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INTRODUCTION

World health organisation’s data show that resistance against 
antibiotics and antimicrobial agents is one of the largest 

threats to worldwide health, food security and development 
[1]. Bacterial infections, which were easily cured with available 
antibiotics are nowadays becoming a large economic burden 

and are in some cases even lethal. To combat this problem we 
need new antimicrobial agents.

PURPOSE OF THE REASEARCH

One of possible solutions to antimicrobial resistance could be a 
conjugation-based antimicrobial system. E. coli strain ŽP was 

constructed by adding ColE7 immunity gene to bacterial 
chromosome and ColE7 activity gene to a conjugative plasmid. 

This strain acts as a donor in conjugation [2]. To easily follow the 
conjugative transfer and make selection a further genetic change 

in the constructed donor strain was needed – insertion of a 
ciprofloxacin resistance gene. Hence, the aim of this work was to 
construct such a strain. Ciprofloxacin-resistant uropathogenic E. 

coli strain, DL39, was used as the donor of the ciprofloxacin 
resistance gene and the P1 bacteriophage as the vehicle in 

bacterial transduction. The success of the horizontal transfer of 
the ciprofloxacin resistance genes from DL39 strain into N4i 

strain was assessed with conjugation assays. 

MATERIALS AND METHODS

Initially the ciprofloxacin-resistant phenotype of 
DL39 was confirmed by growing the strain in 
presence of Cip. The strain was analysed for 

possible conjugative plasmids by plasmid isolation 
and plate mating assays to assure that ciprofloxacin 

resistance gene was encoded on chromosomal 
DNA rather than on a plasmid. Sample of the finally 
obtained isolate was analysed with 1 % agarose gel 

electrophoresis. 

Propagation of P1 on MC4100, preparation of
P1/DL39 lysate and transduction of P1/DL39 

ciprofloxacin resistance gene into N4i strain were
essentially performed as described by Miller H. 

(1972) [7]. To perform selection after transduction 
LB Cip plates were used. 

The plate mating experiments were performed as 
described in Starčič Erjavec et al. (2015) [2]. The 

DL39, MSE259 or ŽP strain was used as the donor 
and the J53 or PDC39 strain as the recipient. 

Quantitative conjugation assay in liquid medium 
was carried out as described in Starčič Erjavec et al. 

(2015) [2]. In order to calculate the conjugation 
frequency after the 6h-incubation period of the 

conjugation mixture, the CFUs of the donors, 
recipients and transconjugants were determined at 

t0 (start of the 6h-incubation for conjugative 
transfer) and t6 (end of the 6h-incubation for 

conjugative transfer). 
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RESULTS AND DISCUSSION

Initial confirmation of chromosomal encoded ciprofloxacin 
resistance was done by growth on LB Cip plate, plasmid 
isolation by alkaline lysis and plate mating assays. As the 
ciprofloxacin-resistant phenotype was confirmed and no 

(conjugative) plasmids detected, the DL39 strain was used in 
further experiments as the donor strain of ciprofloxacin 

resistance gene in P1 transduction.
P1 was successfully propagated on DL39 strain (Fig. 1A), and 
the obtained P1/DL39 lysate used for ciprofloxacin resistance 

gene transduction into N4i. Transduction into N4i strain 
resulted in one single colony, which was successfully 
propagated on LB Cip plate - the obtained strain was 

designated PDC39 (Fig. 1B)

Figure 1: A: P1 infection of DL39 showed clear lysis on minimal 10A plates; B
Transduction of P1/DL39 into N4i resulted in one single colony on LB plate 

supplemented with ciprofloxacin.
The quantitative conjugation assay with KPC39 × MC4100 
resulted in conjugal frequncy 9.4 × 10-5 (per CFU of the 

recipient) and 1.1 × 10-4 (per CFU of the donor). However, in 
case of ŽPC39 × MC4100 the conjugal frequency was zero.

When in conjugation assays a strain with colE7a gene encoding 
the ColE7 DNase on a conjugative plasmid (ŽPC39 in this study 
and ŽP in the study conducted by Starčič Erjavec et al. (2015)) 
is used as donor, the recipient is killed after conjugal transfer 
of the colE7a gene, due to colE7a expression in the recipient.
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CONCLUSIONS

Based on our results it can be concluded that a 
ciprofloxacin resistant N4i strain was successfully 

obtained, however further experiments are 
needed to confirm its construction. 
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