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Two distinctly different activities of UDPG-glycogen transglucosylase were prepared 
from rat muscle in crude form. One activity did not require glucose-6-P, although 
stimulation could be detected a t  low concentrations of UDPG. This activity could be 
prepared by incubating a crude lyophilized enzyme preparation for 60 to 75 minutes 
a t  30” in 0.05 M mercaptoethanol. The other activity, which was dependent on the 
presence of glucose-6-P, could be prepared by aging the muscle in the frozen state and 
by obtaining the enzyme associated with the 100,000 x g particulate fraction. Both 
activities were differentiated by kinetic measurements of the UDPG dependence in the 
presence of glucose-6-P and Mg++.  The apparent K,, under the varying conditions is 
given. Mg + strongly stimulated the glucose-6-P independent activity, lowering the 
apparent K ,  with no alteration in V. Glucose-6-P, Mg++,  or both together had the 
same action. The glucose-6-P dependent activity was not stimulated by Mg + + unless 
glucose-6-P was present. The stimulation due to glucose-6-P resulted from greatly 
increasing the V and, perhaps, from slightly decreasing the K,. 

Villar-Palasi and Larner (1960a,b, 1961) dem- 
onstrated that extracts prepared from rat hemi- 
diaphragms incubated with insulin exhibited in- 
creased UDPG-glycogen transglucosylase‘ ac- 
tivity when measured in the absence of glucose-6- 
P. When measured in the presence of glucose-6- 
P,  activities of extracts of control and insulin- 
treated diaphragms were both increased and did 
not differ. This increase in enzyme activity 
without glucose-6-P was also observed after 
diaphragms were incubated with insulin in the 
absence of glucose in the medium. 

Steiner et al. 11961) reported a marked in- 
crease in transglucosylase activity in the livers of 
alloxan diabetic rats 2 to 4 hours after the injec- 
tion of insulin. The differences noted in tissue 
extracts after pretreatment with insulin demon- 
strated an increased enzyme activity and a 
decreased sensitivity to glucose-6-P in the case of 
muscle. Differences in sensitivity to glucose-6- 

* This work was supported in part by the Cleveland 
Diabetic Fund, by the Fund for the Study of Diabetes 
and Related Metabolic Disorders, and by a grant 
from the National Institute of Arthritis and Meta- 
bolic Diseases of the U. S. Public Health Service 

f A preliminary report of this investigation was 
presented a t  the meetings of the Federation of Ameri- 
can Societies for Experimental Biology held in Atlantic 
City, N. J., April 10-15, 1961. 

1 Abbreviations and short forms used are UDPG 
(uridinediphosphoglucose) , T P N  i triphosphopyridine 
nilcleotide i , Versene iethylenediaminetetracetic acid), 
Tris (tris(hydroxylmethyl aminomethanei, Et-SH 
’rnercaptoethanol 1 ,  glucose-&I’ f pluct~sc-6-phosphate), 
C’HMB ( p - h y d r o x y m e r c u r i b e n ~ ~ , ~  te; , t ransglucosylase 
(uridinediphosphoglucose glycogen transglucosylase’i , 
3‘,5’-AMP (cyclic adenylic acid), A T P  (adenosine 
triphosphate). 

(A-2366). 

P did not appear to be explained by the total 
glucose-6-P content of the various tissue extracts 
or enzyme preparations (Villar-Palasi and Larner, 
1961; Steiner et al., 1961; Illingworth et al., 
1960; Rosell-Perez and Lamer, 1962). 

These facts suggested the possible existence of 
two different enzymic activities of UDPG glyco- 
gen transglucosylase, one acting independently of 
glucose-6-P and the other requiring this co-factor 
for activity. 

The present paper describes the preparation in 
crude form of two different transglucosylase ac- 
tivities? from rat skeletal muscle. Kinetic studies 
are presented that clearly differentiate these two 
activities with regard to activation by both glu- 
cose-6-P and Mg-i. In the following paper 
(Rosell-Perez and Lamer, 1962), studies with frog 
and toadfish muscle demonstrate that there is a 
marked species variation in the sensitivity of the 
enzyme to stimulation by glucose-6-P. This 
difference is also independent of the glucose-6-P 
content of the tissue. 

MATERIALS AND METHODS 

AnaZytical.-Glucose-6-P was determined with 
glucose-6-P dehydrogenase and TPN fas previ- 
ously described) (Lamer et al.. 19591. Trans- 
glucosylase activity w~is  measdred as radioac- 
tivity incorporated into glycogen from C1‘ glu- 
cose-labeled UDPG. The method, a modifica- 
tion of that of Schmid et al.  11959), has been 
described iVillar-Palasi and Lamer, 1961). In 

- The use of the term “activity” rather than “form” 
ii -2ferred a t  present because a distinction a t  the 
n,i !ec:.;lar level between the possibili.iies previously 
discussed (Villar-Palasi and Lamer, 1961) is in 
progress (Friedman and Lamer, 1962). 
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TABLE I 
PURIFICATION OF RAT UDPG-GLYCOGEN TRANSGLUCOSYLASE~ 

~~~ ~~ ~~ - 

Activity Specific Activity Recovery Ratio 
Volume (Gole/ml/hr) (pmole/mg Prot/hr) ( 70) + G-6-P 

Fraction (ml) - G-6-Pb + G-6-Pc - G-6-P + G-6-P - G-6-P + G-6-P - G-6-P 

1. Homogenate (1 : 10 w/v) 
2. Supernatant thid 

(Lourdes) 
3. (NH4),S04 precipitate 

resuspended 1 : 10 
4. Dialyzed fluid 
5. Lyophilized powder 
6. Suspension 20 mg/ml 
7. Supernatant fluid 

(International) 
8. 100,000 X g particle 

fraction resuspended 

9,225 2 . 3  
7, a35 4 . 6  

760 18 .2  

750 17 .8  

6 . 6  
4 . 2  

6 2 . 3  g 

4 . 4  

9 . 6  0 . 1 4  0 . 6 0  100 100 4 . 3  
10 .4  0 . 6 0  1 . 5  170d 92 2 . 5  

51 .6  0 . 6 4  1 .81  65 .8  45 2 . 8  

38 .2  0 . 7 2  1 . 5  6 3 . 5  32 .5  2 . 1  

11 .1  1 . 0  1 . 7  96 .56  41.60 1 . 7  
7 . 0  1 . 3  2 . 1  60 23 .4  1 . 6  

7 . 6  8 . 6  1 5 . 5  6 3 . 3  24.9 1 . 8  

a Purification steps as described in the text. 6 -G-6-P = assayed in the absence of glucose-6-P. c +G-6-P 
d Increased activity in the absence of glucose-6-P may be explained 

e Increased recovery of enzyme activity may be 
= assayed in the presence of glucose-6-P. 
by an enzymic transformation (Friedman and Lamer, 1962). 
explained by activation by traces of SO4- still remaining after dialysis (Rosell-Perez, 1962). 

the present studies the reaction mixtures were as 
follows: buffer, 0.03 M Tris4.003 M Versene; 
primer glycogen, 0.46%; 0.01 M glucose-6-P 
(when added); 0.008 M MgC12 (when added); 
UDPG a t  the indicated concentrations in the 
kinetic studies and 4.2 X M in standard 
experiments. The total volume was 0.35 ml, and 
incubations were made a t  30" for 5 to 10 minutes. 
Buffers were routinely neutralized with HC1 to 
pH 7.8. Radioactivity was measured in an 
automatic gas flow counter and corrected for self- 
absorption to convert to pmole,mg of protein 
per hour. 

Chemicals.-Glucose-6-P was supplied by Nutri- 
tional Biochemicals Corporation. Mercapto- 
ethanol was obtained from Eastman Kodak 
Company; p-hydroxymercuribenzoate from Sig- 
ma Chemical Company; and Versene from Fisher 
Scientific Company as the disodium salt. Tris 
was obtained from J. Frederick Smith Chemical 
Company and was recrystallized one time from 
ethanol as described by Sutherland and Wosilait 
(1956 ). 

EXPERIMENTAL 

Enzyme Preparations and Purifications.-Trans- 
glucosylase was prepared from rat skeletal 
muscie, and the procedure can be summarized as 
follows: 

1. ivluscle homogenate: Muscie dissected 
from the hind legs and backs of Wistar strain rats 
was frozen in liquid nitrogen. Frozen muscle was 
homogenized in 10 volumes of 0.05 M Tris-O.0025 
M Versex (pH 8.2) in the Waring Blendor. 

2 .  Extract: The homogenate was centrifuged 
for 40 minutes a t  8000 x g in the Lourdes refriger- 
ated centrifuge. The supernatant fluid was re- 
covered and had a p H  of 7.8. 

Precipitation with (NH,'I,SO,: Solid am- 
morilum sulfate was added to the supernatant 
fluid tc, a concentration of 50%. While the salt 

was added, the solution was stirred mechanically 
for 1 hour (temperature: 0" to 3"). The precip- 
itate was then allowed to settle overnight a t  the 
same temperature. 

4. Dialysis: The precipitate was suspended 
in one-tenth of the original volume of buffer (0.05 
M Tris-0.005 M Versene, pH 8.2) and was dialyzed 
for 3 hours against 0.002 M Versene brought to 
pH 8.0 with KOH. 

5. Lyophilization: The dialyzed extract was 
lyophilized, and the fluffy material was ground to  
a fine powder and stored in the deep-freeze. It 
maintained its activity for a period of 3 months 
or longer. Direct enzymic analysis for glucose- 
6-P revealed only traces in the enzyme powder. 
Three analyses of two different preparations gave 
values that ranged from 4.8 X l o 4  M to 1.5 X 
10 -5  M when a 20 mg/ ml suspension was analyzed. 

The lyophilized powder (20 mg/ml) was sus- 
pended in 0.05 M Tris-Q.005 M Versene buffer 
(pH 7.3-7.8), and was homogenized by hand in a 
glass homogenizer which was cooled in ice. It 
was then centrifuged a t  3000 rpm in the Interna- 
tional refrigerated centrifuge for 20 minutes. 
The activity remained in the supernatant fluid. 
If this supernatant fluid was recentrifuged in the 
Spinco centrifuge (Model L Preparative) a t  
100,000 x g for 2 hours, a very small, glassy 
pellet was obtained. When resuspended in 
0.05 M Tris4.005 M Versene0.05 M mercaptoetha- 
no1 buffer, the pellet was found to have the activity. 
The supernatant fluid had very little or no ac- 
tivity (Steps 6, 7, and 8, Table I). In Table I, 
two activities are recorded, one in the absence of 
glucose-6-P and the other in the presence of 
glucose-6-P. The ratio of activities with and 
without glucose-6-P was lowered during purifica- 
tion. The recoveries and purifications of the 
two activities were different. 

Differential 1 nhibition by p-Hydruxymercuriben- 
zoate.-SH groups of the enzymic protein ap- 
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peared to be involved in the activity because 
previous reports (Breckenridge and Crawford, 
1960; Robbins et al., 1959; Leloir and Goldem- 
berg, 1960; Leloir et al., 1959) showed a stimula- 
tion and stabilization of the enzyme in the pres- 
ence of cysteine. Also, the recovery of activity 
in the Spinco centrifuge particulate fraction 
(lO0,OOO X g )  was increased in the presence of 
0.05 M mercaptoethanol. 

Further studies were done with an SH inhibitor. 
When the enzyme was treated with p-hydroxy- 
mercuribenzoate, there was an inhibition that was 
different when measured in the presence or absence 
of glucose-6-P (Fig. 1) .  After incubation (5 
minutes a t  30’) in the presence of 1 x M 
p-hydroxymercuribenmate, the activity in the 
absence of glucose-6-P disappeared; while in 
presence of this sugar phosphate, 30% remained. 
With 4.5 x M p-hydroxymercuriben- 
zoate, both activities were inhibited completely. 
Higher concentrations of p-hydroxymercuriben- 
zoate (4 x M )  did not inhibit in the presence 
of 0.05 M mercaptoethanol. 

Preparation of Glucose-6-P Independents Ac- 
tivity.-Observations made after treatment of 
the suspension of lyophilized powder with mercap- 
toethanol showed that the enzyme activity was 
higher after a 5-minute incubation a t  30” than 
a t  zero time. This led to experiments on the 
time course of enzyme activation in the presence 
of 0.05 M mercaptoethanol. Surprising results 
were obtained. Figure 2 shows the time course 
of enzyme activation in these experiments. 

The activity of the enzyme incubated with 
mercaptoethanol measured without glucose-6-P 
increased with time, in contrast to the control 
incubated without mercaptoethanol. At the end 
of 1 hour of incubation in the presence of mercap- 
toethanol all the activity that was present was 
not stimulated by glucose-6-P. The activity 
stimulated by glucose-6-P had disappeared. 
The enzyme activity had been altered 80 that it 
did not respond to stimulation by glucose-6-P. 
Analysis of the glucose-6-P content of the enzyme 
before and after incubation with mercaptoethanol 
showed that there was no significant increase in 
this sugar phosphate accompanying the change 
in enzyme activity. Assuming a K, for glucose- 
6-P of 6 x 10-4 M (Leloir et al., 1959; redeter- 
mined in our laboratory), the initial c0nter.t of 
glucose-6-P required to account for the activity 
in the absence of glucose-6-P would be 1.0 X lo -?  
M, and after incubation with mercaptoethanol, it 
would be 3 x 10-3 M. The experimental values 

3 To distinguish the two types of enzyme activity 
we have selected the terms “independent” (I) and 
“dependent” (D). Although the independent en- 
zyme is stimulated by glucose-6-P a t  low UDPG 
concentrations, i t  is active under these conditions 
without glucose-6-P. On the other hanu, a t  high 
UDPG concentrations i t  is fully active without this 
sugar phosphate. These terms do not imply that 
glurase-6-P is the only anion that may be used to 
distinguish these two different enzyme activities. 

I z 4 0  

2 

6 IO 

~ o ~ ~ m i  . IX IO-~  M 1 6  s110-1 I + ~ I I O - ‘  I r n m i  
P H I 1  ? * M I  +1110” hlI1.W 

FIG. 1.-Inhibition of rat muscle transglucosylase by 
p-hydroxymercuribenzoate. After the inhibitor was 
added the enzyme preparations were incubated at 
30’ for 5 minutes and then assayed. R = ratio of ac- 
tivity + glucose-6-P/ - glucose-6-P. Crossed- hatched 
bars represent activity in the absence of glucose-6-P. 

8o I 
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FIG. 2.- Time course of incubation of rat  muscle 
transglucosylase [ (NH,),SOt powder 1 in the presence 
of 0.05 M mercaptoethanol. Total height of the 
bars represents activity in the presence of added 
glucose-6-P. Black bars represent activity in the 
absence of glucose-6-P and mercaptoethanol. Cross- 
hatched bars represent activity after mercaptoethanol 
incubation without glucose-6-P added. Enzyme 
assays as described in the text. 

obtained were 1.1 X 10-5 M and 1.2 X M, 
which are about 100- to 300-fold lower than those 
calculated. This indicated clearly that the ac- 
tivity present without added glucose-6-P was not 
accounted for by the glucose-6-P content of the 
enzyme and, further, that the increase in activity 
after incubation in the presence of mercapto- 
ethanol was not due to an increase in glucose-6-P 
content. 

Preparation of Gluccise-6-P Dependent Activity.- 
NaCl (0.5 M )  was added to the supernatant fluid 
(International, Step 7, Table I). No significant 
difference in the ratio of activity in the presence 
or absence of glucose-6-P was noted (control, 1.5; 
NaC1, 1.3) .  The particulate fraction 1100,000 x 
g )  was then collected as previously described. 
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FIG. 4 -Reciprocal plot with UDPG-glycogen 
transglucosylase after an incubation period of 75 
minutes of the ammonium sulfate powder extract 
in the presence of 0.05 M mercaptoethanol. 

The pellet obtained from the tube containing 0.5 
M NaCl was resuspended and assayed. The ratio 
of activity in the presence or absence of glucose-6- 
P had changed to 3.4, which indicates an en- 
hanced sensitivity to stimulation by this sugar 
phosphate. 

This increased sensitivity to glucose-6-P stimu- 
lation became more apparent when aged enzyme 
preparations were studied. A similar effect was 
observed with frozen rat muscle stored in the deep- 

freeze. After 9 to 12 weeks of storage, the ratio 
of activity in the presence or absence of glucose-6- 
P of the 100,000 X g particulate fraction (sus- 
pended in Tris-Versene-mercaptoethand buffer) 
rose to over 10 when assayed a t  the highest concen- 
tration of UDPG. In other words, after aging, the 
enzyme had little or no activity in the absence of 
glucose-6-P and was active only in the presence 
of this sugar ph~spha te .~  

Kinetic Studies.-Kinetic studies were done to  
compare the two separated activities with similar 
enzyme preparations that had not been subjected 
to mercaptoethanol treatment or to aging. 

A. UDPG DEPENDENCE OF THE MIXED 
ACTIVITIES.-Experiments were done with the 
suspended powder, as well as with the 100,000 
x g particulate fraction described above. The 
apparent Michaelis constants were determined for 
UDPG, with and without glucose-6-P and with 
and without MgCl?. 

When enzyme preparations wor? used (sus- 
pended powder or 100,000 X g particulate frac- 
tion) with ratios of activity with and without 
glucose-6-P between 2 and 5, the reciprocal plot of 
activity in the absence of glucose-6-P and M g f +  
gave curved instead of straight lines with two 
different slopes, as shown in Figure 3. The 
significance of this will be discussed later. 

Linear reciprocal plots were obtained for the 
activities studied as a function of UDPG concen- 
tration in the presence of glucose-6-P and Mg + +. 

B. UDPG DEPENDENCE OF THE Two SEPA- 
RATE ACTIVITIES. 

1. Kinetic studies of the glucose-6-P independ- 
ent activity. Figure 4 shows the reciprocal plot 
of the enzymic activity after 75 minutes of incu- 
bation a t  30" with 0.05 M mercaptoethanol. 

Linear reciprocal plots were obtained under 
the conditions tested. The slope of the line ob- 
tained without any activator is similar to that 
obtained in the steepest slope of Figure 3. (Ap- 
parent K ,  determined from the steepest slope = 
3.6 x 10 - 3  M; K,  of this activity without glucose- 
6-P = 1.0 x 10-3 M.) Glucose-6-P, Mg++,  or 
both together decreased the K,, for UDPG, with- 
out a significant change in V. Activation by 

4 We do riot imply that the activity of the enzyme 
had been transformed by this procedure. Analysis 
of this alteration has shown that the supernatant 
fluid separated from the particles contains a stimu- 
latory anion which is inorganic phosphate. This, 
like SO,= and sugar phosphates, stimulates the 
enzyme (Rme!l-Perez, 1962). 

of this enzyme preparation in 0.05 M 
mercaptoethmol did not lead to the formation of a 
glucose-6-P kdependent activity as previously de- 
scribed with the lyophilized powder. The activation 
of mercaptoethanol was also not observed with the 
100,000 >< g particulate fraction obtained either from 
fresh muscle or from the ammonium sulfate powder 
(Table I ,  Step 8) .  This indicates that  aging alone 
is not responsible for the loss of mercaptoethanol 
activation. I'hese findings suggest that  the activa- 
tion with mercaptoethanol may be an indirect rather 
than a direct effect on the enzyme. 

i Incubai: 
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TABLE I1 
KINETIC CONSTANTS OF UDPG GLYCOGEN TRANSCLUCOSYLASE PREPARATIONS 

Enzyme Enzyme Enz 
Alone +G-6-P Enz + Mg +G-6-P+Mg 

G-6-P independent activity K ,  (M UDPG) 1 x 10-3 2 x 10-4 1 . 7  x 10-4 1 x 10-4 
(mercaptoethanol-treated) V (bmole/mg 2 . 3  2 . 3  2 .15  2 .10  

Prot lhr) 

G-6-P dependent activity K ,  (M UDPG) 6 X 4 X lo-' 4 x 10-3 2 . 5  x lo-'  
(Spinco particles from 3 . 6  x 10-aa 
aged muscle) V (pmole/mg 0 . 2 7  1 . 8  0 .38  1 . 8  

Prot/hr) 

a Value obtained with the first slope of the reciprocal plot in Figure 3. 

glucose-6-P or Mg++ was noted a t  low concen- 
trations of UDPG. Brown and Kornfeld (1960) 
reported studies in abstract form of a UDPG- 
glycogen transglucosylase from rabbit muscle, 
which appears to be similar to the glucose-6-P 
independent activity reported here. 

Kinetic studies of the glucose-6-P depend- 
ent activity. Reciprocal plots of the UDPG 
dependence of the activity of the 100,000 x g 
particulate fraction prepared from aged muscle 
are shown in Figure 5. 

Linear reciprocal plots were again obtained 
under the conditions tested. The activity of the 
enzyme without added glucose-6-P was extremely 
smzll even in the presence of Mg++. Glucose-6- 
P produced a large activation. A large change in 
V in the presence of glucose-6-P was noted. 
There was very little or no stimulation in the 
presence of Mg++.  Both of these effects may be 
contrasted to the corresponding effects observed 
with the glucose-6-P independent enzyme prepara- 
tion. 

In Table I1 the kinetic constants obtained for 
both activities of UDPG - glycogen transglucos- 
ylase are summarized. 

2. 

C w e d  linm were observed in reciprocal plots 
when lyophilized powder or the 100,OOO x g 
particulate fraction (Step 7 and Step 8, Table I) 
were used as an  enzyme source. According to 
Reiner (1959), such kinetics may be interpreted 
to indicate two enzymes acting on the same sub- 
strate. When the lyophilized powder was incu- 
bated with mercaptoethanol, or when the 100,000 
x g particulate fraction was prepared from 
frozen, aged muscle, the ratio of activity with and 
without glucose-6-P had either decreased to near 
1, or increased to over 10. With these enzyme 
preparations, the reciprocal plots were no longer 
curved. Although other explanations for the 
curved lines may be possible, it would appear that 
an interpretation based on the presence of two 
enzymes acting on the same substrate is reason- 
able, since the kinetics were changed markedly 

DISCUSSION 
Two types of transglucosylase activity were 

prepared from rat muscle and were clearly differ- 
entiated. The preparation of the glucose-6-P 
independent activity was possible because of its 
greater stability and activation when the  crude 
lyophilized enzyme was incubated with mercapto- 
ethanol. The preparation of the giucose-6-P 
dependent activity in the 100,000 y g particulate 
fraction probably was possible because of its 
greater stability to storage and aging in the 
frozen sta-ce. In keeping with the greater stability 
in the presence of mercaptoethanol, the glucose-6- 
P independent activity appears to be more sensi- 
tive toward the SH reagent, p-hydroxymercuri- 
benzoate. The various steps during the prepara- 
tion of the enzyme gave different recoveries and 
purifications when the measurements were made 
in the presence or absence of glucose-6-P. If this 
sugar phosphate were the activator of a single 
enzyme, its activation might be expected to re- 
main constant with purification. 

J, 

T 

1000 2@@0 3000 4000 
IAS] U D P G  ronccntration'M/l' 

FIG. 5.-Reciprocal plot with enzyme prepared 
from rat muscle after aging and collecting the 100,000 
X g particulate fraction as discussed in the text. 
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by treatments that did not alter the state of 
purity of the enzyme preparations. 

The effect of glucose-6-P on the independent 
activity, i.e., a lowering of the K ,  without change 
in V, differs from that on the dependent activity, 
in which the major effect is to increase V greatly. 
A similar kinetic case of an altered V with no 
alteration in K ,  was shown by Glaser and Brown 
(1957) for chitin synthetase activity when meas- 
ured in the presence or absence of N-acetyl 
glucosamine. 

The case of two enzymes acting on the same 
substrate and distinguishable on the basis of sensi- 
tivity to stimulation by an activator is not new. 
Muscle phosphorylase coexists in two forms, 
AMP dependent and AMP independent (phos- 
phorylase b and a ) ,  which are interconvertible. 
Another case may be the phosphofructokinase of 
the liver fluke Fasciola hepatica reported by 
Mansour et al. (1961). This enzyme can be 
activated rapidly in soluble fractions of homogen- 
ates in the presence of 3’,5’-AMP, ATP, and 
Mg++, with a decrease in the apparent K,, for 

The experimenta presented here on mercapto- 
ethanol treatment of the crude lyophilized powder 
(Fig. l), as well as experiments demonstrating 
enzyme activation in crude extracts before addi- 
tion of ATP-Mg++, suggest that a conversion re- 
action may be present which is opposite to that 
observed after ATP-Mg + + (Friedman and Lamer, 
1962). 

In  a recent paper Steiner (1961) presented evi- 
dence for a reversible inactivation and reactiva- 
tion of liver transglucosylase. The lack of clear 
emphasis on simultaneous measurements of 
activity with and without glucose-6-P make it 
difficult to relate Steiner’s work to that presented 
here. In muscle, conversion of I to D activities 
appears to depend on a phosphorylation reaction 
involving ATP (Friedman and Larner, 1962). 
On the other hand, the high Qlo of the enzyme 
inactivation noted by Steiner suggested a denatur- 
ation of the enzyme protein. This was associated 
with an altered binding to glycogen. These ap- 
parently divergent lines of evidence may be ex- 
plained if a phosphorylation or dephosphorylation 
of the enzyme protein is associated with a con- 
formational change that results in an altered 

fr~dose-6-P. 

enzyme activity and in an altered ability to bind 
glycogen. 
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