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Abstract

The mechanistic target of rapamycin (mTOR) exerts both rapamycin-sensitive and rapamycin-
insensitive signaling events, and the rapamycin-sensitive components of mTOR signaling have
been widely implicated in the pathway through which resistance exercise induces skeletal muscle
hypertrophy. This review explores the hypothesis that rapamycin-insensitive components of mTOR
signaling also contribute to this highly important process.

Summary:

This review examines whether both rapamycin-sensitive, and rapamycin-insensitive, components
of mTOR signaling contribute to the hypertrophic effects of resistance exercise.
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INTRODUCTION

It is well known that resistance exercise induces an increase in skeletal muscle protein
synthesis and hypertrophy (1). Signaling by the mechanistic target of rapamycin (mTOR),
which exists in at least 2 protein complexes (MTORC1 and mTORC?2), is activated by
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resistance exercise, and it has been widely assumed that rapamycin-sensitive/mTORC1-
dependent signaling is necessary for the increase in protein synthesis and hypertrophy that
occurs in response to resistance exercise. The basis for this assumption largely stems from
previous studies which have shown that models of chronic mechanical overload (e.g.,
synergist ablation) induce hypertrophy through a fully rapamycin-sensitive and mTORC1-
dependent process (2-4). However, using a rodent model of resistance exercise, we recently
discovered that rapamycin only partially inhibits the resistance exercise-induced changes in
protein synthesis and hypertrophy (5). Yet, pharmacological inhibition of all mTOR kinase
activity was able to completely block the resistance exercise-induced increase in protein
synthesis (6). These observations lead to our hypothesis that both rapamycin-sensitive and
rapamyecin-insensitive components of mTOR signaling contribute to the hypertrophic effects
of resistance exercise. In this review, we will: i) summarize the history behind the studies
which led to the assumption that resistance exercise-induced changes in protein synthesis
and hypertrophy are mediated by rapamycin-sensitive/mTORC1-dependent signaling events,
ii) inform the reader about the important differences that exists between mTORCL1 versus
mMTORC2 and rapamycin-sensitive versus rapamycin-insensitive components of mTOR
signaling, iii) summarize how rapamycin-insensitive components of mTOR signaling could
contribute to the hypertrophic effects of resistance exercise, and iv) highlight some of the
primary outstanding questions in this field.

RAPAMYCIN AND ITS MECHANISM OF ACTION

In 1965, an antifungal-antibiotic compound produced by microbes was discovered in the soil
on the island of Rapa Nui (Easter Island) and subsequently named rapamycin (7, 8). Several
years later, it was determined that rapamycin can form a complex with the FK506 binding
protein 12 (FKBP12), and that this complex enables rapamycin to function as a potent
immunosuppressant (8, 9). Moreover, it was shown that rapamycin can prevent the ability of
growth factors to induce an increase in the phosphorylation of the 70 kDa ribosomal protein
S6 kinase (p7056K), suggesting that rapamycin targets a kinase (10). In 1994, the kinase
responsible for rapamycin’s effect was discovered by several laboratories and given the
names: rapamycin target 1 (RAPT1); FKBP-rapamycin associated protein (FRAP); and
rapamycin and FKBP target 1 (RAFT1). Over time these names became standardized to the
mammalian target of rapamycin. However, in 2009, the gene name was officially changed by
the HUGO Gene Nomenclature Committee to the “mechanistic target of rapamycin”
abbreviated as “mTOR” (11).

Structurally, mTOR is a large protein consisting of 2549 amino acids, with a predicted
molecular mass of 289 kDa (12). However, size exclusion chromatography revealed that
mTOR had an apparent molecular mass of ~1-2 MDa, suggesting that mTOR exists within
large multi-protein complexes (13). Indeed, further biochemical and genetic analyses
revealed that mTOR exists within two functionally distinct protein complexes called mTOR
complex 1 (mTORC1) and mTOR complex 2 (mTORC2). As illustrated in Figure 1, the core
components of mMTORCL include the regulatory-associated protein of TOR (raptor), and the
mammalian lethal with sec-13 protein 8 (mLST8), whereas the core components of
mMTORC?2 include the rapamycin-insensitive companion of mTOR (rictor), the mammalian
stress-activated protein kinase interacting protein 1 (mSIN1) and mLST8 (14, 15).
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Importantly, although both complexes contain mTOR, only signaling by mTORC1 is
sensitive to the acute inhibitory effects of rapamycin (15, 16).

During the last few years a number of studies have been aimed at elucidating the structure of
the mTOR complexes (17-20). Based on these studies it has been concluded that mTORC1
is a lozenge shaped protein complex whose core components consist of two mTOR, two
raptor and two mLST8 molecules (Figure 1). It has also been shown that raptor recognizes
and delivers mTORC1-specific substrates to the catalytic domain of mTOR (19).
Furthermore, these studies have demonstrated that the FKBP12-rapamycin complex binds to
mTOR in a region that lies between raptor and mTOR’s catalytic domain. Combined, these
observations have helped to establish that the FKBP12-rapamycin complex does not directly
inhibit mTOR catalytic activity. Instead, it inhibits mMTORCL signaling by hindering the
ability of substrates to gain access to mTOR’s catalytic domain (18). However, it has also
been concluded that, in the presence of the FKBP12-rapamycin complex, ample space for
substrate association with the catalytic domain still exists (18) (See Figure 1). Thisis a
significant point because, as addressed later in the review, it potentially explains why
rapamycin inhibits some, but not all, mMTORC1-dependent signaling events. As illustrated in
Figure 1, mTORC2 also forms a dimeric structure, and the general shape of this structure is
quite similar to that of mTORC1 (20). Importantly, however, the combined presence of rictor
and mSIN1 sterically inhibits the ability of the FKBP12-rapamycin complex to bind to
mTOR (20). This is another noteworthy point because it helps to account for why rapamycin
does not exert an acute inhibitory effect on signaling by mTORC2 (15, 16).

DEFINING mTOR-DEPENDENT SIGNALING EVENTS: COMMON
MISCONCEPTIONS

Shortly after the discoveries of mMTORC1 and mTORC?2, it became widely assumed that
rapamyecin-sensitive signaling events are mediated by mTORC1, and that if a signaling event
was rapamycin-insensitive, then that meant that it was mediated by an mTORC1-
independent process. However, studies over the last decade have revealed that these
assumptions are not always correct. For instance, it is now known that rapamycin can
potently inhibit some, but not all, mMTORC1-dependent signaling events (21). As a case in
point, the phosphorylation of the T389 residue on p7056K and the T37/46 residues on elF4E
binding protein 1 (4E-BP1) are two of the most commonly used readouts of mMTORC1
signaling, and numerous studies have shown that rapamycin potently inhibits p70S6X1 T389
phosphorylation while only exerting a mild, and often undetectable, inhibition of 4E-BP1
T37/46 phosphorylation (5, 21). Evidence that rapamycin does not inhibit all mMTORC1-
dependent signaling events has also come from studies that employed inhibitors of mTOR
catalytic activity (e.g., PP242, Torinl, AZD8055). For example, in cells that lack ricto/
mMTORC2 (i.e., cells in which mTOR would presumably only be found in mMTORC1), it has
been shown that Torinl can inhibit protein synthesis to a greater extent than rapamycin (22).
Thus, when defining mTOR-dependent events, it is critical to appreciate that rapamycin-
insensitive does not necessarily mean mTORC1-independent.
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Another common misconception is that if a signaling event is rapamycin-sensitive, then that
means that it is mediated by mTORCL1. However, several studies have challenged the validity
of this assumption. For instance, it has been reported that both rapamycin, and the knock
down of mTOR, can potently inhibit the translation of 5’TOP mRNAs; yet, knocking out
raptor/mTORCL1 only slightly impairs the translation of these mMRNAs (23). Previous studies
have also revealed that myogenesis proceeds through a rapamycin-sensitive mechanism, and
that mTOR is the rapamycin-sensitive element that confers this event, but it does not require
raptor/mTORC1 (24). Finally, it has been shown that, even in the absence of raptor, mMTOR
can still induce changes in the phosphorylation of p7056K1 T389 through a rapamycin-
sensitive process (25, 26). Interestingly, the mechanism(s) behind these rapamycin-sensitive
but raptor/mTORC1-independent effects have not been defined, but one possibility is that
mTOR is capable of functioning in a monomeric state that remains rapamycin-sensitive.
Another noteworthy point is that high-dose/long-term administration of rapamycin can lead
to the disassembly and subsequent inhibition of MTORC?2, thus once again illustrating that
rapamycin-sensitive does not exclusively imply mTORC1-dependent (14). A summary of
the key points from this section are shown in Figure 2.

THE ROLE OF mTOR IN CHRONIC MECHANICAL OVERLOAD-INDUCED
HYPERTROPHY

In 1999, Baar and Esser published a study which demonstrated that a bout of resistance
exercise-like contractions in rats could induce an increase p70S¢K phosphorylation, and that
the magnitude of the increase in p7056K phosphorylation was highly correlated with the
induction of hypertrophy (27). In 1999, it was already well known that changes in p70S6K
phosphorylation are largely mediated through a rapamycin-sensitive mechanism, and hence,
the study of Baar and Esser effectively became the first to suggest that rapamycin-sensitive
signaling might play a role in resistance exercise-induced hypertrophy (27). In 2001, Bodine
et al. extended this concept by demonstrating that systemic administration of rapamycin (1.5
mg/kg/d) could prevent the increase p70S¢K phosphorylation that occurs in response to the
synergist ablation model of chronic mechanical overload (28). More importantly, this study
also demonstrated that rapamycin could prevent synergist ablation from inducing a
hypertrophic response. These observations were quickly confirmed by independent groups,
and paralleled by additional studies which indicated that the activation of rapamycin-
sensitive signaling was not only necessary, but also sufficient, for the induction of
hypertrophy (29, 30).

A key question that remained after these early studies was whether the anti-hypertrophic
effects of rapamycin were due to the inhibition of mTOR within the skeletal muscle cells or
the inhibition of MTOR in other cell types (e.g., immune cells, satellite cells). This was an
important question because rapamycin is a potent immunosuppressant, and several studies
had indicated that immune cells might be required for chronic mechanical overload-induced
hypertrophy (31). Thus, to address this question, we utilized a line of transgenic mice that
expressed a rapamycin-resistant mutant of mTOR exclusively within the skeletal muscle
cells (RR-mTOR) (2). Similar to the results of Bodine et al. (28), we found that rapamycin
(0.6, 1,0, and 3.0 mg/kg/d but not 0.3 mg/kg/d) could abolish the hypertrophic effects of
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synergist ablation in muscles from wild-type mice, but it did not prevent the induction of
hypertrophy in the muscles of RR-mTOR mice. Accordingly, it was concluded that signaling
through a rapamycin-sensitive component of mTOR, within the skeletal muscle fibers
themselves, is necessary for chronic mechanical overload-induced hypertrophy.

As detailed above, it has been widely assumed that rapamycin-sensitive means mTORC1
dependent. To test this assumption, Bentzinger et al. (2013) subjected constitutive skeletal
muscle specific raptor knockout mice (RAMKO) to synergist ablation and concluded that
raptor/mTORC1 was necessary for the induction of hypertrophy (3). However, the
interpretation of these results from this study are confounded by a number of traits that are
inherent to the RAmMKO mice. For instance, the muscles of RAMKO mice have a significant
reduction in mitochondrial content along with numerous signs of myopathy, including a
decrease in mass and fiber size (32). Moreover, the daily voluntary activity of RAMKO mice
is dramatically reduced when compared to control mice (32). The reduction in voluntary
activity is particularly problematic because, in the synergist ablation model, the amount of
mechanical overload that is placed on the muscles is directly proportional to the animals’
level of activity. Hence, the lack of a hypertrophic response in the RAMKO mice might have
simply resulted from an insufficient amount of mechanical overload being placed on the
muscles. Therefore, to overcome this limitation, we generated skeletal muscle-specific and
tamoxifen-inducible raptor knockout mice (4). These mice did not present with the
confounding traits of the RAMKO mice, yet consistent with the findings of Bentzinger et al.
(3), chronic mechanical overload-induced hypertrophy was completely abolished by the loss
of mMTORC1 (4). Thus, in models of chronic mechanical overload, it appears that rapamycin-
sensitive mTOR/mTORCL is fully required for the induction of a hypertrophic response. In
the next section, we will address whether the same point holds true in models of resistance
exercise.

THE ROLE OF mTOR IN RESISTANCE EXERCISE-INDUCED HYPERTROPHY

The results from studies that have employed models of chronic mechanical overload helped
to forge the concept that resistance exercise-induced hypertrophy is also mediated through a
rapamycin-sensitive mTOR/mTORC1-dependent process. In support of this notion,
numerous human studies have reported that resistance exercise robustly increases p70S6K
phosphorylation, and that the extent of the increase in p70S6K phosphorylation is strongly
correlated with the hypertrophy that occurs after repeated bouts of training (33).
Accordingly, it seemed safe to assume that just like chronic mechanical overload-induced
hypertrophy, resistance exercise-induced hypertrophy is also mediated through a rapamycin-
sensitive mTOR/mTORC1-dependent process. Indeed, this concept has been engrained in
the literature since the early 2000’s: yet, it wasn’t directly tested until 2016. Specifically, in
2016, we employed a rodent model of resistance exercise and, much to our surprise, we
found that rapamycin (1.5 mg/kg, 3 d/week) only partially (~50%) blocked the increase in
fiber cross-sectional area that occurred after 12 bouts of training (5). In other words, unlike
the results that have been obtained in models of chronic mechanical overload, the outcomes
of our study suggested that signaling by rapamycin-sensitive mMTOR/mTORCL is only
partially necessary for the hypertrophic effects of resistance exercise.
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RESISTANCE EXERCISE-INDUCED HYPERTROPHY: THINKING BEYOND
THE CLASSIC RAPAMYCIN-SENSITIVE mTOR/mTORC1-DEPENDENT
MECHANISMS

Protein Synthesis

Skeletal muscle mass is regulated by the balance between the rates of protein synthesis and
protein degradation (34). Previous studies have shown that resistance exercise increases the
rate of both protein synthesis and degradation, with the extent of the increase in protein
synthesis exceeding that of degradation (35). Thus, the increase in protein synthesis that
occurs in response to resistance exercise is considered to be a critical part of the process
through which resistance exercise induces hypertrophy.

As mentioned in the introduction, rapamycin-sensitive mTOR/mTORC1-dependent
signaling events have been widely implicated in the pathway through which resistance
exercise induces an increase in protein synthesis (36). In support of this point, Drummond et
al. (2009) reported that, in humans, the increase in protein synthesis that occurs during the
early recovery period (~2 h) after resistance exercise is completely inhibited by rapamycin
(approximately 0.15 mg/kg) (37). On the other hand, West et al. (2016) used a rat model of
resistance exercise to conclude that the increase in protein synthesis that occurs 18 h after
the bout of resistance exercise is largely rapamycin-insensitive (rapamycin dose was 1.5
mg/kg) (38). Using a different rat model, we have also found that the increase in protein
synthesis that occurs at later time points following a bout of resistance exercise is
rapamycin-insensitive (rapamycin dose was 1.5 mg/kg) (5, 6). With this model, we have also
used AZD8055 (an inhibitor of mTOR catalytic activity) to determine whether the
rapamycin-insensitive increase in protein synthesis is regulated by rapamycin-insensitive
mTOR. Importantly, the outcomes revealed that the increase in protein synthesis was
completely abolished by AZD8055 (6). Thus, it appears that resistance exercise can induce
an increase in protein synthesis through an mTOR-dependent process that involves both
rapamycin-sensitive and rapamycin-insensitive signaling events (6).

Currently, the rapamycin-insensitive components of mTOR signaling that contribute to the
resistance exercise-induced increase in protein synthesis are not known. However, one
possibility is that these components involve rapamycin-insensitive mMTORC1-dependent
signaling events. For instance, the regulation of 4E-BP1 phosphorylation by mTORCL is
well known for its ability to control protein synthesis and, as mentioned at the beginning of
this article, many of the phosphorylation sites on 4E-BP1 are regulated through a rapamycin-
insensitive but mTORC1-dependent process (6). Another potential rapamycin-insensitive
component of mMTOR involves the regulation of eEF2 T56 phosphorylation. Specifically,
eEF2 T56 phosphorylation can inhibit the elongation phase of protein synthesis, and we
have determined that resistance exercise induces a decrease in eEF2 T56 phosphorylation
through a mechanism that is rapamycin-insensitive but completely abolished by AZD8055
(6). Accordingly, we suspect that an mTORC1-independent decrease in eEF2 T56
phosphorylation might be one of the rapamycin-insensitive components of mTOR signaling
that regulates the resistance exercise-induced increase in protein synthesis; however, this
hypothesis requires further investigation.
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The possibility that protein synthesis can be regulated through an mTORC1-independent
mechanism is further highlighted by recent work from our lab which demonstrated that both
intermittent passive stretch, as well as chronic mechanical overload, can induce an increase
in protein synthesis despite the tamoxifen-induced KO of skeletal muscle raptor and,
therefore, the loss of mMTORCL (4). Although it’s possible that a residual amount of raptor
(and thus mTORC1) may have still been present in these muscles, and that this residual
raptor was sufficient to elicit a robust increase in protein synthesis, this possibility seems
unlikely. Instead, it is our conviction that mTORC1-independent mechanisms contributed to
the increase in protein synthesis.

Finally, recent studies have suggested that mMTORC2 might regulate protein synthesis via a
mechanism that involves the transcription factor c-Myc (39), and thus, a potential role for
mMTORC2 in the resistance exercise-induced increase in protein synthesis should also be
considered.

Protein Degradation

In addition to its widely appreciated role in the regulation of protein synthesis, signaling by
mTOR can also play a prominent role in the regulation of protein degradation. Indeed,
previous non-muscle studies have reported that the mTORCZ can have both positive and
negative effects on protein degradation (40, 41). In skeletal muscle, the sustained long-term
activation of mMTORC1 induced by the deletion of the mTORCL inhibitor, tuberous sclerosis
complex (TSC), activates the ubiquitin-proteasome system (UPS) (3) and accelerates
denervation-induced atrophy (42). Although these muscle studies suggest that signaling by
mTOR activates the UPS, this effect may be secondary to other deleterious effects of
sustained long-term mTOR activation, a condition that would not occur in response to
resistance exercise training. Nonetheless, it is currently unknown if mTOR signaling
regulates the UPS in response to acute or chronic resistance exercise.

Another cellular process involved in protein degradation is autophagy and it is well known
that mMTORC1 can inhibit autophagy through a mechanism that involves phosphorylation of
the S757 residue on ULK1 (43). Interestingly, work from our group has shown that
resistance exercise induces an increase in ULK1 S757 phosphorylation through a
mechanism that is rapamycin-insensitive, yet completely abolished by AZD8055 (5,6).
Thus, a rapamycin-insensitive component of mTOR signaling might help to repress the
induction of autophagy that occurs after a bout of resistance-exercise (44).

Recent studies have also indicated that mTORC2 can regulate protein degradation via
control of the UPS. For example, it is known that members of the forkhead box O family of
transcription factors (FoxO) play a prominent role in the regulation the UPS, and that the
transcriptional activity of FoxO’s (e.g., nuclear localization) is potently regulated by protein
kinase B (Akt) (45). Furthermore, it has been shown that the S473 phosphorylation/activity
of Akt can be regulated by mTORC2, and that the knockdown of rictor/mTORC2 leads to
nuclear accumulation of FoxO3 in skeletal muscle (46). Thus, a potential role for mMTORC2
in the regulation of UPS must be acknowledged. Moreover, recent studies have indicated
that rapamycin-sensitive components of mTOR signaling can also regulate the activity of the
UPS (47). Based on these points, it’s surprising that no studies have directly examined the

Exerc Sport Sci Rev. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ogasawara et al.

Page 8

role that mTOR plays in the regulation of protein degradation following resistance-exercise,
and this will certainly be an area that is worthy of further investigation.

Other Metabolic Pathways

When considering the potential role that mTOR plays in regulation of resistance exercise-
induced hypertrophy, one should also remain cognisant of the effect that mTOR signaling
can have on a variety of different metabolic pathways. For instance, signaling through
rapamycin-sensitive mTOR/mTORC1 has been shown to regulate the synthesis of the lipids
that would be required for the expansion of the cell membrane. Furthermore, the synthesis of
the nucleotides that would be required for the formation of new ribosomes as well as the
transcription of both mitochondrial and nuclear DNA are also regulated by rapamycin-
sensitive mMTOR/mTORCL (48).

In addition to rapamycin-sensitive mMTOR/mTORCL, signaling by mTORC2 can also play a
prominent role in the regulation of metabolism. For instance, it has been shown that a single
injection of AZD8055, but not rapamycin, can transiently lower the respiratory exchange
ratio and induce insulin resistance (49). The same study also demonstrated that the
incubation of isolated skeletal muscle strips with AZD8055, but not rapamycin, blocked
insulin-stimulated Akt S473 phosphorylation and reduced insulin-stimulated glucose uptake
(49). Consistent with the effects of AZD8055, mice with skeletal muscle specific knockout
of rictor/mTORC2 display increased whole-body fat oxidation, increased intramuscular TG
storage, and a decreased ability to stimulate muscle glucose uptake in vivo (49, 50). Thus,
when considering previous studies which have shown that: i) the activity of mTORC2 can be
inhibited by AZD8055; ii) the S473 phosphorylation/activity of Akt can be regulated by
mTORC2; and iii) the activity of Akt mediates many of the actions of insulin and is required
for insulin-stimulated glucose uptake in skeletal muscle, it would appear that inhibition of
mTORC2 -> Akt signaling could explain the effects that AZD8055 exerts on metabolism.
However, the skeletal muscle specific knockout of rictor/mTORC?2 only reduces insulin-
stimulated glucose uptake at a submaximal, but not maximal insulin, concentrations (51). In
contrast, AZD8055 can inhibit maximal insulin-stimulated glucose uptake (49), which
suggests that AZD8055 might alter substrate metabolism through mechanisms that extend
beyond the inhibition of the mTORC2->Akt signaling. Regardless of this possibility, it is
apparent that rapamycin-insensitive components of mTOR signaling (e.g., signaling by
mTORC?2) can play an important role in the regulation of metabolism.

Another important aspect of an mTORC2 signaling relates to its ability to control the
activity of c-Myc (39). In fact, we find the link between mTORC2 and ¢c-Myc to be
particularly intriguing because c-Myc is often described as a “master regulator” of the
metabolic processes that support cellular growth such as nucleic acid, lipid and protein
synthesis (52). Moreover, previous studies have shown that the expression of c-Myc is
increased by resistance exercise in both humans and rodents, and its induction can be
blocked by long-term, but not acute, rapamycin injections (5). As noted in section 11, long-
term administration of rapamycin can inhibit mTORC2 signaling (14), and thus, it’s
tempting to suggest that the resistance exercise induced increase in c-Myc might be driven
by an mTORC2-dependent mechanism. Finally, a recent study that compared the
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phosphoproteome of wild type and skeletal muscle specific rictor knockout mice following a
bout of endurance exercise revealed the mTORC2 likely controls the phosphorylation of a
large number of previously unrecognized substrates (53). Considering this point, along with
other studies which have implicated mTORC?2 in the regulation of metabolism and overall
cellular growth (54), it is easy to envision that mMTORC2 might play an important role in
resistance exercise-induced hypertrophy.

CONCLUSION

In contrast to the current dogma, recent studies have indicated that both rapamycin-sensitive
and rapamycin-insensitive components of mMTOR signaling contribute to the hypertrophic
effects of resistance exercise. Additional studies will be needed to address this novel
concept.
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Key Points:

Resistance exercise induces hypertrophy through a mechanism that is, at least
in part, dependent on an increase in the rate of protein synthesis.

A long-standing contention in the field is that the rapamycin-sensitive
components of mTOR signaling are necessary for a resistance exercise-
induced increase in the rate of protein synthesis. However, a number of recent
studies have demonstrated that this is not always the case. In fact, an
emerging body of evidence suggests that rapamycin-insensitive components
of mTOR signaling play a key role in this process.

In this review we will summarize the evidence which indicates that
rapamycin-insensitive components of mTOR signaling could play a key role
in the pathway through which resistance exercise induces an increase in
protein synthesis and the concomitant hypertrophic response.
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Figure 1.
The web-based version of iCn3D was used to visualize and compare the structures of

mechanistic target of rapamycin complex 1 (mMTORC1) and mTORC2 that were reported by
Aylett et al., 2016 (17) and Chen et al., 2018 (20), respectively. Both mTORC1 and
MTORC2 are composed of two mTOR (gray) and two mLST8 (blue) molecules. The
defining feature of mMTORCL is the presence of two raptor molecules (green) which deliver
mTORC1-specific substrates to the catalytic domain of mTOR. The FKBP12-rapamycin
complexes (red) bind to mTOR in the region that lies between raptor and mTOR’s catalytic
domain, blocking access of some, but not all, of MTORC1’s substrates to the catalytic
domain. The defining feature of mMTORC?2 is the presence of two rictor (yellow) and two
mSIN1 (purple) molecules which sterically inhibit the ability of FKBP12-rapamycin
complexes to bind to mTOR.
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Figure 2.
Overview of the signaling events that are mediated by the different mechanistic target of

rapamycin (MTOR) complexes, along with the sensitivity of these events to rapamycin and
inhibitors of mTOR catalytic activity. Dashed line indicates an indirect affect.
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