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Studies on Glycogen-Degradating Enzymes in Fish Skeletal Muscle-V.
Subunit structure and catalytic properties of phosphorylase
kinase from carp skeletal muscle

Michio Kawapa and Takeshi SHIBATA*

Abstract

In order to obtain further information on the regulation of glycogen metabolism in fish
skeletal muscle, the subunit structure and catalytic properties of carp skeletal muscle
phosphorylase kinase (EC. 2.7.1.38) were investigated. The results obtained are as follows :

(1) It was demonstrated that one of two active fractions, which were separated by gel
filtration or ion exchange chromatography during the purification procedure of carp phos-
phorylase kinase, was the aggregated form of the enzyme.

(2) Four types of subunits present in the kinase were determined by SDS-
electrophoresis and the following molecular weights for subunits were obtained : & =140000,
8 =120000, = 42000 and ¢ =17000.

(3) Judging from the densitometric analysis of the protein bands, the molar ratio of
these subunits was determined to be 1:1:2: 1 and assuming the enzyme as tetramer, a total
molecular weight of 1.44 X 10¢ dalton was calculated for the carp enzyme.

(4) The dependencies of the kinase activity on pH, temperature and substrate concen-
trations were studied. The kinetic properties of the carp enzyme were similar to those of
rabbit enzyme. There is little difference between the two active fractions of carp phosphor-
ylase kinase, despite one of the fractions was the aggregated form.
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Fig. 1. Gel filtration of carp (A) and rabbit (B) phophorylase kinases on Sepharose 4B column.
The column (2.0 X 115 cm) was equilibrated with 50 mM g-glycerophosphate-2 mM EDTA-
10 mM mercaptoethanol-10%, glycerol buffer at pH 6.8. Active fractions eluted from
DEAE-cellulose (each protein, 84.5 mg) were applied to the column. Flow rate, 10 ml/
hour ; Fraction volume, 5.5 ml.
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Fig. 2. Chromatography of carp phosphorylase kinase on phosphate-cellulose column. The
column (1.6 X 18 cm) was equilibrated with 50 mM g-glycerophosphate-2 mM EDTA-10 mM
mercaptoethanol-10%, glycerol buffer at pH 6.8. K,-fraction (protein, 7.4 mg) or K, frac-
tion (protein, 11.7 mg) eluted from Sepharose 4B colum as described in Fig. 1 was applied
to the cloumn. The column was washed with the above buffer containing 0.1 M KCl. (A)
and (B) showed the elution-profiles of K, and K, fractions, respectively. Elution was
carried out with a linear KCl gradient (0.1-0.8 M, total volume: 500 ml). Flow rate, 25
ml/hour ; Fraction volume, 5 ml.
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Table 1. Molar ratios of subunits constituting phosphorylase kinase.

Subunit
. @ B 4 g
Origin
Carp 1 1 2 1
Rabbit 1 1 1 1
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Fig. 3. Chromatography of rabbit phosphorylase kinase on phosphate-cellulose column.
Active fractions eluted from Sepharose 4B column (4.5 mg of protein) were applied to the
column. Elution was carried out with a linear KCl gradient (0-1.0 M, total volume : 500
ml). Other experimental conditions were the same as described in Fig. 2.
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ROFEMAC= x4 ¥ — %R DRk Fig. TR LT, 2 112 Ea=10.7x10° (Kcal/mole), ¥ + &

— 318 —



JNE«%H: 24«4k AK)TF—E¥FF—+F

55 -
Fig. 4. Estimation of molecular weight of
subunits of carp phosphrylase kinase on
polyacrylamide gel containing 0.19,
S 140000) SDS. The molecular weight of the a
< B (120000) and g subunits were determined on 59,
—~ 50 gel using standard markers of RNA
> polymerase : 1 (180,000), 2 (140,000), 3
= {100,000}, 4 (42,000}, and 5 {39,000) and
- that of y subunit on 109, gel using cross
linked cytocrom c¢: 6 (86,100), 7 (73,
800), 8 (61,500), 9 (49,900), and 11 (24,
° 600). (0), standard marker; (®),
- 45 subunits of the enzyme.
40 l 1
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Relative mobility
~100+ /P""l\l
& o X
Fig.5. pH dependency of phosphorylase . g —m
kinase activity. Enzyme assay were = 4 \D
. . - > o
carried out in the standard conditions = o
except that buffer solutions were used as g / /
follows: (0, e), Tris and g- 50 | Q.
glycerophosphate system; (1, m), Tris 2 /
and glycine system. Concentration of 'g Q
all buffers in the assay was 42mM. < o/ /
Open symbols, carp enzyme (Peak I frac- J .
tion) ; closed symbols, rabbit enzyme. o Ly iy . . N ,
6 7 8 9 10 N

11 13.7X10° DEAB LR, FEHlL=F%AF—1C oW TLHEORICK X RHE L - T,
(8) RAKRYS—E Db (VHF) IIHTIHR v FHELrOBEHLALAARY F-Eb %
HEELATS KAV T a1 ABEOERICH T2 BERFE¥RE L, 0oikRY Fig 8itR
L, v ¥ CciflElo pHick 0 K, 2885 2 L8496 hTVw 52, 2 2T = A @ Peak-1
IO OXGEeoTCpH68 & pHB2D S THIELAERY R LI, EHEIAE ORE
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Fig. 6. Temperature dependency of phos- Fig. 7. Arrhenius plots for phosphorylase
phorylase kinase activity. Enzyme kinase activity. Experimental condi-
activity was assayed in the standard tions were the same as described in Fig.
condition at various temperatures at pH 6. (@), carp enzyme (Peak I); (0) rab-
8.2. (@), carp enzyme (Peak I); (0), bit enzyme.

rabbit enzyme.
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1790 & 2500 (unit/mg) & 759 Peak-II D Hk ¥ b iz, pH82 »J523 pH 6.8 & b & BANIix
EIEMEDEL, LV ARGCEERAEKECRUBRAYRBT S 2R, CoERY ¥
DAEER (250 M) LEHR (80 uM)'® OFRIICAE Lic, ERBOFBHRT A5 HBE A
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(4) ATP X Mg OMR AL X 51, EHBERO pH (6.8 51 1982) 24k A & Y
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DELLWHRD) CEAELTATP BEDO LR E 2 Tl pH o 13 5 EHIc K+ % ATP o
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HRLICHA PHB2 DH L DR ENE LV RAEMIZ3-4mM 0 ATPBETESH, FRID
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Fig.8. Effect of phosphorylase b concentrations on carp phosphorylase kinase activity.
Enzyme activity was assayed at pH 6.8 (A) or pH 8.2 (B) in the standard conditions except
that phosphorylase b concentration was varied. (0 ), Peak-1; (@), Peak-II. The molecu-
lar weight of rabbit phosphorylase b was calculated on subunit molecular weight of 100000.
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Fig. 9. Effect of ATP concentrations on carp phosphorylase kinase activity at a given Mg?*
concentration (10 mM). Enzyme activity was assayed at pH 6.8 (A) or pH 8.2 (B) in the
standard conditions except that ATP concentrations were varied. (0O), Peak-I; (@),
Peak-I1.
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Fig. 10. Effect of Mg?* concentrations on
carp phosphorylase kinase activity at a
given ATP concentration (3 mM).
Enzyme activity was assayed at pH 6.8
(A) or pH 8.2 (B) in the standard condi-
tions except that Mg?** concentrations
were varied. (0), Peak-I; (®), Peak-
1.

Fig. 11. Effect of ATP concentrations on
carp phosphorylase kinase activity at a
constant ratio of ATP/Mg* (0.30).
Enzyme activity was assayed at pH 8.2
in the standard conditions except that
both ATP and Mg?* concentrations were
varied.
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Table 2. Comparison of physiochemical properties of phosphorylase kinases.

Carp Dogfish® Rabbit
Molecular weight of 1.44 % 108 1.30 x 10¢ 1.28 X 1069(1.33 X 10¢)@
phosphorylase kinase
(dalton)
Molecular weight of subunits
(dalton)
a 140000 131000 145000
B 120000 118000 128000
v + 42000 45000 45000
¢ 17000 17000
Molar ratio of subunits 1:12:1 1:1:ny 4:(1) 1:1:1:19
(a:f8:y:6)
Subunit composition (aBy:6)4 (afyd)?
@ : Pocinwong, in Reference(9) ; 9 : Cohen, in Reference(5);

9: Hayakawa et al., in Reference(6); ¢ : Shenolikar et al., in Reference (11).

Table 3. Comparison of some catalytic properties of phosphorylase kinases.

Carp Dogfish® Rabbit»od

Optimum pH 8.5-9.5 8.3 9.0-10.0
Optimum Temperature 35°C 40°C
Activation Energy (Kcal/mol) 10.0 x 10° 13.7x10°
Ratio of activity (pH 6.8/pH 8.2) 0.3-0.4 0.5 0.05-0.08
Ratio of activity for Trypsin-treated Enzyme 0.50 0.88 0.99
K,, for phosphorylase at pH 6.8(xM) 330 167

” at pH 8.2(4M) 170 84 250
K, for ATP with 10 mM Mg?* at fH 6.8(x M) 300 250 (240)®

p at pH 8.2(;cM) 440 70 2209(310)®
K,, for ATP at a given ratio of ATP/Mg?+(0.3) 2.1(mM) 1.9(mM) 4.3(mM)®

2): Pocinwong, in Reference (9); *: Author’s data;
': Chan et al,, in Reference(13); ¢: Krebs et al., in Reference(12).
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