the discontinuous SDS gel
system described by Neville [11]. (See fig. 1B). The
v component which seems to be homogeneous in the



Volume 42, number 1

100
o 804
60-

401

PHOSPHORYLASE KINASE ACTIVITY
UNITS /ml p

4 8 12 16 20 24 28
t FRACTION NUMBER t
Vo' Vi

Fig. 3. Comparison of the elution of red and white muscle
phosphorylase kinase from a Sepharose 4 B column.

A column of 0.9 cm diameter and 55 cm bed height was
used. The Sepharose was equilibrated and eluted at a rate
of 6 ml/hr with a buffer containing 50 mM g-glycerophos-
phate, 2 mM EDTA and 1 mM dithiothreitol pH 7.0.
Samples of 0.5 ml containing 160 units of purified enzyme
w (#——e) and 360 units of purified enzyme r (0—o0)
were subsequently applied and eluted. Fractions of 1.5 ml
were collected.
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Fig. 4. Discontinuous electrophoresis according to Neville
[11] in 10% polyacrylamide SDS gels. To gel A the enzyme
{12 ug) prepared from the usual mixture of muscles (mainly
white muscles) was applied. Gel B contains 3 ug enzyme .
For other conditions see legend to figs. 1 and 2.
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Fig. 5. Discontinuous electrophoresis according to Neville
[11] in 5% polyacrylamide SDS gels. The conditions are the
same as described in the legend to fig. 3.

zone electrophoresis can be resolved into two bands
(7, and ;) (see fig. 1B and fig. 4). Both enzymes, the
one from red muscle and that prepared from the usual
mixture of red and white muscles, contain both types
of subunits, v, and v, (fig. 4). If the polyacrylamide
concentration is lowered to 5%, the § subunit can al-
so be resolved into two bands, 8; and g, (fig. 5). Two
proteins used as controls, beef liver glutamate dehy-
drogenase and chymotrypsinogen A, known to have

a unique sequence, gave single bands in this discon-
tinuous system. The observed multiciplicity of the

8 and v subunits of phosphorylase kinase could result
from a variety of factors e.g. true differences in the
primary structure of the polypeptide chains, the 8 and
« chains being glycopeptides [13], or the existence of
different complexes of the same polypeptide chain
with sodium dodecyl sulphate [14, 15].

Recently it has been shown, that myosin isoenzymes
exist in red and white muscle [5]. The light chains of
red muscle are higher in molecular weight than their
counterparts in white muscle [16]. These differences
as well as different types of lactate dehydrogenase
isoenzymes [17] and as shown here, phosphorylase

79



Volume 42, number 1 FEBS LETTERS

kinase isoenzymes probably reflect the different meta-
bolism and function of these two types of muscle.
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