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mTORC1 in the Center of the Celluar Response to Stress



Diseases Linked to Dysregulated mTOR Signaling 
and Corresponding Affected Organs



mTORC1 Signaling Pathway and Disease Implications



Oxygen 

VHL 
Growth factors 

PTEN 

Energy 

LKB1 

Amino acids 

NPRL2 

Protein biosynthesis 

Autophagy 
Growth Metabolism 

Cell cycle progression 

Mitogens 

NF1 
DNA damage 

p53 mTORC1 

Many Upstream TORC1 Regulators are Tumor 
Suppressors



TORC1 Pathway – Complex Network



Amino Acid Sensing and TORC1 Pathway
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Amino Acids

Minimizing translation enables aminoacids to be used as energy source.

AA – most abundant macromolecules in the cell

Low AA – cells mobilize proteasome and autophagy to produce the stock of aa,
those aa are used for the production of proteins required for survival during nutrient deprivation

Low AA, prolonged starvation – cells can also use the stock of aa for the production of other
forms of energy – e.g. glucose, ketons



Essential Amino Acids

Yeast can produce all amino acids de novo

Human – need to take essential amino acids with food



GCN2 Sensing (Intracellular)

- Prokaryotes do not have GCN2, but use the same strategy of sensing of uncharged tRNA,
which bind directly to ribosomes, stimulate production of odd nucleotides, which repress
synthesis of rRNA and tRNA and activate aa biosynthetic genes

- Yeast: GCN2 binds uncharged tRNA (any!), 
so if 19 are abundant and one is scarce it will detect it anyway
Binding triggeres GCN2 homodimerization, autophosphorylation 
and phosphorylation and, as a consequence, inhibition, of its only substrate – eIF2a

At the same time, while the majority of mRNA are repressed , 
mRNA encoding GCN4 transcrition factor is derepressed and this GCN4 can now bind and activate transcription 



Regulation of the TORC1 Stress Response Pathway
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TORC1 is conserved



GTPases are Important in TORC1 Regulation
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Amino Acid Sensing at the Vacuole / Lysosome
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Amino Acids Sensing – Even More Complicated

- TORC1 activation without RAGs
- TORC1 Activation at Golgi



TORC1 pathway is regulated by GCN2 during amino-
acid deprivation
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SEA Complex Function – Regulates TORC1 pathway

Algret et al., Mol.Cell Proteomics, 2014
Dokudovskaya & Rout,  J.Cell Science, 2015
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100 nm

ribosomeNPC

NPC:
-50 MDa
-480 proteins
of ~30 different types

Ribosome:
-2 MDa
-80 proteins,
-3 RNAs

« SEA Begins Where the Land Ends » – Nuclear Pore Complex



Identification of the SEh1 Associated Complex
(SEA Complex)

Dokudovskaya et al., Nature, 2007
Dokudovskaya et al., Mol.Cell.Proteomics, 2011
Dokudovskaya et al., Autophagy, 2011



SEA Proteins are Localized Around Vacuole Membrane

Dokudovskaya et al., Mol.Cell.Proteomics, 2011
Dokudovskaya et al., Autophagy, 2011
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The SEA Complex

Sea proteins are ancient, non-essential, but conserved



The SEA Complex Belongs to a Superfamily of 
Coating Complexes Involved in Membrane Trafficking



SEA Complex Structure – Integrative Approach

1:  Sea4-PrA
2:  ΔSea3, Sea4-PrA (75 mM NaCl)
3:  ΔSea3, Sea4-PrA (300 mM NaCl)
4:  Sea3-ΔRing-PrA

I. Immunoprecipitations

Algret et al., Mol.Cell.Proteomics, 2014



SEA Complex Interconnectivity 
II. Cross-links

Npr2 

Npr3 

SEA1 

SEA3 

SEA2 

SEA4 

Sec13 
Seh1 

  0               400            800          1,200          1,600 

Ruler (amino acid) 

SEA4&forms&a&dimer&
with&Seh1&&

The&interac@ons&
between&SEA2,&SEA3/
Sec13&and&SEA4/Seh1&
strongly&depend&on&
the&CKterminal&RING&

domain&&

Two&subunits&&
1. SEA1,$Npr2,$Npr3$
2. SEA3/Sec13,$SEA4/

Seh1,$SEA2$

The&connec@on&
between&these&two&
subunits&happens&via&
Npr3/SEA1&and&NK
terminal&part&of&SEA3&&

SEA3&forms&a&
dimer&with&Sec13&&



SEA Complex Structure – Integrative Approach

Algret et al., Mol.Cell Proteomics, 2014



SEA Complex Structure – a First Topological Map

Algret et al., Mol.Cell Proteomics, 2014
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SEA Complex Function – Regulates TORC1 Pathway

Algret et al., Mol.Cell Proteomics, 2014



Function of the SEA Complex:
Nitrogen Starvation and Autophagy 



The GATOR Complex – Mammalian Homologue of the SEA Complex:
Deregulation in Cancer and other Diseases

Algret &Dokudovskaya, Biopolymers and Cell, 2012
Dokudovskaya & Rout,  J.Cell Science, 2015



NPRL2 / TUSC4

Human Chromosome Region 3p.21.3 
Contains Tumor Suppressor Genes



NPRL2 – a Novel Tumor Suppressor
Important for the Success of the Cisplatin Treatment
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