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XRCC1 Scaffold Protein
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XRCC1 prevents PARP1-induced toxicity during BER



XRCC1 prevents PARP1-dependent SSB accumulation during BER

XRCC1 loss phenocopies PARP inhibitor.....does PARP1 become ‘trapped’ during BER (in the absence of XRCC1)?



The PARP1 auto-ribosylation cycle and ‘trapping’ 
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‘trapping”= increased engagement at SSBs 

Murai et al, Cancer Research 2012
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XRCC1 loss phenocopies PARP inhibitor.....does PARP1 become ‘trapped’ during BER (in the absence of XRCC1)?



PARP1 accumulates in chromatin during BER in XRCC1-/- cells 

PARP1 ‘trapping’ by PARP inhibitors is associated with reduced PARP activity/auto-ribosylation…… 



PARP1 is hyperactive and then hypoactive in XRCC1-/- cells, during BER 
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Can the ‘inactive’ (chromatin-trapped) PARP1 in XRCC1-/-cells be re-activated by a second burst of SSBs?



The chromatin-trapped PARP1 in XRCC1-/- cells cannot be reactivated 

by a second burst of SSBs

What is the cause of the hyperactivity and subsequent inactivity of PARP1, and are they connected?
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A model for the suppression of PARP1 hyperactivity during BER 

by XRCC1 protein complexes

161 406

XRCC1-/- U2OS cells 

Is the scaffolding function of XRCC1 required to suppress PARP1 hyperactivity during BER?
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XRCC1 has a modular structure  



XRCC1 protein complexes regulate PARP1 activity and chromatin 

trapping during BER

What is the cause of the progressive decline in activity of PARP1? 



Rapid NAD+ depletion in XRCC1-mutant cells during BER
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Does PARP1 activity decline during BER in XRCC1-/- cells because of NAD+ exhaustion?   



The activity of trapped PARP1 in XRCC1-/- cells is rescued by NAD+ supplementation
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How does trapped PARP1 block BER  ?
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XRCC1 is an endogenous PARP “anti-trapper” 



SSBR-Associated Diseases, Cerebellar Degeneration, & Microcephaly
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Parp1 deletion rescues cerebellar interneurons and suppresses ataxia in 

XRCC1Nestin-Cre mice (3-wk) 

Nissl staining 

Hoch et al Nature, 2017
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Komulainen et al BioRxiv2020

Parp1 Deletion Prevents Lethal Seizures and Juvenile 

Mortality in XRCC1Nestin-Cre mice 



Summary

• The essential role of XRCC1 during BER is to assemble BER protein 

complexes that can compete effectively with PARP1, thereby limiting 

excessive PARP1 engagement and activity. 

• Excessive PARP1 engagement and activity can lead to NAD+ exhaustion 

and PARP1 accumulation in chromatin, blockage of BER intermediates from 

access by other DNA repair enzymes (e.g. POLb), and consequently the 

accumulation of BER intermediates and cellular toxicity.

• XRCC1 is the an endogenous PARP1 “anti-trapper”. 
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