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Structural studies of type II topoisomerases
Crystallography, biophysics, cryoEM, 

modeling



DNA topoisomerases
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DNA topoisomerases
There are two types of topoisomerases

Type I Type IIType II

Generic type IIA topoisomerase

350-400 kDa

150-250 kDa

Modular dynamic nanomachines



M. tuberculosis DNA gyrase

Agrawal et al, Biochem J 2013
Piton et al, Acta cryst F 2009

Piton et al, PlosOne 2010
Piton et al, PlosOne 2010

Bouige et al, Biochem J 2013
Darmon et al, Acta cryst F 2012
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Roué et al, Acta cryst F 2013

Structure-function relationships studies of the 4 isolated domains

The unique type II topoisomerase in Mycobacterium tuberculosis

Resistance to fluoroquinolones collaboration A. Aubry, UPMC



M. tuberculosis DNA gyrase

Catalytic core

Jérémie PITON
Thèse, 2010

Structural insights into quinolone 
resistance mechanism

ATPase domain

Mélanie ROUE
ATER, 2011

Structural insights into ATP 
hydrolysis and its inhibition

CTD Amélie DARMON
Thèse, 2013

Structural insights into
DNA wrapping mechanism

Structure‐function relationships of the 3 functional domains



M. tuberculosis DNA gyrase
The unique type II topoisomerase in Mycobacterium tuberculosis

In silico studies of FQR mechanisms collaboration G. André-Leroux, INRA

D94
A90

R482

Wild type or mutantsAtypical binding mode

Binding energies as a tool to predict resistance phenotype

fluoroquinolone



Type IIB topoisomerases
Topoisomerase VIII, a new member of the type IIB family

Homology modeling collaboration P. Forterre, UPSud & IP

Schematic multiple alignment

Plasmid maintenance and transfer



Type IIB topoisomerases
3D‐models built using homology modeling
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Type IIB topoisomerases
Modeling of the heterotetramer

2Q2E

Many uncertainties concerning domain‐domain and subunit‐subunit interfaces!



Type IIB topoisomerases
The meiotic topoisomerase‐like complex

Remote homology modeling collaboration M. Grelon, INRA

Double
Strand
Breaks

Double
Strand
Breaks

The DSB are catalyzed by Spo11

Spo11Spo11



Type IIB topoisomerases
The meiotic topoisomerase‐like complex

In A. thaliana, 2 Spo11 proteins form a 
heterodimer that catalyse meiotic DSB

Does the Spo11 
heterodimer need a 

partner?

A 493 aa protein highly conserved in 
flowering plant (Magnoliophyta)

GHKL SmD Transducer Cter

1831 266 432 493

MTOPVIB

Highly
conserved

motifs

Highly
conserved

motifs

HHPred searches detected structural homology Top6B

Genetic screen



Type IIB topoisomerases
The meiotic topoisomerase‐like complex



Conclusion and perspectives

Experimental and in silico structural studies are highly complementary
to gain insight into the structure of complex macromolecular assemblies

Sequence‐structure‐solubility relationships

Spo11 vs archaeal Top6A

Sequence‐structure‐interaction relationships

Sequence‐structure‐pocket geometry relationships

Spo11 homodimerisation vs heterodimerisation
Subunit A – subunit B interactions

ATP-binding pocket and inhibition mechanisms

Sequence‐structure‐resistance phenotype relationships

Resistance phenotype = f(aa substitution, fluoroquinolone)
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