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Species Number

959 cells

4 x 1013 cells
Length: ~ 1.8 m
(width ~2.4 nm)

Length of "total" genome (DNA): ~ 2 billion km
(or "area" covered by DNA: 1.8 m x 100 km")

Molecular complexity of life

length ~ 1mm
(wikipedia)



The central dogma
of molecular biology

Do 20,000 genes result in the expression of 20,000 different proteins?

 mRNA splicing

 more than 200 different types of
posttranslational modification



The genetic information (genome) is identical in all cells of an organism

 epigenetics (DNA modifications, "histone code",
non-coding RNAs)

 different genes are silenced/expressed in different tissues

 the same protein may be expressed in different tissues but
for example may be modified in a tissue-specific manner
resulting in different properties / activities

UBE3A - paternal allele is silenced in distinct brain areas,
while in most other tissues both alleles are expressed

 genes / proteins are expressed in a 
development- and tissue-specific manner

Molecular complexity of life



UBE3A/E6AP

The life of a protein

The UBE3A gene encodes the protein E6AP 
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Protein degradation



Where is Waldo ?
Où est Charlie ?
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Ubiquitin ligase UBE3A/E6AP 

Deregulation
by interaction with the 

HPV E6 oncoprotein

Cervical Cancer
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UBE3A/E6AP - (some) Open Questions

 "Three isoforms" - different functions ?

 Identity of substrates ? Tissue specificity ? 

 How is activity regulated ? 

 Ubiquitin ligase-independent functions ?

 Antagonists (e.g., DUBs) ? 

 How is expression of the paternal allele regulated ?

 Physiologically relevant model systems ? (e.g., mice, stem cells, ...)
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Angelman syndrome is a genomic imprinting disorder
UBE3A is imprinted in neurons

courtesy of

Stormy Chamberlain



UBE3A/E6AP - (some) Open Questions

 "Three isoforms" - different functions ?

 Identity of substrates ? Tissue specificity ? 

 How is activity regulated ? 

 Ubiquitin ligase-independent functions ?

 Antagonists (e.g., DUBs) ? 

 How is expression of the paternal allele regulated ?

 Physiologically relevant model systems ? (e.g., mice, stem cells, ...)



"Regulating" UBE3A/E6AP activity

Working hypothesis - UBE3A/E6AP on its own is only poorly active

1. Substrate selection involves auxiliary factors (e.g., HPV E6)

2. Catalytic activity is controlled by positive effectors
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substrate
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Syndrome Gene Name

2q23.1 deletion MBD5 haploinsufficiency syndrome MBD5

17q21.31 deletion KANSL1 haploinsufficiency (Koolen–de Vries) syndrome KANSL1

Pitt–Hopkins syndrome TCF4

Christianson syndrome SLC9A6

Mowat–Wilson syndrome ZEB2

Kleefstra syndrome (9q34.3 deletion, EHMT1 haploinsufficiency) EHMT1

HERC2 deficiency syndrome HERC2

Adenylosuccinase deficiency ADSL 

(Typical) Rett syndrome MECP2

MECP2 duplication MECP2

CDKL5 syndrome CDKL5

FOXG1 haploinsufficiency syndrome FOXG1

MEF2C haploinsufficiency syndrome MEF2C 

Alpha-thalassemia/intellectual disability syndrome ATRX 

Phelan-McDermid Syndrome SHANK3, MAPK8IP2, PLXNB2

Ohtahara syndrome STXBP1

Syndromes sharing features with AS

modified from Tan et al. (2014) Am J Med Genet A 164A, 975-992



 "E6AP proteome" - processes and pathways

 "E6AP interactome" - substrates and regulators

HERC2

 "E6AP ubiquitome" - substrates

E6AP-omics



HERC2

 Hect and RCC1-like domain containing protein

 approx. 530 kDa cellular protein (4834 aa)

 chrom. localization 15q11-13 (human)

 mutations in the murine Herc2 gene are assumed to be responsible
for the phenotype of rjs (runty, jerky, sterile) and jdf2 (juvenile development
and fertility) mice (small size, discoordinated movement, sterility) 

 ubiquitin-protein ligase (member of the Hect domain family)

 highly conserved in evolution (?) (70% similar to Drosophila protein)

Hect domainRLD1 RLD2 RLD3

1 4834

Clayton-Smith and Laan (2003) J Med Genet 40, 87-95



HERC2 stimulates E6AP in vitro
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in vitro autoubiquitination

+ RLD2 + RLD3

Simone Kühnle
Kühnle et al. (2011) JBC
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HERC2 is mutated in individuals with AS-like features

(Andrew Crosby, London; Harlalka et al. (2013) JMedGen)



HERC2 is mutated in individuals with AS features

*

Simone Kühnle
Harlalka et al. (2013) J Med Gen
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HERC2

 Hect and RCC1-like domain containing protein

 approx. 530 kDa cellular protein (4834 aa)

 chrom. localization 15q11-13 (human)

 mutations in the murine Herc2 gene are assumed to be responsible

for the phenotype of rjs (runty, jerky, sterile) and jdf2 (juvenile development

and fertility) mice (small size, discoordinated movement, sterility) 

 ubiquitin-protein ligase (member of the Hect domain family)

 highly conserved in evolution (?) (70% similar to Drosophila protein)

 mutations in the HERC2 gene are associated with a "mild AS phenotype"

 HERC2 acts as an allosteric activator of E6AP

Clayton-Smith and Laan (2003) J Med Genet 40, 87-95

Hect domainRLD1 RLD2 RLD3

1 4834



UBE3A/E6AP - (some) Open Questions

 "Three isoforms" - different functions ?

 Identity of substrates ? Tissue specificity ? 

 How is activity regulated ? 

 Ubiquitin ligase-independent functions ?

 Antagonists (e.g., DUBs) ? 

 How is expression of the paternal allele regulated ?

 Physiologically relevant model systems ? (e.g., mice, stem cells, ...)



Working hypothesis - E6AP exists in two different states: latent / inactive and active

1. E6AP activity is controlled by positive effectors

2. "Small molecules" that drive E6AP into the active

state may prove beneficial for AS individuals

3. "Small molecules" that stabilize the inactive state
may prove beneficial for cervical cancer patients
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"Regulating" UBE3A/E6AP activity



Screening for E6AP activators

in vitro autoubiquitination
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Fabian Offensperger



in vitro autoubiquitination

Screening for E6AP activators

w/ Screening Center
University of Konstanz

Fabian Offensperger



Screening for E6AP activators

Counter screen of 43 compounds with RLIM RING

53 hits with
>33% activation

of E6AP

43 hits with <10 % 
activation of RLIM RING

Primary screen for E6AP activators with 48077 compounds

w/ Screening Center
University of Konstanz

Fabian Offensperger



UBE3A/E6AP - (some) Open Questions

 "Three isoforms" - different functions ?

 Identity of substrates ? Tissue specificity ? 

 How is activity regulated ? 

 Ubiquitin ligase-independent functions ?

 Antagonists (e.g., DUBs) ? 

 How is expression of the paternal allele regulated ?

 Physiologically relevant model systems ? (e.g., mice, stem cells, ...)




