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When penicillin was discovered by accident by Sir Alexander Flemming in 1928, and started 
being used in 1940, a big step was taken in the treatment of a number of illnesses caused by 
bacteria. After penicillin, a number of different drugs started to be developed, such as for 
example quinolones, which were first introduced in 1962. The first drug belonging that family 
was nalidixic acid. In 1980, the first fluoroquinolone, norfloxacin, was introduced, followed 
by a number of different drugs belonging that family, such as for example ciprofloxacin. 
 
Fluoroquinolones act by binding both DNA gyrase and topoisomerase IV, enzymes involved 
in chromosome replication in bacteria, by removing positive supercoils and introducing 
negative supercoils, in the case of gyrase, and separation of the daughter DNA strand when 
replication is completed in the case of topoisomerase IV. When fluoroquinolones bind to both 
enzymes, their activities are impaired, so the bacteria cannot replicate, and dies. 
 
But at the same time as new antibiotics were introduced, and they were misused in the 
treatments, bacteria developed mechanisms that made them resistant to antibiotics. The 
mechanisms that can make bacteria resistant to different drugs can be divided in three groups: 
(i) mutations in target genes (encoding DNA gyrase and topoisomerase 
IV), not allowing the drug to bind their products, so replication cannot be completed properly; 
(ii) mutations in the systems involved in importing or exporting the drug into or out of the 
bacteria, meaning that a decrease in the importing activity or an increase in the exporting 
activity will lead to an increased resistance; (iii) the expression of certain proteins, such as 
Qnr (for quinolone resistance), that can be acquired by a number of mechanisms that allow 
the exchange of genetic information between bacteria, such as for example plasmids. 
 
My study consisted in the construction of different strains carrying different mutations in the 
systems described above together with a plasmid (DNA molecules found in all types of 
bacteria) containing the qnr gene, and then measuring resistance levels to ciprofloxacin in 
order to know if the resistance conferred by the Qnr protein was related to the genetic 
background of the bacteria, or whether this increase is independent of the different mutations 
accumulated in bacteria. 
 
Results showed a clear positive relation between an increase in antibiotic resistance with 
certain mutations in both target and influx and efflux systems, and also the expression of the 
Qnr protein contained in a plasmid. 
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