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Purification and Kinetic Properties of Bovine Spleen Glycogen Synthase
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7Y a—r v EEEFE (UDP-glucose: glycogen a-4-
glucosyltransferase, EC 2.4.1.11) 124, 1 2 — & —6-
VBRI EIEERREBL Ui\ DRI (glucose 6-P
dependent form) & 7L =2 —RA-6-U VB LD
EEEREHTS 18 (glucose 6-P independent form)
EDFEL, Thb D, I IR gl I h sy,
Tisbh, 15D T cAMP KM D FeT (v
FF—HRLD Y VBT, Dol FHIARAR S
TAVHKRAZ 7 B—ER X HBY v BTERD Z &%,
BRI D CREREY TaIHh TR D, TR
b DILITF U~ TEROBELANS T3,
FEEDIL, TTCEBMLETERL (D-1 FH) o
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FEBIEREERDO LD KAL, REXYIRDKRE,
—20°C VCHERIEL fe. 2 — R-6-1) VR,
UDP-7na2—R (v ) Lv-5-2hARFR 7oA 2—2R)
X Boehringer Mannheim #, I Y A [Tris(hydroxy-
methyl)aminomethane) |3 Sigma Chemical Co., ED
TA (ethylenediaminetetraacetic acid) |L[E{-{L26F5E
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DHE P EFEEL e FETHE -1 b,
FUE® (UDP-7 2 = — =, 10mM, UDP-(U-4C)
Zra—2, 1émg/ml 7Y 22—y, 20mM 2=
—A-6-Y VB, 50mM } Yy x-f5E-5mM EDTA
(pH 7.8)) 504l iR (50mM | ) <—H5/8-5m
M EDTA (pH7.8) T# M) 50 ul %%, 37°C
TIORMRIEL, 6%V 2 m LBl (7Y 2—4 Y
1mg/ml, LiBr 2mg/ml &%) 1ml %% KIS
RS, & EEGROET 3000rpm, 10 450
LT EE Iml #EDH9%TAz—1 2ml %
M2 T, 7V 23— vEEBRXR5. KEFC 16
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IV D A E R R EERRIEL -, UDP-
(U-HC) 7 v 2 — ADHIEKE, BEOFEEAIER
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HOEBRIZIT 80100cpm/pmole D { DR FEHL, HE
DHFXTV) 2V OR%EGY 4 BEELT-. v,
Ina—A-6-Y VBOFHET CRIEL Gl 25%
t, = —2-6-V VEERBRWERIGERCHEL
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LITFo#fEiL 0-4°C TfTie\y, &L 4 BRIEICE
X7\ B h 10000xg, 1040, 0°C Tfifgofe. &
CCFERALET A=, Tab ik —20°0CIGH
L= D% B, %72, 50mM b U 2A-HE#-5mM
EDTA (pH7.8) o#gfis (LIT “RBEK” Lid)
k&S LicbORERLI.

1. B SRS L 74 R 90g &, X% lom
b, 360ml DFER L L B, REMRIFv—%
AT 2.5 pEEEEETHRES A XL, HEUX
4 FASEROSEER, LB Y IAYV—ATRELIEE
i E, HABERREEC.

2. FAa—AWEQ) HEERR 300ml 7Y =
—5y 1.2g R, TAI—ARELATIMZT 22
% &L, 30MHIKEHE U IctBZ R OTHETHED,
100ml DBERICHAEL 12.

3. BOE 7Taoa—AWRQ)OEEERC IM EEE
iBEw (pPH4.8) #fnx T pH5.8 & L, 1077 HIKER
B BT U R M.

4. 7Aa—A K2 BAUETES i EE110m]
CT7L2—AXERACINZI5%EE L L, 1557HEKE
WA Uty 1250xg Tl B L TH, 20ml
DRERICHER LT T OFEEBEDOY% I ETiN16%
TG, L DRI cHHEOMETHH. ¥ IoABRKITIL,
FRARTRBTFA VHRAT 72—t cAMP KEFEHE 7
w74 vEF—EESEEEL I ENEDLRIDT,
KROBEBTHH? OFEK, I, D #Bzcrhth

L.

5. [BIA~AOEH#ET7TE VLB 7TAz—AILER
(2) DERIIC /L —RA-6-Y Vg MCl, £
AT =g — AT RKEE 5 10, 50mM Liph X
51Nk, SEKT 25ml 1T, 30°C T0sffR
BLIMcERL. RERTHSHL, 7TV
7ml B2 ERIML T, 0°C C105 kB # 1250 X8
THEOSELE LY 10ml OFERICHERL
REBEWITE O BETRR .

6. TAa—AWEKEB) LTELRICEER 11ml
w7z —a 1.78ml 2z (14%), 10 HEIHEH
1250 X g THE LT HEL, WA 105 HRL 1B ER
(5ml) ¥R T

7. NV LbHA MUE T —n ik (3) OBEE
# 5.5ml [z~ b4 b 25mg FINZ T, 155°fEE
PCHHRL 1o, EOSTEEL TIRERE R .

8. TaAz—LW}EA) XV IFq4rABELIE
B Sml w7 A a2— A %inx14% & L, 105 MKE
%, 1250xg TEL 7 BLIEEZH 2ml OEERIC
BRL, BROBFRERELUBOERTHL. 1
RgER O HB~EY Table 1 1R 7.

FgYa—F B D BoBK

BEzah - X 51, 7o a—Liklk (2) ODBERRIC
H1ET 5 cAMP (kiEED S v T (4 vV F F —E T cA
MP, ATP, Mg** L{RiRL DEICE#RL 7. HiLER
I~ T RBEROBELERILTH S

5. DEIAOETHE T VKR Toa—A kR
(2) DEsFEHC, ATP, cAMP, MgCl,, NaF % fnx%
BBEYZFHFh 2.5mM, 16.7pM, 10mM, 25mM

Table 1. Purification of glycogen synthase I form.
Volume Total Total Specific 9% 1 Recovery
Steps activity protein activity activity

(ml) (units) (mg)  (units/mg) (%)

1. Crude extract 300 31.3 9484 0. 0033 — 100

2. 1st Alcohol ppt. 116 29.7 1563 0.019 —_ 95

3. Acid treatment, sup. 110 21.9 380 0. 056 — 70

4. 2nd Alcohol ppt. 21 22.5 98.7 0.228 — 72

5. Conversion to I form,

acetone ppt. 11 20.7 37.7 0.548 — 66.1
6. 3rd Alcohol ppt. 5.5 17.8 6.82 2.61 32.4 56.9
7. Bentonite sup. 5.0 15.3 4.35 3.52 34.4 48.9
8. 4th Alcohol ppt. 2.5 11.5 2.95 3.90 33.0 36.7

Glycogen synthase activity was assayed by a method slightly modified from that of Villar-Palasi et al.'® as
indicated in Text. The standard assay mixture contained 5mM UDP-glucose, UDP-(U-*C) glucose, 8mg/ml
glycogen, 50mM Tris-Cl.5mM EDTA (pH 7.8) and 10mM glucose 6-phosphate (when added). One unit of
activity is defined as the amount of enzyme which catalyzes the transfer of 1umole glucose from UDP-glucose to
glycogen per min at 37°C.
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Table 2. Purification of glycogen synthase D form
Volume Total Total Specific % 1 Recovery
Steps activity protein activity activity

(ml) (units) (mg)  (units/mg) (%)

1. Crude extract 320 39.1 9728 0. 004 —_ 100

2. 1st Alcohol ppt. 116 42.4 1631 0.026 — 108

3. Acid treatment, sup. 108 28.6 386 0.074 — 73

4. 2nd Alcohol ppt. 26 28.9 117 0.247 — 73
5. Conversion to D form, acetone ppt. 11.2 15.6 17.9 0.873 — 40.0
6. 3rd Alcohol ppt. 5.8 12.6 6.89 1.83 2.4 32.2
7. Bentonite sup. 6.5 12.5 3.67 3.40 2.4 32.0
8. 4th Alcohol ppt. 2.5 9.59 2.52 3.81 1.8 24.5

&L, BEWY % T 30ml L1 7=tk 30°C 10 57fY
REL CDRCERL . REKRTH, 7xbv 82
ml %hnk, 105 RkESE Uity 1250 xg DOF
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L5 BETER\ M .
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SRR L 1o,

7. XV bFFA MLE TrAa—1 R (3) DREE
¥ 5.8ml i 0.5M 7 = E&#EHEi®% (pH 6.0) % 1.5ml
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25mg % hnz 155 RN IR L, EOSHETEBY
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Fig. 1. Effect of pH on the activity of I and D forms.

Assays were made in 0.1M Tris-acetate () or Tris-Cl (@) with (solid line) and without
(dotted line) glucose 6-phosphate. Other assay conditions: see Table 1.
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Fig. 2. Double reciprocal plots of I form activity
with respect to UDP-glucose in the absence
(top) and presence (bottom) of glucose 6-
phosphate.
Assays were made at pH 7.5. Other assay conditions:
see Table 1.
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bz 2 EEEE)L UDP-27 1 2 — ADEEER (0.1

mM LIF) :E#RE (0.1mM k) TZhEh 0.58
mM, 1.8mM G, Vmax OHZHIT 1:1.7 TH-T.
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Fig. 3. Effect of UDP-glucose concentration on the
activity of D form in’ the absence and presence
of glucose 6-phosphate.

Assays were made at pH 7.5 in the absence (@—@)
and presence (O—()) of glucose 6-phosphate. Other
assay conditions: see Table 1.
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Fig. 4. Effect of glucose 6-phosphate concentration
on the activity of D (top) and I (bottom)
forms.

Assays were made at pH 7.5. Other assay conditions:
see Table 1. V, is the rate measured in the absence
of glucose 6-phosphate.
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Summary

The glucose 6-phosphate independent (I) and dependent (D) forms of glycogen synthase (UDP-glucose:
glycogen a-4-glucosyltransferase EC 2.4.1.11) were purified approximately 1000-fold from the extract of bovine
spleen by a procedure involving repeated precipitations of the glycogen-enzyme complex with alcohol. The specific
activities of I and D forms were 3.9 and 3.8 units per mg protein, respectively. I form had a pH optimum of
the activity at pH 7 in the absence of glucose 6-phosphate, but had a broad pH optimum in the range from pH
6.5 to 8.5, which was similar to that of D form, in the presence of glucose 6-phosphate. D and I forms were
kinetically characterized. D form had S, ; of 0.19mM for UDP-glucose in the presence of glucose 6-phosphate
and two M, ;, 0.45 and 3mM, for glucose 6-phosphate. I form had two S, 0.58 and 1.8mM, for UDP-glucose
in the absence of glucose 6-phosphate compared to one S, ; of 63uM in the presence of glucose 6-phosphate,
and M, , of 45uM for glucose 6-phosphate. Thus, that two M, s and S,.s were obtained, suggests the presence
of two kinetically distinguisable forms in each I and D form.



