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The inacti~ti~~ of a ho~one-sen~tive lipase from 
rat adipose tissue with ATP in the presence of Mg* 
has been described fl] and the resolution of an 
ATP-Mg-dependent system for the degradation of 
proteins in rabbit reticulocytes into two protein 
components reported [2]. An inhibition of phospho- 
rylase phosphatase by ATP has been described in some 
enzyme preparations ]3-7] whereas other prepara- 
tions of pho~ho~~se phosphatase in bovine adrenal 
cortex [8,9], atian skeletal muscle f 1 0] and dog liver 
[6] are activated by ATP-Mg, From these observations 
one may conclude that ATF-Mg could play an impor- 
tant role in the regulation of these enzyme systems. 
The ATP-Mg-dependent phosphorylase phosphatase 
present in liver cytosol constitutes an important 
fraction of the total phosphorylase phosphatase 
activity [6]; its activity is controlled by heat stable 
protein inhibitors, one of which is activated by cyclic 
AMPdependent protein kinase ill]. We describe here 
that this phosphorylase phosphatase activity results 
from the interaction of at least two different thermo- 
labile fractions which can be separated by DEAEeel- 
&lose ~~omatography. part of this work has been 
reported in [ 121. 

2. Materials and methods 

A partially purified preparation of ATP-Mgdepen- 
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dent pho~ho~l~e ph~sp~ta~ (EC 3. I -3 .I 7) was 
obtained from dog liver cytosol as in [6]. This prepa- 
ration, 20 ml (” 30 mg protein~~~ was applied to a 
DEAE-cellulose column (2.5 X 20 cm), equilibrated 
with 10 mM Tris-HCl (pH 7.8) at 4°C. After washing 
with an additional 100 ml of the same buffer, phos- 
phatase activity was eluted with a stepwise gradient 
using 100 ml 0.1 M, 100 ml 0.2 M and 100 ml 0.3 M 
NaCl in the same buffer. 

Phosphoryhse phosphatase was measured after 
pre~n~ubat~on at 30% during 15 min in 240 @l total 
vol. ~ontain~g 10 mM Tris-HCi (PH 7.4),0.5 mM 
ATP, 2.5 mM MgSO,, The pho~hatase reaction was 
then initiated by the addition of an equal volume 
(240 4) of a mixture containing 2 U/ml of liver 
phosphorylase a (EC 2.4.1.1) f93, IO mM caffeine, 
320 fig/ml of fl-lactoglobulin and 20 mM Tris-MCI 
(pH 7.4). At different intervals up to 20 min a 
100 ~1 aliquot was withdrawn for the assay of phos- 
phorylase (x [9]* Protein was determined by Lowry’s 
method [ 133, fl-lactoglobulin A was purified accord- 
ing to [ 141. 

Rabbit muscle phosphorylase b kinase (EC 2.7.1.38) 
was a generous gift of Dr F. Cohen (Dundee University). 
ATP and cyclic AMP were obtained from Sigma 
Chemicai Co (USA); blue dextran 200, Sephadex 
G-200 from Pharmacia (Sweden), DEAE-cellulose 
(DE52) from Whatman (England), hemoglobin, myo- 
globin and DNP-Lalanine from Serva (FRG). 

3. Results and discussion 

After DEAE-celhrlose ~o~to~aphy of the phos- 
phorylase phosphatase preparation (fig-l) no phos- 
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Fii.1. Separation of FA and FC on DEAE~e~~ose. DEAE- 
cellulose chromato~aphy of the iiver phosphorylase phos- 
phatase preparation was performed by a stepwise NaCl 
gradient as in section 2. Fractions (6.25 ml) were collected. 
Phosphorylase phosphatase present in 10 ,ul eluate was 
measured as in section 2 in the presence of Tris-HCl 
(pH 7.4): (a-a) as control; 0.5 mM ATP and 2.5 mM 
MgSO, (* ----A); 0.5 mM ATP, 2.5 mM MgSO, and 5 I.rg FA; 
(X-k); 0.5 mM ATP, 2.5 mM MgSO, and 26 ,ug FC 
(o-.-o). Fractions A and C were pooled as indicated by 
horizontal bars, concentrated by precipitation with 60% 
(NH$$O,, resuspended in a small volume of Tris-HCI 
(PH 7.4) and dialyzed against the same buffer (t&al vol. 
16ml). 

the 

phatase activity could be detected in the first wash 
(FA) nor in the 0.1 M NaCl eluate. Some spontane- 
ously active phosphatase was found in the 0.2 M and 
0.3 M eluate. The addition of FA or F, to the indi- 
vidual fractions of the 0.2 M eluate or the first wash 
and 0.1 M eluate , respectively, yielded much addi- 
tional phosphatase activity, which was completely 
dependent on ATP and Mg2’. When the 0.2 M NaCl 
fractions (Fc) were pooled, concentrated by 60% 
(NH&SO4 precipitation, dialyzed and chromato- 
graphed on a Sephadex G-200 column (fig.2) insig 
nit&W amounts of ATP-Mg-dependent phosphatase 
activity could be detected but a peak of phosphatase 
activity was obtained when the enzyme assay was 
performed in the presence of FA, ATP and MgSO4. 
In addition most of the spontaneously active form 
present in the 0.2 M NaCl eluate emerged separated 
from the F, peak. For large scale preparations an 
additional DEAE-cellulose chromatography was 
included after the Sephadex G-200 fdtration to 

eliminate detectable cont~a~on with FA. It was 
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Fig.2. Elution profile of FC on Sephadex G-200. FC (6 ml, 
120 mg protein) isolated by DEAE-cellulose chromatography 
(see tig.1) was applied to a column (2.5 X 95 cm) of 
Sephadex G-200 equilibrated in and eluted with 10 mM 
Tris-HCI (pH 7.4). Fractions (3 ml) were collected. Phos- 
phorylase phosphatase present in 200 ~1 eluate was measured 
as in section 2 in the presence of Tris-HCl buffer (a----e) 
as control; 0.5 mM ATP and 2.5 mM MgSO, (a--a); 
0.5 mM ATP, 2.5 mM MgSO, and 25 pg FA (X -s-X ). 

checked that the phosphorylase phosphatase activity 
observed by combining FA and F, was not due to 
proteolytic degradation of phosphorylase by the 
reactivation of the phosphorylase b to a using phos- 
phorylase b kinase (fig.3). 

The present results indicate that the interaction of 
at least two protein factors in the presence of ATP-Mg 
results in phosphorylase phosphatase activity. Several 
characteristics of the reconstituted phosphatase 
activity point to the identity of the enzyme with the 
A~-Mg~ependent phosp~ta~ present in liver: the 
Ka for ATP (0.3 @vQ was the same in both cases [63; 
the ATP-Mg activation was also time dependent and 
reversible upon Sephadex G-25 filtration; the inhib- 
itory effect of protein inhibitors 1,201 and 2@ on the 
reconstituted enzyme was identical (not shown) to 
the effect described on the ATP-Mg-dependent phos- 
phorylase phosphatase [ 111. The reconstituted enzyme 
as well as FA and Fc was inactivated by urea, ethanol 
and trypsin, was thermolabile and non dialysable. 

The effect of ATP-Mg on phosphorylase phospha- 
tase is readily reversible and it was supposed [ 151 that 
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Fig.3. Proof of phosphory~se phosphatase activity by 
reactivation of phosphorylase b. 20 ~1 FA and 20 ~1 FC 
(obtained after a second DEAE~~ulose column) were 
preincubated with 2 mM ATP, 10 mM Mg”, 1 mM dithio- 
threitol and 10 mM Tris-HCl (pH 7.4) in 60 ~1 total vol. 
for 10 min at 30°C. After a IO-fold dilution in 10 mM 
Tris-HCI (pH 7.4) and 1 mM dithiothreito12 U lfver phos- 
phorylase a were inactivated by 250 ~1 diluted preincubation 
mixture in the presence of 5 mM caffeine and 160 Mg 
p-lactoglobulin in 500 111 total vol. After 32 mitt, reactiva- 
tion was carried out on 200 r.d of this mixture by 4 U/ml 
of phosphorylase b kinase in the presence of 2 mM ATP, 
2 mM MgSO, and 50 mM NaF in 400 ~1 total vol. Phos- 
phorylase a was assayed on 25 ~1 samples during inactiva- 
tion and 50 ~1 samples during reactivation +---A,). 
Controls of phosphorus activity in the absence of FA 
and FC (o---e) and of a mixture of FA and FC {X -x) 

were also measured in the same conditions. 

the activation of the ATP-Mgdependent phospho- 
rylase Ejhosphatase could result from a ligand-enzyme 
interaction followed by a time-dependent conforma- 
tional change. Since ATR-Mg is involved a kinase type 
of action is possible. The easy reversibility of the 
activation could then be explained by the action of 
an endogenous (auto~talytic?) phosphatase. The 
activation occurs in the presence of protein kinase 
inhibitor fl l] or 1 mM EGTA (not shown) there- 
fore the involvement of cyclic AMP-dependent pro- 

tein kinase, or a CaPdependent kinase seems unlikely. 
However, recent results have shown that at this stage 
it is not that simple to explain the mechanism of this 
phosphatase activation: it seems to be the result of a 
protein-protein interaction between one or more 
‘regulatory’ and ‘catalytic’ subunits, but the exact 
role of ATP-Mg in this activation is still unclear. 

There is some resemblance between the ATP-Mg- 
dependent phosphatase and an ATP-Mgdependent 
proteolytic system from retic~oc~es which has 
also been resolved into two components by DEAE- 
cellulose c~omato~aphy [Z]. Here ATP-Mg-depen- 
dent proteolytic activity involves a polypeptide with 
a mol. wt -9000. This factor is character&d by a 
remarkable stability at high temperatures, a feature 
common to several regulatory proteins such as the 
protein inhibitors of phosphorylase phosphatase 
described in liver [ 1 I] and other tissues and the 
protein deinhibitor of the same enzyme demon- 
strated in liver [ 161. 

The inactivation of a ho~one-sen~tive lipase from 
adipose tissue which requires ATE’ and Mg2+ [ 1 ] also 
bears some analogy. There ascorbic acid in the fi 
range plays an important role in the ATP-Mgdepen- 
dent regulation; this cannot be completely excluded 
in our experiments although addition of ascorbic 
acid has no effect on the activity of the ATP-Mp 
dependent phosphorylase phosphatase. 

The role of ATP-Mg in the regulation of these 
enzymes is undoubtedly important and further 
experiments are conducted in this laboratory to 
elucidate the exact nature of the interaction of the 
protein factors and the role of ATP-Mg in the activa- 
tion of phospho~la~ phosphatase. 
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