g-bio analysis of the Akt/mTOR pathway
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Mamalian Target of Rapamycin (mTOR) is a serine-
threonine protein kinase that plays a vital role in cell growth,
proliferation, and protein synthesis. It has also received much
attention for its role in cancer progression, yet no significant
work has been done to characterize this important pathway in
a quantitative manner. mTOR activation has been linked to
two major regulatory pathways: MEK/ERK and PI3K/Akt
pathways. We show that, in the signaling network mediated by
platelet-derived growth factor (PDGF) receptors, PI3K/Akt
signaling is the dominant mode of mMTOR Complex 1
(mTORC1) activation. Through quantitative measurements
and modeling, we have explored the consistency of a conceptual
model linking Akt to inhibition of TSC2, a negative regulator of
mTOR.
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1. INTRODUCTION

The mTORCI multi-protein complex is a master regulator
of cell growth and protein synthesis. Both MEK/ERK and
PI3K/Akt pathways have been implicated in the activation of
mTORCI [1], linking this important signaling hub to the
action of receptor tyrosine kinases and other signal
transducers. Rapamycin, a drug used to suppress immune
function during organ transplantation, specifically blocks
mTORCI1 as its mechanism of action [2]. Activated ERK
and Akt mobilize mTORCI activation by phosphorylating
different sites on TSC2, resulting in inhibition of the TSC1/2
complex, a GTPase-activating protein for the small GTPase,
Rheb [3]. Rheb, in its active, GTP-bound form, is thus
permitted to activate mTORCI, in a manner that is disrupted
in the presence of rapamycin [4]. Upon activation, n"TORC1
phosphorylates a host of substrates, leading to cell growth,
protein synthesis, and other important functions. Despite its
central role in normal and aberrant signaling networks, the
mTOR pathway has yet to be studied using a quantitative
approach.

II. RESULTS

We first set out to acquire a suitable data set. Mouse
fibroblasts were stimulated with platelet-derived growth
factor (PDGF), and detergent lysates were prepared for
quantitative immunoblotting. The dose and time of
stimulation were varied, and pharmacological inhibitors
were used to dissect the pathway. In these experiments, we
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established that signaling through PI3K/Akt, and not through
MEK/ERK, is the major route of mTORCI activation.
Inhibition of Akt blocked phosphorylation of S6KI1, a
canonical mMTORCI1 substrate, as did rapamycin, confirming
the specificity of the readout. Hence, the quantitative data
were used to fit the kinetic model illustrated in Fig. 1 below.
The fit to the data (phosphorylation time courses of Akt,
TSC2, and S6K1 for 4 PDGF doses) is considered
reasonable given the coarse granularity of this initial model.
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Figure 1: Simple kinetic model of the Akt/mTOR pathway

III. CONCLUSION

We have successfully initiated a quantitative and
integrative study of the Akt/mTOR pathway. Future work
will be focused on the analysis of the current model
structure, its refinement (in conjunction with deeper
experimentation), and its applicability in other cellular
contexts.
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