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The Amino Acid Sending Pathway Upstream of mTORC1

Schematic detailing key molecular players in the nutrient sensing branch upstream of mTORC1

• Sestrins (Sesn1/2/3) are a small family of stress-inducible proteins that impact multiple biological processes

including oxidative stress, the DNA damage response, metabolic homeostasis and mTORC1 signaling.

• Sestrins directly bind and inhibit GATOR2 thus, releasing its inhibition of the GAP-activity of GATOR1 resulting in

inhibition of mTORC1.

• Biophysical evidence indicates that leucine binds directly to Sestrin2 inducing disassociation from GATOR2

restoring inhibition of GATOR1 and resulting in activation of mTORC1 signaling.

• The pharmacological modulation of the mTOR pathway holds promise in a wide range of therapeutic indications and

has almost exclusively centered on inhibitors, however the discovery and utility of pharmacological activators of

mTORC1 pathway signaling has remained unexplored.

• Suppressed mTORC1 signaling has been mechanistically linked to diseases such as major depressive disorder

(MDD) and multiple literature reports have demonstrated that the therapeutic efficacy of NMDA receptor modulators

such as ketamine and rapastinel in animal models of depressive behavior is dependent upon mTORC1 activation in

the areas of the brain responsible for mood such as the medial pre-frontal cortex (mPFC).

• Although ectopic activation of mTORC1 in peripheral tissues can be accomplished by administering a large dose of

exogenous leucine, mTORC1 signaling in the CNS remains refractory likely due to the rapid turnover and buffering

of leucine in the brain.

• The discovery of Sestrin1 and 2 as a specific leucine sensor upstream of mTORC1 provided a unique opportunity to

develop drug-like small molecule compounds that selectively activate mTORC1 pathway signaling via the binding to

this leucine sensor.

• Herein, we describe a novel brain-penetrant Sestrin2-binding ligand NV-5138 which is capable of mediating the

activation of mTORC1 pathway signaling in vitro and in vivo.

INTRODUCTION

Sestrin1 and Sestrin2 mRNA are present in neurons 

a. RNA in situ hybridization for Sestrin1 (red) and Sestrin2 (red) shows clear expression and co-localization with the

neuronal marker NeuN (turquoise) in multiple regions of the brain. Representative images are shown for the prefrontal

cortex (PFC), hippocampus (Hippo), striatum (St) and cerebellum (CB). Within the hippocampus, the dentate gyrus (DG)

and cornu ammonis (CA) fields CA1, CA2 and CA3 are shown. RNA in situ hybridization for NeuN/Sesn1 and

NeuN/Sesn2 mRNA was performed on automation using the RNAscope® Reagent Kit (Advanced Cell Diagnostics, Inc.,

Newark, CA). Samples were counterstained with Gill’s Hematoxylin. Brightfield images were acquired using an

AperioAT2 digital slide scanner equipped with a 40X objective.

b. Quantification of Sestrin1, Sestrin2 and NeuN in multiple area of the brain of 2 rats showing specific expression of

Sestrin1 and 2 mRNA in neurons.

b

NV-5138 activates mTORC1 by modulating the 

interaction between Sestrin2 and GATOR2

a. Immunoblotting of Sesn2 from the in vitro

Sesn2/WDR24 PPI assay. Flag-WDR24 is

immunoprecipitated from amino acid-starved Flag-

WDR24 expressing HEK-293T cells, resuspended in

cytosolic buffer and NV-5138 or leucine (10 µM) is

added for 10 min.

b. Dose-dependent activation of mTORC1 by NV-

5138 or leucine correlates with disruption of Sesn2

from Flag-WDR24. Flag-WDR24 expressing HEK-

293T cells were starved of leucine for 50 min

followed by addition of NV-5138 or leucine for 10

min. Immunoblot shows levels of Sestrin2 bound to

immunoprecipitated Flag-WDR24 and levels of

phosphorylated S6K1 (389pS6K1).

c. Immunoblots of phosphorylated S6K1 (389pS6K1)

to measure mTORC1 activity in unedited HEK-293T

cells, HEK-293T cells deficient for sestrins 1,2 and 3.

Cells were starved for Leucine for 50 min followed by
addition of NV-5138 or leucine for 10 min.

a. Quantification of immunoblots

for phosphorylated S6

(S240/44) from homogenized

whole brains isolated from SD

rats 1 h after oral dosing with

NV-5138 at 40 mg/kg, 80 mg/kg

or 160 mg/kg (n=5).

b. Quantification of immuno-

blots for phosphorylated S6

(S240/44) from homogenized

whole brains isolated from SD

rats 1, 3, 5, 7 and 24 h after oral

dosing with NV-5138 (160

mg/kg) (n=10).

c. Quantification of immunoblots

for phosphorylated S6

(S240/44) from homogenized

tissues from ad libitum fed SD

rats orally dosed with leucine

(500 mg/kg) or NV-5138 (160

mg/kg) and sacrificed 1 h later

(n=10).

All data are mean ± SEM.

*p<0.05, **p<0.01, ***p<0.001

and ****p<0.0001 indicates a

significant difference by an

unpaired two-tailed students t-

test.

NV-5138 transiently activates mTORC1 in the brain 

NV-5138 activates mTORC1 in multiple brain regions 

and induces synaptic protein production in mPFC

a. Quantification of immunoblots for phosphorylated S6 (S240/44) from synaptoneurosomes from specific brain regions

after dosing with vehicle or NV-5138 (160 mg/kg, PO) for 1 h (n=20).

b. Quantification of immunoblots for Synapsin 1, GluR1 and PSD95 from homogenized synaptoneurosomes from mPFC

collected from SD rats 24 h after dosing with vehicle or NV-5138 (160 mg/kg, PO, n=10).

c. Quantification of immunoblots for Synapsin 1, GluR1, PSD95, and SV2A from homogenized synaptoneurosomes from

mPFC collected from SD rats 72 h after dosing with vehicle or NV-5138 (160 mg/kg, PO, n=10).

All data are mean ± SEM. *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001 indicates a significant difference by an

unpaired two-tailed students t-test.
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mTORC1 activation leads to increase of spine density 

in mPFC and Hippocampus
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Hippocampus
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a. Representative superresolution laser-scanning

confocal micrographs. Micrographs were collected

from dendritic samples using superresolution

microscopy. Figures show example dendritic

samples from medial prefrontal cortex (mPFC) and

dorsal hippocampus (Hipp). (a, b) Magnified views

showing dendritic spines. Dendritic spine classes

can be observed for thin (red arrow), mushroom

(blue arrow), and stubby (yellow arrow) spines.

Identified spine examples are shown magnified at

3X.

b and c. Dendritic spine density using the Afraxis

ESP dendritic spine analysis platform in mPFC (b)

and Hippocampus (c). Analysis conducted on 1

dendritic segments from neurons within the medial

pre-frontal cortex (b) and from neurons within the

dorsal hippocampus (c). Left plot: Group means

(±SEM) are shown. Spine categories were derived

from raw spine feature measurements. Right plot:

Total spine density values are shown for each

dendritic segment. All data are mean ± SEM.

*p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001

indicates a significant difference by an unpaired

two-tailed students t-test.
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- Sestrin1 and Sestrin2 mRNA  are present in neurons

- NV-5138 activates mTORC1 both in vitro and in vivo

- NV-5138 transiently activates mTORC1 in peripheral tissues and in different regions of     

the brain, in contrast to leucine

- Transient activation of mTORC1 in neurons induces synaptic protein synthesis as well 

as spine formation in mPFC and hippocampus up to three days after dosing

- NV-5138 is the first selective orally available mTORC1 activator that is brain penetrant. 

The specificity, drug-like properties and high CNS penetrance of NV-5138 make it an ideal 

compound to evaluate in CNS diseases linked to reduced mTORC1 pathway activation 

including depression, cognition, learning, and memory.

CONCLUSION
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