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SUMMARY : The work of Gilboe and Nuttall on the inhibition of Tiver synthase
phosphatase activity by EDTA (J. Biol. Chem., 253, 4078-4081, 1978) and by ATP
(Biochim. Biophys. Acta, 338, 57-67, 1974) has been confirmed and extended.
It appears that these inhibitory effects are not specific since they can be
elicited by other polyvalent anions and that they are transient since they
last only as long as phosphorylase a is present. The duration of these
inhibitory effects can be shortened by the addition of glucose or caffeine
which stimulate phosphorylase phosphatase activity. It is concluded that the
inhibitory effects of EDTA and ATP are mediated by phosphorylase a.

Gilboe and Nuttall (1) have recently reported that the activity of
glycogen synthase phosphatase in a glycogen pellet preparation obtained from
the livers of normal fed rats is inhibited by EDTA. This effect was increased
after ¢n vivo administration of glucagon or cyclic AMP and reduced after
glucose injection. From these observations, the authors have suggested the
presence of rapidly interconvertible forms of either synthase phosphatase or
its substrate synthase b, detectable as a change in EDTA inhibitability and
subjected to glucose and to glucagon control. These same authors previously
described an inhibition of glycogen synthase phosphatase activity in a
glycogen pellet by ATP and its reversal by glucose (2).

Work from this laboratory has demonstrated that Tiver synthase
phosphatase is strongly inhibited by phosphorylase a (3). This inhibition
provides a precise explanation for the sequential inactivation of

phosphorylase and activation of glycogen synthase initiated by glucose as

observed in a cell-free extract (3), in isolated hepatocytes (4), and
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in vivo (5). The effect of glucose in a Tiver extract can also be mimicked

by caffeine (6). Glucose and caffeine are similar in that they stimulate

the activity of phosphorylase phosphatase and, therefore, cause a rapid
disappearance of phosphorylase a (7) and the secondary activation of glycogen
synthase (6). The inhibition of synthase phosphatase activity by phosphoryl-
ase is dependent upon the ionic composition of the incubation mwedium (8,9).
Indeed, it was not observed in a glycogen pellet incubated in the presence
of jmidazole buffer, unless 5 mM-phosphate, sulfate or sulfite or 100 mM-
chloride or acetate were added (9). It appears likely, therefore, that the
effect of both EDTA and ATP observed by Gilboe and Nuttall (1,2) in a
glycogen pellet, would be to provide the anionic charge required for the
inhibitory effect of phosphorylase a on synthase phosphatase activity. In
this view, the in vivo effect of glucagon, cyclic AMP and glucose would
merely be to modulate the concentration of the inhibitor phosphorylase «.

The present work was undertaken in order to check this interpretation.

MATERTALS AND METHODS

Particulate glycogen which was obtained from male, normally fed Wistar
rats treated with glucagon, was washed and incubated following essentially
the procedure of Gilboe and Nuttall (1). Other experimental procedures,
including the filtration of a Tiver extract on Sephadex G-25, as well as

the source of chemicals and reagents were thase currently used in this
laboratory (3-7).

RESULTS

In a Sephadex filtrate (fig. 1) and in a glycogen pellet preparation
(fig. 1-3) incubated in the presence of 40 mM-imidazole, glycogen synthase
was activated without Tatency. This activation was greatly inhibited by
5 mM-sulfate (fig. 1)}, EDTA (fig. 2), or ATP (fig. 3). Fig. 1 shows that
the inhibitory effect of sulfate was, however, less complete in a glycogen
pellet preparation than in a crude Sephadex filtrate. The inhibitory effect
of sulfate or EDTA lasted 20 to 40 min and then was abruptly released. Both

glucose and caffeine markedly decreased the duration of the inhibitory period,
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Figure 1. Inactivation of phosphorylase and activation of glycogen
synthase in a Sephadex filtrate and in a glycogen peliet. The two
preparations were obtained from the same Tiver. A1l incubations

were performed at 25°C in the presence of 40 mM-imidazole, pH 7,

and of various additions, as indicated and at the final concentration
shown between parentheses : sulfate (5 mM), glucose (7.5 mM).

Closed symbols : phosphorylase a; open symbols : synthase a.
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Figure 2. Inactivation of phosphorylase and activation of glycogen
synthase in a glycogen pellet. Same procedure and symbols as in
fig. 1. Additions are EDTA (5 mM), glucose (10 mM) and caffeine
(1 mM).
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Figure 3. Inactivation of phosphorylase and activation of glycogen
synthase in a glycogen pellet. Same procedure and symbols as in
fig. 1. Additions are ATP (2.5 mM) and glucose (10 mM).

but they had no effect on the activity of synthase phosphatase itself, when
released from inhibition. It is also apparent from fig. 1 and 2 that, when
a Sephadex filtrate or a glycogen pellet preparation was incubated in the
absence of sulfate or EDTA, the final activation of glycogen synthase was
less complete than when the incubation was performed in the presence of these
anions. This salt requirement for a complete activation of glycogen synthase
has been previously reported and discussed by De Wulf et al. (6). Furthermore,
synthase a was often unstable in the glycogen pellet preparation (fig. 2).

The activity of phosphorylase phosphatase was unaffected by sulfate but
inhibited by EDTA; it was greatly stimulated by glucose and caffeine. In all
conditions the more rapid disappearance of phosphorylase a was associated
with a shortening of the latency in synthase activation.

The effect of ATP was similar to that of sulfate and EDTA with, however,
some differences. In 5 experiments out of 6, ATP was an inhibitor of

phosphorylase phosphatase activity and a complete inactivation of phosphoryl-
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ase was obtained only in the presence of glucose (fig. 3) or caffeine (not
shown). Furthermore, the activation of synthase was incomplete (fig. 3) even
in the presence of sulfate (not shown). The mechanism of this Tatter effect

has not been investigated.
DISCUSSION

The data presented in this paper are in general agreement with those
published by Gilboe and Nuttall (1,2). Indeed, EDTA and ATP caused an
inhibition of synthase phosphatase activity in a glycogen pellet incubated
in the presence of an imidazole buffer. In contrast, however, with the data
of Gilboe and Nuttall (1,2), we have observed an inhibition of phosphorylase
phosphatase activity by both EDTA and ATP. The reason for this discrepancy
is presumably methodological (10).

The important points which we wish to emphasize is that the property of
EDTA and ATP to inhibit synthase phosphatase activity is not specific and
that it is transient and dependent on the presence of phosphorylase a. The
lack of specificity is illustrated by the fact that a similar inhibition is
obtained in the presence of inorganic suifate or phosphate and also of a
series of other anions, among them the polyvalent anions being much more
efficient than the monovalent ones (8,9). This inhibitory effect appears,
therefore, to be related to the anionic charge. The suppression of the effect
by magnesium (1), which is known to chelate both EDTA and ATP, is in general
agreement with this interpretation. The fact that the inhibition by EDTA is
transient was not clearly apparent in the experiments of Gilboe and Nuttall
(1) since their experiments lasted only 15 minutes : it is only when glucose
was administered to rats before sacrifice that a release of the inhibition
could be observed within a few minutes (fig. 1.C in ref. 1). Our data
indicate that in the other experimental conditions also, the effect of EDTA,
ATP or sulfate is only to introduce a lag in the activation of glycogen

synthase. The duration of this lag is related to the presence of phosphoryl-
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ase g and can be modulated by the addition to the incubation medium of
glucose or of caffeine which are known to stimulate the activity of
phosphorylase phosphatase (7) and not to affect the activity of synthase
phosphatase (6). This type of experiments leaves little doubt concerning
the relationship that exists between the inhibitory properties of EDTA and
ATP and the presence of phosphorylase a. The effect of glucose observed

in vitro is not specific, since it is similar to that of caffeine; further-
more, it is identical to the one observed iz vive (5). It is, indeed,
apparent from the work of Gilboe and Nuttall (1) that the effect of the
pretreatment with glucose is to bring about an earlier disappearance of
phosphoryiase a (fig. 4 in ref. 1) and to shorten the inhibitory effect of
EDTA although not to cancel it. It is finally important to recall that to
be able to see the relationship that exists between the presence of
phosphorylase a and the latency in synthase phosphatase activation, it is
necessary to use an assay procedure that allows the determination of
phosphorylase a without interference from phosphorylase b (10).

In conclusion it appears that the sequential inactivation of
phosphorylase and activation of glycogen synthase, previously described in
the liver in vivo (5), in isolated hepatocytes (4) and in a crude Tiver
extract (3), has now been observed in the partially purified system
composed of enzymes associated with particulate glycogen. This observation
is a further confirmation of the primary role of phosphorylase a in the
control of synthase phosphatase activity. An extensive description and
discussion of this regulatory mechanism has been published elsewhere

(11,12).

ACKNOWLEDGEMENTS

This work was supported by the Fonds de la Recherche Médicale
and by National Institutes of Health Grant AM 9235.

767



Vol. 86, No. 3, 1979 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

REFERENCES

~ O
.« .

w

10.
. Hers, H.G. (1976) Ann. Rev. Biochem. 45, 167-189.
12.

[Sal = W RN

Gilboe, D.P., and Nutta]], . (1978) J. Biol. Chem. 253, 4078-4081.
Gilboe, D.P., and Nuttall, . (1974) Biochim. Biophys. Acta 338, 57-67.
Sta]mans, W., De Wulf, H., and Hers, H.G. (1971) Eur. J. Biochem. 18,
582-587.

Hue, L., Bontemps, F., and Hers, H.G. (1975) Biochem. J. 152, 105-114.
Stalmans, W., De Wulf, H., Hue, L., and Hers, H.G. (1974) Eur. J. Biochem.
41, 127-134.

De Wulf, H., Stalmans, W., and Hers, H.G. (1970) Eur. J. Bicchem. 15, 1-8.
Stalmans, W., De Wulf, H., Lederer, B., and Hers, H.G. (1970) Eur. J.
Biochem. 15, 9-12.

Patel, H.M., and Ryman, B.E. (1972) Biochem. J. 130, 18 p.
Vandereycken, G., Keppens, S., and De Wulf, H. (1975) Arch. Int.
Physiol. Biochim. 83, 1013-1014.

Stalmans, W., and Hers, H.G. (1975) Eur. J. Biochem. 54, 341-350.

Stalmans, W. (1976) Current Topics in Cellular Regulation, Vol. 11,
pp. 51-97, Academic Press, New York.

768



