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Overview
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to regulate Ub-mediated processes

> several human diseases are cause by defective recognition
of Ub modifications by Ub receptors

> targeting the affected Ub-mediated process may
represent an appropriate therapeutic strategy

> mass spectrometry can be used to probe and screen for
Inhibitors of Ub receptor interactions



The complexity of polyubiquitin PTMs
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Ubiquitin _-mediated process

ubiquitin

e.g. proteasomal degradation
e.g. NF-kB signalling
Ub-binding uqu%t[&l ADOi &% intracellular trafficking
Eelel e.g. DNA repair
e.g. autophagy
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C-terminus of ubiquitin
(covalent isopeptide bond)

= lysine
residue



Ub receptors control every aspect of cellular physiology
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Ubiquitin signalling by ubiquitin-binding domains

Nicola Crosetto, David Komander and Ivan Dikic

Ubiquitin is & post-translational modifier that forms multiple signals, or

‘molecudar barcodes', on cellular proteins to specify different functional outpets.
Such barcodes range from single imonoubiguitylation) or multiple (mltiple
monoubiquitylation) ubiguitin moleties to ublguitin chains (polyubigquitylation)
of different type and length, covalently attached onto specific Lys residues in
given protein substrates. Once formed, these signels are ‘read’ non-covalently
by specialized ubiguitin-binding domains (UBDs) embedded in various proteins,

resulting in seversl possible functional cutcomes. At present, more than 20 types
of UBD have been recognized, which have been classified into 5 families.
Ubiquitin-UBD interactions ccour during many distinet cellidar processes, in
which they often have crucial roles, as shown by loss-of-function experiments.
Thesefore, increasing our knowledge of the landscape of ublquitin-UBD
interactions holds the potential to pave new avenues for targeting pathogenic
processes in the developeent of human diseases.

Representative ubiquitin-UBD interactions and their cellular context
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Molecular outputs of
ubiquitin-UBD interactions
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Recognition of (poly)Ub by Ub-binding domains
Ub receptors are a family of )
POl OAET O OEAO OARA
polyUb signal

~20 families of Ub-binding domains
(UBDs) within several hundred
human Ub receptors

bind non-covalently to (poly)Ub

relatively weak interactions

different UBDs target different
Ub surfaces

these Ub surfaces are differentially Gly75Gly 78
exposed in different polyUb chains




1. A link between defective Ub recognition
and human disease
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second most common metabolic bone disorder wd Nl
agedependent, focal increases in bone turnover RS

| | a Gt F 62N ALJK:
Increased formation and activity of osteoclasts,
with secondary involvement of osteoblasts

bone pain, deformity, fractures, osteosarcoma

strong genetic element (up to 40% of cases)
commonly caused by mutations in tIis)STMgiene

SQSTMEncodes the Ub receptor p62

regulates RANKIFkB signalling and autophagy
Ub-mediated pathways in osteoclasts (control resorptive activity)
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1 ~30 PDBassociated mutations identified; most affect UBA domain
} the UBA domain is a Ubinding domain
} we showed PDB mutations cause defective Ub recognition
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RANK-NF-kB signalling
=
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autophagy
SQSTM1 ... impair Ub ... leading to defective ... resulting in ... causing
mutations... recognition by p62... Ub-mediated increased osteoclast disorganised bone
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Structural biology of p62

L) 2002 Chgord University Press Human Moleowlar Genetics, 2002, Vol 11, No. 22 2735-2739

Domain-specific mutations in sequestosome 1
(SQSTM1) cause familial and sporadic
Paget’s disease

Lynne J. Hocking'. Gavin J.A. Lucas', Anna Daroszewska', Jon Mangion®, Mark Olavesen?,
Tim Cundy?, Geoff C. Nicholson®, Lynley Ward®, Simon T. Bennett®, Wim Wuyts®,
Wim Van Hul® and Stuart H. Ralston™*

Structural rationalisation

Am. J. Hum. Genet. 70:1582-1588, 2002

Report

Recurrent Mutation of the Gene Encoding sequestosome 1 (SQSTM1/p62)
in Paget Disease of Bone

Nancy Laurin,' Jacques P. Brown,? Jean Morissette,* and Vincent Raymond'-

(B)

G411 UBA
domain

Biochem Soc Trans. 2012
Biochemistry 2011

FEBS Lett. 2010

J Mol Biol. 2010

J Bone Miner Res. 2009
Biochem Soc Trans. 2008
J Biol Chem. 2008

BMC Biochem. 2007
Biochem Soc Trans. 2006
Biochem Soc Trans. 2004
J Bone Miner Res. 2004

J Biol Chem. 2003
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Ub receptor mutations and human disease

UBQLN2/P62 CELLULAR RECYCLING PATHWAYS IN AMYOTROPHIC
LATERAL SCLEROSIS AND FRONTOTEMPORAL DEMENTIA

FAISAL FECTO, MD,"? and TEEPU SIDDIQUE, MD"*?

!'Division of Neuromuscular Medicine, Davee Department of Neurology and Clinical Neurosciences, Northwestern University, Feinberg
School of Medicine, Tarry Building, Room 13-715, 303 East Chicago Avenue, Chicago, Illinois 60611, USA

"’]merdepa.rtmemal Neuroscience Program, Northwestern University, Chicago, Illinois, USA

31)epa.rlmem of Cell and Molecular Biology, Northwestern University, Feinberg School of Medicine, Chicago, Illinois, USA

ABSTRACT: Recent findings highlight a pathologic and func- @
tional convergence in amyotrophic lateral sclerosis (ALS) and

am\_.-'otmphic lateral sclerosis with fmntctempural dementia > w w
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cC
tion and charactenzatmn of in vivo models to d+ssecl the,
pathogenic mechanisms of ALS and ALS-FTD and the.role of @

protein degradation pathways, both centrally, at the celi“body, ..
and peripherally, at the level of the synapse. Such efforts will

rapidly accelerate the discovery of new drugs that na-gula'i’a.~
accumulation of pathogenic proteins and their downstream con- ™
sequences in ALS and ALS-FTD and, possibly, other neurode-

generative diseases as well. 4 B ATPase D1 ATPase D2

Muscle Nerve 45: 157-162, 2012
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Ub receptor mutations and human disease

mutated gene

SQSTM1

UBQLN2

OPTN

VCP

NEMO

disorder

0ACAOBON

ALS

ALS; POAG

ALS IBMPFD

ectodermal
dysplasia and

process affected

NF-kB3ignalling,
autophagy

proteasomal
degradation,
autophagy

NF-kB signalling,
autophagy

NF-kB signalling,
autophagy

NF-kB signalling

Immunodeficiency

mutated UBD?

YES

NO

YES

YES

YES
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2. Directly targeting interactions of Ub and
Its receptors



Targeting interactions of Ub and its receptors

- not always desirable to therapeutically inhibit Ub recognition, as disease
associated mutations cause loss of Uibinding function

- however some Ub recognition events represent attractive drug targets e.g.

)\\ mmm® o > |p53 >  cancer
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Targeting interactions of Ub and its receptors

iInflammatory diseases

- pathways leading to the activation of NFkB are chronically overactive

- binding of the Ub receptor NEMO to Ub-modified substrates is critical for
activation of NF-kB by TNFa

- (cell-permeable) peptide targeting the UBD of NEMO competes for Ubbinding
and inhibits NF-kB activity

- pharmacologically possible to disrupt Ub receptor interactions

Biochemical Pharmaoology 82 (2011) 1163-1174 UBI

peptide

o

Contents lists available at ScienceDirect

Biochemical Pharmacology

journal homepage: www .elsevier.com/locate/biochempharm

\_
- =
Direct inhibition of NF-kB activation by peptide targeting the NOA ubiquitin

binding domain of NEMO m
Jeanne Chiaravalli?, Elisabeth Fontan?, Hafida Fsihi ?, Yves-Marie Coic®, Francoise Baleux?, mm
Michel Véron®, Fabrice Agou®*

*Insttut Pesteur, Unité de Biochimie Structurale et Cellulzire, CNRS, URA 2185, France -

" Institut Pasteur, Unite de Chimie des Biomolecules, CNRS URA 2128, 2528 rue du Dr. Rows, 75724 Paris Cedex 15, France



Targeting interactions of Ub and its receptors

ubistatins z small molecules which bind (Lys48) polyUb chains and inhibit
substrate protein degradation

Science 306, 117 (2004)

Ubistatins Inhibit Proteasome- ‘ ¥
Dependent Degradation by  Ub\UBNUBNUBAS )
Binding the Ubiquitin Chain Foee

(, Ubistatin
S
Rati Verma,' Noel R. Peters,” Mariapina D'Onofrio,? UJUJUJUH #‘1:> A
Gregory P. Tochtrop,® Kathleen M. Sakamoto,™*

Ranjani Varadan,? Mingsheng Zhang,® Philip Coffino,® C,’
David Fushman,? Raymond ). Deshaies,’ Randall W. King®* (195 ,

gy K

o o _ cap (1 UbUb\UbNUb =~
To identify previously unknown small molecules that inhibit cell cyde machin- b .
ery, we performed a chemical genetic screen in Xenopus extracts. One class of " !‘Ia Isopeptidase
inhibitors, termed ubistatins, blocked cell cyde progression by inhibiting cydin 265 20S 3
B proteolysis and inhibited degradation of ubiquitinated Sic1 by purified pro- proteasome { w
teasomes. Ubistatins blocked the binding of ubiquitinated substrates to the core
proteasome by targeting the ubiquitin-ubiquitin interface of Lys*®-linked chains. '
The same interface is recognized by ubiquitin-chain receptors of the pro-
teasome, indicating that ubistatins act by disrupting a critical protein-protein 185 I
interaction in the ubiquitin-proteasome system. | cap

- work well in vitro z however strong negative charges affects cell permeability

16



3. Targeting Ub-mediated processes



Targeting Ub-mediated processes

- some progress in targeting the defective (Ubmediated) biological processes
informed from previous studies of Ub receptor dysfunction

e.g. inhibition and induction of autophagyis feasible and has significant potential

to be translated into the clinic

} autophagy degrades protein aggregates,

organelles and invading bacteria

}  more selective than previously thought
and recently realised to utilise Ub

} LC3 recruited to the autophagosome
} binds a cargo receptor protein e.g. p62

} this delivers Ub-modified substrates for
lysosomal degradation

Ub- tagged
substrate

A
[
I

newly- forming
autophagosome 18



Targeting Ub-mediated processes

extensive clinical safety profile
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g A serum AAT inhibition of elastases
(>0.8 glL) and proteases

mutant ATZ

polymerization = ‘ " serum AAT} -
liver cirrhosis (<0.8g/L) pulmonary emphysema

aXantitrypsin deficiency caused by AT point mutation and aggregation
carbamazepineis anautophagy inducing drug (epilepsy, bipolar disorders)

decreases hepatic fibrosis in a mouse model of AT deficiency

www.sciencemag.org  SCIENCE  VOL 329 9 JULY 2010

An Autophagy-Enhancing Drug Promotes
Degradation of Mutant o,-Antitrypsin
Z and Reduces Hepatic Fibrosis

Tunda Hidvegi, Michael Ewing, Pamela Hale, Christine Dippold, Caroline Beckett, Carolyn Kemp,
Nicholas Maurice, Amitava Mukherjee, Christina Goldbach, Simon Watkins,
George Michalopoulos, David H. Perlmutter*

In the classical form of ay-antitrypsin (AT) deficiency, a point mutation in AT alters the folding of a
liver-derived secretory glycoprotein and renders it aggregation-prone. In addition to decreased serum
concentrations of AT, the disorder is characterized by accumulation of the mutant «;-antitrypsin Z (ATZ)
variant inside cells, causing hepatic fibrosis and/or carcinogenesis by a gain—of—toxic function
mechanism. The proteasomal and autophagic pathways are known to mediate degradation of ATZ. Here
we show that the autophagy-enhancing drug carbamazepine (CBZ) decreased the hepatic load of ATZ
and hepatic fibrosis in a mouse model of AT defidency—associated liver disease. These results provide a
basis for testing CBZ, which has an extensive clinical safety profile, in patients with AT deficiency and
also provide a proof of principle for therapeutic use of autophagy enhancers.

}  proof of principle for therapeutic use of autophagy enhancers
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Targeting Ub-mediated autophagy

- autophagy induction (trehalose)
associated with reduced protein
aggregation and improved neuronal
survival in animal model of FTD

doi: 10.1093/brain/ aws 143 Brain 2012 135; 21682177 | &

BRAIN

A JOURNAL OF NEUROLOGY

Stimulation of autophagy reduces
neurodegeneration in a mouse model of
human tauopathy

Véronique Schaeffer,” Isabelle Lavenir,’ Sefika Ozcelik,”® Markus Tolnay,® David T. Winkler’-?
and Michel Goedert’

1 MRC Laboratory of Modecular Bology, Cambndge CE2 00H, UK
2 Department of Mewrology, University Hospital Basel, CH-4031 Basel, Switrerand
3 Institute of Pathology, Uniersty Hospital Basel, CH-1031 Basdl, Switzerland

Comespondence to: Miche CGoedert,

Medical Research Councll Lsboratory of Molecular Biology,
Hills Foad, Cambridge CE2 0OH,

LIK

E-mail: mg@mrc-Imb.cam.ac.uk

The accumulation of insoluble proteins is a pathological hallmark of several meurodegenerative disorders. Tauopathies are
cused by the dysfunction and aggregation of tau protein and an impaiment of cellular protein degradation pathways may
contribute to their pathogenesis. Thus, a deficlency in autophagy Gn cuse neurodegeneration, while activation of autophagy is
protective against some proteinopathies. Little is known about the role of autophagy in animal models of human tauopathy.
In the present report, we assessed the effects of autophagy stimulation by trehalose in a transgenic mouse model of tauopathy,
the human mutant P3015 tau mouse, using biochemical and immunohistochemical analyses. Meuronal survival was evaluated
by stereclogy. Autophagy was activated in the brain, where the number of neurons containing tau indusions was significantly
reduced, as was the amount of insoluble tau protein. This reduction in tau aggregates was assodated with improved neuronal
survival in the cerebral cortex and the brainstem. We also observed a decrease of p62 protein, suggesting that it may contribute
to the removal of tau inclusions. Trehalose failed to activate autophagy in the spinal cord, where it had no impact on the level of
sarkosyl-insoluble tau. Accordingly, trehalose had no effect on the motor impairment of human mutant P3015 tau transgenic
mice. Our findings provide direct evidence in favour of the degradation of tau aggregates by autophagy. Activation of autophagy
may be worth imvestigating in the context of therapies for human tavopathies.
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Targeting Ub-mediated autophagy- caveats

- autophagy is a complex multkstage process and it is imperative to properly
AAZET A OEA OAAEAAQOG
-1, 3 Al O AOOI AEAOAA xEOE OAAEAAOEOAG

- however, autophagy induction (rapamycin) augments motor neuron
degeneration in a mouse model of ALS

- effectiveness of autophagy inhibitors (hydroxycholoroquine) and activators

(everolimus) currently being assessed in IBD and CRC
21



