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Abstract
The mobility of enteropathogenic bacteria, such as Pseudomonas aeruginosa and Salmonella enterica, is an important factor in 

ensuring their survival and the realization of the pathogenic potential. Mobility, for example, Salmonella, correlates with invasive-
ness. We studied the adaptation of the bacteria Salmonella enterica and Pseudomonas aeruginosa to the immobilization activity of 
chloramphenicol. After culturing P. aeruginosa on the medium with high concentrations of chloramphenicol (37.5 ug/ml), bacteria 
have been adapted to antibiotic. We observed not only the growth of bacteria, in the presence of chloramphenicol at a concentration 
75 ug/ml, but also the effect of swarming. The absence of selective pressure on the culture of P. aeruginosa (cultivated at low concen-
trations of chloramphenicol) do not initiated mechanisms providing resistance to the antibiotic. Experiments on the adaptation to 
chloramphenicol S. enterica were the same as for P. aeruginosa. Cultivation of Salmonella in the presence of various concentrations 
of chloramphenicol does not alter resistance to the immobilization of activity of antibiotic. However, MIC depended on the initial 
concentration of chloramphenicol at which Salmonella were cultured beforehand. There are probably some trigger mechanisms have 
a threshold sensitivity to certain concentrations of chloramphenicol. Thus, to a concentration of 0.3 ug/ml, MIC chloramphenicol 
between control and experimental cultures did not differ.
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Introduction
Motility of enteropathogenic bacteria, such as Pseudomonas aeruginosa and Salmonella enterica, is the important factor, providing their 

survival and pathogenic potential realization. For example, motility in Salmonellas correlates with invasion [1-4]. The process of motility 
in the solid medium in Pseudomonas family bacteria is more complex than in Salmonellas, and includes separation of surfactant, providing 
slide-slip of bacteria on agar surface. It should be also noted that the loss of cells motility limits their ability to formation of biofilms [5]. 
According to our opinion, many power-consuming processes, such as efflux, metabolic misbalances caused by antibiotic effect, and induc-
ible synthesis of antibiotic destructive enzymes must disorder the bacteria motility that makes its perspective target for the remedies of 
antibacterial therapy. Bacteria motility can be determined by the gradient of oxygen, ferrum salts, pH, amino acids, auto inducers and pro-
biotics strains [6]. In relation to S. typhimurium, mutations leading to lipopolysaccharide synthesis disorder suppressed cell hive-out and 
also their differentiation into hiving forms [7]. Detection of the fluoroquinolones and aminoglycoside ability to suppress S. typhimurium 
cell motility in vitro [8] in the concentration lower MIC (minimal inhibiting concentration) expands perspective of antibiotics application 
and creation of the new classes of antibacterial compounds, which do not suppose the bacteria growth, but suppress their motility as a 
pathogenicity factor.

The aim of our studies

The study of Salmonella enterica and Pseudomonas aeruginosa bacteria to chloramphenicol, both in the aspect of immobilizing activity 
of this antibiotic, and in application to its bacteriostatic/bactericidal effect.
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Materials and Methods

The work was executed on the basis of pharmacogenomics group of the Institute of Chemical Biology and Fundamental medicine SB RAS, 
the sector of molecular biology and laboratory diseases of young stock of agricultural animal breeding institute of experimental veterinary 
of Siberia and Far East of the Russian Agricultural Academy. For the studies Salmonella enterica sl.10 and Pseudomonas aeruginosa 668, 
669, 671, strains were used, which are available in the collection of ICBFM SB RAS. Bacteria motility was estimated by means of cultivat-
ing Salmonella cultures and Pseudomonas aeruginosa on semi-solid agar in the presence of different concentrations of chloramphenicol. 
Per 2 ml of semi-solid nutrient medium MIO (Biomerieux Inc Mio Medium T3320) was injected in six-alveolar polystyrene sketch-boards, 
and inoculation of Salmonella daily cultures was conducted by wire inoculating loop in the centre of each hole. Screened cultures were 
incubated at the temperature 37оС during two days. The different dilutions of tested chemical compounds were injected into each hole, 
and dilutions, as a rule, were made with the step 1:2. The range of tested substances concentrations was determined in the preliminary 
tests. Bacteria antibiotic resistance was estimated also by disk-diffuse method with usage of Hottinger’s agar. 

Each test was executed in five replications. The data were processed by generally accepted statistic methods.

The results of own studies

Immobilizing activity was estimated according to antibacterial compound ability to suppress creeping growth of S. enterica and  
Pseudomonas aeruginosa by semi-solid agar. Accounting was made in two days, and the absence of creeping growth signs was estimated. 
In all test replications in all P. aeruginosa strains, MIC chloramphenicol made 75 mkg/ml (Figure 1). Immobilizing activity of chloram-
phenicol made 37.5 mkg/ml also in all replications and in all strains (Figure 1).

75 mkg/ml                                      37 mkg/ml 18.75 mkg/l

(chloramphenicol concentration)

Figure 1: Suppression of P. aeruginosa motility in MIO medium at the different concentrations of chloramphenicol in the 
intact strains: upper row P. aeruginosa 668 strain, lower row – P. aeruginosa 671 strain.

After P. aeruginosa cultivation in the medium with high chloramphenicol (37.5 mkg/ml), bacteria adaptation to antibiotic took place 
and we observed not only the bacteria growth at chloramphenicol concentrations 75 mkg/ml, but also the effect of cell hiving (Figure 2).
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75 mkg/ml 37 mkg/ml 18.75 mkg/ml

(chloramphenicol concentration)

Figure 2: Suppression of P. aeruginosa motility in MIO medium at the different chloramphenicol concentrations in 
strains, cultivated in the medium with chloramphenicol present 37.5 mkg/ml: upper row - P. aeruginosa 668 strain,  
middle row – Р. aeruginosa 669 strain, lower row –P. aeruginosa 671 strain.

After P. aeruginosa cultures screening, cultivated at chloramphenicol concentration 18.75 mkg/ml, chloramphenicol MIC also made 
75 mkg/ml in all replications in all strains. Immobilizing chloramphenicol activity also didn’t differ from such one in the source intact 
cultures. Thus, the absence of selective pressure on P. aeruginosa cultures didn’t launch initiation of the mechanisms providing resistance 
to this antibiotic. The mechanisms of adaptation to antibiotic imply not only preservation of growth possibility at high antibiotic concen-
trations, but also motility preservation.

Chloramphenicol concentrations, at which Salmonella was tested, were less, than for cultures of Pseudomonas aeruginosa (the range 
of concentration from 1.175 to 0.075 mkg/ml). We didn’t limit ourselves with the study of processes of Salmonella adaptation only to high 
and low antibiotic concentrations, and conducted the study with usage of the intermediary chloramphenicol concentrations (1.175; 0.6; 
0.3; 0.15 and 0.075 mkg/ml). After Salmonella cultivation at enlisted antibiotic concentration by the method of serial dilutions, we esti-
mated their sensibility to chloramphenicol and immobilizing antibiotic activity in relation to each of cultures in comparison with intact 
control. With assistance of disk-diffuse method also the change of cross antibiotic resistance change was studied. 

It follows from the table 1 that Salmonella cultivation in the presence of different chloramphenicol concentrations didn’t change their 
stability to immobilizing activity of this antibiotic. However, MIC depended on chloramphenicol concentration, at which Salmonella was 
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previously cultivated. Probably, there are trigger mechanisms, which have threshold sensibility to certain chloramphenicol concentra-
tions. Therefore, MIC values between control and test cultures didn’t distinguish before chloramphenicol concentration 0.3 mkg/ml.

Chloramphenicol concentration in 
the primary culture, mkg/ml.

MIC, mkg/ml. Creeping growth suppression, 
mkg/ml.

1.175 1.175 ± 0.0 No growth
0.6 1.175 ± 0.0 0.6 ± 0.0
0.3 0.887 ± 0.14 0.6 ± 0.0
0.15 0.6 ± 0.0 0.6 ± 0.0
0.075 0.6 ± 0.0 0.6 ± 0.0
0 – intact culture 0.6 ± 0.0 0.6 ± 0.0

Table 1: The study of stability development to chloramphenicol after cultivation of salmonella cultures with 
different antibiotic concentrations.

Discussion
It comes under notice that at the primary isolation, Salmonella enterica sl10 strain culture was characterized by the stability to chlor-

amphenicol MIC more than 23.5 mkg/ml, and immobilizing activity was observed at concentration 1.5. mkg/ml [9]. Strain cultivation in 
the conditions of laboratory increased its sensibility to antibiotic and passages in the medium with chloramphenicol didn’t lead to restora-
tion of strain stability to this antibiotic to the primary level (observed at primary isolation).

The results, obtained with using the method of serial dilutions in MIO medium are reproduced and at usage of disk-diffuse method.  
Salmonella cultivation at chloramphenicol concentration 0.6 mkg/ml was accompanied by the growth delay area reduction for 11.9% 
(Table 2) in comparison with intact control. The substantially reliable differences from control on resistance to chloramphenicol in cul-
tures, preliminary cultivated in the medium with chloramphenicol concentrations 0.075, 0.15 mkg/ml were not observed. However, 
we observed correlation dependency of the growth delay area sizes from chloramphenicol concentration at the preliminary cultivation  
(Table 2). 

Laevomycetin concentration in 
the primary culture, mkg/ml.

Antibiotics / cultures growth delay area (mm)
Clindamycin Chloramphenicol Spectinomycin Enrofloxacin Flumequine

0.6 17.83 ± 0.16 28.0 ± 0.14* 15 ± 0.26* 21.7 ± 0.15* 23.5 ± 0.34
0.15 18.0 ± 0.28 32.0 ± 0.28 16.2 ± 0.17 30.0 ± 0.28 27.7 ± 0.26***
0.075 18.0 ± 0.28 31.4 ± 0.35 14.8 ± 2.96 29.2 ± 0.33 30.0 ± 0.28
0 (control) 18.3 ± 0.22 31.8 ± 0.16 14 ± 0.28 29.0 ± 0.28 30.1 ± 0.27
r -0.1485 -0.906 -0.189 -0.9644 -0.958

 Note: r- Correlation between sizes of the growth delay area of laevomycetin concentration in the primary culture 
* - P > 0.95, ** - P > 0.99, * **- P > 0.999

Table 2: The study of salmonella stability development to antibiotics after preliminary cultivation with different chloramphenicol 
concentration at the usage of disk-diffuse method

Except for the resistance growth to chloramphenicol we observed the growth to cross resistance to fluoroquinolones (enrofloxacin 
and flumequine) and absence of such one in relation to clindamycin and spectinomycin. Earlier we showed the immobilizing activity 
of EDTA, some organic acids and chloramphenicol in relation to Salmonella [9]. Also, we detected correlation between florfenicol and 
chloramphenicol (r = 0.59), and the presence of similar stability mechanisms was supposed, as it is known that floR gene, responsible for 
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resistance to florfenicol, frequently is in one film-holder with genes of stability to other antibiotics, including chloramphenicol [10]. Muta-
tion in gyrA, gyrB, parC or parE genes, coding the sub-units of topoisomerase II and IV, are the most distributed mechanism of stability to 
fluoroquinolones in bacteria [11]. However, these mutations must provide constitutional antibiotic resistance, as they effect on metabolic 
processes, constantly used by the bacterial cell, and don’t effect on resistance to chloramphenicol. Nevertheless, there is efflux more – the 
mechanism, providing polyresistance of bacteria to antibiotic, carrying inducible character [12,13], at which the expression of genes, pro-
viding resistance, is triggered in the response to bacteria contact with antibacterial compound. In S. enteric serovar Hadar and S. enterica 
serovar Typhimurium the efflux of RND type pump were described: AcrAB-TolC, AcrEF-TolC and YegMNO-TolC, у S. Hadar is also known 
efflux MATE-type pump – YdhE. The activation of these pumps manages the global gene regulator – rma [12-14]. The German researches 
detected the effect of combined increase of MIC chloramphenicol and fluoroquinolones in the process of genetically modified Salmonella 
selection, which contain clones with corresponding genes of efflux-pumps and their regulators, under effect of fluoroquinolones [15,16]. 
We observed the analogous effect, but with using chloramphenicol in relation to “wild” Salmonella strains.

As it follows from the studies (Schmidt, S., P. Heisig, 2007) and Figure 3 [16,17], the inducer effect, in this case, probably antibiotic 
with MarR receptor launches MarA gene expression, which, in its turn, activates all enlisted Salmonella efflux-pump, but with different 
efficacy. Presumably, this process can bear self-supporting character due to activation of global gene regulator Rma. Obviously, the system 
of gene regulators MarA – Rma is capable to provide epigenetic mechanism of preservation of efflux-pump high activity and, accordingly,  
Salmonella stability to the wide range of antibiotics, during some time without repeated contacts with antibiotic-inducer.

Figure 3: The scheme of ways of regulating efflux-pump in Salmonella.

Participation in the regulatory cascade, which launches polyresistance to antibiotics, transcription factor, which SoxS expression is 
increased in the presence of active oxygen forms, is interesting [18,19]. SoxS activation launches expression of the wide spectre of genes, 
including efflux-pumps [19]. Sensibility of this regulation system to oxygen allows supposing the reduction of efflux-pump efficacy in an-
aerobic conditions. In the veterinary practice, it can have value in three situations: 1. Usage of fluoroquinolones and/or chloramphenicol 
on the young stock of agricultural animal can be insufficiently effective, because in the gastrointestinal tract the areas with anaerobic con-
ditions didn’t manage to form. 2. The results of antibiogram, performed in anaerobic conditions, can underestimate the results of analysis 
in relation to the wide spectre of antibiotics. 3. The usage of peroxides indirectly before application of fluoroquinolones, chloramphenicols 
and the range of other antibiotics can be dangerous in the aspect of risk increase of mechanisms activation of Salmonella polyresistance.
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The analysis of adaptation mechanism to chloramphenicol in the different types of bacteria, in our case Pseudomonas aeruginosa 
(PA) and Salmonella shows similar moments – low antibiotic concentrations don’t effect on the bacteria growth and their physiological 
functions don’t launch the adaptation or selection mechanism for stability to this antibiotic. PA and Salmonella cultivation in the chlor-
amphenicol-based medium in immobilizing concentration was accompanied both by MIC and suppression of immobilizing antibiotic 
activity. Earlier we showed the association between bacteria adaptation to bactericidal and immobilizing antibiotic effect [9]. On the other 
part, if we use the lowest chloramphenicol concentrations sufficient for Salmonella growth suppression (1.175 - 1.5 mkg/ml), we shall 
not activate the protective mechanisms of adaptation to chloramphenicol in PA (18.75 mkg/ml). It is logical to suppose that the usage of 
antibiotic maximally low doses reduced the quantity of opportunistic bacteria types, which activated their mechanism of stability that can 
have value for the selection of antibiotic resistance bacterial strains [20].

Conclusions

1. The usage of chloramphenicol low concentrations, which provide only immobilizing effect on bacteria, is accompanied by activa-
tion of the resistance mechanisms both in Salmonella enterica and Pseudomonas aeruginosa, which include, above other things, MIC 
increase;

2. The usage of chloramphenicol low concentrations in relation to the sensible strains doesn’t touch activation of antibiotic resistance 
mechanisms in the strains with primarily higher MIC values that reduces the risk of antibiotic resistance development. 

Funding

The reported study was funded by RFBR, according to the research project No. 16-34-60106 mol_а_dk.

Bibliography

1. Jones GW., et al. “The invasion of HeLa cells by Salmonella typhimurium: reversible and irreversible bacterial attachment and the 
role of bacterial motility”. Journal of General Microbiology 127.2 (1981): 351-360.

2. Jones B., et al. “Salmonella typhimurium initiated murine infection by penetrating and destroying the specialized epithelial M cells 
of the Peyer’s Patches”. Journal of Experimental Medicine 180.1 (1994): 15-23.

3. C K Schmitt., et al. “Absence of all components of the flagellar export and synthesis machinery differentially alters virulence of Sal-
monella enterica serovar Typhimurium in models of typhoid fever, survival in macrophages, tissue culture invasiveness, and calf 
enterocolitis”. Infection and Immunity 69.9 (2001): 5619-5625.

4. L Yim., et al. “Naturally Occurring Motility-Defective Mutants of Salmonella enterica Serovar Enteritidis Isolated Preferentially from 
Nonhuman Rather than Human”. Applied and Environmental Microbiology 77.21 (2011): 7740-7748.

5. O’Toole GA and Kolter R. “Flagellar and twitching motility are necessary for Pseudomonas aeruginosa biofilm development”. Molecu-
lar Microbiology 30.2 (1998): 295-304.

6. Pontier-Bres R., et al. “Modification of Salmonella Typhimurium Motility by the Probiotic Yeast Strain Saccharomyces boulardii”. 
PLoS ONE 7.3 (2012): e33796. 

7. A Toguchi., et al. “Genetics of Swarming Motility in Salmonella enterica Serovar Typhimurium: Critical Role for Lipopolysaccharide”.  
Journal of Bacteriology 182.22 (2000): 6308-6321. 

8. V Majtán and L Majtánová. “In vitro effect of fluoroquinolones and aminoglycosides on surface hydrophobicity and motility of Salmo-
nella enterica serotype Typhimurium DT104”. Biologia, Bratislava 56.6 (2001): 625-631. 



473

Change Resistance of Salmonella enterica and Pseudomonas aeruginosa against Antibacterial and Immobilization of Activities 
of Chloramphenicol

Citation: Afonyushkin VN., et al. “Change Resistance of Salmonella enterica and Pseudomonas aeruginosa against Antibacterial and  
Immobilization of Activities of Chloramphenicol”. EC Gastroenterology and Digestive System 2.6 (2017): 467-473.

9. Afonyushkin VM., et al. “Salmonella enterica motility suppression”. Siberian Vestnik of Agricultural Science 5 (2012): 76-82. 

10. Cloeckaert A., et al. “Non-enzymatic chloramphenicol resistance mediated by IncC plasmid R55 is encoded by a floR gene variant”. 
Antimicrobial Agents and Chemotherapy 45.8 (2001):  2381-2382.

11. Heisig. “High-level fluoroquinolone resistance in a Salmonella typhimurium isolate due to alterations in both gyrA and gyrB genes”. 
Journal of Antimicrobial Chemotherapy 32.3 (1993): 367-377.

12. Nishino K., et al. “Regulation and physiological function of multidrug efflux pumps in Escherichia coli and Salmonella”. Biochimica et 
Biophysica Acta 1794.5 (2009): 834-843.

13. Nikaido E., et al. “AcrAB multidrug efflux pump regulation in Salmonella enterica serovar Typhimurium by RamA in response to 
environmental signals”. Journal of Biological Chemistry 283.35 (2008): 24245-24253.

14. Paulsen IT. “Multidrug efflux pumps and resistance: regulation and evolution”. Current Opinion in Microbiology 6.5 (2003): 446-451.

15. Schmidt S Heisig. “Development of multidrug efflux mediated fluoroquinolone resistance in Salmonella Hadar”. Poster 17th European 
Congress of Clinical Microbiology and Infectious Diseases, München (2007): 24-29.

16. Schmidt S Heisig. “Potential of fluoroquinolones to induce the expression of the acrAB efflux pump and the global regulator marA in 
Salmonell Hadar”. Vortrag 16th European Congress of Clinical Microbiology and Infectious Diseases, Nizza, Frankreich (2006): 48-54.

17. Van der Straaten T., et al. “Salmonella gene rma (ramA) and multiple-drug-resistant Salmonella enterica serovar typhimurium”. An-
timicrobial Agents and Chemotherapy 48.6 (2004): 2292-2294.

18. Wu J., et al. “Overproduction and physical characterization of SoxR, a [2Fe-2S] protein that governs an oxidative response regulon 
in Escherichia coli”. Journal of Biological Chemistry 270.17 (1995): 10323-10327.

19. Ma D., et al. “The local repressor AcrR plays a modulating role in the regulation of acrAB genes by global stress signals”. Molecular 
Microbiology 19.1 (1996): 101-112.

20. Afonyushkin VN., et al. “Detection of gene pathogenicity and S.enterica antibiotic resistance in some microorganisms of Enterobacte-
riaceae family”. Vestnik of the Russian Academy of Agricultural Sciences 2 (2012): 67. 

Volume 2 Issue 6 May 2017
© All rights reserved by Afonyushkin VN., et al.


