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Overview 
 
О ÕÂÉÑÕÉÔÉÎ ɉ5ÂɊ ÒÅÃÅÐÔÏÒÓ ȬÄÅÃÏÄÅȭ ÐÏÌÙ5Â ÍÏÄÉÆÉÃÁÔÉÏÎÓ  
  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  
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The complexity of polyubiquitin PTMs  
 

       

Ubiquitin -mediated process  
 
e.g. proteasomal degradation  
e.g. NF-kB signalling  
e.g. intracellular trafficking  
e.g. DNA repair  
e.g. autophagy  
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Ub receptors control every aspect of cellular physiology  
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Recognition of (poly)Ub by Ub-binding domains 

Ub receptors are a family of 
ÐÒÏÔÅÉÎÓ ÔÈÁÔ ȬÄÅÃÏÄÅȭ ÔÈÅ 
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  
exposed in different polyUb chains 
 
 

Ile44 

Asp58 

Gly75Gly76 



6 

1. A link between defective Ub recognition 
and human disease 
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} second most common metabolic bone disorder 

} age-dependent, focal increases in bone turnover 

} 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 the SQSTM1 gene  

 

} SQSTM1 encodes the Ub receptor p62 

} regulates RANK-NF-kB signalling and autophagy  
Ub-mediated pathways in osteoclasts (control resorptive activity) 

 

άƭŀōƻǊ ƛǇǎŜ ǾƻƭǳǇǘŀǎέ 

SQSTM1 ÍÕÔÁÔÉÏÎÓ ÁÎÄ 0ÁÇÅÔȭÓ ÄÉÓÅÁÓÅ 
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} ~30 PDB-associated mutations identified;  most affect UBA domain 

} the UBA domain is a Ub-binding domain 

} we showed PDB mutations cause defective Ub recognition  

 

p62 

missense 
 
truncating 

SQSTM1 ÍÕÔÁÔÉÏÎÓ ÁÎÄ 0ÁÇÅÔȭÓ ÄÉÓÅÁÓÅ 
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SQSTM1 
mutations... 

... impair Ub 
recognition by p62... 

... leading to defective 
Ub-mediated 
processes... 

x 

SQSTM1 ÍÕÔÁÔÉÏÎÓ ÁÎÄ 0ÁÇÅÔȭÓ ÄÉÓÅÁÓÅ 
 

       

p62 

RANK-NF-kB signalling  

autophagy  

... resulting in 
increased osteoclast 

ÁÃÔÉÖÉÔÙȣ 

... causing 
disorganised bone 

turnover... 
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Structural biology of p62 
 

 

 

 
       
  

      Structural rationalisation  
 
 
      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 

  UBA  
domain 



11 

Ub receptor mutations and human disease 
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Ub receptor mutations and human disease 
 

       
mutated gene disorder  process affected       mutated UBD? 
 
SQSTM1  0ÁÇÅÔȭÓȟ !,3 NF-kB signalling,  YES 
    autophagy 
 
UBQLN2  ALS  proteasomal  NO 
    degradation, 
    autophagy 
 
OPTN  ALS; POAG NF-kB signalling,  YES 
    autophagy 
 
VCP  ALS; IBMPFD NF-kB signalling,  YES 
    autophagy 
 
NEMO  ectodermal   NF-kB signalling   YES 
  dysplasia and  
  immunodeficiency 
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2. Directly targeting interactions of Ub and 
its receptors 
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Targeting interactions of Ub and its receptors 
 

- not always desirable to therapeutically inhibit Ub recognition, as disease- 
  associated mutations cause loss of Ub-binding function  
 
- however some Ub recognition events represent attractive drug targets e.g. 
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Targeting interactions of Ub and its receptors 
 

inflammatory diseases  
  

- pathways leading to the activation of NF-kB are chronically over-active  
 

-  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 Ub-binding  
   and inhibits NF-kB activity 
 

- pharmacologically possible to disrupt Ub receptor interactions 
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Targeting interactions of Ub and its receptors 
 

  ubistatins  ɀ small molecules which bind (Lys48) polyUb chains and inhibit 
  substrate protein degradation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
- work well in vitro ɀ however strong negative charges affects cell permeability 

Science 306, 117 (2004) 
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3. Targeting Ub-mediated processes 
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Targeting Ub-mediated processes 
 
- some progress in targeting the defective (Ub-mediated) biological processes  
  informed from previous studies of Ub receptor dysfunction 
 
e.g. inhibition and induction of autophagy is 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 
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} a1-antitrypsin deficiency caused by AT point mutation and aggregation 

} carbamazepine is an autophagy inducing drug (epilepsy, bipolar disorders) 

} extensive clinical safety profile 

} decreases hepatic fibrosis in a mouse model of AT deficiency 
 
 
 
 
 
 
 
 
 
 
 

} proof of principle for therapeutic use of autophagy enhancers 

 

Targeting Ub-mediated processes 
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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 
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Targeting Ub-mediated autophagy - caveats 
 
- autophagy is a complex multi-stage process and it is imperative to properly 
  ÄÅÆÉÎÅ ÔÈÅ ȬÄÅÆÅÃÔȭ 
 
- !,3 ÁÌÓÏ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ȬÄÅÆÅÃÔÉÖÅȭ ÁÕÔÏÐÈÁÇÙ ÁÎÄ ÐÒÏÔÅÉÎ ÁÇÇÒÅÇÁÔÉÏÎ 
 
- 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 

       


