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ABSTRACT

The Pseudomonas aeruginosa bacteriocin represents one of the survival methods
in the mixed communities. It had its structure that gathered between colicin, which
had enzymatic activity, and the pore-former toxin. Bacteriocins represent a way to
gain the battle against the immune system. Antibiotics were the most effective
therapy, but with time and random usage, antibiotic resistance has been developed
and spread worldwide. In this study, ten isolates of Pseudomonas aeruginosa were
detected for bacteriocin production against three Escherichia coli isolates. Pseu-
domonas aeruginosa isolates were bacteriocin producer. After that, curing by four
concentrations (50, 75,100 and 125) pg /ml of Ethidium bromide was done. The
(75 and 100) ug /ml were the most effective concentration in curing. The Antibi-
otic sensitivity test for the antibiotics was done before and after curing in order to
make a combination between bacteriocin production and curing as a way to gain
the battle against antibiotic resistance. This study proved that the anti-plasmid
factor could be considered a promising way to deal with the progress of the spread
of antibiotic resistance in the community.
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INTRODUCTION

Bacterial colonies were not living alone in their niches; they faced different
threats from competing microorganisms. As much as the bacteria had solutions to
these threats, they could survive and win the battle on the nourishment. The
competing microorganisms could be related to strains genetically. One of the
weapons that Pseudomonas aeruginosa (P. aeruginosa) had was bacteriocin
production 1,

Bacteriocins are antibacterial proteins. Gram-negative bacteria produce to
compete with the surrounding microorganisms. They affect the competing
microbe's cell envelope and penetrate it; it looks like a toxin that has pore-
forming activity 1.

By 2050, ten million deaths were predicted to occur; this is a picture of seven
hundred deaths worldwide due to antibiotic-resistant microorganisms 2. One of
many reasons behind this growing problem is the random overuse of medicines in
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human societies and the environment. 3. From the 1960s, only 2 new antibiotics
were released to use, which gave a sign to global society about the depth of
antibiotic resistance problem #. Colistin represents the last line of resistance, but
fortunately, there were isolates gained from animals and humans that were
resistant to this antibiotic. The reason behind this resistance may be the presence
of MCR-1, encoded on a plasmid and could transmit horizontally, magnifying the
fear of antibiotic resistance *®, in addition to the production of Extended
Spectrum Beta Lactamase ‘. ldentifying new resistance genes and extraordinary
ways of resistance, e.g., the tetracycline efflux system of the oral metagenome 8,
besides intracellular antibiotic inactivation, magnifies the global concern about
antibiotic resistance °. The global demand was to get new antibiotics to overcome
the Gram-negative bacilli or remove the resistance markers, e.g., plasmids. The
aim was to detect bacteriocin production from P. aeruginosa against E. coli.
Besides, curing Ps. aeruginosa with ethidium bromide, and Finally comparing
their antibiotic resistance before and after curing.

MATERIALS AND METHODS
Bacterial isolates:

Three isolates of P. aeruginosa and ten clinical bacterial isolates of Escherichia
coli were collected from cultures of higher studies laboratories from
Mustansiriyah University —College of Science- Biology Dep. and re-identified by
bacteriological and biochemical tests °.

Detection of bacteriocin production:

The three P. aeruginosa isolates were detected for bacteriocin production against
three isolates of E. coli by the Kirby-Bauer Disc diffusion Method by using
Mueller-Hinton agar plates.

P. aeruginosa was cultured at 37 C for 24 hr, then centrifuged at 10 000 rpm for
10 min to get supernatant free of cells, filtered through a microfilter unit (0.22
pm) and finally stored at 4 C.

E. coli cultured agar plates; then wells were made by a sterile cork borer, then 50
pl of bacteriocin (prepared about 24 hrs) were pipetted into the wells and
incubated at 37°C for 24 hours. Each plate had five wells filled by the bacteriocin
of five different P. aeruginosa isolates against one isolate of E. coli for each plate.
The inhibition zones were recorded.

Curing by Ethidium Bromide:

A series of concentrations of Ethidium bromide (50, 75,100 and 125) pg /ml were
prepared in Brain heart infusion broth at a final volume of 5 ml. These tubes were
inoculated by 100 ul of bacteria, then grown at 37 C for 18 hr. All tubes were
incubated at 37 C for 18 hr 150 rpm/ min. The growth density at tubes containing
different concentrations of Ethidium bromide was compared with the control
tubes. Then, the tubes that contained the highest concentration of curing agent
showed an observed growth by the naked eye. Serial dilutions were made for the
chosen tubes, and then 0.1 ml of each dilution was transferred to Muller Hinton
Agar plates, which were used for the antibiotic sensitivity test.

Antibiotic sensitivity test:

The antibiotic sensitivity test for the P. aeruginosa isolates was carried out by
Kirby Bauer disc diffusion ! before and after curing by ethidium bromide. Seven
different antibiotics were used to detect the antimicrobial susceptibility test,
antibiotic discs consumed were from Oxoid (England), and the inhibition zones
were recorded and compared with 2. The antibiotic discs were aseptically put in
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the agar using sterile forceps and then incubated at 37°C for 24 hours. The
antibiotics discs used in this study were Levfloxacin (Lev,5 pg), Vancomycin
(Vn, 30 pg), Amoxicillin (Am, 25 ug), Carbapenem (CRO,30 ug ), Trimethoprim
(T,30 pg), Erythromycin (E, 15 pg) and Nitrofurantoin (F, 30 pg).

RESULTS

After detecting bacteriocin production from P. aeruginosa against E.coli, a
Curing experiment by Ethidium bromide was done.

The isolates of P. aeruginosa No. 2, 5 and 10 were bacteriocin producers against
the three isolates of E. coli, Whereas P. aeruginosa No. 9 was effective against
two isolates of E. coli No. 2 and 3. P. aeruginosa No. 6 is effective against two
isolates of E. coli No. 1 and 2, as shown in Table 1.

E. coli Isolate No. P. aeruginosa Isolate No. in the Result
spreaded on plate wells
E.coli1 1,2,3,4,5 2 and 5 were producer
6,7,89,10 6, 7,8, 10 were producer
E.coli2 1,2,3,4,5 2 and 5 were producer
6,7,8,9,10 6, 9, 10 were producer
E.coli3 1,2,3,4,5 2 and 5 were producer
6,7,89,10 9, 10 were producer

Table 1: Effect of Bacteriocin production from P. aeruginosa on E. coli

They are not like antibiotics of a broad spectrum; the absence of selective pres-
sure reduces the resistance formation in the microbial niches, and secondly, the
killing activity is limited, which provides chances to treat bacterial infections
without affecting the normal flora.

The patient's health during the usage of antibiotics depends on keeping the gut
normal flora, which in turn enhances the patient's health and treatment outcome.

Four concentrations of Ethidium bromide were used (50, 75,100 and 125) pg/ml.
The results showed that the (75 and 100) pg/ml were the most effective concen-
trations of Ethidium bromide on curing P. aeruginosa.

Isolate 10 changed from resistant to sensitive to Levofloxacin antibiotic. Isolate
No. 8 changed from resistant to sensitive to carbapenem and Trimethoprim anti-
biotics and from sensitive to resistant to Nitrofurantion antibiotics.

Isolate No. 6 changed from sensitive to resistant to Levofloxacin antibiotic. The
isolate No. 9 changed from sensitive to resistant to Nitrofurantion antibiotics. Iso-
latelsolate No. 2 was not affected ultimately, as shown in Table 2.

Beta-lactam antibiotics are one of the most used antibiotics against Gram-
negative bacteria. However, antibiotic resistance appeared, leading to a fear of
failure and high morbidity and mortality rates, consuming the health care system
a lot of money 22,
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P.aeruginosa iso-

late No.

5 Before
After

10 Before
After

6 Before
After

8 Before
After

2 Before
After

9 Before
After

Lev Vn Am CRO T E F
25 R R R R R R
15 R R R R R R
15 R R R R R R
21 R R R R R R
30 R R R R R R
18 R R R R R R
25 R 7 10 9 6 24
30 R R 20 R R R
25 R R 23 R R R
25 R R 20 R R R
25 R 9 8 6 R 25
30 R R R R R R

Table 2: Antibiotic sensitivity test before and after curing by ethidium bromide of Pseudomonas aeruginosa

Levfloxacin (Lev,5
thoprim (T,30 ug),

pg), Vancomycin (Vn, 30 pg),Amoxcillin  (Am, 25 pg), Carbapenem (CRO,30 pg ), Trime-
Erythromycin (E, 15 pg) and Nitrofurantion (F, 30 ug).

The most potent antibiotics were the carbapenems, which represent the last
choice for physicians 2%. The genes coding for Metallo-Beta Lactamase were
found on plasmids; this means horizontal gene transfer into numerous surround-
ing bacteria. The curing of bacteria led to the change of bacteria from resistant to
susceptible. Five agents acted physically or chemically to remove plasmids ( e.g.,
ethidium bromide, acridine orange, sodium dodecyl sulfate, pH changes and high
temperature) 24,

Some of these curing genes worked unspecificly, leading to cell damage; multiple
antibiotic resistance could be affected but could not be predicted by action 2.

They proved ethidium bromide caused a more significant elimination rate than
Sodium Deo Sulphate and acridine orange dye 2.

Antibiotic resistance markers are found either on chromosomes, plasmids, in-
tegrons and transposons 2°. The antibiotic resistance markers found on plasmid
represent a significant player in resistance markers transfer between different
bacteria 2’

The plasmid curing proved the intimate connection between antibiotic resistance
and plasmid presence 2. After curing resistant Acinetobacter baumanii and P.
aeruginosa, it became sensitive; this proved that antibiotic resistance markers of
these bacteria were plasmid-mediated.

DISCUSSION

The Pseudomonads represent a genus of bacteria with tremendous metabolic ca-
pabilities to live and compete with microorganisms, which may be opportunistic
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pathogens. These bacteria enhance plant growth or pollutant degraders in the en-
vironment 3. In order to do that, they were supplied with strong substances with
different structure and activity. One was Bacteriocins, which had antibacterial ac-
tivity and acted specifically on the related bacteria 4. The bacteriocins of
P.aeruginosa were named pyocins, and their benefit for the producer strain was
Ecoevolutionary *°. These points were like E. coli colicins °. The aim of bacteri-
ocin docking onto cells was outer membrane proteins (OMPSs), which were re-
sponsible for iron uptake (by siderophores) " because of the structure resembling
P. aeruginosa Pseu Ms and P.syringae and E. coli colicin; they proposed that
they shared the same ancestry and act on the same site of the components of cell
surface 8. Besides the potent activity of bacteriocins, they had an important fea-
ture: the specificity of affected bacterial species of these molecules, which served
two aims '°. Antibiotic-associated diarrhea and Clostridium difficile infection
were found due to dysbiosis after antibiotic use 2°. Microbial imbalances have
been proposed to cause chronic diseases (e.g., diabetes, Crohn's disease, rheuma-
toid arthritis and obesity) 2! and the last decade witnessed attempts from pharma-
ceutical companies that included a post-genomic program of antibiotic discovery,
which resulted in minimum success and few antibiotics released to the market.
The antibiotics recently used in the clinical field appeared after naturally occur-
ring antibiotics were detected and modified. This led to a return to natural prod-
ucts, which became safer than new antimicrobial agents *°.

CONCLUSIONS

The study proved that ethidium bromide was one of the suitable solutions for
plasmids curing, but its use in therapy was not acceptable due to mutagenicity
and toxicity. This made the scientists change their concern to a new, non-toxic,
and active curing agent that could be used in addition to antibiotics to get a solu-
tion for antibiotic resistance, besides factors that induce a shift in the plasmid
copy number.

ACKNOWLEDGMENTS

The authors thank Mustansiriyah University (www.uomustansiriyah.edu.iq)
Baghdad-Iraq for its support in the present work.

References:

1

Ghequire, G. K. Kemland, L.; Anoz-Carbonell, E.; Buchanan, S.K. and De Mota, R. A Natural
Chimeric Pseudomonas Bacteriocin with Novel Pore-Forming Activity Parasitizes the Ferrichrome
Transporter. ASM Journals, 2017; 8 (1): e01961-16

O'Neill , J. Tackling drug-resistant infections globally: final report and recommendations. Rev.
Antimicrob. Res. 82 .2 United Nations. Draft political declaration of the high-level meeting of the
General Assembly on  Antimicrobial resistance . https://www.un.org/pga/71/wp. 2016.

Coates ,A.R. ; Halls, G. and Hu ,Y. Novel classes of antibiotics or more of the same? Br. J.
Pharmacol. 2011; 163 (1), 184-194 .

Huang, L. ; Wang ,X. ; Feng, Y. ; Xie, Y. ; Xie, L. and Zong, Z. First identification of an
IMI-1carbapenemase-producing colistin-resistant Enterobacter cloacae in China. Ann. Clin. Microbiol.
Antimicrob. 2015 ,14: 51..

Liu ,Y.Y. ; Wang, Y. and Walsh, T.R. et al., Emergence of plasmid-mediated colistin resistance
mechanism MCR-1 in animals and human beings in China: a microbiological and molecular biological
study. Lancet Infect. Dis. 2016; 16(2), 161-168 .

Schwarz, S. and Johnson, AP. Transferable resistance to colistin: a new but old threat. J. Antimicrob.
Chemother. 2016; 71(8): 2066-2070 .



http://www.uomustansiriyah.edu.iq/
https://www.un.org/pga/71/wp

Bionatura  http://dx.doi.org/10.21931/RB/CSS/2023.08.01.6 6

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Robin, F. ; Beyrouthy, R. ; Colot ,J. et al., MCR-1 in ESBL-producing Escherichia coli responsible for
human infections in New Caledonia. J. Antimicrob. Chemother. Doi. 2016;10.1093/jac/dkw508 .(Epub
ahead of print).

Reynolds ,L.J. ; Roberts, A.P. and Anjum, M.F. Efflux in the oral metagenome: the discovery of a novel
tetracycline and tigecycline ABC transporter. Front. Microbiol. 2016; 7, 1923 .

Sorg, R.A. ; Lin, L. and Van Doorn ,G.S. et al., Collective resistance in microbial communities by
intracellular antibiotic deactivation. PLoS Biol. 2016,14(12): e2000631

Mahon, C.R. , Lehman, D.C. and Manuselis , G. Textbook of Diagnostic Microbiology. 4th ed. W. B
Saunders Co., Philadelphia, PA. 2011;pp :234.

Bauer, AW. , Kirby , W.M.; Sherries , J.C. and Truck,M. Antibiotic susceptibility testing by a
standardized single disk method. Am. J. Clin. Pathol. 1966; 45: 493-496.

CLSI (Clinical and Laboratory Standards Institute) . Performance standards for Antimicrobial
susceptibility testing;18th informational supplement. M100-S18, Wayne, PA. 2008.

Ramos ,J.L. ; Goldberg ,J.B. and Filloux A (ed). Pseudomonas, vol 7. New aspects of Pseudomonas
biology. Springer Netherlands, Dordrecht, Netherlands. 2015.

Ghequire, MG. and De Mot, R. Ribosomally encoded antibacterial proteins and peptides from
Pseudomonas. FEMS Microbiol. Rev., 38:523-568. https://doi.org/10.1111/1574-6976.12079. 2014.
Turnbull, L. ; Toyofuku, M.. ; Hynen ,A.L. ; Kurosawa ,M. ; Pessi ,G. ; Petty ,N.K. ;Osvath ,S.R. ;
Carcamo-Oyarce, G. ; Gloag ,E.S. ; Shimoni, R. ; Omasits, U. ; Ito, S. ; Yap, X. ; Monahan, L.G. ;
Cavaliere, R. ; Ahrens, C.H. ; Charles, I.G. ; Nomura, N. ; Eberl ,L. and Whitchurch, C.B. Explosive
cell lysis as a mechanism for the biogenesis of bacterial membrane vesicles and biofilms. Nat. Commun.,
7:11220. https://doi.org/10.1038/ncomms11220. 2016.

Cascales, E. ; Buchanan, S.K. ; Duche, D. ; Kleanthous, C. ; Lloubes , R. ; Postle, K. ; Riley, M. ; Slatin,
S. and Cavard, D. Colicin biology. Microbiol. Mol. Biol. Rev.,71:158 -229.
https://doi.org/10.1128/MMBR.00036-06. 2007.

McCaughey, L.C. ; Josts, I. ; Grinter, R. ; White, P. ; Byron, O. ; Tucker, N.P. ; Matthews, J.M ;
Kleanthous, C. ; Whitchurch, C.B. and Walker, D. Discovery, characterization and in vivo activity of
pyocin SD2, a protein antibiotic from Pseudomonas aeruginosa. Biochem. J., 473:2345-2358.
https://doi.org/101042/BCJ20160470. 2016.

Barreteau, H. ; Tiouajni, M. ; Graille, M. ; Josseaume, N. ; Bouhss ,A. ; Patin ,D. ; Blanot, D. ;
Fourgeaud, M. ; Mainardi ,J.L. ; Arthur ,M. ; van Tilbeurgh, H. ; Mengin-Lecreulx, D. and Touze, T.
Functional and structural characterization of PaeM, a colicin M-like bacteriocin produced by
Pseudomonas aeruginosa.J.Biol.Chem. 2012;287:37395-37405.
https://doi.org/10.1074/jbc.M112.406439.

McCaughey, LC. ; Ritchie, N.D. ; Douce, GR. ; Evans, T.J. and Walker, D. Efficacy of species-specific
protein antibiotics in a murine model of acute Pseudomonas aeruginosa lung infection. Scientific
Reports ,6:30201 .DOI: 10.1038/srep30201. 2016.

Carroll, K. C. and Bartlett, J. G. Biology of Clostridium difficile: Implications for epidemiology and
diagnosis. Annu. Rev. Microbiol. 2011,65:501-521

Qin, J. et al. A metagenome-wide association study of gut microbiota in type 2 diabetes. Nature,
2012;490: 55-60 .

Founou, R.C. ; Founou, L.L. and Essack, S.Y. Clinical and economic impact of antibiotic resistance in
developing countries: a systematic review and meta-analysis. PLoS One;12:e0189621. 2017.
Papp-Wallace, K.M. ; Endimiani, A. ; Taracila, M.A. and Bonomo, R.A. Carbapenems: past, present,
and future. Antimicrob. Agents Chemother. 2011,55:4943-60.

Zaman, M.A. ; Pasha, M.H. and Akhter, M.Z. Plasmid curing of Escherichia coli cells with ethidium
bromide, sodium dodecyl sulfate and acridine orange. Bangladesh J. Microbiol. 2010 ,27:28-31.
El-Mansi, M. ; Anderson, K.J. ; Inche, C.A. ; Knowles, L.K. and Platt, D.J. Isolation and curing of the
Klebsiella pneumoniae large indigenous plasmid using sodium dodecyl sulfate. Res. Microbiol.
2000,151:201-8.

Courvalin, P. Transfer of antibiotic resistance genes between gram-positive and gram-negative bacteria.
Antimicrob. Agents Chemother. 1994,38 (7):1447-51.

Brown, T.A. Plasmids. In: Talebatabaei Yazdi, M. and Sepehrizzadeh, Z. (editors). Textbooks of Gene
Cloning & DNA Analysis. 2010;6th ed; pp. 33-9.



https://doi.org/10.1111/1574-6976.12079
https://doi.org/10.1038/ncomms11220
https://doi.org/10.1128/MMBR.00036-06
https://doi.org/101042/BCJ20160470
https://doi.org/10.1074/jbc.M112.406439

Bionatura  http://dx.doi.org/10.21931/RB/CSS/2023.08.01.6 7

28 Baserisalehi, M. and Bahador, N. A Study on Relationship of Plasmid with Antibiotic Resistance in
Thermophilic Campylobacter spp. Isolates from Environmental Samples. Biotechnol J.
2008 ,7(4):813-7.

Received: May 15, 2023/ Accepted: June 10, 2023 / Published: June 15, 2023
Citation: Al-Oqaili, R.M.S.; Ali, .I.LM.; Majeed, H.Z.. Curing of Resistant Pseudomonas aeruginosa by
Ethidium Bromide. Revis Bionatura 2023;8 (1) 6. http://dx.doi.org/10.21931/RB/CSS/2023.08.01.6



