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Chapter 4 

Insulin regulates amino acid-induced p70S6 
kinase activity. No role for Protein Phosphatase-
2A or another calyculin A-sensitive phosphatase. 

Abstract 
Recently, the interaction of amino acid- and insulin-mediated signal 

t ransduct ion has become a major point of discussion. Our laboratory 
discovered the existence of an amino acid-mediated signal t ransduct ion 
pathway in isolated rat hepatocytes, activation of which results in the 
phosphorylation of ribosomal protein S6 via mTOR. The occurrence of this 
signal t ransduct ion pathway has now been confirmed in other cell types. The 
insulin-mediated signalling leads, among other metabolic endpoints, to 
increased protein synthesis via stimulation of PI-3-kinase, Protein Kinase B 
(PKB), mTOR and S6. In this chapter it is shown that , in fasted rat 
hepatocytes, insulin promotes amino acid-induced p70S6 kinase activity in 
the presence of a low concentration of amino acids bu t has no effect on its 
own. Furthermore, amino acids increase PKB activity slightly and this 
increase is additive with the effect of insulin on PKB bu t not mediated by PI-
3-kinase. Because p70S6 kinase activation by amino acids is inhibited by 
the PI-3-kinase inhibitor LY294002, this indicates that PKB does not play a 
role in p70S6 kinase activation by amino acids or in the synergy between 
insulin and amino acids on p70S6 kinase activation. The synergism of 
insulin and amino acids in activating p70S6 kinase could not be explained 
by amino acid-mediated inhibition of Protein Phosphatase 2A (PP2A). This 
was established with two inhibitors of PP2A, calyculin A and okadaic acid. 
Calyculin A increased the phosphorylation, but not the activity, of p70S6 
kinase either in the presence or in the absence of amino acids. Okadaic acid 
neither affected the phosphorylation nor the activity of p70S6 kinase. 
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Introduction 
The molecular mechanisms of insulin action are well defined (recently 

reviewed by Kido et al. [1] and Avruch et al. [2]). The insulin signal 
t ransduct ion pathway star ts with the autophosphorylation of the insulin 
tyrosine kinase receptor upon binding of insulin. The activated insulin 
receptor induces a tyrosine kinase cascade that leads via 1RS proteins to PI-
3-kinase activation. The lipid products of PI-3-kinase activity, PIP2 and PIP3, 
are involved in the phosphorylation and activation of PKB. It is generally 
believed that PKB invokes a s e r / t h r kinase cascade via mTOR and p70S6 
kinase leading to phosphorylation of the ribosomal protein S6. Like p70S6 
kinase 4E-BP1 is phosphorylated on multiple s e r / t h r sites by mTOR. Both 
4E-BP1 and p70S6 kinase play an important role in the initiation of protein 
translation (reviewed by Proud and Denton [3]). It has become clear that 
activation of mTOR and subsequent phosphorylation of p70S6 kinase and 
4E-BP1 requires the presence of amino acids [4-6]. Amino acids alone, bu t 
not insulin alone st imulate phosphorylation of these proteins in a 
rapamycin-sensitive manner [4;5;7-12]. 

In our laboratory, the existence of an amino acid-induced signal 
t ransduct ion pathway in isolated rat hepatocytes was previously reported 
[13; 14]. This pathway involves the amino acid-induced phosphorylation of 
S6 in a rapamycin-sensitive manner [13; 14]. This amino acid-induced 
t ransduct ion cascade was also identified in other cell types [4;5;8;15-17]. 
Overall, the following pathway is believed to be activated by amino acids: 
amino acids enhance via an unknown mechanism the phosphorylation of 
mTOR [18], which is responsible for the phosphorylation of 4E-BP1 as well 
as p70S6 kinase at multiple s e r / t h r sites. The latter kinase phosphorylates 
the ribosomal protein S6 which leads, at least in part, to inhibition of 
autophagic proteolysis [13; 14]. 

The intermediates that are responsible for the amino acid-induced 
activation of mTOR, p70S6 kinase and 4E-BP1 are still unknown. There is a 
considerable amount of controversy regarding the role of PI-3-kinase in this 
process. Wortmannin and LY294002, two structurally unrelated inhibitors of 
PI-3-kinase, inhibit amino acid-induced p70S6 kinase activation and S6 
phosphorylation [4;5;7-9;19[. From these studies it may be concluded that 
PI-3-kinase is involved in the amino acid signalling pathway as a regulator of 
mTOR. However activation of PI-3-kinase upon amino acid addition could 
not be demonstrated except in two studies [4;8;11;20;21[. In one study it 
was shown that in response to glutamine- and to proline-induced cell 
swelling PI-3-kinase was activated [20], However in this s tudy leucine, which 
is the most effective amino acid in inducing signal t ransduct ion [14], was not 
tested. In the other s tudy that was published only recently, it was shown 
that leucine initiates a rapid t ransient (within 2 min) PI-3-kinase activation 
[21]. PKB, which is a direct target of PI-3-kinase and believed to play a role 
in p70S6 kinase activation, is also not activated by amino acids 
[4;7;8;12;21;22[. 

Synergism of amino acids and insulin in phosphorylation of S 6 in 
isolated fasted rat hepatocytes was described previously in our laboratory 
[13; 14]. In line with these findings, more recently the synergism of amino 
acids and insulin in the activation of p70S6 kinase was described for several 
cell types [4;6;8;22]. Furthermore, the same synergy mechanism was 
described with regard to the phosphorylation of the other mTOR-regulated 
protein, 4E-BP1 [4;6;8;10;11;22]. 

The mechanism of the synergism between insulin and amino acids is 
largely unexplained. Convergence of the amino acid- and insulin-dependent 



Insulin regulates amino acid-inducedp70S6 kinase 

signal t ransduct ion pathways ups t ream of mTOR and possibly at the level of 
PI-3-kinase was postulated [18;21]. Another protein tha t has been implied in 
the regulation of p70S6 kinase phosphorylation by amino acids is the 
s e r / t h r phosphatase PP2A, although an increase in p70S6 kinase 
phosphorylation by PP2A inhibitors okadaic acid or calyculin A was not 
always found [4;23-25]. 

In this chapter, a s tudy was conducted in order to obtain more 
information on the mechanism of interaction of amino acid- and insulin 
induced signalling. It is demonstrated that insulin-induced PKB 
phosphorylation in isolated fasted rat hepatocytes is enhanced by addition of 
amino acids, but that this activation of PKB is not involved in the synergism 
of amino acids and insulin regarding the phosphorylation of p70S6 kinase. 
Furthermore, we show tha t PP2A is unlikely to play a role in amino acid-
mediated signal t ransduct ion. 

Materials and methods 

Materials 
Insulin, rapamycin, calyculin A, okadaic acid and the chemicals for enhanced chemi-

luminescence (ECL) were from Sigma (St. Louis, MO, USA). LY294002 (2-(4-morpholinyl)-8-
phenylchromone) was obtained from Biomol (Plymouth Meeting, PA, USA). Phosphospecific 
anti-PKB was from New England Biolabs. Rabbit anti-p70S6 kinase, goat anti-PKB, donkey 
anti-goat-HRP were from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Goat anti-rabbit-
HRP and goat anti-mouse-HRP were from Biorad (Hercules, CA, USA). All other chemicals and 
enzymes were obtained from either Boehringer (Mannheim, Germany) or Sigma (St Louis 
MO, USA). 

Rapamycin, calyculin A, okadaic acid and LY294002 were dissolved in DMSO. The final 
DMSO concentration did not exceed 0.25% (vol./vol.). This concentration of DMSO did not 
affect the processes that were studied. 

Preparation of hepatocytes 
Hepatocytes were isolated from 16-20 h starved male Wistar rats (200-250 g) by 

collagenase perfusion [26], 

Hepatocyte incubation 
Hepatocytes (5-10 mg dry mass / ml) were pre-incubated for the indicated time periods at 

37° C in minimal medium (Krebs-Henseleit bicarbonate buffer plus 10 mM Na-Hepes (pH 7.4) 
and 20 mM glucose). After pre-incubation the components as indicated in the legends to the 
figures were added; final incubation volume was 2-4 ml. The gas atmosphere was O2 / CO2 
(19:1, v/v). 
The composition of the complete mixture of all amino acids (4xAA) used in the experiments, 
was such that the concentration of each of the amino acids was present at a concentration 4 
times that found in the portal vein of a fasted rat. The composition of the lxAA mixture was 
exactly as described in [27]except that the leucine concentration was 250 11M. 
At the end of the incubations, hepatocytes were collected by centrifugation in 2 volumes of 
ice-cold PBS for 5 sec in an Eppendorf centrifuge. For the SDS-PAGE procedures the pellet 
was lysed by addition of Laemmli sample buffer and subsequently incubated at 95° C for 5 
min. For the in vitro kinase assays cells were lysed in the appropriate buffers. 

Gel retardation assay 
An equivalent of 60-80 iig of cell protein per sample was separated by SDS-PAGE. For 

separation of the different phosphorylated forms of p70S6 kinase a 10% Polyacrylamide gel 
was used. After separation a standard Western Blotting procedure was performed and the 
PVDF blot was incubated with an antibody against p70S6 kinase. The proteins were 
specifically visualised by enhanced chemi-luminescence (ECL). 

Immunoprecipitations 
After incubation, hepatocytes were collected by centrifugation for 5 sec. in an Eppendorf 

microcentrifuge in 2 volumes of ice-cold PBS. For immunoprecipitation of p70S6kinase the 
cell pellets were lysed in RIPA buffer (30 mM Tris, pH 7.4, 150 mM NaCl, 1 mM EDTA, 0.5% 
Triton X100, ImM Na3V04, 10 mM NaF, 0.5% deoxycholate) supplemented with protease 
inhibitor mix (Boehringer Mannheim). For immunoprecipitation of PKB the cell pellets were 
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lysed in lysisbuffer (10 % glycerol, 137 mM NaCl, 20 mM NaF, 1 mM disodium 
pyrophosphate, 1 mM Na3V04, 20 mM Tris-HCl pH7.5, 1 % NP40) supplemented with 
protease inhibitor mix. The cell lysates were centrifugea for 15 min. at 4° C in an Eppendorf 
centrifuge and the supernatant, containing an equivalent of 0.5 mg of cell protein) was 
incubated for 2 h at 4° C with an antibody against either p70S6 kinase or PKB. Subsequently 
protein G sepharose beads (Pharmacia) were added and the lysates were incubated at 4° C for 
another hour. 

In vitro kinase assays 
p70S6kinase: The immunoprecipitates were washed 3 times with RIPA and once with the 

kinase buffer (MOPS 20 mM pH 7.2, ß-glycerophosphate 25 mM, EGTA 5 mM, EDTA 2 mM, 
MgCh 20 mM, Na304V 2 mM, DTT 1 mM). The kinase assay was carried out essentially as ' 
described [28]. The kinase reaction was performed for 15 min at 30° C in kinase buffer 
containing PKA-inhibitor peptide (Santa Cruz, CA, USA) 1 nM, PKC-inhibitor peptide (Santa 
Cruz, CA, USA) 1 |uM, p70 S6 Rsk substrate (Santa Cruz, CA, USA) 200 pM, ATP-Mg 150 MM 
and 10 nCi of [y-32p]ATP. After incubation the reaction mix was spotted on Whatman p81 
paper and the excess free ATP was removed by washing 4 times during 1 h with 75 mM 
phosphoric acid. The papers were washed once with acetone, dried and bound radioactivity 
was counted. 

PKB: The immunoprecipitates were washed twice with lysis-buffer plus protease inhibitor 
mix, once with water and once with kinase buffer for PKB (20 mM Hepes pH7.4, 10 mM 
MgCb, 10 mM MnCh). The kinase assay was carried out essentially as described [29]. The 
kinase reaction was performed for 15 min at 30° C in kinase buffer containing 0.05 mg/ml 
histone 2B, 5 JJM ATP, 1 mM DTT and 10 MCi of [y-32p]ATP. The excess of free ATP was 
removed with an S-200 column (Pharmacia). Histone 2B was separated from the other 
compounds in the reaction mixture by 15 % SDS-PAGE. The gel was dried and incorporated 
radioactivity was quantified by phospho-imaging. 

Results 

In order to determine whether the synergism of amino acids and insulin 
at the level of S6 phosphorylation, described previously for hepatocytes by 
our laboratory [13;14], also occurred at the level of p70S6 kinase, we 
measured the in vitro activity of p70S6 kinase in hepatocytes as a function of 
time (Fig. 1). In the presence of 4xAA, p70S6 kinase activity was maximal 
within 10 min. Insulin alone did not activate p70S6 kinase and lxAA alone 
only slightly increased the activity of the enzyme, whereas in the presence of 
both lxAA and insulin the activity of p70S6 kinase was increased to 
maximum within 10 min. Furthermore, in the presence of amino acids alone, 
the onset of p70S6 kinase activation tended to be slower compared to that in 
the presence of both insulin and amino acids. This effect was most 
pronounced in the presence of lxAA. 

v 

Data are expressed as the mean of 5 experiments : 
LY, LY294002 at 100 (iM ; rapa, rapamycin at 100 nM. 

Fig. 1 Synergism of 
amino acids and 
insulin on p70S6 
kinase activity. 
After 10 min of pre
incubation in minimal 
medium, hepatocytes were 
incubated for 10, 20 and 30 
min with the indicated 
additions. The in vitro 
activity of p70S6 kinase 
was measured as described 
in "Materials and Methods". 
The activity is expressed as 
fold increase from control, 

sem. Abbreviations: Ins., insulin at 107M 
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To assess whether insulin- and amino acid-mediated signal t ransduct ion 
pathways converge ups t ream of mTOR [18;21], we determined the in vitro 
kinase activity of PKB as a function of time (Fig. 2). Activation of PKB by 
both insulin and amino acids was transient . Amino acid- and insulin-
induced PKB activity was additive rather than synergistic. Furthermore, 
insulin-mediated bu t not amino acid-mediated PKB activation was 
LY294002-sensitive. Rapamycin, an inhibitor of mTOR, which is downstream 
of PKB, eliminated the stimulation by amino acids in the presence of insulin. 

4,0 
% 3,5 
S 3,0 
u 2,5 
i 2,0 
° 1 5 

1,0 ta. U. iLkfiB^iLiI 
:f\̂  *. 

\<^ \<? 

• 10 min. 

H 20 min. 

O30 min. 

Fig. 2 Amino acids- and insulin-induced PKB activity is additive 
After 10 min of pre-incubation in minimal medium, hepatocytes were incubated for 10, 20 
and 30 min with the indicated additions. The in vitro activity of PKB was measured as 
described in "Materials and Methods". The activity is expressed as fold increase from control. 
Data are expressed as the mean of 3 experiments + sem. Abbreviations: Cntr., control 
(minimal medium) ; Ins., insulin at 10 7M ; LY, LY294002 at 100 |iM ; rapa, rapamycin at 100 
nM. 

A simple explanation for the synergistic effects of amino acids and insulin 
on p70S6 kinase activation would be inhibition of PP2A by amino acids. To 
assess whether this protein phosphatase is involved in the 
dephosphorylation of p70S6 kinase, we determined the p70S6 kinase 
phosphorylation in the presence of the PP2A inhibitors okadaic acid or 
calyculin A. Calyculin A but not okadaic acid increased the phosphorylation 
independent of the presence of either insulin or amino acids (Fig. 3A). The 
phosphorylation of p70S6 kinase caused by calyculin A and by amino acids 
was additive. Furthermore, calyculin A did not synergistically increase the 
phosphorylation in the presence of insulin. The phosphorylation of p70S6 
kinase that was induced by calyculin A was rapamycin insensitive, unlike 
the phosphorylation induced by amino acid addition (Fig. 3B). 

The phosphorylation of p70S6 kinase induced by calyculin A had no 
effect on the activity of p70S6 kinase, either in the presence or in the 
absence of amino acids or insulin (Fig. 4). 
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p70S6 kinase 

1xAA 
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Caly 
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B 

Fig. 3 Phosphorylation of p70S6 kinase in the presence of calyculin A and 
okadaic acid 
A and B: After 10 min of pre-incubation in minimal medium the hepatocytes were incubated 
for 30 min with the indicated additions. Lysates were separated by SDS-PAGE, 
immunoblotted with anti-p70S6 kinase antibody and visualised by ECL as described in 
"Materials and Methods". Abbreviations: Cntr is control (minimal medium) ; Oka, okadaic acid 
at 20 nM ; Caly, calyculin A at 40 nM; Rapa, rapamycin at 100 nM. 

0 Control 

O Calyculin A 

-r -r # >*v 
\ < ^ ^ 4F 

Fig. 4 Calyculin A does not increase p70S6 kinase activity 
After 10 min of pre-incubation in minimal medium hepatocytes were incubated for 30 min 
with the indicated additions. The in vitro activity of p70S6 kinase was measured as described 
in "Materials and Methods". The activity is expressed as fold increase from control. Data are 
expressed as the mean of 4 experiments ± sem. Abbreviations: Cntr., control (minimal 
medium) ; Ins., insulin at 10-?M ; rapa, rapamycin at 100 nM. Calyculin A was used at a 
concentration of 40 nM. 
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Discussion 
Many reports on the interaction of amino acid and insulin-mediated 

signal t ransduct ion in various cell types have appeared recently 
[4;6;8;13;14;22]. These studies led to the conclusion that the insulin signal 
t ransduct ion cascade from mTOR onwards is regulated by amino acids 
[4;6;8;10;11;18;22]. In the present s tudy with isolated hepatocytes, amino 
acids induced p70S6 kinase activation, whereas insulin alone had no effect 
on the activity of this kinase. However, insulin and lxAA acted 
synergistically on the activity of p70S6 kinase. Under all conditions p70S6 
kinase activity was rapamycin-sensitive. Thus, amino acids activate the 
p70S6 kinase signalling cascade via mTOR and insulin modulates the 
activity of this s e r / t h r kinase pathway when amino acids in the environment 
are low but not zero. These findings are in line with previous data from our 
laboratory regarding S6 phosphorylation [13;14], 

In contrast with previous reports us ing other cell types [4;7;8;12;21;22], 
amino acids did increase the activity of PKB independent of the presence of 
insulin, albeit slightly. The amino acid-induced increase in PKB activity was 
additive with the insulin-dependent PKB activity. Furthermore, the increase 
in PKB activity by amino acids appeared to be insensitive to LY294002, 
whereas it was inhibited by rapamycin. This suggests that PI-3-kinase 'is not 
involved in the activation of PKB by amino acids, in contrast to mTOR, which 
is generally thought to be downstream of PKB. Thus, in contrast to the 
activation of PKB by insulin, which is dependent on PI-3-kinase activation 
[30;31], it seems likely that the effects of amino acids on PKB activity directly 
proceed via mTOR. For example, this could occur via inhibition of insulin 
degradation by amino acids. However, the fact that amino acids do not 
prolong the activation of PKB by insulin (Fig. 2) whereas re-addition of 
insulin reactivates PKB (P.F. Dubbelhuis and A.J. Meijer, personal 
communication), contradicts this explanation. Another possibility is tha t 
mTOR inactivates an, as yet unknown, phosphatase that is responsible for 
the dephosphorylation of PKB. Because insulin and amino acids act 
additively rather than synergistically in the activation of PKB it is likely that 
this amino acid-regulated phosphatase would not be involved in insulin-
induced PKB activation. 

Recently, Peyrollier and co-workers reported for L6 muscle cells a 
t ransient (1 min) activation of PI-3-kinase by amino acids [21]. In that s tudy 
it was concluded that the amino acid signalling pathway could interact with 
insulin-mediated signal t ransduct ion at the level of PI-3-kinase. Nave et al. 
[18] described experiments showing that , in vitro, PKB phosphorylates mTOR 
isolated from HEK-293 cells treated with amino acids, but not mTOR 
isolated from amino acid-depleted cells [18]. In our study, amino acids 
increased p70S6 kinase activity with only a small effect on PKB activity while 
insulin alone greatly increased PKB activity with no effect on p70S6 kinase 
activity. This suggests that in isolated rat hepatocytes activation of PKB 
alone is not sufficient for the amino acid induced increase in p70S6 kinase 
activity. Perhaps the small activation of PKB by amino acids is necessary for 
full activation of mTOR, and subsequently p70S6 kinase, by high 
concentrations of amino acids. 

A satisfactory explanation for the synergism of amino acids and insulin 
with regard to p70S6 kinase activation would be available if amino acids 
were to inhibit a phosphatase . For other cell types it was suggested that 
PP2A may be inhibited by amino acids [23;24]. Another s tudy suggested that 
an unknown okadaic acid-insensitive but calyculin A-sensitive phospha tase 
was inhibited by amino acids [32]. In our study, okadaic acid, an inhibitor 
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PP2A, had no effect on the phosphorylation of p70S6 kinase. In contrast, 
calyculin A, another inhibitor of PP2A, increased p70S6 kinase 
phosphorylation, bu t did not affect its activity. The calyculin A-induced 
phosphorylation was additive with amino acid-mediated phosphorylation of 
p70S6 kinase and was rapamycin-insensitive. Moreover, the effects of 
calyculin A and insulin on phosphorylation of p70S6 kinase were not 
synergistic, in contrast to those of amino acids and insulin. These data 
indicate that there is a kinase that phosphorylates p70S6 kinase, which is 
constitutively active and which does not involve mTOR. The simplest 
explanation for the increase in phosphorylation of p70S6 kinase by calyculin 
A is that the sensitive phosphatase dephosphorylates p70S6 kinase directly 
at a certain amino acid. An alternative, more complex, explanation is that 
the calyculin A-sensitive phosphatase inhibits the activity of a p70S6 kinase 
kinase, thereby preventing phosphorylation of p70S6 kinase. 

Surprisingly, the increased phosphorylation of p70S6 kinase by calyculin 
A had no effect on the activity of the enzyme, either in the absence or 
presence of amino acids. In view of the large number of phosphorylation 
sites of p70S6 kinase and the hierarchical phosphorylation that is required 
for its activation [33;34], it may be hypothesised that the constitutively active 
kinase phosphorylates p70S6 kinase on residues that play no role in 
activity-control of p70S6 kinase. From these data, it was concluded that 
PP2A, or another calyculin A-sensitive phosphatase , does not play a role in 
amino acid-mediated signal t ransduct ion. 

The following mechanisms accounting for the synergism of insulin and 
low concentrations of amino acids may be envisaged. Firstly, it has been 
proposed that insulin can enhance the p lasma membrane amino acid 
t ransport [6;35;36]. However, direct a t tempts to demonstrate this in isolated 
hepatocytes have failed (A.J. Meijer, personal communication). Secondly, 
phosphorylation of p70S6 kinase involves 8 to 10 different serine and 
threonine residues and the quanti ty of phosphorylated residues does not 
necessarily correlate with the activity of the kinase [33;34]. The residues are 
phosphorylated in a specific sequence and only the residues si tuated in the 
kinase domain regulate the activity [33;34]. It may be speculated that high 
concentrations of amino acids induce the phosphorylation of all serine and 
threonine residues that are necessary for full activation of p70S6 kinase, 
whereas a low concentration of amino acids induces the phosphorylation of 
the first residues in the activation sequence. The phosphorylation of the first 
s e r / t h r residues would 'open' the s t ructure of the kinase, thereby facilitating 
the phosphorylation of the s e r / t h r residues si tuated in the kinase domain by 
the insulin signal t ransduct ion cascade [33; 34]. In this view, low 
concentrations of amino acids would enhance the activation of p70S6 kinase 
by insulin. A similar type of reasoning could, however, also apply to mTOR, 
which, too, contains multiple phosphorylation sites al though these have not 
all yet been identified [37]. A tentative scheme accounting for our own 
results and those reported in the literature (as discussed above) is given in 
Fig. 5. In this scheme it is assumed that mTOR (like p70S6 kinase) has 
several phosphorylation sites that have to be phosphorylated in a specific 
sequence. The scheme as sumes that phosphorylation in the regulatory 
domain of mTOR (promoted by low concentrations of amino acids) is 
essential for phosphorylation in the kinase domain. This scheme accounts 
for the observation that all amino acid-mediated effects on p70S6 kinase and 
S6 phosphorylation are rapamycin-sensitive. It also accounts for the finding 
that , in vitro, PKB can phosphorylate mTOR only when mTOR is isolated 
from amino acid-treated cells [18], as discussed above. 
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] mTOR 

Regulatory domain Kinase domain 

Essential 

Fig. 5. Schematic view of the activation of mTOR via amino acid- and 
insulin-dependent signal t ransduct ion. 
Phosphorylation of the regulatory domain (1) mediated by low concentrations of amino acids 
is required for phosphorylation of the kinase domain (2). The latter step can be mediated by 
both high concentrations of amino acids and insulin. The convergence of amino acid and 
insulin signalling on PKB activation is explained by amino acid-mediated inhibition of a 
putative phosphatase by mTOR. 

In conclusion, no evidence could be obtained in support of a calyculin A-
sensitive phosphatase that is responsible for the synergy of insulin and 
amino acids with regard to p70S6 kinase. The slight activation of PKB by 
amino acids may be essential for full activation of p70S6 kinase by high 
concentrations of amino acids. This could also explain the mechanism of the 
interaction at the level of p70S6 kinase between insulin and amino acids. 
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