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Studies on Glycogen Phosphorylase from Fish Muscle

1. Preparation and properties of phosphorylase b from
skeletal muscle of kokanee salmon

Fumiyoshi Ito and Takeshi SHIBATA

Abstract

Glycogen phosphorylase b (EC. 2.4.1.1.) was isolated from skeletal muscle of kokanee
salmon, Oncorkynchus nerka, by ammonium sulfate fractionation and DEAE-cellulose chro-
matography. The crystalline enzyme was shown to be homogeneous by ultracentrifugation
and polyacrylamide gel electrophoresis.

The Michaelis constants for glucose-1-phosphate, glycogen and AMP were 12.8 mM, 0.
05%, and 0.13 mM, respectively. Kinetic studies on the direction of glycogen synthesis
showed that at low concentrations of AMP (less than 1 mM), reciprocal plots of the activity
of the enzyme for glucose-1-phosphate were clearly sigmoidal, indicating heterotropic
cooperation between the binding sites of sugar phosphate and of the activator AMP. Hill
coefficients were calculated values of 1.27-1.56.

The enzyme was most stable in the range between pH 6.1 and 7.1 for the incubation time
of 15 min at 25°C. The temperature for half inactivation was 45°C when the enzyme was
heated in a solution of pH 6.1 buffer for 15 min at various temperatures.

Studies on the effects of cold temperatures on the activity of the enzyme were also
undertaken. The results showed the enzyme to be more sensitive to storage at 0" than at 20°
C in 0.2M NaCl containing glycerophosphate-cysteine buffer at pH 6.0, and 90%, of its
activity lost within 90 min. Upon rewarming it, however, reversal of the inactivated
activity was not observed in the kokanee salmon enzyme.

It was shown that the catalytic properties of the salmon enzyme are similar to those of
rabbit muscle, but that the enzymes differ with respect to the stability of the enzyme protein.
The possible role of phosphorylase in post mortem degradation of glycogen in fish muscle was
also discussed.

BRORERRLZ ) 2 -~y v OSBIECE Y, B DLERIC DA 5, glycogen phosphory-
lase (EC: 24.1.1) 27V 2 =7 v SROBH OIS T 28% TH %, HAD phosphory-
lase @i, aB L bBRD DD 2 4 723B b, a BZESR L idh, AMP ofFfFEoF B LS

* EREKERESY¥E (Akkeshi High School of Fisheries)
¥R EER A8 (Laboratory of Biochemistry, Faculty of Fisheries, Hokkaido
University)
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EREERL, b BERERR L ilh, AMP 23 L EERE R R I v, o BITIREHI, b
BRI FAE L, BHHrSEET 5 & X1, b EIA ATP & Mg?* & phosphorylase kinase 2 J -
CaBlwElERILEhT, 7V a2 - YV ESRLUREBEFRAZEE TS, L LT#FE0a L
b# ¢ DFELAEROFAH LT WRERBORE LT 5,

BoFHE OB I\ T, phosphorylase AT L HTRTCDF Y 2~ vosRcBlEL T
Tevs, Tiedbt, 70 2 — 5 v DO¥ 53 phosphorylase ic L 5 EER Y ~C OB I 52, Lo
#5513 amylase DYERICL 5 & ShTWBY, L L, AETCW5E EOHROIMEIZI\TILS
) 3 — 5 VX584 phosphorylase I & - THBEN B, f- T, ROFBREBITHIELLAERF
RO L OMICEF 61 OBRIEACEET IRFLEFET 5O TRV LE L LIS TR,
EHEIEESE TR CATESELLRBYEENEZ TV ATORE L IR - TL 5, AERD
BELAREOEBEHRET L BESGEOR VI Y, ¥ L FOBIHEMCEEY 5 15,
EBRENFE, KB, ABFAREICEATS LR, LR, EEEOMBICERIN
HHEHEEL S > TR, TOFMHBBLER Y <L OHEILEBHT 512, T D phosphorylase
VRBERTHHERDEYNRBRO—OTHH LELLID, TOBRBRGFOEIEHIGEL T
R ViR, BEAEFASCRBDCL YV EBRESRLZEB I IBRLLLTHD, COEE
OEMEEXRBETIZ LR, HTRAOHERCLEETH>RBONERLH L TEDRMR1E
bhid,

B D glycogen phosphorylase i3 ¥ 25 Cori H¥ Itk W ihdTHBE X h, B4 OFEMEN
BEZIN T3, IHERELD, 9 290k, BREPELTe 7227, v/ H2Y, 22
Y AN LM EIRTCS BEERETEAXFY, =<2 hLOBREOWTHEIRT
Wa, LosLisib, ZoRBE o2V TATLIME TR HEELSWTHFTERELRLS &h
T ey,

ABPRRBICET, b A< AFFA O phosphorylase DEHEB 415 B CBEREL L AIE
L7-& = 5, total phosphorylase {E#: (a+b) XFEE—F T, LhrdBEAETRERDObE CE
ETBHL, FERVSAREBEROMOBR LV A LEBHR BBV LMo T, L
ALl aBt b MoiERI X ARG BEN - B e otc, EARARBVTCaB bR -
DEOEBRPEELFAHOZREL L T30 T, REKKBWTZORME L EBNEFRYHB
DI, DB I b aMOBEBRE LI LOBRGEOBBLYHETILELD Y, ThoORGME
3% phosphorylase kinase % phosphatase DEi&ET5% 7 ) a2 — ¥ v HRRBOFEM bl
Lz, TOEBDIDIZ, ThbDRIEDEKRDKY & /1% phosphorylase b % & £ = R 4>
OB LA -0T, BRELZFOZOBRFNRER VT ZBET 5,

X B FH &

¥ ZMe 4~ 2 (kokanee salmon, Oncorhynchus nerka) #8f Uiz, JL¥EE Xt - 2318
HHFEZHCEEHEN (BAREEGFEN KK ~2HXv .y 1) KIVABEhLZFERATH S,

BNZi%, BEES, MR EREL, 743 RMIATEHRN T A 7 4 ATRERE X T—-20C CH
HRFLUARERO & SMHEL CHREER LA,

HE 72—V ELRKK #8or»F 7 ) 2 — % v % Dowex-1 (Cl-) » 5 2a%@
LT, BBEYEBEL, Somogyl D K > THHE LI, 7Ar2—21-) vEBE—H ) v 215(G1P)
ET7F /v -/ RA7 22— ZF Y U AEAMP) IR~ ) v — <= v A A8 Y R
7oo 728 G1P OMERBREY TRE L, TON0RFITHEROBERLE A1,

EMEREE BREEORER S Y 32— 5 v &R R Shimazu and Amakawa 819 & Hu-
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AMP D #fn-C phosphorylase b {&# & L7z, phosphorylase a R BDHHRIZIZL BT hTwix
U TEMEAALIRYE, 0.05 M 7 = v B #ER (pH 6.1),19%, 7'V =2 — % v, 0.05 M G1P, 2.5 mM EDTA,
0025 M #fk Y — &% & 1 mM AMP s BERB LA M2 TCE£EF% 1ml & L, HFREEKE L T2mM
FUA-1mM EDTA-1mM g-2A# 7+ =%/ —n (pHT0) AL, BEEY 3~55H
preincubation U7-#, 50 ul 2 IEMEARKCERN LKLY 25°C T 5 5T o foo RV TFOEH
L7 16% + U 7 e AFER 1 ml %R EFRAA TR EELEIRKFE X, 155N (Z0FRHZ
BEL LB L Y GIP ST A I Iml 2 & b, BB LUIER ) v 2 BB CHIE L, B
FEEM D 1 Bira 25°C, pH 6.1 T 1 4/ 0 1w &HH GIP 5 1 ymole DEE Y v M+ 58
REELE,

FEABROAEER ZEHEX Biuret 1519 & Ao, MEEHE U TCHNLEFT7 V7 1 v (Pentex,
Miles 8% F\te, #5227 m< b /77X HEHEABEER 280nm OB L £ =& — L1z,

RUYFPIIVNT I FFNEBRAENE 7 R 7 BRIKE)E 7.5% BHE 1T Ornsteine and Davis
B E Sk 5T T ok, BARGBIR T I P75y 27 BBV, BHERERI
Davis & DOBRAGERE? 1K X -7, SDS BXkE)Z Weber and Osborn 329 2t - %, ¥ VBEIL
5% & Auic, BRI, 2= —« TV VTV T A—FRHWE,

BEOE MELIE< % — ik Beckman Model L2-65B #5%E 0 & % HUcHHE L 7o Schli-
eren optics accessory % i\ 52,000 rpm T 20°C D&MD CHE T,

A5 Lo0%bFS57% DEAE-+A m— XX Whatman DE-32 Z i\ 2mM | Y 2 EEIR
(pH7.5) TFHFEEILL TEL, ZDEAr —X% 35X305ecmDH 7 2ALCTKEL, EHIKEE
TSI EL LT, BHE2mM Y 2 EEK (pH 7.5) % initial buffer, 40 mM  V X {ZEEK
(pH 7.5) % final buffer & L T4 %500 ml CTERARLEIL L > TiT o, TNTOEER4C 0G
B TfTote

XBR &R

BELE Gk e A~ 2RBrBRCEFBEEL CRE, AR, BEXEBVICHREE I -+
F a9 A= 3EMTCHRL 2EZE (v/w) OFDEH L KB KTEHET 0 SRERAL L
72, 3,800XG 30 SR LSHEL, LEREES M MEBL CEHRERY B, thici2M
EDTA (pH7.0) & 10mM F4 #4254+ —A (pHT.0) #BHRLANCKEBEXZhFH 10
mM & 1mM /e b X5 EMaTEHI 30 SRIEHRL TR E Lic, RCEMRE LML T

Table 1. Purification profile of phosphorylase b from muscle of kokanee salmon*.

. . Total Specific
Fraction Volume | Protein | Activity A(I;)tivit Yield
ml mg/ml | unit/ml | Protein | Activity it Y %
mg unit unit/mg
Crude extract 495 19 60 9,405 29,700 3.2 100
Ammonium sulfate
fraction, 509, 35 24 408 840 14,280 17 48
saturation
DEAE-cellulose
column 10.5 13 316 137 3,326 24 11
Chromatography

* For the preparation 210 g of salmon muscle were used
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Fig. 1. Elution pattern of kokanee salmon muscle phosphorylase b from a DEAE-cellulose
column (3.5x30.5 cm) equilibrated with 2 mM Tris-1 mM EDTA-1 mM g-mercaptoethanol
buffer (pH 7.5).

The 50%, ammonium sulfate fraction dialyzed against the above same buffer was applied to
the column. Initial buffer of the above same buffer and gradient buffer of 40 mM Tris-5 mM
B-mercaptoethanol (pH 7.5) were used. One fraction: 12 ml. Flow rate: 36 ml/hr.

Fig. 2. Crystalline phosphorylase b from muscle of kokanee salmon.

500, BRI LT — KB+ 5, TRE% 3,800%G, 30 SE0& Lo TED, 2mM F U 2-1mM
EDTA-1mMg-4 s 7 b=2 /-1 (pHTD) BROVBIZERL, REER T2 BRBEL
foo NEEMEO TR 2,800 X G, 30 5 & 87,000 G 30 AR OLSEE L TR, -0 LiEHY 2 mM
b AEER pH TS5 TTFOEHE(LLTH B DEAE-v e — X 5 2 ciiinLic, REE R CIE
BEORBEERY FHHLEL, 0~40mM + ) 2 EEE (pH 75) OER AR EY BV CEHE
HEHER 5, HIRCANRER A2 - vERLE, BHEhZEHX S L ERK S —3
Lice ETHEMY — 27 P, & P, NFEIETHEHE IR D, 251240 mM + VY 22K pH 7.5 2 ¢
LiEEY — 27 Py sk, PLP, P Rt h T hA LBEOERELYR LI, Z0%, 01M
@ NaCl & ¥ 40 mM + V) 2 &K (pH7.5) T4 4 vHEd B 5 & WIEHE K P, 235 H
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Ehb, PLib Py 0EXSHED, MEREY 50% BB HinL T2 %9, HEsE04
E003M~v=y rBEEPHTS Q0mM bV =% /-1 7 v, 3mMEDTA, 5mM -4 L%
Fbhx=a s —n, 0nMERE~7 %o Ak ImMAMP 2 &51)1, BRL, BErbBFon
3 s MR B I3, F2RCEToFERBERLLY, BCEBOBRERE R, %

P' Pz P3 P4

]

-1 - e
Fig. 3. Disc gel electrophoresis of kokanee ]
salmon phosphorylase b eluted from
DEAE-cellulose column.
Gels were stained for protein. Protein
of each fraction (see in Fig. 1) was appli-
ed. a): 2D pg: b): 50 pg.

4 : )

Fig. 4. Disc gel electrophoresis of kokanee Fig. 5. SDS gel electrophoresis of kokanee
salmon phosphorylase b for activity salmon phosphorylae b. Protein from P,
staining. (see in Fig. 1) was applied. a): 5 pg;
Protein from P, (see in Fig. 1) was b): 10 ug.

applied. a): 25 ug: b): 50 ug.
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TRBRED RN R E 1 RITR Lic, 50%, Bk Sl fn B X 5 e &) O # IS AEE L R 2 1E o
48%, AN S h, HEMEOHE T 53 FIBR S, RENK » S as7r <2574 —T
119% OEUR, 7.6 fFIckEB S hte, ¥/, b 4~ 25K 210 g 55 G 24 unit/mg DR 8E:
FUMOmgwBn o LR, ¢ A ABROHEREXMOREFEDO & 0 & LT 57Dz
30C THIE LI & EOMEICHmE TS L 2T unit/mg L s h, B 7 AKX —627, » /4 4 609, x
| 2 709, v 42 60 unit/mg Gtk EME IR TV, CALDELEE TS Le 2 <~ AD(E
X2 dg DR ot FESBERABIEHEBRO T FHEEICRAE Lic, RT3 & X8 g
BBERL, ML AMP OREXLBELETHEEE, B, 777 v 2 25 7 aEERLE
&'ﬁ'oﬁ:e

H—MORET BONCERERVA RSP bhE 5 bk F A2 BRKEIEICL VR
SLtc, pH83 » 75% St Aa B\, DEAE-t e — X3 5 AapbiEH L P,—P, Ko0GE
1 MABR) ORBLYKE I HERYEIRCR L, HULESEEYRLE P, P, & P, 0
EERTOEAGE RS TRUKE 2 —vER L, EEREO/NEha7e P K5,
Pi—P,RGD v FIZHAETHERTOMC, O EToOMBIZE AV Fi—KTF 28D Lh
I EEHOEOY ATV, FREERAECL ABEOMNEBILP,—P, Kg0&EHF AV F
E—F LT, HANCETORERYR LI, P, EGOERDTD v FHEH Y R E—F LT,
ABEEOY 7 2=y PSP E 5 v SDSBRABIETRF L, Tiobb, BEY 4-
ANAT P22 ) —ADOFFETFTTSDSIC W BRI TH T =2=» MG LT, TORER,
FEHRIZR LI L 5L, P, ROV EEXR SR &S IE—D v F i, SDSES S
Yo TAABERIH—DORTTH B Z LR E T,

EHIE, AERIDTEHCH—RET2ERE1E D pBEOEIC L YR L, BREE
Z0.7% I Lick TDRBEE 6 IR L, LB L0 L 512, B—OoXHRy — 7%

10

i cytochrome

O

=z

a 08I
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e osf

o aldolase
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. albumin

x

0.2} —
; o 1 Lo g e 1
Fig. 6. Sedimentation pattern of phosphory- ! 2 3 456 810
lase b from muscle of kokanee salmon n MOLECULAR WEIGHT (10%
0.15 M NaCl containing 50 mM g-glycer- ) .
ophosphate, 1 mM EDTA and 50 mM g- Fig. 7. Calibration of the SDS gels with
mercaptoethanol (pH 7.0). marker proteins. The arrow denotes the
The picture was taken after 60 min at 52, position at which kokanee salmon phos-
000 rpm.  Migration is from right to left. phorylase b was located. The marker
Temperature was 20°C. Protein concen- proteins used were cytochrome (13,500),
tration : 7 mg/ml. aldolase (39,500) and serum albumin
) (67,000).
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Fig. 8. Optimal pH of phosphorylase b from Fig. 9. Optimal temperature of phosphory-
kokanee salmon muscle. lase b from kokanee salmon muscle.

TLTWBZ ErLBREONCIBERIhERTHS LBR IR,

Y71y rOBFRORE BE—0mSkDZ ENKBE L0, SDSESKEECL Y
Tazy VRGO TELXREL:, EEEAOSTFEL ZOBBE»SOBREMEYH, £
DRFERYE TR LI, b A ABREOY T 2= FRTOSFRIZOBEEN D 92,000
B E N, Ol 73FTHREINAMEOL00)Y Ligs—FKL, vHForh @\l
TWbZ EHREENhi,

BURARS ML ABERO Y vEBEERQH TOFORMBOBRRA <7 b ARJBLIE D
5, 28mm icEx b H, 280 nm B KON TRNMENE O, $LEORE YN0 mg/
m) 52412 Xb, 3BBummIB RO —2084bH, €V FFEY—1 ) vERR SRR
phosphorylase DRI A~ 2 + V&R L 2, 280/260 nm D BKEEHE, 1.51~1.78 ¢, EHRUE
wXb, ToliT210aol,

AREEE 1. FFHpH BROMEXBE RO % 5mM EDTA-1mM g-AAh 7 b =4
7 —n (pH1.0) iR UGHEBERRE L Lic, EEERKO pH % 0.1 M 7 = v B{EE% T 5.1-6.
6 DEFEI, 0.IM bV =g/ -7 3 VBERTPpH 7.1-7.6 ORJICTHM L 25C CE#YRAIEL
Too RV SEITR L, HAMER~ARDBENEB LR, TR PpH R 61 THote, 7459,
e TRERPH 2 635-6.75THD, L 2= ADPEELRLE V- pHTHBH, BLLMET
Boteo

2. EHEE pH6.1 OFEMERBL AV, 5 FRIGEORAERZ RTREY RO, FIR
RLick S, EREEIIX30TC Th i, FUSNREH 26C © & 2, BAEMD 909, Offix
AL, BEFRH Qi XD 5 &, 10°-20°C DR TiX 2.9, 15-25°C Tix 2.0, 20°-30°C DT 1.
6 THote, BERBMERICIEABREL Y, HBHERCAR T2 RAEREOBHEEYTRLT
W5,

3. Michaelis 52 (Km) phosphorylase b IEMICRIETHRFELTCGIP : 7Y 2 — ¥ vDpo
DEELEHRFE LT AMP 22 bh 5, c0=%0 Km ¥AIEL, HEBGEYHE L,

AMP L7V 2 — ¥ vBEYFhZFh 1mM & 19 LT, GIP 0@E % 5-100 mM O CRIE



dt Kk K E & #H 35(2). 1984

EE#HIEL, h¥ Lineweaver-Butk DR HE-T 7wy b LI, TOERLEIORICRL
e TRy FAERIC 7 &5, Michaelis-Menten ORIFIBBRIIR S S E xR LT, 77
7ENBKmAkDdBE, 128mM &k oic, TOEIRMOEWEDELL KD, vHF15
mM®, v /¥ 2 24mM®, 4 ey 2 10mM? LHEIRTVB,

S¥i, Q1P ¢ AMPEE®*ZhFA0mM & 1mM & —Fie LT, 7Y a—rvEBEYO
025-2.0%, OFEETHIE Uiz, FOBERE 11 RicRL 7, BH§ 7 Michaelis-Menten o> faf1gh
By R TERIME LR, 1% OBETRAEEIETS, 777 L2xb KmiRD 5 & 0.05%
Ll h, wHF0.02%D, v F A 01299, 2 2r¥ 2 0.02% (0°C) 0.05% (30°C)? LB
BoELBEUL T,

'S 022} 'S 02t
E €
p s
= >
z z
2 e
$ ot Tal
~ ~
kmeizamm ot Kme0.13 mM
N L L R t 1

-0.l ° ol 0.2 -5 [ 8 10

| /Glucose-l-phosphate (mM™) |/ AMP  (mM)
Fig. 10. Double reciprocal plot of the veloci- Fig. 11. Double reciprocal plot of the veloci-

ty of phosphorylase b from kokanee
salmon muscle for glucose-l-phosphate

ty of phosphorylase b from kokanee
salmon muscle for glycogen concentra-

concentrations. tions.
84
T -
= 02| L
£ 3
5 2
2 g
> o -~
= 56
s
° >
S oit z
~ o AMP 0.05
- d
>
L ~
Km=0.05(%) 28
L | 1
-25 ) 25 , 50
(%
| /Glycogen ) AMP Ol mM
Fig. 12. Double reciprocal plot of the veloci-
ty of phosphorylase b from kokanee

salmon muscle for AMP concentrations. 0 ot

02 03 0.4

| /Glucose-I-phosphate (mM)™"'

Fig. 13. Influence

of AMP on the kinetics of

glucose-1-phosphate for phosphorylase b

from kokanee

salmon muscle.
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AMP % phosphorylase b DIEH R BRI L AD D TH B, 7 ) a—5 v & GIP % 1% & 50
mM L rhEh—E0REW L D, AMP BE % 0.1-2.0 mM O CHRIE L 1o, B & R i3
Ty b ALRDEBEREYELREER L, 7r oy MIEE A FERKRI Y Michaelis-Menten
HoOBFNEEY TR L, 2077 706D Kmiz 013 oM Th -1, = OERMOREED D
DIHBLBLLOT, vF014mMP, v/ 523 014mM® S EIR T3,

phosphorylase (37 = 257 V) » 7 BER T, XERCREW T XM EBRTOERIC X W BERYER
LTWwaH7=2=y r ORMKHEEFRYEL, XEEMERS STy, BRAKOKHEY R
FTEREZI A T3, L L, & S TRARERE TN CESNBERC R 9 BRR 2 fEH DI
Nabhigh o, THIFOEMECE T, MOEENTRTCHMUIATHBREBICD -0l
DLEZOND, ETERATIBE L THLREBRENFETLZ AP &b, GIP
L AMP oHEOBE*#*F LI Tt ol#ER M L BEBRE L7 7 T v 72 G-25 5 5 &
THME LT AMP ¥ = LR 2 7o, AMP @8R 003, 005 £ 0.1mM & LT G1P &g+
BEXTRHELL, FOREXFIBRICTLE, 0.1 mM AMP T8 L h - BT VCEE» S,
AMPBENNEXL BB ERVHMBN S 7e A YRt/ 57, AMP & GIP & D BI{E A hetero-
tropic THAHZ EEHRLTW5B, 57 0bBLhERAEEEYEC HIl X5k n D
KELXFEURTRLE, i 1mM o AMP D L 20Ed Mz THS, AMP EE S 0.03,0.05,
01 BLUVImMMoDE XD n D156, 1.33, 1.28 & 1.27 Licotc, AMP OEEOEW L X2
GIP L oEEIEA L, GI1P BRI T 5 BMN /&L 25, AMP oz >h CHEE
HAL5EL b GIP oFEFMAO LML, K Michaelis-Menten Bz 55\ 72, B AEED
AMPEEOHIMICL b k& kot 2hbOnfEd o4 FHFEIN TS 0=1.6-1222 D
e X< —BLT i, /

IhE CRNTABEROMBNcHEEEIMoREOLhE X BT L HEE IR,

BEOREY BEOREMIEBRN, i z2ER0FESY s L CBERE~ONIEGHE
CELTEELRTF LD, $-AOREHNBROERNLE T, BEHOBVWBERBRETS
EHE<, RAOREHET RS % oD, phosphorylase MR ORI OBER & L TE
BLABOERCHEY 52 5RF LD, DX 5k &b, ABFO pH L BECHT A&
ETRE L1,

¥, MEMBERO—B% 5mMEDTA-lmMg- 21 s 7 =%/ - (pHT7.0) BB
EREYFIRE LT pH i aZet vt Lic, pHORR B {EED 0.05 M BEH RIS L
T 1/10 BOBERE I 2., 25°C T 15 43[4 preincubation L ez, Kb CIEBE OEEE ¥ 713K
Bafbr b U & A THFIL THEM A HIE Lo, preincubation fDEERICIL 7 = v B (pH 4.1-6.6),
Py =g/ -7 v (pHT1-91) #FAL, ZTORBRXEBRICRLE, Ricibhb X
SWREN pHIKIX 6.1-7.1 ORCEEFHICH - 1o, FEFERAIET L CHAO pH54 LTIt/
LEEBEROBERIFANELT B LHBE IR TV 2%, Z DI phosphorylase @ pH i2%-4 3
REEEBZO—RHCEF LB hbahiu,

SEFCRELER TR T DI, BEOL S AR L BERY 005M 7 = BREHK
pH6.1 iz, BIRE T 15 43[E] preincubation L7-%8, K& L, WRYAER L 7- 45°-50°C 0K}
LB THHBYRE LTI LhOBRAEESE Y 25°C TRIB L £ 0B RELH 16 RIicR L7,
WY AR LR Uo7 45°C THEWED 1/2 1 ETFL, 50°C TIRELRERE L o, oD pho-
phorylase DBZEH OB EIX R YLD, KHERET, AL e A =2 bBH L Mo @ER
B o aldolase J glyceraldehyde-phosphate dehydrogenase DEZZEME L 13 & A & —B L T,

— R ER T 0°C RV ERC BV TIEETH 5, phophorylase 12 0°C TRE#ALTS &
ED, vy FMW e SR - RBWTHEIRTVS, HEHERCEET LAY Z o
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20 40 60
Incubation temperature (°C)

16. Thermostability of phosphrylase b
from kokanee salmon muscle. Incuba-
tion was carried out for 15 min in the
solution of citrate buffer pH 6.1. Pro-
tein concentration was 2.7 mg/ml of the
incubation solution.

100
o z
> c
Z ©
=z 13
° o
o 50
>
°
o L 1 ) 1 I 1
x °o 30 60 90
Incubation time (min)
0
Fig. 17. Effect of preincubation at cold tem-
pH perature on the activity of phosphory-
Fig. 15. pH stability of phosphorylase b lase b from kokanee salmon muscle at

from kokanee salmon muscle. (0): 0.05
M citrate buffer; (@) : 0.05 M triethan-
olamine buffer. Incubation was carried
out at 25°C for 15 min at the pH values
indicated. Protein concentration: 2.8
mg/ml of the incubation solution.

— 92 —

30C. Phosphorylase (5.3 mg/ml) was
incubated in 0.2 M NaCl containing 0.04
M glycerophosphate and 0.03 M cysteine
pH 6.0 for various intervals. Aliquots
were removed and diluted with 0.15M
glycerophosphate-0.05 M S-mercaptoe-
thanol buffer (pH 6.8). Assay of the
activity was carried out at 30°C.
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B bond s hERN L, ABROMEZRERY 0.04M -7V v ) vVBE—003M > 27
1 v-0.2 M NaCl #2&#% (pH 7.0) T 5 mg/ml DJREWHEMRLIc, ZOFW% 0°C & 20°C i prein-
cubation L, —ERREIBI—MERHELTO0IBME-7 ) £ e ) vEREEK (pH6.8) THRL,
30C CHEBRDOREXIT -1 ZORBELYE 1TRITR LTz, 0 TRIERALSET L, BFEKIR 1S
DHTIZH0% &7 b 90 FHT 10% i o fce LALXEBD 200 D & X% 90 55 T % 609, OFF
ERE ST, OREDOIDELHETHLETOEAREr S22 - DR LELMUL T
oo UHFREBWTIZO T2EEEBTH 409 OBEEENRD D, 4% kb T TARMYEL
TWwb, 2D UY FTETLEY Y FBERL 201 L L 2HMLO T T IR FT5 LBREEH
MRT6% ¥ TCEET S, b A v ABRKOVTLA—&G4TEEOREY BRI L, 0 CTREEE
w10% FCET X LBEEY 200 L 2BHRFLTLEEIR Y Lriabhith oo, 20HD
BTRE—DBED LARETH oo b A v ABEOERICHTHESEE Y v F L D/ &, B
FEEOVSATOHERLbRI, Ll A= R E VY FEROL@AAILO0C, pH60 L\ 5 &4
TRERIENDZ L THB, b A<ATHpH68 KT S L 0°C THRERIAINT, BEEN
1315 5T 90%, 90 T TH 60% U EOBRFEERIR LI, 2D L XHEO 20" TR0 FHETDH
AERER L EL Do, pH OBV BEEOREROHEEL L L, EHCHELYE XS
b, pHICX AFRMEOEVWITRBEENRD, LALEFEO pHMBI TAREETH S LT,
COEF pH k32 EABENMERRC S TERBRABIZ > TW 3 EHEIND, TREEAHR
FETe A v AbLERL o R © aldolase & glyceraldehyde-phosphate dehydrogenase
&S IER TEARERIL S hinw,

* =®

glycogen phosphorylase DREBBEIZ OV TAEBEDOR L ZBR TH L DRI TW5H, &
A= AL ABEOEROBEE I, MOBIFELOED RT3, TO—DiER
LB TH S, MAEOHE Y, AT A1 v EGAT HEREMKIC Mg> & AMP 2 5m
LTHECHET S LA TR, b2 = A0BAK, EHIRERH 30% @fME ¢
IR EREEDER SRR, b 2 v ABR LMOBEOME L OBREDECSEE S M
DA, ENTOBRIBEREYRV I ETHD, iKY pH61-58 oMt T2 L, FEiE%
LOoBHE LEBRNAEORDD, BT AZ L b, WEBMREL, &< ik pH6.2-6.3 DRITE
Linote, 2D, EHRS, MBRAFCS EERFRALhE ol bThH D, ZOFEHA
EDOWTHERTRBOETEITHAHM, v7RE -4 29 FEROBHNICBARNRTHLAT W]
WV, ZOH, TEEHL L XBESYORBOBMc L nbANy, BRELEVT, 7
D3 — v RBCHES T ABRENERLTZ ) s —F VT LEAKRE DL D, Thii—o0D
BRegAr s LCEAR b D, ¥ coEAS2HARIC L Y SRS EREZA TP, 20
rY)a—rvEEEE7 Y a2 -5 v D5 RBEIS T % phosphorylase % 1.0 & L T kinase %
phosphatase iz X 5 {EMH 5 S RNEHA~NOEROHEEAOBR, HHREL L OBIEKES 7Y
a — ¥ v SIS amylase DRENCOWTHARYBADOFHE MBI L b :E2 BN
2, LiLiehs, e A2 %EDCIhETCFRICELBELOWT, ZOoBEAGOHFED
SR AR I/ LR TV TeV,

phosphorylase Iz % 7 1 V ¥4 ADFENEE XT3, o4& L 7 4 0L phos-
phorylase (i DEAE-t A 2 — X% 5 A T3 20X F5IHh, £0O—2E#KEE o phosphory-
lase L #E I htc, 71 V¥ 1 ARBRERESCEYELORPB L L OBBO—B L eh, & 2
< AIEHRBY CLHEN TERERFAECHEIA, Lardy rRHRERNEE L Vbh Ty
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HOTHAIS T AV F A1 AOFEOWERIHER I hic, £ 2~ AR I DEAE-t v —-X
B ALY 4 ODRGFETHMINIDT, TAVFA 2AOBRNXT 700, HWERELS
S[EBII2BHELERFELDRIBLAE KL, A—Bohbl LR EIhi, 14+ VE
B e - XCARCA LRSS E - THObhIDIES S Dy I H Y FO AMP R Y
FEy—A ) VEBOREEOBEC I VEL OB TXETCHIETH 5,

b A 7 ADOKRBROMBEHEEYHARFER, GIP & AMP oiicy 7 £ 4 FVEOMBEYRT
B ELH, EVWKBEFERY L7 e AT Y » 7BETHBEZ LABEDORL, XHBEEN
R X TV 5 REE G Michaelis-Menten Blo #if 2 mT = &0, £EROBVEERE T,
FERIATER L UCERATA LTSRS,

¥, BROZERLZRILLERLD, 2= v 4 FOoBRA LARKE, BRI SBR
DOAREHALOBEEN IS B Z E 2R LI, Ll 2= 2A0BEK, FOREELIEMRC
roThEERT, TOEYFFEREES TV, V¥ F-phosphorylase (XEE L % — v b
b, BRI VWTERESFIESAYER TS 2 XG5 TW52, Z OBEROBERLI NG
HALDERIZE>Twb, L2 2R v FOIOREDE I, BEMEALXYT2=y
DEERHBOWIOMEI LD LHEEEI I, T pH DRERN L, BOKHE, ABMOER
w2 X 0 o pH HERMER 72 B ¢ phosphorylase 2AREE L7 b, FEEHMMELL, BELE
FYya—rvhamylase il - THBEINDZ LEHERER, 4%, KR, pH60 Kk 5BRK
EABSOEOFMOWENLETH 5,

phophorylase DEM LR L ED BB, oK, HEURE L 4 7T~0ER TR LT OMEH
BREDWL O OREHIMEOBRELBINTE D, FEHEO RN DOHEEEER D phosphorylase
TERIEFETH0 T, LOERORE - BROBBYHAEXNETHS,

-3 3|

KEBWHROFEEOREEL & FEROBIEYEREL Tk £ = AFA phophorylase b D¥f
B BRFIEETBRHEL, 2F¥0REYB.

1. BEEORERIL 50 MM cEi & DEAE-t e —~XhS5a7u< /574 —21D,
BRKENE L CER LI~ S aER B,

2. BEROMBRIMEZ, =& pH61, EFHEE 30°C, BEMRE Q) 1% 2.9-1.6 (10°-30°C) DA
PRULEBICAEDIBEREEYRLE,

3. Michaelis EE (Km) X G1P LT3 128 mM, 7 Y = — 4 v~ 0.05%, AMP 0.13 mM ©
B 12 AMP & GIP i3 heterotropic DEIRA L b, EV AMPBECH LMY 7 41 FHIE
%R U7, Hill (%03 1.27-1.56 DR OE AR LT,

4. BEEOLEMR, pH e LT pH6.1-7.1 OMCRETH b, BEICN L T 45°C TEHDF
HHWMET L, 50°C TRERKEL I, ERICHT2EAMEI/PNEX L, 0°CpH 6.0 T 90 THROBRE
EHL 10% TH o7, 20C OFMBToOBEIR 5% TH o1, LarL, 0°C, pH 6.8 Tk 90 54
Td 60% LI EoBEEEND h pHKEELRL LRI,

BlED Z & 5%, b £ = & phosphorylase {3 v +FDF h & M E A ERFCELL T
otd, ERTORBERALTRAIHTH oTc s &nd, V4 ¥BRLIBE-LEABEY IO &
PHEE I hic, 5K, HRDFEHEE/LICIIT 5 phophorylase DREIC D\ C—HHRB LT - 72,

BhichiRs, RBOERBCHB NI § LA dtimhE X KESREET MRS #8E & JbiEE X
FTETRLBHRLZBOT « ELHLBFLEFET,
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