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mTOR is an atypical serine/threonine 
kinase

http://www.cellsignal.com/common/content/content.jsp?id=kinases-human-protein

PDB: 4JSV

http://www.cellsignal.com/common/content/content.jsp?id=kinases-human-protein


mTOR forms the catalytic core of two 
complexes

Laplante, M. & Sabatini, D. M. mTOR signaling in growth control and disease. Cell 149, 274–293 (2012).



mTOR forms the catalytic core of two 
complexes

MTORC1 MTORC2

Laplante, M. & Sabatini, D. M. mTOR signaling in growth control and disease. Cell 149, 274–293 (2012).



mTORC1 controls a number of 
important processes 

Laplante, M. & Sabatini, D. M. mTOR signaling in growth 
control and disease. Cell 149, 274–293 (2012).



MTOR Mutations Across Cancer Types

Cancer type

Mutation data

CNA data
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MTOR Mutations occur throughout 
the protein

0 400 800 1200 1600 2000 2400 2549 aa

# 
M

ut
at

io
ns

MTOR S2215F/Y

DUF.. FAT PI3..
0

>8



MTOR Mutations Are prevalent in clear 
Cell Renal Cell Carcinoma (ccRCC)

Xu et al., in press

standard of care for ccRCC 
patients is rapalog treatment, 

but there is no molecular 
mechanism to explain 

heterogenous response to 
these treatments 



mTOr missense mutations are hyper 
activating 

Xu et al., in press



Some Double mutation combinations 
are cooperative

Xu et al., in press



Can we Dissect different mechanisms 
of activation?

clinical  
mutations

Crystal 
Structure

Automated  
setup of  

single and 
double  
mutant 

runs F=ma

massively 
parallel 

simulations on 
Folding@home

Contact analysis 

Markov State 
Models

Adapted from Danny Parton

45 kinase domain 
mutants 

190 Kinase+Fat 
domain mutants



Can we detect local structural 
changes in the mutants?

2

1
PDB: 4JSV

PDB: 4JSV

Xu et al., in press

2

1



Can we detect local structural 
changes in the mutants?



Do mutants affect DFG-in vs. Out 
conformation? 

kinase domain kinase+FAT domain



Hyperactivating mutations may perturb population 
of structural conformations

PDB: 4JSV



Hyperactivating mutations may perturb population 
of structural conformations

dist 1

dist 2 dist 3

PDB: 4JSV



Hyperactivating mutations may perturb population 
of structural conformations

PDB: 4JSV



Future Directions: What other coordinates can we 
look at to dissect mechanisms of activation?

Look at hypotheses for 
regulation: substrate 
access and helix packing 
(shown in red) 

PDB: 4JSV



Future Directions: Build an MSM of WT mTOR for 
both kinase domain and kinase+FAT domain

massively parallel 
simulations on 
Folding@home

MSMs

Create atlas of 
mTOR domain 
conformations 

Use alchemical free energy 
calculations to examine the 
effect of mutants on the stability 
of specific conformations

Lee and Craik, 2009



First pass mTOR Kinase domain MSM



First pass mTOR Kinase domain MSM



First pass mTOR Kinase domain MSM



First pass mTOR Kinase domain MSM



First pass mTOR Kinase domain MSM



First pass mTOR Kinase domain MSM



Can we choose better starting 
configurations for large loops?

~2000 iterations of SAMS



Future directions
• Important to find good parameters to identify active 

conformations of motor 

• looking at PIKK-family of kinases might be a good place to start  

• need to build a better Msm for the kinase domain alone- will be 
aided by having all of my data present  

• Need to build an MSM+FAT domain MSM and investigate good ways to 
compare MSMS for different constructs 

• work on convincing someone to assay kinase activity for kinase 
domain alone and compare to kinase+FAT construct
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Cover story of Chemical 
and Engineering News this 
week 


