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Dantuma et al J. Cell Biol. 2006
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Response of GFP-Ub in nucleus
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Accumulation of GFP-tagged 
ubiquitin over long time
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GFP-ubiquitin accumulation 
in bleached spot
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DNA damage-induced ubiquitylation of 
histone H2A

Bergink et al Genes Dev.  2006
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H2A is also ubiquitylated in response to 
double strand breaks
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Recruitment BRCA1 and 53BP1
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DNA damage response is activated 
by tethering of ubiquitin ligases
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Tethered RNF8 gives local ubiquitylation of H2A
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Tethered RNF8 and RNF168 induces H2A 
ubiquitylation
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Tethered RNF8 and RNF168 gives Lys63-
linked ubiquitin chains
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mCherry-LacR-RNF..
Lys63 ubiquitin 

chain Merge

RNF8 and RNF168 recruit  BRCA1
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Tethering of RNF8 causes chromatin 
decondensation
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Note:
Array in NIH2/4 cells is 10 kb
Array in AO3 cells is 90 Mb

The chromatin remodeller CHD4 
is recruited to RNF8
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CHD4 is part of NuRD complex
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• ATPase domain (SNF2 family)
• In NuRD complex: CHD4, histone deacetylates HDAC1 and 
2 and histone demethylase LSD1
• Linked to repression and heterochromatin formation
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CHD4 tethering causes decondensation 
which is dependent on ATPase activity
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RNF8-induced decondensation is 
dependent of CHD4
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CHD4 is required for efficient ubiquitylation
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Ubiquitin conjugates
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CHD4 stimulates BRCA1 recruitment
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Chromatin remodelling-assisted ubiquitylation
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I: RNF8 non-catalytic II: RNF8 catalytic
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Luijsterburg et al (2012) EMBO J.

CRL4ADDB1/DDB2 ubiquitin ligase 
facilitates recognition of 
photolesions by XPC
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• DDB2 tethers the ubiquitin ligase 
complex CRL4DDB1/DDB2 to photolesions

• Stimulates the recognition of 
photolesions by XPC

• Mutations in DDB2 cause Xeroderma 
Pigmentosum  type E (XP-E)

Tethering of DDB2 also causes 
chromatin unfolding
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Luijsterburg et al (2012) J. Cell Biol.

Independent of ubiquitylation
Probably stimulates recognition of lesion by XPC

53BP1

RAP
80

Recruitment BRCA1 and 53BP1
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H2A K119 Ub (or K13/15 Ub)

53BP1

H4K20Me2

Recruitment of 53BP1 to DNA damage is 
dependent on ubiquitylation
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RNF8 recruits the ubiquitin-selective 
AAA-ATPase VCP/p97/Cdc48
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• Dependent on ubiquitin 
ligase activity

• Specific for RNF8 
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Valosin-containing protein (VCP)/p97/Cdc48

• AAA-ATPase
• Binds ubiquitin
• Critical for proteasomal degradation of ER substrates (ERAD)
• Unfoldase/segregase activity

Huytin et al 2003 J. Struc. Biol.

Kinetics of VCP recruitment
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VCP/p97 is required for efficient 
recruitment of 53BP1
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Hypothesis
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VCP’s involvement explain the need for ubiquitin in 
53BP1 recruitment.

But how does VCP faciliate binding of 53BP1?

We know that VCP segregates proteins

Hypothesis: VCP facilitates binding of 53BP1 to 
H4K20me2 by extracting a protein that occupies the 
same histone mark.

53BP1 and L3MBTL1 bind to same H4K20me2
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From Min et al  (2007) Nat. Struc. Mol. Biol.
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L3MBTL1 is extracted from chromatin at 
DNA damage 
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L3MBTL1 extraction is dependent on 
VCP/p97
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Ubiquitin-dependent extraction from chromatin 
(UDEC)
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Acs, Luijsterburg et al (2011) Nat. Struc. Mol. Biol.
Dantuma & Hoppe (2012) Trends Cell Biol. 

Conclusions
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• RNF8 recruits CHD4 independent of its ubiquitin ligase 
activity

• CHD4 decondensates chromatin and stimulates 
ubiquitylation

• RNF8 recruits VCP/p97 dependent of its ubiquitin ligase 
activity

• VCP/p97 extracts L3MBTL1 and facilitates 53BP1 
recruitment
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