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Due to helical structure of DNA the process of DNA replication is topologically 

complex so that freshly replicated DNA molecules are entangled with each other and 

are frequently knotted. For proper functioning of DNA it is necessary to remove all 

these entanglements. This is done by DNA topoisomerases that pass DNA segments 

through each other using cutting and pasting mechanism. However, it has been a riddle 

how DNA topoisomerases select their places of action, since in highly crowded DNA in 

living cells random passages between contacting segments would only increase the 

extent of entanglement. Using molecular dynamics simulations we observed that in 

actively supercoiled DNA molecules the entanglements resulting from DNA knotting or 

DNA catenation spontaneously approach sites of nicks and gaps in the DNA. Type I 

topoisomerases that preferentially act at sites of nick and gaps are thus naturally 

provided with DNA-DNA juxtapositions where cutting and pasting operation results in 

an error-free DNA unknotting or DNA decatenation. By means of Monte Carlo 

simulations we also show that Topoisomerase IV can unknot right-handed knots and 

decatenate right-handed catenanes without acting on right-handed plectonemes in 

negatively supercoiled DNA molecules, based on geometrical specificity of 

juxtapositions.  
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