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EHEOBEAMMIEE LTA 2 Y ik 3EREDMEM
IcES5 G6P mAERE, TDHEREETS GS +277
S—EDEEICE > TERT DLV S TFTAHTRIS
STV 38, Lo ERTEESICS L
=R 5T ET 1B ED AT, Yki-Jarvinen
SO A XY VREE M S SR IZAE
@& GS oEEkrZoonts, /va—xEEE
Mo L FICREEILRD oo L BE
LT3, ¥7, Young 6 ik, 4 2 Y LK
ERTEMTIE GS w277 #—EEiEHLT S
CETHOHNTLS GEP DBENERLTVBICY
b6, 42 Y LRHED GS BEAERE
IELETLTUREWOIHEERT- TV B, %~ T
CNOEFERLIUA v 2 ) VRAK ERTERICH
T BRGHE, £ bR GS AR 77 #— A G6P i
LAEEFREZTICCK LT B L S ATREH
ARELTV 5,

UEnXSick M GS EtEn HEEIKIC O T
HED LT 2EBRAEAEROA TV 54, & A
D GS FRZ7I—€¥HBiEFF—FIZoO\Tit
RETTOLIAARNRF 28D, TFICKEHZH
TWBERELLV, SEFEHITE FHAKRKTS
GS EHICHLIETA v AY vORESLERET2HS
T, GS FR77 4 —EL6TICF+— EEENORE
2TV, ETOEREMLIOTHRET 5,

xf R

National Institutes of Health (7 * Y # &RE 7 =
=y 7 AH) KEF»F4TELTARLL, Bom
REBEALLVEAEA VT4 T VI ERRL
Lt TD5HbHR77 ¥—EDRITIXITE, F+—
EOPBRUERPVCTEHRET -, HRDOFES,
tA®, BMI (body mass index) * L UkRERS R
(%body fat) iz Table 1 icRT &L THD, ERE
ft~DRELBLLOBLEFNEELT, LERER
gL, PHZHFICOAFNIS X UMBELFAIR
TRICEMET 7. < &b 2HME®D 200g LLE
NDEE:SUCARTLIENIZRI DL, T5g Eao7F
TREARREY ¥ {T-1c. EWEMAROE LA
{, B¥MBEHS IUVORBECRE LEHTY, 7F
VEATFRBRTIR | I TEEMNMEE, fdolfT?2
BB ENA EREOXELVETEMA 102 & &R
CTRHE D en 1, HREEIX, KET TR
PEENGRBHCHIZE LRI REAMET A LIC
o5 HEyenl
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1. BROKBHER

TEHESHZ XN -2 5 THEREROH
B2 iz & » T, Bergstorm §t & (A LA St 0B %5
I THERET 1o, S§EOKRN TIZHRIE MM -
EEB5EMT S0ml F4 A—F TV EHBICLDZR
Sl bbb T, BFFRECIE, 1%YFAA
Wk 5-6ml (A Lic, BFRBKICEIL - TRT
LT v biFRO K27 7 5 —EEHEREDORE, U F
WA L ORGREHONL G ERBERLL, Boh

Table 1. Subjects for GS phosphatase and kinase experiments
Age Body Weight BMI Body Fat
{al
L R (years) (kg) (kg/m?) (%)
PHOSPHATASE 13 4 17 28+1 10618 3612 322
KINASE 9 5 14 261 9818 3743 3343

Bl 2 1 4 5

6 TIME (hours)

e | T T T T

e — (3-H’] glucose infusion

insulin infusion (40mU/m?-min)
(400mU/m?-min)

P  variable 20% glucose infusion

Fig. 1.

Schematic diagram of a euglycemic hyperinsulinemic clamp
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Table 2. Patient characteristics for euglycemic glucose clamp studies

Sex ok Body Weight Body Fat FPG 2-hrPG F-IRI
(kg) (%) (mg/dl) wU/ml)
PHOSPHATASE
1 M 22 60 22 78 92 11
2 M 20 120 42 79 3 30
3 M 26 113 39 93 78 15
4 F 31 88 31 96 120 51
KINASE
1 M 20 65 16 91 116 14
2 M 24 77 23 94 92 24
3 M 30 95 30 94 95 26
4 F 31 86 39 98 152 59
) M 39 117 38 104 118 47

e A (#9800 mg) RELIKEGEERF TEE S,
ERRBTHET —70°C 7Y —¥F—-ATREFELI,

2. JNI=R9FT% (Fig. 1)

REEREA L2 Y VREEERELEA LR Y LM%
syna—=2x2s 5 7 (Euglycemic hyperinsulinemic
glucose clamp) 8 ZF\, 9FlOXNRIC-ET-
e (k2775 —¥4L*+—+¥50, Table 2),
1085fs]lnfE R D%, 4515 BRICKHESRIRICA =2 Y
v, na—ZREIV [3FH]-SLa—-zxEARD
h7F—FLEBBLI, LDtk 30uCi o [3-3H]-7
Nna—ZEPMEEELE LTEAL, L% 0.30 uCi/min
RHERRE LTERSETRETEALL, £2fiho
R ZME LIcHoOFICEZ LY F—FA2FEL,
KERPOFMA L Lic, IREEA VA Y VEALE
M (40 mU/m?/min) A &BAtE L1003 fldeex, 5%
HEBBE (400 mU/m¥min) oA v R Y L EAIILY]
DEXEICI00E&E Lc, BPIDA VR Y VEA
XY, 20% SN —AEREMEIS V3 — RBEH
90 mg/dl EREOLHICHE LA GEALL, M
S — REEORIEIXS FEICTV, A 2
vREU [BPH]-Iva—20BIERA VR Y L E
ABAGE #6054 610057 35 X (F1605 A+ 620057 12 Al
T205BIZfT -1,

3. MFEEHEOAE

a) RESLUHH

UDP-[U-HC])- ¥ L 3 — =, y- [¥P]-ATP iz
NEN 8o o 2 H L, Sephadex G-25 i
Pharmacia #¥ o b0 AV, Y a—4%,
G6P, cyclic AMP (cAMP), ATP, £ X k> (Type
0-A, 7 UKRAK) X UDP-s/A3— x4t
Sigma HEDISALI LD ERAICHELE, F0fb
DRFER L THIBBIFRO L0 2 EM L1,

T4 % GS O¥Eliziz Lamer 6DHEN &#H
L7z, W0BEEZO/BRY Y ¥ GS ¥ 1.7mg/ml ® 7Y
-y & AR (50 mM Tris pH 7.8, 5mM
EDTA, 50 mM 2-mercaptoethanol) iz *f L 4°C T—
BREHET- 12, EMED GS BRILKEGTT
—70°C oMz ¥ /— Nk 30% BFRICZDETH
x, BELHREIEIL, KiCZnERE, —10°C
#\UT 10,000xg T205 ML, MR % FI0 86
¥ (10mM Trns pH7.8, 1mM EDTA, 10 mM
2-mercaptoethanol) IZ/E A%, X GICRIBDEEHIC
T—BENET-ofc, COBRERERY X GS &
L, AT —70°C KBRFLI, SR GS
2 1ml V03B EBEIT 1mg EAHIVH
THEUDBEEYSA T I, 2EIOKE GS B¥%
FERhiz GS wx277 #—¥iEHIREH R, -
<o

b) GS &t PiE

GS EEDHIFICIZ Guinovart 63 OERET v
tA E¥FERLI, T7#bb UDP-Y'Aa—- 20K
# 014mM LERELL, £i&tE%E 7.2mM G6P
HFETT,0.17mM G6P HFET TiEER GS e,
SiERICEDIERBOEEE GS 7573 @&
e LTEDOTHETHUE L1,

c) GS k277 ¥ —¥FEHDOBIE

Miller 6OHED 1L LT GS H2x 77 ¥ —Fi&
EDME £ T~ 12 (Fig. 2), BEEHAR EHESHA
KR 87#% (50 mM Tris pH 7.8, 10 mM EDTA, 50
mM 2-mercaptoethanol) T Virtis 4S &+
F—icL Y 3PMFEL+4 XL (Step 1), 4°C =T
10,000xXg 204 Mk th (Step 2), GS w27 7
§—E RO E7: (Step 3), GS 277
Y —EEROMERUTOZ MY DAETT 12 ¥
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Procedure 1 Procedure 2

STEP 1 [__MUSCLE HOMOGENIZATION ]
»

STEP 2 [CENTRIFUGATION (10000 xg. 20min))
-

STEP 3| SUPERNATANT
(including human GS and human phosphatase)

PURIFIED
RABBIT GS

STEP 4A| PHOSPHATASE | 4B{ PHOSPHATASE
ASSAY (15min) ASSAY (7min)
- -
STEP 5 [ GEL FILTRATION(Sephadex G-25) |
-
STEP 6 GS ACTIVITY MEASUREMENT
(after stimulation by GS phosphatase)

Fig. 2. Procedures for GS phosphatase assay

TE—DORERTIE, TR 774 —EtRICDEREE
WM B89 THUYYY GS 2RICHKICMZ T
BHET-7 (Step 4A), THbLHRRT 7 4 —FiF
EDRIEIRX, H6H U 30°C T2057MEmME LIcH
o+ X GS (304, £ 25mU, t rifLiF+D GS
D 4ERICHICD) 288 T5ul OERIC, Step 3
Tz 100l o EE LM RICEMAG LIc, REAl
ELTISFRIRE S ik, o2 Hiz 25 ul ¥ RIEH
MM L, 79{kh Y7 L5288 2ml ORIEHE
k@ (50 mM Tris pH 7.8, 20 mM EDTA, 130 mM
ZoEkh Yo L) ENxB3LICE»THRT T & —
¥ICL BGS iFEE 2T &8, OFn6 500 ul
% Sephadex G-25 # F AiCMA XA BBETL
(Step 5), GS Etiic W EE5 2 2 EFFRIPHLRE
L1, SFEiffc277 84— Fick->TiEttEfcdhic
GS Zindo GS FEtEflER THRE, GS SN %
Bre LThiEayic GS wx77 4 —EEHENEL
7z (Step 6); H_DPMEFR TIL, #MHICE FFIEH
GS kR 77 4 —¥DORICER DI, V4 ¥ GS %
RE#IChZ FICER 2T~ 72 (Step 4B), = DillE
FTRYHYE GS OrbyichE T+ KRB
*fER L,Step 5, 6 (2H—DHITEFR &L RRICT » 7,
RBIOBERRT 7 ¥ — EiEtEOPIEEEIF R &
LT74ME L, ATP /2 Ei&ED G6P B
EEWRBERTIE, GS A2 775 —-E2EUHL
i (Step 3) # Sephadex G-25 THAWBTHZ &
IZEDEFTFHHRERE LK, ERICBLL, GS
RRZ77 5 —-¥iEtER, 1277 LKEHIZD D unit
# (Lunit 121 5MH7cy 10-6M o UDPG » 'Y

A= r~ORYVR_RBEHOLDT) TRbLI, %1
EAHERIL, Bradford o FEIC L » TIT - 123

d) EB¥ F—tEKOBE

Walkenbach 6D HEN ItES3EF+—tiEt &
PELIz, BE LAY, REERFTHALICMN
BoOBEBATHERRIIL, sV +A4 XHBEHH®
(10 mM Tris pH 7.8, 10 mM EDTA, 10mM 7 v {t
HYTL) ¥ 1mg HANLCY 44l tix, Eicls
CHBELI, RICKFTEHELIT 7 AMEESHA
F—EERALT, RREL SRS L UESH L
FESFHA X L1:,4°C T 12,800 Xg 155 D&%,
LEZISGUAKR X F—EESHORBICB LI, RIG
BERA P EEREL, ¥P-Y VEEDOE R b rAD
DRALEE LT+ —EEEHEEZRE LI, 1024 @
R # (50mM MES (2-[N-morpholino]ethane
sulfonic acid), 8 mM MgCl,, 0.3 mM [y-3P]-ATP
(#9 25 uCi/umole), 1.5 mM EDTA, 15mM 7 v 1t
#YT L, 1mg/ml &R b2 (type I-A) 3L UEE
En cAMP} I2F% 30°C TS ZMMEL TR
18yl mift#E ez, RICEE LI, RICHFLEIX
S0ul ORE# % 1.5X4cm © Whatman ET 31 §#
HECBRREE, BEbic 1mM ATP X8 1mM
YUEBA YO LEREL 4°CIZEH LI 10% TCA &
BT EIC kDTt 157 EDRE TCA BHIC
I ootk £6ic2@0 5% TCA ERIZ L 5
BHESBICTEYVELIE, =8/ - iz—=F)L
(1:1) BIUMT—FAPTHERET 7, WK
K-> e HEEE R v FL—va ATV I —
THE L, ¥+—tiEtER, bV ER U
K piAEiht: ¥P o picomole FTEb LI, 7233E
HROLY VEBILRICOBEE LRSI, BLiE L
2B EDY YEBEEHEL, ERENIORT S
CICE YV ERMESEEFME L, £ cAMP &HFH
*+— ¥iEtkiz, &%+ —EiEtEL S cAMP K
x+—tEELELIIVCTRD, X+ - EiEEN
FENPED CV (coefficient of variation) 1£11.04+2.1%
(N=9) TH~1,

4. WHHFRE

BRILETPHELRERETERDL, AEERTE
{x Student @ t-test it~ Tfr-7,

& &

1. EFBGAIKEIS GS KFA7 74 —HFHIC
21T

¥ GS k2775 —EREMHONEEL, BHYYH
¥ GS M RHTCHMELI, FRX 775 —+
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Fig. 3. Effects of G6P on GS phosphatase reac-
tion with respect to time. Changes in
phosphatase activity were measured with 0.17
mM G6P (—) in GS assay. Total synthase ac-
tivity during phosphatase assay was measured
with 7.2 mM G6P (------ ). Aliquots of the super-
natants from muscle homogenates were in-
cubated for different times at 30°C with rabbit
glycogen synthase in the presence (®, —) and
absence (O, —) of 5mM G6P. At indicated
times, 25 ul of the incubation mixture was diluted
into KF buffer to stop the reaction and an aliquot
was used without further treatment for determina-
tion of GS activity. Results are expressed as the
mean of duplicate values from a single experi-
ment.

Table 3. Stimulation of GS phosphatase activi-
ty by G6P. Aliquots of the supernatant from
muscle homogenates were incubated at 30°C for
15 min with rabbit glycogen synthase and increas-
ing concentration of G6P. Results are exprssed
as the % change above control from ten ex-
periments performed in duplicate on nine sub-
jects. Control activity (at 0mM G6P) is
8.69+1.33 U/g protein.

Glucose-6-Phosphate Change in Phosphatase Activity
(mmol/l) (%)
1.0 2918*
3.0 6019°*

p<0.01, compared to control activity.
** p<0.05, compared to the activity at 1.0 mM
G6P.

SO T E, 5mM G6P nHFET - FHFE
TFICTHR L1 (Fig. 3), G6P FFETFICHITS GS
KR77 45— CRERBISTETIRIFARELTRL,

*
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.
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Fig. 4. Stimulation of GS phosphatase activity
by G6P (e), 2-deoxyglucose-6-phosphate (¥) or
control (O). Aliquots of the supernatants from
muscle homogenates were incubated at 30°C for
8 and 15 min with rabbit glycogen synthase and
in the presence and absence of hexose
monophosphate. Results are expressed as the
mean+SE from three experiments performed in
duplicate on three subjects.

* p<0.05, compared to the activity with 2-deoxy-
glucose-6-phosphate.

G6P HFHET TIZ, HonikE o LHAEH 61,
G6P ([t LB 277 ¥ —EiEHMMOERELH~
5EMT, KR 77 5 —EOMEHBEL LTHONRT
W57 y{Eh Y7 A (130mM) #REHEFICMZ T
1SRRG E 1, TDER G6P HFETH XU EH
EToEERTATH 99107 L f 154105
Ulg protein TH 1Dz, Zv{th VT LOFE
ETTRThLh 0.940.6, 0.940.5 U/g protein ~
L omIcf S his,

Kiz GEP @ GS #x 27 7 # —¥iEtkic s L iFT%
Riz20 T, BUYY ¥ GS 28LBERTEHL
7z (Table 3),1mM X1 3mM o G6P HETT,
ThThABICH L2918 %% L U601+ 9% & HED
EEEREH I (N=10, p<0.01), £7- 3mM o4
Hak277 &—-¥iEthiz, 1mM OBOEEE R
SXTHERLER LT (p<0.05),

2-FAX Y S Nva—2-6-Y UEfIE, G6P &REERIC
GS A7 74 —¥iERE EREN D LA BHHRR
THESH T3, T TIEMAICOLT, ThEh
1mM @ G6P L XU 2-FAF L /a3 —2-6-Y v
BOFETTOHR 77 # - itk #E Lic (Fig.
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Fig. 5. Inhibition of GS phosphtase activity by
ATP and glycogen using rabbit glycogen syn-
thase. Supernatants from muscle homogenates
were filtered through Sephadex G-25, and the
eluates were incubated at 30°C for 15 min with
rabbit glycogen synthase. The controls received
no additions and are represented as 100% by the
single shaded bar. Coatrol activity is
10.47142.10 U/g protein. Final concentrations
were 0.1% glycogen and/or 5mM ATP. En-
zyme activity is expressed as the percent of con-
trol activity from three experiments on three sub-
jects in the absence of G6P (A), and five ex-
periments on three subjects in the presence of 5
mM G6P (B). Each experiment was performed
in duplicate.

* p<0.05. ** p<0.01.

4), TOEYR, G6P DS NEVhR 774 —FiF
HEERERD L5 HROMEDD L RIEORS
TH -1 (p <0.05),

KIZENEBRIC BT GS w277 ¥ — itk s
MHF s Lraoh<T 3 ATP L7V a—5 o0

EEKRFEFMIE, 37 (6), F1 - 128

Table 4. Stimulation of GS phosphatase activi-
ty by G6P in the absence of rabbit glycogen syn-
thase. Supernatants from muscle homogenates
were filtered through Sephadex G-25 and the
eluates were incubated at 30°C for 8 min without
the addition of rabbit glycogen synthase. Each
number is the mean of duplicate determinations.

GS PHOSPHATASE ACTIVITY (U/g protein)
SUBJECT G6P G6P G6P
(0 mM) (0.2 mM) (0.5 mM)
1 1.78 2.84 88 B
@ 1.10 1.10 1.49
3 0.86 0.89 1.26
4 2.26 3.44 4.21
b 1.08 3.00 2.55
Mean+SE 1.42 2.25 2.53*
+0. 26 0452 +0.54

* p<0.05, compared to the activity at 0 mM G6P.

BEIcoT, GP OFETH L UIFFET THH

#{T»1 ATPiZ 5mM, 7Y 3 —4130.1% T
AL, #BORZA77 ¥ —¥iEtEx100%E LTER
Lz, G6P DIEFET (Fig. 5A) Ty =a—-4
THBETHR 77— FEREEECHS L
(p<0.05), —7# ATP HBOHRIIFETII2,-
1o & Z T G6P ¥ RICHPIZEHM LIcHEICIIAE
DHEAT7 7 & —EEEICH LI%DEE DML &
th (Fig. 5B), 5mM ATP {2=® G6P m+zx77
5 —EEEFR A REICMS L (p<0.01); LA
LyYa—4 b ATP ¥#[ABfichinz Ty, ATP ¥
BN EOZRIZL o -1,

Tan 63 U4 XFAL VKL GS £RICH
PIINZTHR 77 54— EEEEPET DL, BEED
HEHEILLD GS nEHER KA 774 —¥ENR
CRESERSLETAREOL S LEHE LT
5, T TCUTO_oDEETIEY+ ¥ GS ¢RIT
Wiz iz T, A GS ¢xx774 -t
HDPER &R TR 2R 412 (Fig. 2, Procedure
2), Table 4 X 5EMICOVT, £BHIBRED G6P
NERT77 ¥ —EiEHICE LIETHR LB LD T
53, 0.2mM @ G6P {3:v 27 7 & — FiEtE & 583
ICHLS8% LA EH, 0.5mM 25U T718% L HED
MmEmRLL (p<0.05), KIC7H4 ¥ GS R HER
ez VRIETCHZA 7 r ¥ —FiEIcs X 1T
ATP L7V =2—FroRBgzoTHEN LA (Fig.
6), 0.5mM » G6P THMEhichz 77— EiEtE
iz, FEBfichz 6htc 5mM ATP X 00.1%7Y
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a-—HF Lo THERLHH i (p<0.05),
E bif GS xR 77 & —+HiEHICH X FT in vive
LB T B4R Y Y EADHRE, —BiERICLIC4

*
2 T
= 150}
=38
(% ~—
5
SE 1001
& =
= :
5 50—
75}
) ]
ADDITION
G6P(0.5mM) = 5 + -
GLYCOGEN+ATP _ '3 4 +
(0.1%) (5mM)
Fig. 6. Inhibition of GS phosphatase activity

by ATP and glycogen in the absence of rabbit
glycogen synthase. Supernatants from muscle
homogenates were filtered through Sephadex
G-25 and the eluates were incubated at 30°C for
8 min without the addition of rabbit glycogen syn-
thase. The control received no additions and is
represented as 100% by the shaded bar. Control
activity is 2.38+0.23 U/g protein. Final concen-
trations were 0.1% glycogen, 5 mM ATP and/or
0.5 mM G6P. Enzyme activity is expressed as
the percent of control activity from three ex-
periments performed in duplicate on three sub-
jects.

* p<0.05.

fEGlic 2% G6P OFE - EFETIZH VT, Y
+ % GS ZhnxfcflE R THEH L (Table 5), 4fE
GlomRiIzHE 3 6, 2tk 161 (Table 2) T, BFHK
BICHT DR MmEA V2 VIRER LIS Vva—2
EAZEER, BEBEARY YEARTEALL
119420 uU/ml, 4.5+0.8 mg/kg-fat free mass/min,
BREA Y CEABTT AT H 20411202
pU/ml, 13.44-0.3 mg/kg-fat free mass/min TH » 72,
Table 5 ITRT &L, 20004 2 Y L EAIRD
£-T GS 757 v =3 iEtE (EHEE GS/£& GS &
t) reToRgico>THEM LA (p<0.01), LA
Lane, CThoRBIVERLICHEDKRR 7 7
5 — gL, G6P nFEIrhbOoTA R v
EARLEEOT(LEZRD2h o1,

2. EMBAILETIERFFT—EFHICOVT

X LBHIT in vitro IZ BT 2EB ¥ +— ERICDER
B (ticoWT, 3EFADHAF ZAVTER 2T
72 Fig. T 2L CORIGIE 3uM @ cAMP 0F
Eirrot, A vFak—v3 45 5METIRIZFE
BHEET LY, 3uM © cAMP 2H\ o OEBR
A6, &t (CAMP {KIFE+IFIKFIE) DI21E80%
7 cAMP &R TH B LEL bl LEDEERT
REELELTIGHEDA v Fax—va L REELZR
foo KICRIGHAEHTHDHER P OBEICE 5EB
*+—tEiEE0 TR (Fig. 8), 0.25 X x 2.0
mg/dl ¥ THOERXFBETIREBEDLERICHL
cAMP KX+ — ERICAHMIML T Z LR
2h, UEoBHTIRER 22T 1mg/dl o
ETHERAT L E LIk Fig. 9 i3, &8%+—

Table 5. Effects of insulin infusion on muscle GS and GS phosphatase activities.

Glycogen synthase and phosphatase activities were measured on muscle biopsies obtained before and after a
euglycemic hyperinsulinemic clamp. GS phosphatase activity was measured in the presence of rabbit
glycogen synthase with and without 1 mM G6P. Each number is the mean of duplicate determinations.

Before Insulin Infusion After Insulin Infusion
Subject | Phosphatase (U/g prot) Synthase Phosphatase (U/g prot) Synthase
G6P (0 mM) G6P (1 mM) (fractional activity) |G6P (0mM) G6P (1 mM) (fractional activity)

1 4.51 6.51 0.56 4.77 5.38 0.81

2 7.69 11.63 0.46 6.78 9. 17 0.70

3 5.91 8.31 0.42 5.30 7.07 0.64

4 5.28 7.63 0.41 7.43 10.02 0.76
Mean+SE 5.85 8.52* 0.46 6.07 791 L

+0.68 <= 110 +0.03 +0. 62 +1.05 +0.04

p<0.01, compared to the activity at 0 mM G6P.
p<0.05, compared to the activity at 0 mM G6P.

*** p<0.01, compared to the activity before insulin infusion.
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Fig. 7. Protein kinase activity with respect to
time. Protein kinase activity was measured in the
presence (total activity, O) and absence (cAMP
1ndependent activity, ®) of 3 uM cAMP using
histone (1 mg/dl) as a substrate. Thirty-six ul of
muscle supernatant was added into reaction mix-
ture and incubated for 1.5, 3 and 5 min at 30°C.
Cyclic AMP-dependent activity (V) was
calculted by subtracting cAMP-independent ac-
tivity from total activity. Results are expressed
as the mean+SE from three experiments on
three subjects.
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Fig. 9. Stimulation of protein kinase activity

by cAMP. Results are expressed as the
mean+SE from a total of four experiments on
four subjects.

Table 6. Effects of insulin infusion on muscle
GS and cAMP-dependent protein kinase ac-
tivities.

Glycogen synthase and protein kinase activities
were measured on muscle biopsies obtained
before and after a euglycemic and hyperin-
sulinemic clamp. Results of protein kinase
assays are expressed as percent change from the

Histone (mg/ml)

Fig. 8. Histone concentration dependence of
protein Kkinase activity. Protein kinase activity
was measured in the presence and absence of 3
4M cAMP using the indicated concentrations of
histone. The incubation time was 3.5 min. The
symbols are the same as Fig. 7. Results are ex-
pressed as the mean+SE from four experiments
on four subjects. Each point is the mean+SE of
three determinations.
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activity before insulin infusion.

Cyclic AMP-depen-
R dent Protein Kinase
Subject | (fractional activity) (% change)
Before  After | cyclic AMP (uM)
0.2 2 100
1 0.28 0.54 ~]8 ~—1 +15
2 0.45 0.58 =21 =16 =3
3 0.26 0.48 -15 +6 —4
4 0.32 0.49 -7 4+4-38
B 0.45 0.72 -18 -10 -3l
Mean+SE| 0.35 0.56* | —=16* — 3 — 6
+0.04 $0.04 el iy s el |

* p<0.01, compared to the activity before insulin.

YiEHIC B X1FT cAMP R %, 4 ADOERRGE
EEOHAR MG THHE LI TH B0, 0.2
uM @ cAMP HFET CHE S hic cAMP KR
A%+ —€iEtkiE, 100uM » cAMP H#ET CHIE
ENITEEDOI% E LD T, SORBING, §E
EENVRAVCKERERICEKT S cAMP EHEREX
+—+¥0 cAMP izxt+2% ED® (%, 0.2uM LATFiC
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HBHLDEEZ LRI,

t FAEAX T EEEIR B XIFET in vive TR0
542y VEADRSEY, GS A2 77 45— EiEtk
BIEDB LRI VI =27 5 72 T->TERAL
oo MRISPATHEAG, TEIFTH -
(Table 2), EHREICFT 2FHMEEA XY Vit
ERIUI/NI—-ABEAEEREEES 2 Y VEA
B TE+hFh 141417 uU/ml, 3.840.8 mg/kg-fat
free mass/min, & # B B T 22341167 4U/ml,
14.31+0.8 mg/kg-fat free mass/min &72-Tk D,
FAT77 ¥ —EEEBIENREEB L THO 0EE
Dwigmotc, Table 6 IR+, GS 757 v 3
VIEERA CRY YEAKEG THEML T2
(p<0.01), 0.2uM cAMP HFET THIE L7z cAMP
RESEFTF—CEERREEICED LT (p<0.01),
—%, 2K EV100uM © cAMP HFETTIX, 4 ~
AY L EAKRNOEBX - FiEEICBEOAEIZAS
nemate, 7o cAMP JERFHEREO X +— €iEtE
21k, F2—R7 5 TRIETHOMRELLEDRY
g o 1c (23.5-23.9 picomoles/min-mg protein),

1 ="

1. EbE GS RRAT77H—tEEFHICHATIER
B ST

HEA o2 VIEAKEERTEAIRECTA L2 Y
CRIMEDH GS NEFNBLEHEBRLTETFTLTL:
ZIENHBREXNY, 41 RY vickD GS niERN
MAD=XLNEBEEDDI L L, GS F X
77 45— EiEED GO6P X AWmICHALTIxEHE
BRTELDBEN L SR TV BB b MRS
BUTRELETFLRERNEIATELT, FHRET
FRA7 75— EEEICHATIERNEN LTS
&Ltz

SEAEENPELLEKR 77 ¥ — & (G6P I
HFET, Table 4) 122 T Gilboe 62 415 v b
KB CHIE LRE LTWI3HEERAH ) DiEHEL
BRIEFBROMETH 12, kR 77 4 —EDEE
PHELTHOATUWAS 7 vi{bth Y Y sk mx hES
THRZ77 ¥ —tEUNZETLEMB S L
X, FEMNEM LBEOME, MEHE,FFLL L
DTHHTCZ LERLTB,

KiZk PO G6P #IE1X, KHbFD 0.94
mmol/kg #+ 6, isometric. contraction # » 13.72
mmolkg EMERE CTHELTILERT V39, i
AICIE 1kg OEHRERYAY 3 liters DMK
DEET 3 LEETHEY, Sh 60Kz 0.28-4.2

mM (TR ENB, Table 3 (V4 ¥ GS HFETF)L
Table 4 (74X GS FHFET) ORBUL, EZOH
ERICEHWT GEP [tk BE b GS X775 -+
EHED LR, COEBOBEAND G6P Ik » T3
ERIZATVWHILEHOLMILTV B,

Fig. 5A ORIz G6P nHFE L RRET, 0.1%
DY I-FUNETICHAR 77 ¥ — EiEE NG
B ERRLTWB, —F 5mM o G6P TR
kR 77 4 —EEHERLRIPEREND S Y a -4
el snizug, ATP REr-TirfAslcsh s
EmirEnt: (Fig. 5B), ¥ h6nEBELHERY
+¥ GS OFELLVRHETTLIT»7ch, G6P @
BEIC)H»DOT, ATP £ 7Y a—4 v &EBFICM
2B EICEDV GS A 77 ¥ —EREHEIZEEIC
mEl s (Fig. 6), cnL iz G6P & &bz,
ATP, Va3 -4 H BV IIEEICL-T, E MF
GS FRA 77 ¥ —CiEHENHENEZT B LW G H
EateBAvRY vtES NI =R T T TR,
yra—z2BEEHMEETY GS EtED LRI A
Hhigdotc b5 Yki-Jarvinen 6O (X, #
HHNESEUETIE, SR 77— ¥EEEEREL
BICLEL+FEOHAAN G6P MENEANES »
T - oaREME L H B, ATP RiimLics’Y
TI—F X2 THhRA 77 F—EEEN B S
HELELOLND,

Gilboe &IixHBLY 4 ¥ GS #hix 7z BIERT,
GS w277 4 —EiEENEBNIRED ATP (5 mM)
X 5HH G6P nFEICLOTHOND I L &,
7y PABBHEAVCTHREL TV, £7:0.15%%
TOYY)I-F o3k A77r ¥ —EiEEL LR €S
2, FhULOBE CIIcMEIticlERT 3 £t
Ty PEBHERGCLERTHREZA TV, 4E
DEHICE T G6P OFELALVRET TR, 2
778 —€iEED ATP I X 30 AR 6 hieh 1
NEDBFICOVC TR LA T,

ChH6DERNERHICK VT, —8nkz277 47—
CREEMEERIE, v+ ¥ GS RIEHFPICmML T
1 » 1= (Fig. 3-5, Table 3), = = T Table 4 (7 # ¥
GS JEFFTEHET) & Table 5 (V4% GS FET) »
WAL TR B L, ®2 77 7 — EIEEMED
TERBIINIE TU1%, BETU%LEL>TEY, §
BOFXGCSehz7r & —FEHMEICMLDE &
LY, EROTHERIPEL LB ENHALNT
Hoteo ENHUIYX GS 2HVBIKRRAT 7 ¥ —
YERMERTIX, AULRE, RALEED GS A
WHBIEIREY, R B0FR 77 ¥ —EiElE
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YE—DEABTRET A ENTED LV HFELE
Fohd,

Tan 6¥ [FFR 774 —CREFRICMZ 5N 5
slo4+ ¥ GS OFEUAEICLY, x2T7 75 —-+FE
HOBENEEEZTITEEDH B LEHRELT
VB, TS TUH ¥ GS FEFETIZHLVTY, G6P,
ATP XU Y a2 -4 DB OV TER X T-
1o TNER 05mM @ G6P THR7 74— ¥iEtE
{276% L8 L (Table 4), 5mM ATP £0.1%7%Y
I—FLOBEIZoWTL, MBI e U4+ ¥ GS
FETCORREABR L THOMRERR DRI -1,

2. bErHEBFF-EFEHICMTIERMOR

EOEDY CELIX, WO DEEDOEEEE %
SRR ENEELRHEEL LT, AFE
BEHEHTVBY, Hic GS LETL Y Y VB /B
Y Btk - TESOBE 2 X0 285K L LTHS
h, ToY AEEEEETS cAMP (REFIEEB X
F-ENEEME SRS hTEL, F{OMFENA
&ICHFVT cAMP (KEHEAX +— €0 HFETSHE
ENRERTVBY A%, b M cAMP REHRER
¥F—YRInECHAICENEAT W iehnts, &
BEEEIR, COBRCETIV2r0EXRLERH
iz, Sva—x -5 7EFRLTARY &~
DAFEFICEIIEFTESC OV THETORA LT
25

Fig. 7-9 Iz T, SEA0HEIBELTEALL
AEFEORBE RS I UVBEHEN, £ POFHAD
cAMP GkEHEAX+— tEEQOREICERANE S
nERH LI, 3uM © cAMP HFETTit, £Et
NDE L EX80%H cAMP REMETHH LT ORI
(Fig. 7). oML, BHHEB» BRI NE
TORFY LEMULTV B, KIZT v FFRICHT
% cAMP #®(%, 12095 580 pmoles/g 2E&EiIC 7
MLTULBLEREEA TV Y, Shon(Eid, fit
DI &L 1kg EER MY 3liters DMERAKS
EERETSHE, 0.17m6 0.83uM LEHRIN B,
Fig.9 IKiR&Eh3T4L<, o@D cAMP (3 in
vitro ILEWTHENX+— FiEtEn LR E L6 L
T35, SEOEH T, BEFREEORERTICIHAAED
SO 3G ICH R LT 5720, Hx THER
D cAMP %5 AVHGBIC L » THRET 31EFIZT- T
(% /SN

G, cAMP (KTFMRA* +— €i2iiE GS %Y
vEET A3 TR, 4 v ¥ ¥-1 (Protein
Phosphatase Inhibitor-1) Y v E&{t+ 5= &ick b,
GS OIS S 5 L6 hbLdIck o

M ThbbiEEbEhici oS vEEY—A GS
RA77 4 —EREHELMFL, ToOKRELT GS
DY EBLERELEEENZDEELONR TV S,
A, 41 vEES-1HIE2VTIRERR ET > T 2L
A, SHERENERETFT—THDH5, ENDX
F—EXUH XA GS Ik Tsitel £2%Y v
Bt 38, HBETIE site 3 £4&bY UE{LT
ZEREETNRTV3%, Thon#EL cAMP &KF
EEAX+—thie bFRO S Y 3 =5 KBoME
CEELBE LRI LTSRS ETRE T IRUE &
BfRxh 3, /23 Site 3 0 Y Ei{kA GS DiFEHEH
MICHEELEEEF->THY, DA Glycogen
Synthase Kinase-3 (GSK-3) itk » TV vEiftEh
BLENEEENTV3B, GSK-3 BEkA Ry &~
KL > CESHENEET A ENTREEIATE Y,
&4 cAMP (REHEBSX F—¥0xi 6T, HHA
123133 GSK-3 oA v 2 Y L{FERIETHOEEDE
{LEBEHT2LEYNHS I,
RESEEENRALLER b EXHLE LTEA
XF+—FIKED 2P ORYVELZLEPETSIESH
i, BEHHERTRARENEESATLEL0
TH3d, LrrLEGIZ GS ¢¥F+—tEHEREL
TURWI e, EEORELIF+—EiEE,N T
NEE GS LBEIELTUI L0 ESHELNT
RGELCHSHESN K LEX LN S,

3. AU ICED GS DEMHAMBFICOL
<
EHERSEE PHHAR Ty S —E¥FEHRHF IV
cAMP KEHEAX +— FEKIOWT, Sra—
R FANCE>T2057EDA 2 Y YEART,
AEEEENTLs R LI, EFHR 774 —-+F
HIZOWTIE, A VR Y Y EABRAERALZTICH T
GS iiEtfbE s, vx 77 4 —FiEHICIETE
DELA ZONieh i (Table 5), chicx LTS
NA—RI TN EBALRY LEAK, cAMP
KEHEREX T —tEHRFECNBEA T
(Table 6); L7chi» Tk PFFAICELTIE, 41 2
Yotk GS EELARIRRART7 74— EiEEDR
MEY, LLEaxFF—FEEOMBIzL-THcH &
hTUBEVHIBFAEZ G,
BHMERICE T, A vRYvD GS w277 45—
CEHE S L ETEEC L TRALBEN 2 ERT
W55 Chang 64 ik, v FRBBIFTA R Y viE
HE8 MG THR 77 ¥ —EEHEDOLRNLS
e L1, FHRIC Nuttall 650 7 v — 7134805
DEER"Y B\ 2085 DM RE 12, Ty PO



RKAR € b Y 2 — 5 v EREEREE O ME A B 5 B3 789

NDHEAT7r S —¥EEOLERAYBELTV 5, Zhiz
7z LT Miller 12, 5 v FOLHORMERICH
TAvAY v IRED GS BEEDERND 12T b
1bhbT, KR77 ¥ —EEHEIEEEET o1
L RTU B0, FHITSE005ED SV -2
FGUTIE>TA V2 Y VR ET - KRICHAR %
BEL, SA77 59— EEEEMELLA, LLAE

DEMICA VRY VDT RT T F—FiewT BEN
BB LTWATEEREETE R SDENSEY
RENIREEELWERELE 2L 6N 5,

—7 cAMP FEHEAX -ttt nT a3 EE
iz >\ T, Walkenbach 6% [IZ=HBN T v FEE
Bz =L T300MoA v 2y v EEHEREDA %
ak—La T\, *H CERLLE cAMP 08
& cAMP (KRFHEEHOFEEOMF ZHE Lic, &6
REXREEOETORERELT, A XY voth Y
FAvE o Pry—IlXVEBX+—FL cAMP Of
BNREINICSK Y, TOER cAMP KFHX
F—EEEDETARI DLV REEE 2 122,
EOBSTIE, EREND cAMP HFET T cAMP {&
FHEXFFr—EEERS V2 ) L RIREBEEEICETL,
BBED cAMP FET TIZA v R Y v OBRITTED
b ~1c, Lamner 6D RBICE 21X, HBED
CAMP FETTREAV FAv L Oy —DREN
A5HEEh5ic), SEANDEENDBRRNI L X+ —
CEEICELERHR VLGS FREEAE L b L 5,

BEDZEL, A 2Y v OFPBERICHIIFTRE
IZOWTHRALBREN L SR TV 5, FARICEHED
BEREHLRIE LARERP RV SEOBEBLELT,
yna—zs 570K, RABRICT-ciikikT
BoniHFAKEZAVT, AR 7748 —-FEx+—F
EEEFERICHIE LTAILENHBHEEL S, Nut-
tall (314 > =Y ik B GS oiFEtEfticiz, ®x77
F—Elx+—tEDEROHETLELZAN=XL
NHEETDITHDH EBRT VBN H, WEREAE

BT B LI LTI LD TEET S LT
WELAr5,

LlEe bi5 GS EHE0MEBFIcoLT, &
SEIBEH LT AR ERE L, BEIC2Y
Young 64 1, 4 v 2 Y LR 2R EER O AR
Mo G6P @EHN LR LTL-3ICbhrboT
A2Y vRIYUED GS FEHEALER LT eshat
EVCORBIERL, Sz L, ThoDERMICKR
778 —¥HB\i2 GS nEEFEEBORK, G6P &
KAT 7 8 —EORIEORE 2 EDOTRMENFET S
SLERLTVWB, coMIcS| ¥kt & Freymond

69 4%, A VRY VIR ETRTE A VT4 T VI
KUTH GS ¥LUGS w277 ¥ —FEELAE
LB ERER LI, BoixA v 2 Y CRREio GS
FR77 5 —EiEEE, 412 CRBED GS &
HLOMICEEQHBMMN L NIt &Mk, GS KR
77— EOERETAIAOOHBICHON DA &
Z2Y vRBED I - 2B Y RAHROEP L, GS &
HDETIFAICHDREGRERF2DO TRV MEHEL
T3, bk R 77 4 —EiEEHNENBRICHEY
+ ¥ GS 2ALTVWADT, Eonr&EL I GS
HEBBORFEIZESBRTHINEINRTHAT
HBEN, PR EVFRT T F—ERZFAHDEREN
FETHILETRKETORETHDEV 2 L5, TD
o, 412y LENMtEE GS EEOHEE & OB
e, HADMOBEREESS 22T L32
BHIEDORTEY, §ED ZDOFEFDESI MR
Eh3,
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A Study on the Control Mechanism of Human
Muscle Glycogen Synthase Activity
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1) The influence of glucose-6-phosphate (G6P) on skeletal muscle glycogen synthase (GS) phosphatase was
examined in normal glucose tolerant Southwest American Indians. GS phosphtase activity increased with
physiological concentrations of G6P and inhibited by ATP (5 mM) and glycogen (0.1%).

2) GS phosphatase and GS activity was measured before and after insulin infusion using the euglycemic
clamp technique. Although glycogen synthase fractional activity increased in all subjects, this increase was
not associated with a change in GS phosphatase activity in the absense or presence of G6P.

3) Cyclic AMP-dependent protein kinase activity was measured before and after insulin infusion along with
GS activity. Insulin infusion resulted in a decreased cAMP-dependent protein kinase activity assayed at
physiological cAMP concentration with an increased GS activity in all subjects (N=5, p<0.01). No signifi-
cant change was observed in cAMP-independent activity.

4) These results suggest that insulin administration during a euglycemic clamp may regulate human muscle
GS activity by decreasing the activity of cAMP-dependent protein kinase activity rather than stimulating
GS phosphatase activity.



