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MTORC1 in the Center of the Celluar Response to Stress
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Diseases Linked to Dysregulated mTOR Signaling
and Corresponding Affected Organs

\_
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MTORC1 Signaling Pathway and Disease Implications
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B = factors involved in cancer
= factors involved in metabolic diseases
= factors involved in neurclogical diseases
W = factors involved in inflammatery diseases
B = factors involved in cancer, metabolic, neurological and inflammatory diseases
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Many Upstream TORC1 Regulators are Tumor
Suppressors
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TORC1 Pathway — Complex Network

Rapamycin 4 Stress Nutrients ()
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Amino Acid Sensing and TORC1 Pathway
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Amino Acids

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

Minimizing translation enables aminoacids to be used as energy source.
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Yeast can produce all amino acids de novo

Essential Amino Acids

Human — need to take essential amino acids with food

Conditionally
Essential ;
Nen-Essential
Histidine Arginine
_ Isoleucine | Asparagine
Leucine | Glutamine

b - ‘
|_Methionine * Glycine
| Phenylalanine | Proline
| Threonine Serine

Tryptophan Tyrosine
Valine

Lysine

Non-Essential

Alanine
Asparatate
Cysteine

|
i
i
| Glutamate

Essential Amino Acid Mnemonic
Private Tim Hall => PVT TIM HALL

P.V.T.
* P = Phenylalanine

s V- Valine
e T - Threonine

T.L.M.

e T - Tryptophan
s [ - Isoleucine
* M - Methionine

H.A.L.L.
* H - Histidine
s A - Arginine*
e L - Leucine
e L - Lysine
* Only essential during (+)Nitrogen Balance
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GCN2 Sensing (Intracellular)

Translation
initiation

- 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 — elF2a

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
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Regulation of the TORC1 Stress Response Pathway

Amino acids
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TORC1 is conserved

S. cerevisiae S. C. D. C. T. A. C. D. Mammals
pombe albicans discoideum reinhardtii brucei thaliana elegans melanogaster
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GTPases are Important in TORC1 Regulation
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Amino Acid Sensing at the Vacuole / Lysosome

YEAST +amino acids MAMMALS
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Amino Acids Sensing — Even More Complicated

/ RagC) (Ragh)
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TORC1 pathway is regulated by GCN2 during amino-
acid deprivation

D Amino Acid Deprivation
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SEA Complex Function — Regulates TORC1 pathway
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Algret et al., Mol.Cell Proteomics, 2014

¥*
Dokudovskaya & Rout, J.Cell Science, 2015 =

wwwwwwww Signalisation

G *(- Noyaux
R 0 U S Sy k Innovations

= Cancérologie
UMR 8126

FACULTE
DE MEDECINE




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

NPC:

-50 MDa

-480 proteins

of ~30 different types

Ribosome:

-2 MDa

-80 proteins,

-3 RNAs
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Identification of the SEh1 Associated Complex
(SEA Complex)
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Dokudovskaya et al., Nature, 2007
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SEA Proteins are Localized Around Vacuole Membrane
SEH1 SEA1 NPR2

DIC
GFP
Sum
=
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The SEA Complex

Structure
Sehl
Secl13
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complex Sea3
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Sea proteins are ancient, non-essential, but conserved
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The SEA Complex Belongs to a Superfamily of
Coating Complexes Involved in Membrane Trafficking

Complex Proteins Structure
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SEA Complex Structure — Integrative Approach

l. Immunoprecipitations

NMR Titrations  Cross-linking RDC, PCS Bioinformatics
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SEA Complex Interconnectivity
Il. Cross-links
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SEA Complex Structure — Integrative Approach

Experimental data

Statistical inference and physical principles

Protein and domain

interactions
23 affinity purifications

Gathering Residue-spgdﬁc
> Cross-linking
Data =
45 inter-molecular and
143 intra-molecular cross-links

l l

Inter- and intra-molecular
distance restraints
(residue level)

Domain connectivity
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Representing
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Random configurations
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Algret et al., Mol.Cell Proteomics, 2014
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SEA Complex Structure — a First Topological Map

A Topological Map
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SEA Complex Function — Regulates TORC1 Pathway
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A SEA Complex Mitochondria Contaminants
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Function of the SEA Complex:
Nitrogen Starvation and Autophagy

Npr2ANpr3A

WT cells Cells with deletion
of NPR2 or NPR3

DIC
\
Rich Media
1@ o !
X 0P .3;“@9.3?9
Nitrogen ’ o N s O
Starvation t(min) o @ PP 2SS ¢ o SP

.

e GFP-ALS wmwrem e ——— e -
GFP - ———— ————-— —— -
=
UNIVERSITE . -
SPARIS GUSTAVE / (- ggnaﬂ;satlnn
S R 0 U S Sy * Innovations
FACULTE \ k « Cancérologie
DE MEDECINE T / = UMR 8126




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

SEACAT GATOR2 E Beta Propeller . Longin Domain
Sead Mios % Alpha Solenoid . Cdc48-like Domain
Ring Domain vWA-like Domain
Sea2 Wdr24 0 .
@ Disorered / Unknown ‘ DEP Domain
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Sec13 Sec13 NS
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SEACIT GATOR1 Tumor suppression;
Lung cancer, ovarian cancer,
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N pr3 N prl 3 Resistance to anticancer drugs
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DEPDC5
Seal/Iml1 Depdc5 == Glyoblasoma, ovarian cancer
20 nm Familial focal epilepsy
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Human Chromosome Region 3p.21.3
Contains Tumor Suppressor Genes

l 3p12 I3p14.1l

NCI-H1450 (750 kb)
D e e T e TP P L PR P TR R >

Grrnrrnnrnnns // NCI-H740 (1.5 Mb) >

.(HCC1500(220 kbl.y,
120 kb 5

SEMA3B SEMA3F
l G17

HYAL3

3pk HEMK C.Ei'\CI\ A2D2 101F6 BLU HE’YAL‘I G16

CISH G20 PL6 G21 lFUS2 SM15 GNAH GNATI Gi5
2 5 e A2 3 2| = |3 2 ~ =222 28 2 28 83 2 2
§§§§mmsa§§§§ E 55558 83g=8¢8¢8E
S = B = AF040709 = = = 5 = 3 s 2 O3 O = o - S 3 3
2 % % 2 % |3 % L% o2 @

= =53 AF740703 e =2 S

b E 5 AF02770 S s 3

= AF102771 S 2

< AF102772 <

=
NPRL2/TUSC4 gy @ ousTAVE/  (ffEee
y

R 0 U S SY Innovations

» Cancérologie
FACULTE CANCER CAMPUS / \ 2 &
GRAND PARIS

DE MEDECINE

UMR 8126




NPRL2 - a Novel Tumor Suppressor

Important for the Success of the Cisplatin Treatment

Anticancer Drug Resistance Induced by Disruption of the
Saccharomyces cerevisiae NPR2 Gene: a Novel Component
Involved in Cisplatin- and Doxorubicin-Provoked Cell Kill

PAUL W. SCHENK, MARIEL BROK, ANTONIUS W. M. BOERSMA, JOURICA A. BRANDSMA, HANS DEN DULK,
HERMAN BURGER, GERRIT STOTER, JAAP BROUWER, and KEES NOOTER

Sechon of Exparimental Chemotharapy, Department of Madical Oncolagy, Erasmus Unansly Medica Canter Roftarcam, Jasephing Nefkans
Institute, Rofterdam, the Netharands (P.W.S, MB, AWMBE,K HB, G5, KN} and Medical Ganetics Cantre Scuth-West Nethariands,
Department of Molecular Ganencs, Ladien Institude of Chamislry, Gorlseus Laboratones, Ladon Unwarsily, Leidan, the Nethordands (JAB.
HDD, J8)
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The 3p21.3 Tumor Suppressor NPRL2 Plays an Important
Role in Cisplatin-Induced Resistance in Human

Non-Small-Cell Lung Cancer Cells Cancers
Kentaro Ueda, Hiroyuki Kawa‘shimn.‘ Shuic‘hiro (}hlani.'.“'u-(;uo Deng, . Main Category: Lung Cancer
Murali Ravoori, Jim Bankson, Boning Gao, Luc Girard, John D. Minna, Also Included In: Cancer / Oncology, Clinical Triais / Crug Tnals
Jack A. Roth,’ Vikas Kundra,” and Lin Ji' Artice Date: 21 Nov 2008 - 0:00 PDI
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Introgen's Novel Nanoparticle Tumor Suppressor NPRL2
Shows Promise In The Treatment Of Drug Resistant
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