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High resolution cryo-EM structure of a type Il topoisomerase cleavage core-complex with bound 18mer dsDNA
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Abstract

Type Il topoisomerases perform essential roles in DNA replication, chromosome segregation and recombination [1].
Bacteria have two type Il enzymes: DNA gyrase, whose function is to supercoil chromosomal DNA and remove
positive supercoils ahead of replication forks, and topoisomerase (topo) IV which unlinks catenated daughter
chromosomes at cell division [2]. They use ATP to cross one DNA segment through a transient double-stranded
DNA break in another DNA duplex involving a ‘DNA cleavage complex’. This covalent enzyme-DNA intermediate is
formed by reversible attack of the ParC or GyrA active-site tyrosines of the tetrameric topo IV (ParC2ParE2) or
gyrase (GyrA2GyrB2) complex. Many important antibacterial and anticancer agents exert their cytotoxic effects by
stabilising the cleavage complex. Thus, both topo IV and gyrase are targets for clinically important quinolones such
as ciprofloxacin and moxifloxacin and quinazolinedione inhibitors, and human topo lbcand IB are targets for the
anticancer drugs etoposide and doxorubicin [3]. Structures of several quinolone-topo IV/gyrase (and drug-topo Il)
core cleavage complexes have been determined by X-ray crystallography [4-6] but the approach has limitations. For
example, not all topoisomerases and quinolones yield suitable crystals. Moreover, X-ray crystal structures of full-
size holoenzyme complexes [7] are not easily obtained and the few cryoEM structures available are at relatively low
resolution. Here we describe the use of cryoEM to solve the structure to 2.7 Aof a DNA-core corplex of a
topoisomerase, that of topo IV fromStreptococcus pneunoniae, a major cause of pneumonia. To our
this is the first reported sub-3 AcryoEM structure of a topoisomerase and provides high resolution insights on
novel enzyme-DNA-interactions.
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