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The mammalian target of rapamycin (mTOR) is a Ser/Thr protein kinase that plays a

crucial role in a nutrient-sensitive signaling pathway that regulates cell growth. TOR.

signaling is potently inhibited by rapamycin, through the direct binding of a FK506-binding
protein 12 (FKBPIZ)/rapamycin complex to the TOR FRB domain, a segment
aminoterminal to the kinase catalytic domain. The molecular mechanisms by which the
binding of the FKBP12/rapamycin complex to the TOR FRB domain interferes with TOR
signaling remain incompletely understood. In mammalian cells, rapamycin induces
dephosphorylation of the translational regulators, p70 S6 kinase (p7056k) and eukaryotic
initiation factor 4E (eIF4E) binding protein 1 (4E-BP1). Rapamycin inhibits p70S6k
activity and 4E-BP1 phosphorylation in vivo with an IC50 of 2-5 nM. The addition in
vitro of rapamycin to mTOR in the presence of excess of FKBP12 does result in
inhibition of the mTOR kinase activity toward p70S6k or 4E-BP1, however nearly one
hundred fold higher concentration of rapamycin is required than is necessary for inhibition
in vivo. Moreover, the phosphorylation in vive of mTOR Ser2481, a site of
mTOR-catalyzed autophosphorylation in vitro, is not affected by treatment of cells with
rapamycin. These findings suggest that primary mechanism by which rapamycin
interferes with mTOR function in vive is other than through the inhibition of mTOR’s
intrinsic kinase éatalytic activity. ;

Raptor (regulatory associated protein of mTOR) is a recently identified mTOR
binding partner that is essential for mTOR signaling in vivo, and whose binding to mTOR is
critical for mTOR-catalyzed substrate phosphorylation in vitro. Raptor serves as a
scaffold for the apposition of mTOR with its substrates 4E-BP1 and p70S6k. Raptor does
not alter the catalytic activity of mTOR; rather, raptor binds p70S6k and to 4E-BP1 and the
association of raptor with mTOR increases mTOR phosphorylation of p70S6k in vitro four
to five fold and is required absolutely for the mTOR-catalyzed phosphorylation of 4E-BP1
in vitro. '

Here we characterized the effects of rapamycin on the stability of the mTOR/raptor

complex. The association between raptor and mTOR was severely diminished in
rapamycin-treated cells. The inhibitory effect of rapamycin on the association between
raptor and ST-mTOR, which lacks the ability to bind to the FKBP12/rapamycin complex,
was not observed. Thus the ability of rapamycin to inhibit the association of raptor with
mTOR depends on the ability of mTOR to bind the FKBP12/rapamycin complex. The
binding of raptor to mTOR is critical for the mTOR-catalyzed phosphorylation of 4E-BP1
and p70S6k in vitro. We therefore treated cells with various concentrations of rapamycin
in vivo, immunoprecipitated the mTOR complex, and examined the binding of raptor to
mTOR and the mTOR-catalyzed phosphorylation of p70S6k and 4E-BP1. The recovery
of raptor with mTOR decreased progressively as the concentration of rapamycin was
increased, accompanied by a progressive reduction in mTOR-catalyzed phosphorylation of
GST-p70S6k in vitro. Similar results were observed when GST-4E-BP1 was employed as
substrate. Notably, at no concentration of rapamycin was an inhibition of mTOR
autophosphorylation evident. 'We next inquired whether incubation of FKBP12/rapamycin
with mTOR complex in vitro is sufficient to promote the dissociation of raptor from mTOR.
Rapamycin, in the presence of FKBP12, inhibited the association of raptor with mTOR
directly in vitro, and concomitantly reduced the ﬁxTOR—catalyzed phosphorylation of
raptor-dependent, but not raptor-independent substrates; mTOR autophosphorylation was
unaltered. These observations indicate that rapamycin inhibits mTOR function, at least in
part, by inhibiting the interaction of raptor with mTOR; this action uncouples mTOR from
its substrates, and inhibits mTOR signaling without altering mTOR’s intrinsic catalytic

activity.
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