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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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BUBROSNDHBIZEIT2EE SRk T =1 BR» OB I AKEE# I DEAE-&
LIUOP-2rr—2AHFALL5Th, WThEEDO LD ODOXS (Peak-I & Peak-II) &4
BXh, ToEERSIES pH, Ca* BEERFECHEERESWTh, BEALENRVZE
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HF AL A KREL20X15em it LT Toe, RKADGFEXHD DY FOABEE
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RonB LR, #OBEHEET 290-300ml TH o7, D2 &nb, K, RABEH Eh:BEED
SFBEETHEFDOFNEVBEES Y v FEFCNT, PRI ELLYFFERIOL
RRAXVWSFER S EHTEIN, ¥, KL BBELARK, LV ELBHLALZ Enb, X
BIAEWHGTFROKBREROGEELRLY / F2ADBEY DA LHEETHIE24A S FOESK
DS FEICH YT LA ERSENIAEER ST, 21RETE ZOESKOHRIRESE
DERETEL LD EBbhik,

& ohiz K, & K, KAH800 Lz Peak-1 & Peak-II D[ ickE4T 5 D5, b ABE-EL
v — AT ARBER AR L, A BI Vv Y FEEDOY ARt e —R LB 7e< 7
57 DERY, ThFhFig2 & Figd3icmlLli, 210K, L K, Xo%» 5 AR L i
BRETHA~ L 512 01-08 MKCl DB EABRLEC X b B Ui, EuERE S EROEHNICTR
Lits, K, (Fig.2, AF) s\~ Ti204M, K, (Fig.2, BR) iwk\~T 026 M 0igEE T
BH LI, TRt LTy # (Fig 3) OB L HEV-0.13M 0EBETH - o, fE - TiE
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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.

Bere—2h I3 anbDBEHOERBERSVI LMD, s ABRERYFFERLILHTFEN
KEOZ EBTRBE NI, ’
Y71y MR ELSFR CTRABECEIRGY 2=y t OB EFOSFREE
IO LLBERDOSTFEAHE LA MBSV TSDS- £ 72 U4 7 ¢ FERKENCL
D a4 @ Peak-l LU Peak Il S h B AL BOOBRHAY T s A, MESIEBL
Ta,f &y RHYTIZRSPHFETECEETRE LY, £ TERSDOGTFELRD LD
AR OMENBBHEY S TERMOEE~—» - LB LERY Fig 4 KR LA FORER,
a, B, v DHFEITE hF R 140000, 120000, 42000 & KD Sz, 74 FOKBEIHLDO=H
GO SV T2=y b (HTE=1T000) ORGEELZ EPWEIRTVBHY, ¥, s %
T2V VIKHYTAIDO SRAT A DABRICOFET A E¥BCHRELLY, Z0RTD
BEENESEMAIALED 2 ) VIE—HT B LD, BOLSDPTFEIRAUTHA S EHEEL T,
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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.

R a,B,y & SEODEAERDI, Tiebb, LEROERTOHESTELET v b A~
& — (BE% « TLC scanner CS-910) CHRIE L7 SDS-BRKE Licic AEL ~ v FOBRKBER A
WCERLDEAERFE LI, V4 ¥OABRC LTEOMEINE T VICHFET S ERE L
TOHFORBEENLELRAEMEY HCCHIELed b =2 OFABROMR S O € L AR
BDickERY Table L KRLIC, 2 A RB VT y RAPHOZHT L Y dELEEFTR T
T, 2 A DOKRBEEOY 7T=2=y FEHEIX (@ 87 0)n ETaolce TTEDOKEVEEYEILAF
HEh oD TEDFERRER K -1, Fig LR L r A ABOREEN Y S FOK
BELICEULTWAZEND, 21 DABRI7YFOLDIGEWSTEY DI EHTRE
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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
06| J100 _
gradient i
° ¢m3M E
€ ‘c
c c . E] -
Q.04 ﬁ = 110
~ 19 = s
- \L 2 =
°© 9 51 o 450 § -
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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.

Xhb, v FOEE LEARCHESE (n=4) LTHhE, ZOEBE (@ 5 06 LhVEHTF
B 1M4X10°P 1+ v EHEBE IR, BBL, ZOER 21 OABROTFEOR/IMEIC L5 T
B5H5,

AHEMEE BRBFCE LR o0EREK S OB E OBV DERDO b — Y ¥
DHOEHBL TR L,

(1) pHIEHEM BELIL oMLy 9 FORBRICOWTC, HEiko pHKEREL EE L. 50
HRY FigbiwRLi, #0EFE pH X2 1 Tt pH85-95 12, v+ i pH9-10 F&EL 1,
24 AT FFOBE LD bR FRA TR, FATEEELSFHAOpH LT A BV #
DpH ks L, BHIABK EAL, pHARBEHIIELIL Tz, =1 @ peak-IT % ¥ # Peak-I
ERAUC pH R ESE 2R T 2 & RECHTBI RN,

(2) BEEFYE oA Loy FORIT, BREHEOBREKEHCOVCTHELLEEY Fig. 6
WRL, BHRER 2 M1135C, v 9 FTRIIVBEA0C THhot, ZDERa( L9 HFD
BRTAREREOE (20-30C) BLEREL idolt, EBK, TUV=DReTay b bl
ROFEMAC= x4 ¥ — %R DRk Fig. TR LT, 2 112 Ea=10.7x10° (Kcal/mole), ¥ + &
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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
(o] 0.5 .o
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
oiEin e FciEoEmy Boh, pH82 o AnEMAE L, ¥ Peak-1 X » & Peak-II 5%
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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.

EDIRED T, EROBHEENLD, BRADMEL L AEBEL AL OBEYAV-5Z &2
ARETH 72D T, Av-ShiBREOLE L AW EED S Lineweaver-Burk ORIz X b fiieH
Teytwdbl, ERBEGRIELNRIDT, Thi b K, & Vo, ¥RDA, pHES IZE\T,
Kpn =20 R 55 TRz b Peak-I & Peak-II © K, 13484330 M & 500 uM iz 72 9, Voo i3
1000 (unit/mg) & 1670 (unit/mg) & 7s- 7z, BAiL Peak-1 23882 5 7ol LvL, BAEE
Il o, pHB2 KBV TIRER S & & 170 M DRI K, #R L 7o LA LMD Voo I
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
ESBERTOuM TH 50T, pHB2 THEBKIEMED 30% LoBIEIhTULIEL,

(4) ATP X Mg OMR AL X 51, EHBERO pH (6.8 51 1982) 24k A & Y
F—E¥bD K, CKERYPREZILLLIH, $5—2>0HETHS ATP icxt+ 5 K, & ATP
& Mg OBREN & OBSEIC OVl pH THRH Uiz, 1, Mg BE% 10mM (GBE O E/RE
DELLWHRD) CEAELTATP BEDO LR E 2 Tl pH o 13 5 EHIc K+ % ATP o
E&FEEY Fig. 9 1R L1, Peak-I & Peak-II DEEKEM IV Tho pHic BT b F UHERA
HRLICHA PHB2 DH L DR ENE LV RAEMIZ3-4mM 0 ATPBETESH, FRID
REVCRETIAFOTD -k, T, RAFBEDOB L5 ATP/Mg?* B3 0.25-0.30 TH -
oo ThHEDHERI VY FOHE? L ICELUL TV, MUK 7 = v F OBEHET L b KD
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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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B L & 51z, ATP/Mg?* OB 03 D & TREAER]RYRLIL, VHF BT, 20
BEERY —F (03) R LTATP T35 K, kD5 s, FOEER Mg BE% 10mM & EE
LiBoEX h bk, Bl ATP i3 2BMN3NREL 251D, ZOHIonT
pHB2 kT = 1 OBE L HBRE L1, ATP & Mg BEXE 2 52, FRESCE VTR
FOREEHY 03 & —E LT ATP 1 5 EMELY Fig 11 iR L, ZDBE, RAEREES
oM HETELhFEo Fig 9 IcRbhi k 5 e Mg BEYEE LAHAB bRl (3-4
mM) L 0 eRERENCS -, T, MEEKT R o PIXERIRD, Thi KDL ATP
35 K, 1 21mM CTh o, Mg* BELYETELLEDO ATP O K, (440xM) X b 5£FK%L<
feb, Bk, BRONELS ot Ky Bd v FOABERD 43 mM? X h /N & Teote,
Lil, v/ FA019mM? 3L AY—H L1k, ME 31 vy FoABROSEOER K
wF B EEN & Ky EieonTRH LR, K, EclEOMTEFOMESRORLS, £0
HEHIZL B LY, 7, 240 Peak-l 8L O X GoHEB T HEAED L LT
o

= %=

ChETa 1 ORBEROBILEH & MEHHE 2 B Mo REORBEROME L OB T -
Fro ABEEOREMICEI, vHFFEy / FAOBRSGLABCaI10ABRIESLEL, EEH
DERTBEZ LRSI LY, 24 OARBEEOERESFELAERREh >Ry HFOR
BHEOSTFEDIIXIP ALV EIDKEWI ENFALBRAF VAR e= 7T 78D
LEbh, P-ere—2» 5 AnbBERIEFSESE BETS ETHIE 210 Peak-T it
TEHXB T FOLDL DB KEL 3D TOEGRLEDTHA S, ¥, ¥F=2=v}
HBRICB VT y S PMEDY 72 = » PO LD SEESEERT I, ¥/ ¥ APy ROH
0-8 DEBILE -~ CEHTH EHEIRTV2, Dind L OKEDEH BT y ROV EE
LEVERIS B0 Lty oy 7 F AT y ROBME= = » b ThHVEHREZI LT
Do 24D ¥y MODOEIEICSVTHE LML et nfed, MY 7o VR DBRESHER T 5
CEAMEOEBERLRED L LEBRELLY, 210 y ROPOSEESIL LERSEBLTEO
coHF LA =, P EHETEIADN, LELZORSOERILR L OIS < DR
BErEBLTV5, :

ABRIZARA LY ST —E b ABLLTERBOBR~OERY B LY T52, EENTCA
B LGOI ESTWETH L -DEBEORFICL Y, RALEBELAEL T W bt
WAL BRI N0 T, EEL UCERTS & X, MEDRKERNBOLhDEELDNRS, &
HICDOWT, a1 DABERC LD DA 24 L9 FORBOAAKRY 7 —Eb VI &
X, BB EEBMIBE LY, 0T, BERAECBREY Y FORAKRY S —¥b%
BUTWiDT, a4D A ) F—€buFEBLLAEE K, HxRICULERC 2 1 0EFEA
TibhBREEZTL TRV s Lhisy, KEBEOEHAECE Yy Fohr I WERHCRS
NEDEREDWTREBH LTV, V2 F AN B WY/ FRLIBFORAKY) T -4
DB, K, B2 pH 6.8 Ty /¥ 2 DAHIT, 1 pHB2 K\ Tk Y ¥ ¥ DTS
BN FHE IR TV5, SEBEGTRAROREELCATKENILKFAT A LAV
EHRTET D,

CTHETENL 2 A DOABEEORBY I HF LY /7 FADED LB LK% Table2 & 31T
—H LTl
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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)®
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': Chan et al,, in Reference(13); ¢: Krebs et al., in Reference(12).

3 3|

BEHRCETS27 ) 2 -7y VvRE, LKSMBROFMLMS BN CHMABBROBEER L
RBKRARY Z-€FF—ERHEO B, vy ==y AR EHEMAEEYBRF L, ThER
BRDO X SIiz o,

I BB B IR S0ERRSD— 3 BROBESROERIC L b 5B THL o L2
B & LTz,

2. ¥7 2=y b OSTEIT a BAE 1400000, B ELAE 120000, ¢ B4t 42000, & AL
17000 £ b v L AIE S iz,

3. AEROY T2z bR (@ 8 % 6), b, BPADSFEY LU4XIC AL F v E
HELL,

4. BE, pH &%, EEBECKHT S K, 2R LAHER, —o0BESERSLEE A SEL

— 324 —



JIE *%EH: 24« kAKX F—EFF—¥

LB RL, EERCIAHEOER o1, T, —HoE (BE, pH WA, EH
) RS &, RIEEEROEBEIYHXFOBE L,k IHEMLK,

X 73

LBk - 5H 5 (1986). = A fil~ A+ 5 —2OEM, B 52, 1401-1407.

2. JIIEf@E - 58 K (1986). = A HAKSAKY 7 —EFF —EOFERAL D AR FEE 52
1409-1416.

3. JEffk « %E 5 (1986). A HHAAKY S —HEFF —EDALY Y A LBORFIZL B
&L, FIEE, 53, No. 1 ERRIFRE

4. JIEMFE LM M (1984). s A HAAAKRY S —Eb *7—CORM L TOMBEMOLE,. [
iE, 50, 287-292.

5. Cohen, P. (1973). The subunit structure of rabbit skeletal muscle phosphorylase kinase, and the
molecular basis of its activation reactions. Eur. J. Biochem. 34, 1-14.

6. Hayakawa, T., Perkins, J.P., Walsh, D.A. and Krebs, E.G. (1973). Physicochemical properties
of rabbit skeletal muscle phosphorylase kinase. Biochemistry, 12, 567-573.

7. Pocinwong, S., Blum, H. and Fischer, E.H. (1981). Phosphorylase kinase from dogfish skeletal
muscle. Purification and properties. Biochemistry, 20, 7219-7226.

8. Delange, R.G., Kemp, R.G., Riley, W.D., Cooper, R.A. and Krebs, E.G. (1968). Activation of
skeletal muscle phosphorylase kinase by adenosine triphosphate and adenosine 3, 5-
monophosphate. J. Biol. Chem. 243, 2200-2208.

9. Pocingwong, S. (1975). Regulation of glycogen breakdown in relation to muscle contraction in
the pacific dogfish. Ph. D. Thesis, Washington University. 225 p.

10. Cohen, P., Burchell, A., Foulkes, G., Cohen, P.T.W., Vanaman, T.C. and Nairn, A.C. (1978).
Identification of the Ca?*-dependent modulator protein as the fourth subunit of rabbit
skeletal muscle phosphorylase kinase. FEBS Lett. 92, 287-293.

11. Shenolikar, S., Cohen, P.T.W., Cohen, P., Nairn, A.C. and Perry, S.V. (1979). The role of
calmodulin in the structure and regulation of phosphorylase kinase from rabbit skeletal
muscle. Eur. J. Biochem. 100, 329-337.

12. Krebs, E.G., Love, D.S., Bratvold, G.E., Trayser, K.A., Meyer, W.L. and Fischer, E.-H. (1964).
Purification and properties of rabbit skeletal muscle phosphorylase b kinase.  Biochemustry,
3, 1022-1033.

13. Chan, K-F.J. and Graves, D.J. (1982). Rabbit skeletal muscle phosphorylase kinase catalytic
and regulatory properties of the active & ¥ ¢ and y J complexes. J. Biol. Chem. 257, 5948-
5955.

—325—



	0314.tif
	0315.tif
	0316.tif
	0317.tif
	0318.tif
	0319.tif
	0320.tif
	0321.tif
	0322.tif
	0323.tif
	0324.tif
	0325.tif

