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DNA Entanglement
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20 000 000 000 km/149 000 000 km  (earth to sun) 
= 134 earth-sun voyages!
= 4 earth-neptune trips

~0.002 km/genome 
~10 trillion cells/individual

134 4



Topoisomerases resolve DNA entanglement

DNA replication Transcription



Topoisomerases resolve DNA entanglement
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Type IIA Topoisomerase reaction cycle

- Top2α
- Top2β
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Reversible DNA cleavage by TOP2 can be poisoned

TOP2cc

5¢
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TDP2 resolves Top2-DNA protein crosslinks (DPCs)

TDP2

Transcriptional regulation

Chemotherapeutic

drug resistance

Viral pathogenesis

Neurological disease

Genome Integrity

TDP2 (Tyrosyl DNA phosphodiesterase 2)

(aka TTRAP/EapII/VpG unlinkase)

Cell Death

Genomic

Rearrangements

- TPMRSS2-ERG

- tAML, tAPL

Aneuploidy
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Architecture of the Tdp2-DNA complex
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Tdp2 structure-specific DNA Interaction motifs
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TDP2 is specific for tyrosylated termini
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The Tdp2 Active site
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Direct reversal of DNA-protein crosslinks by Tdp2



How is Tdp2 activity
regulated?

ATPase

Cleavage/
religation core
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Identification of TDP2 associated proteins
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Proteosome independent functions of Tdp2

(Lieberman/Cortes-Ledesma,
CABIMER, Spain)

MEFs 19

30 μM VP16
(30 min)

100μM VP16
20 μM MG132
(30 min) 



TDP2 co-purifies with SUMOylated Top2 isoforms
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TAP purification of SUMO2ylated Tdp2 interacting proteins
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ZATT: poly-Znf protein Associated with Tdp2 and Top2

ZATT
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ZATT Modulates cellular sensitivity to Top2 poisons

HEK293F
23

WT   203 � 9 nM
ΔTDP2 71 � 3 nM
ΔZATT 20.1 � 1
ΔTDP2/ΔZATT 11.8 �1 nM)



ZATT licenses Direct Reversal of Top2 DNA-protein crosslinks
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(60 sec.)
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ZATT Remodels TOP2cc conformation
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ZATT regulates TOP2 sumoylation

HEK293F

ZATT
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ZATT SUMOylates TOP2

SAE1/
UBA2 UBC9 ZATT TOP2
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ZATT specifically SUMOylates Top2cc

E1+E2+



Sumoylation of Top2 and direct reversal
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Does SUMO2 modification of TOP2 play a targeting role?
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~1000X
~1.5X



TDP2 binds TOP2 and SUMO2
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A novel Molecular mechanism for SUMO2 recognition by Tdp2
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A novel mode for Sumo2 protein-protein interactions

+AE

TDP2

SUMO2

DNA
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ZATT and the Tdp2-SUMO2 interface facilitate interactions with TOP2
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Tdp2 recruitment to DNA damage

ZATT and the Tdp2-SUMO2 binding interface are required for robust 
Tdp2 recruitment  to UV laser induced DNA damage
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1.  TOP2cc is refractory to direct reversal
2. ZATT binds TOP2cc and remodels TOP2cc conformation
3. ZATT licenses the direct reversal activity of TDP2
4. ZATT is a SUMO2 ligase and SUMOylation of TOP2 by ZATT

enforces rapid TDP2 localization to DNA damage

Conclusions
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