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Adenosine 3',5' cyclophosphate is known to stimulate the kinase which 

converts the glucose 6-phosphate independent (I) form of UDPG:Ol-1,4-glucan 

a-4-glucosyl transferase (EC 2.4.1.11) into the glucose 6-phosphate dependent 

form (D) (Friedman and Larner, 1963; Rosell-Perez and Lamer, 1964; Appleman 

et al., 1964). - This kinase can be distinguished from phosphorylase b kinase 

(Friedman and Iarner, 1965). However, neither the sensitivity of the kinase 

for the cyclophosphate nor the mechanism of action of the cyclophosphate are 

known. The present paper assesses the sensitivity range and offers some 

information on the mechanism. 

The transferase I kinase was tested in principle as described by Friedman 

and Larner (1965). To 0.1 ml of a solution containing ATP, MgCl and adenosine 
2 

3',5' cyclophosphate (concentrations as indicated in Figures 1 and 2) was added 

0.25 or 0.4 ml of a solution containing enzyme, 8 mM glycerophosphate pH 7.8, 

2.5 or 5 mM caffeine, and 50 mM mercaptoethanol. After 7 min at 30' C, the 

kinase reaction was stopped by adding 0.1 ml EDTA, 100 mM, and 0.05 ml aliquots 
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were then transferred to tubes containing 0.1 ml of the test mixture (without 

glucose 6-phosphate) for assay of transferase I activity as described by 

Villar-Palasi et a1.,(1966). The tubes were incubated for 15 min at 30' C - 

and the incorporation of C 14 glucose from UDPG into glycogen was determined. 

The activity of the transferase I kinase is expressed as a decrease in acti- 

vity of the transferase I during the 7 minute kinase incubation, i.e., as a 

decrease in cpm incorporated into glycogen compared to controls where no ATP 

was added, or where EDTA was added before the reaction was started. Both con 

trol procedures gave comparable rates. In some tubes, the total (I+D) trans- 

ferase activity was determined in the presence of glucose 6-phosphate. The 

total transferase activity did not change appreciably during the transferase 

I kinase test. 
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Fig. 1 Transferase I kinase activity at varying concentrations of adenosine 
3',5' cyclophosphate. 

0.4 ml of 51,000 x g supernatant containing 2.5 mM caffeine was added 
to 0.1 ml of a solution containing ATP and MgC12, final concentrations 
10 mM and 5 mM and cyclophosphate as indicated. The transferase I 
kinase reaction was allowed to proceed for 7 min, the transferase I 
activity was assayed for 15 min. 
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As a source of both transferase and its kinase rabbit muscle was homoge- 

nized in 3 volumes 50 mM Tris-HCl, pH 7.8 containing 5 mM EDTA; 100 mM KF and 

then centrifuged for 2.0 min at 12,000 x g. The resulting supernatant was cen- 

trifuged for 3 hours at 78,000 x g and the precipitate that was obtained from 

10 g fresh muscle was homogenized in 5 ml of 8 mM glycerophosphate, pH 7.8 

containing 50 mM mercaptoethanol. The enzyme solution was incubated for 

45 min at 30' C and centrifuged for 45 min at 51,000 x g. To the clear super- 

natant, caffeine was added to a concentration of 2.5 or 5 mM. 

Fig. 1 shows the increase in transferase I kinase activity caused by 

adenosine 3',5' cyclophosphate. Half maximal activation is obtained at approxi 
-8 

mately 6 x 10 M cyclophosphate. Under these assay conditions the maximal 

stimulation produced by the cyclic nucleotide represents a 20% increase in 

terms of the activity in the absence of added cyclic nucleotide. 

Using a 12,000 x g supernatant of 10% homogenate of rat heart, half max- 

imal activation is achieved with an identical concentration of the cyclic 

nucleotide and a total stimulation of the same magnitude is found. This 

sensitivity of the rat heart transferase I kinase is surprising in view of 

the fact that in the intact organ epinephrine, Lhich increases the concen- 

tration of ader,osine 3',5' cyclophosphatti (Hammermeister et al., 1965; 

Robison et al., 1965), has no direct effect on the fraction of the trans- 

ferase which is in the I form, (Williams and Mayer, 196.5; Robison et al., 

1965, Huijing, 1966). However, epinephrine causes a decrease in the gly- 

cogen concentration of the heart and this decrease results in a conver- 

sion of transferase D into I (Huijing, 1966). 

The sensitivity of the transferase I kinase of skeletal muscle and 

heart for adenosine 3', 5' cyclophosphate under these conditions is the same 

as that of the phosphorylase kinase system of skeletal muscle and liver 

(Posner et al. - -J 1964; Butcher et al -- 2 1965). 

Figure 2 shows the activiry of the transferase I kinase as a function of 
2+ 

varying Mg concentrations. Both curves with and without adenosine 3',5' 
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Pig. 2 Transferase I kinase activity at varying concentrations of M&12. 

0.25 ml of 51,000 x g supernatant containing 5 mM caffeine was added 
to 0.1 ml ATP (final concentration 8 mM) and adenosine 3',5' cyclo- 
phosphate where indicated. The transferase I kinase reaction was 
allowed to proceed for 7 min, the transferase I activity was assayed 
for 15 min. 

cyclophosphate are sigmoidal. At low Mg 2+ 
concentrations adenosine 3',5' 

cyclophosphate changes the rate from zero to a finite value. Under these con- 

ditions the cyclophosphate may exert a regulatory role. At 4 mM M&12 it 
2+ 

causes a 100% stimulation. At high Mg concentrations there is no effect of 

the cyclophosphate under conditions where Mg 2+ itself has maximally stimulated 

the kinase. 

On the basis of kinetic analysis to be dealt with in a future publication 
2i 

it appears that these phenomena can be explained by the possibility that Mg 

serves the dual role of activating the kinase, and being a substrate in the 

form of the Mg ATP complex. The activation, however, requires high concentra- 

tions of Mg2+. Adenosine 3',5' cyclophosphate may act to increase the 
2+ 

affinity of the Mg for the activating site on the enzyme. 
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