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Conserved	mechanism	of	translesion	DNA	synthesis	

Error-free	or	error-prone	replica4ve	bypass	

pol IV      polV Mut                       polζ     polη                                         polζ	
	
 

3’                                          5’  TT 

hRev3/hRev7 
hPol31/hPol32 Rev1	

						E.	coli																																											S.	cerevisiae																																											H.	sapiens	

pol III                                      pol ε                       pol ε  	
	
 3’                                          5’  TT 

γ-complex 

β-clamp core 
3’                                          5’  TT 

PCNA 

3’                                          5’  TT 

PCNA 

3’                                          5’  TT 3’                                          5’  TT 

3’                                           5’  TT 
 GA 

3’                                            5’  TT 
 CA 

DinB UmuD 2C - RecA - ATP ’	
Rev3/Rev7 
Pol31/pol32 Rad30 Rev1	

polκ 	 polι	
polη	

3’                                            5’  TT 
 AA 

Woodgate,	Genes	and	Dev	(1999)	13;	2191-2195	



Electrostatic surface of Dpo4 

Ling	et	al.,	Cell	(2001)	107;	91-102	



Regula,on	of	damage-induced	
mutagenesis	in	E.coli:	

the	pol	V	story	



Identification of the umu locus 



UmuDC-dependent	mutagenesis	

Ho	et	al.,	J.	Bacteriol	(1993)	175;	5411-5419	



Regula,on	of	the	SOS	response	in	E.	coli	



The	umuDC	operon	is	,ghtly	
regulated	by	LexA	



UmuC	is	degraded	by	the	Lon	protease	

Frank	et	al.,	PNAS		(1996)	93;	10291-10296	



UmuD	is	degraded	by	the	Lon	protease	

Frank	et	al.,	PNAS	(1996)	93;	10291-10296	



Posttranslational modification of UmuD 



Stability	of	UmuD	vs.	UmuD’	

Frank	et	al.,	PNAS	(1996)	93;	10291-10296	



Crystal	Structure	of	UmuD’	homodimer	

Gonzalez	and	Woodgate,	BioEssays	(2002)	24;	141-148	



Intermolecular	UmuD	cleavage	

McDonald	et	al.,	PNAS	(1998)	95;	1478-1483	



Expression	of	UmuD/D’	
heterodimers	

Frank	et	al.,	PNAS	(1996)	93;	10291-10296	



Stability	of	UmuD’	in	the	context	of	a	UmuD/D’	heterodimer		
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Umu	proteins	accumulate	~45	mins	
aTer	DNA	damage	
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Sommer	et	al.,	Mol	Microbiology	(1998)	28:	281-291	



UmuD'C	interac4on	
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Stability	of	UmuC	alone,	coexpressed	with	UmuD	
or	co-expressed	with	UmuD’	

Frank	et	al.,	J.	Bacteriol	(1996)	178;	3550-3556	



Stability	of	UmuC	alone,	coexpressed	with	UmuD	
or	co-expressed	with	UmuD’	
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Mapping	the	site	of	interac,on	between		
UmuC	and	UmuD’	

Goodman	et	al.,	DNA	Repair	(2016)	In	Press	



Pos=ransla,onal	and	proteoly,c	
regula,on	of	pol	V	

Goodman	et	al.,	DNA	Repair	(2016)	In	Press	





Proteoly,c	regula,on	of	pol	V	

Goodman	et	al.,	DNA	Repair	(2016)	In	Press	



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
					Robinson	et	al.,	PLoS	Gene4cs	(2015)	e1005482	
	

UmuC-mKate2	

LacY-eYFP	



UmuC	slowly	redistributes	to	the	cytosol	
aTer	DNA	damage	

de-repression	at	30	
min	

more	
cytosolic	foci	

Robinson	et	al.,	PLoS	Gene4cs	(2015)	e1005482	



Membrane	release	requires	cleavage	of	UmuD	

recA(E38K)	 recA(E38K) umuD(K97A) 

Robinson	et	al.,	PLoS	Gene4cs	(2015)	e1005482	
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* 
In	vitro	characteriza,on	of	pol	V	

γ	complex					β-clamp						polV							SSB				RecA				RecA*	

TT	

Karata	et	al.,	DNA	Repair	(2012)	11;	431-440	



Protein	Interac,ons	that	s,mulate	pol	V	

Goodman	et	al.,	DNA	Repair	(2016)	In	Press	



“Take	home” messages	from	
E.coli	pol	V	

•  E.coli	UmuDC/	pol	V	is	regulated	at	many	levels	so	as	to	
ensure	the	enzyme	is	u4lized	only	when	it’s	appropriate.	

•  Regula4on	is	at	the	transcrip4onal	level	(LexA);	the	
posgransla4onal	level	(RecA);	by	proteolysis	(Lon/ClpXP);	
through	protein-protein	interac4ons	(Beta-clamp/SSB)	

•  pol	V	is	regulated	both	temporally	and	spacially	within	the	
bacterium.	

	



Regula,on	of	human	DNA		
TLS	polymerases	



Science (2005) 310:1821-1824 

Ubiqui4n-Binding	Domains	in	Y-Family	
Polymerases	Regulate	Translesion	Synthesis	

Pol	η	ubiqui,na,on	

FLAG-pol η	

TCL	

FLAG-pol η	

Molecular Cell (2010) 37, 396-  407 



Pol ι ubiquitination 

Science (2005) 310:1821-1824 



Mul,ple	sites	of		pol	ι’s	ubiqui,na,on		

McIntyre	et	al.,	J.	Biol.	Chem.	(2015)	290;	27332-27344	



Location of ubiquitinated Lysines 
in the catalytic domain of Pol ι 
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Location of ubiquitinated Lysines 
in various structural domains of Pol ι 
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Posttranslational Regulation of Human  
DNA Polymerase ι 

1.		Unlike	polη,	which	is	monoubiqui4nated	at	one	primary	site	and	a																			
few	secondary	sites,	polι	can	be	ubiqui4nated	at	>30	Lysines.	

2.		Polι	is	ubiqui4nated	in	various	structural	domains,	including	cataly4c,	PCNA-
interac4ng,	Rev1-Interac4ng	and	UBM1	and	UBM2.		Ubiqui4na4on	at	these	sites	
may	affect	the	ac4vity	and	func4on	of	polι.	





Mul,ple	sites	of		pol	ι’s	modifica,on		



Mul,ple	sites	of		pol	η’s	modifica,on		



Mul,ple	sites	of		pol	κ’s	modifica,on		



Mul,ple	sites	of		PCNA’s	modifica,on		

McIntyre	&	Woodgate	DNA	Repair	(2015)	29;	166-179	
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