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ARTICLE INFO ABSTRACT

Avrticle History: This study aimed to investigate the presence of plasmid-encoded beta-
Received: June 19, 2025 lactamase enzymes in Escherichia coli isolated from fish sourced from
Accepted: Aug. 2", 2025  rivers and private aguaculture ponds in Kirkuk, Irag. Fifty samples (25 from
Online: Aug. 19, 2025 each source) were collected and analyzed using morphological,
biochemical, and API 20E identification methods. Beta-lactamase

production was found in 12% of river isolates and 24% of pond isolates.
Plasmid extraction and curing were performed using alkaline lysis and SDS
treatment. The findings demonstrated that most isolates lost their beta-
lactamase activity after plasmid curing, suggesting that the resistance genes
were plasmid-borne. This research highlights the potential health risks
associated with antibiotic resistance in aquaculture environments.
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INTRODUCTION

Escherichia coli belongs to the Enterobacteriaceae family. It is a Gram-negative, rod-
shaped, often motile bacterium that can grow under both aerobic and anaerobic
(facultative anaerobic) conditions. It ferments sugars such as lactose, rhamnose, and
sorbitol, and prefers temperatures between 36— 37°C for optimal growth (Murray et al.,
2021). It is indole-positive, catalase-positive, methyl red-positive, oxidase-negative,
Voges—Proskauer-negative, and citrate-negative (Sastry & Bhat, 2019).

It naturally inhabits the intestinal tract of humans and animals as part of the normal
flora but can become opportunistic, causing diseases such as sepsis, meningitis, diarrhea,
bacteremia, and urinary tract infections—being responsible for 90% of UTIs globally. It
can also persist in environmental reservoirs, contaminating water, food, and soil
(Nascimento et al., 2021; Obaid & Jasim, 2023a).

E. coli possesses numerous virulence factors, including endotoxins, exotoxins,
cytotoxins, siderophores, hemolysin, colicin, and surface structures such as flagella,
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capsules, and lipopolysaccharides. These structures carry various antigens (Flagellar "F,"
Capsular "K," and Somatic "O") that contribute to its pathogenicity (Dmurena et al.,
2021).

It is characterized by multidrug resistance (MDR) (Cornelissen & Hobbs, 2020;
Obaid & Jasim, 2024b), posing a growing global health threat (Masoud et al., 2021).
This resistance arises from mechanisms such as extended-spectrum beta-lactamase
(ESBL) production, quinolone and aminoglycoside resistance, target site modification,
membrane permeability changes, and efflux pumps (Nji et al., 2021), making E. coli
clinically challenging (Prmohoammad et al., 2019). Despite the development of new
antibiotics in recent years, their misuse and overuse have resulted in resistant strains
emerging globally (Sultan et al., 2018).

Plasmids are widespread among bacterial species. While not essential for survival,
they carry vital traits such as resistance and toxin production. Plasmid curing experiments
help determine the genetic basis of such traits (Laxminarayan et al., 2020).

Given the importance and widespread presence of E. coli in animals and its
association with various diseases, this study aimed to explore its virulence factors and
investigate whether their genes are plasmid-encoded or chromosomal.

MATERIALS AND METHODS

Samples collection
Fifty fish samples were collected from the 1% of February to the 1% of March
2022. All relevant information was recorded in survey forms. The samples were taken to
the Microbiology Laboratory, College of Health and Medical Technology, Northern
Technical University, Kirkuk. Fish were dissected, and intestinal samples were cultured
on MacConkey agar and incubated at 37°C for 24 hours.

Bacterial identification

Isolates were identified based on morphology, microscopy, and biochemical tests
(indole, methyl red, oxidase, catalase, citrate, motility) (Fig. 1) and confirmed using the
API 20E system (Fig. 2).
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Fig. 1. biochemical tests:
Oxidase Test

Motility Test

Citrate Test

Indole Test

Catalase Test

Methyl Red Test
Voges-Proskauer Test
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Detection of ESBL production

The disk approximation method was used, following Rozwandowicz et al.
(2018). An Augmentin disk (amoxicillin/clavulanic acid) was placed in the center, with
Ceftazidime, Cefotaxime, and Piperacillin disks placed 3cm away. Enhanced inhibition
zones indicated ESBL production.
Plasmid extraction
Plasmids were extracted using the alkaline lysis method with the Accuprep Kit (Bioneer,
South Korea).
Plasmid curing
Plasmid curing was performed using sodium dodecyl sulfate (SDS) according to Garrec
etal. (2011).
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Fig. 2. E. coli bacteria cultured on an API 20E strip
RESULTS AND DISCUSSION

Fifty intestinal samples (25 each from rivers and ponds) yielded E. coli in 90% of
cases: 10 from river fish and 12 from pond fish.

Plasmid content screening

In this study, the plasmid content of the selected isolates with the highest
resistance to various antibiotics was investigated using the alkaline lysis method, as
provided by the manufacturer. This method allows for the extraction of plasmids up to
10,000 base pairs in size. The results of agarose gel electrophoresis of the isolates from
which plasmids were extracted showed that 5 out of 6 isolates (83%) contained plasmids,
while one isolate from river fish did not contain a plasmid (17%), as shown in Fig. (3).
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Fig. 3. The plasmid bands electrophoresed on agarose gel (1, 2, and 3 are isolates from
pond fish, while 4, 5, and 6 are isolates from river fish)

This is consistent with previous studies showing that E. coli commonly harbors at least
one plasmid of varying molecular size.

It was also found that there is no clear relationship between the genes encoding
virulence factors and the size of plasmids. This confirms that virulence factors may be
located on plasmids of different molecular weights. Plasmid-borne traits are considered
more significant than those carried on the chromosome due to their higher ability to
transfer and rapidly spread among various bacterial species. The importance of plasmids
lies in their ability to encode traits such as resistance to multiple antibiotics. These traits
can be transferred from pathogenic bacteria to non-pathogenic ones through conjugation,
leading to serious health problems for the host.

This study also found that isolates from river fish possess fewer virulence factors
compared to those from pond fish. This is likely because the natural river environment is
generally better than that of fish-farming ponds, which often contain high levels of
antibiotics, treatments, and vaccines. Additionally, the quality and type of water have a
direct impact on the presence of virulence factors.

In this study, the bacterial isolates were found to produce and secrete multiple
virulence factors to resist various antibiotics. Sodium dodecyl sulfate (SDS) was used for
plasmid curing at concentrations of 6000, 5000, 3000, 1000, 500, and 100ug/ mL on six
selected multidrug-resistant isolates. The study showed that the minimum inhibitory
concentration (MIC) of SDS was 5000ug/ mL, which is relatively consistent with the
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findings reported by Vogwill and MaclLean (2015). After the curing process, the
presence of virulence factors in the bacteria changed. Initially, all isolates showed -
lactamase enzyme production at a rate of 100% in both sources. However, after plasmid
curing, the presence of this virulence factor was reduced to 66.6% in river water isolates,
while it remained at 100% in pond water isolates.

These results align with those in Lopatkin et al. (2017), San Millan (2018) and
Osuntokun et al. (2019), who achieved similar curing effects. Most of the isolates were
found to contain -lactamase enzymes even after the plasmid curing process, a finding
confirmed by Bharathan et al. (2019). They emphasized the clinical significance of E.
coli as it poses a serious concern to human health due to its multidrug resistance. These
plasmids are considered a top priority for researchers, as they represent a severe and
potentially deadly threat to public health (Wangkheimayum et al., 2022).

The presence of virulence factors in bacteria is attributed to the existence of
specific genes located either on plasmids or on the chromosome, which confer the ability
to express these virulence traits (Sun et al., 2019; Rodriguez et al., 2020). The
mechanism of action of SDS lies in its ability to disrupt part of the bacterial cell surface
structures, thereby leading to the destruction or removal of plasmids, which are typically
located near the bacterial cell surface (Ibekwe et al., 2011; Sharef et al., 2025).

CONCLUSION

This study demonstrated a higher prevalence of plasmid-borne pB-lactamase
enzymes in E. coli isolates from aquaculture ponds compared to those from river fish in
Kirkuk. The use of sodium dodecyl sulfate (SDS) in plasmid curing revealed that most
resistance traits were plasmid-encoded, posing a significant public health risk due to the
potential for horizontal gene transfer. These findings highlight the need for continuous
environmental monitoring and the implementation of responsible antibiotic use practices
in aquaculture to help mitigate the spread of antimicrobial resistance.

REFERENCES

Bharathan, S.; Sundaramoorthy, N.S.; Chandrasekaran, H.; Rangappa, G.;
ArunKumar, G.; Subramaniyan, S.B. and Nagarajan, S. (2019). Sub lethal
levels of platinum nanoparticle cures plasmid and in combination with
carbapenem, curtails carbapenem resistant Escherichia coli. Scientific Reports,
9(1): 1-13.

Cornelissen, C.N. and Hobbs, M.M. (2020). Microbiology. 4th ed. Wolters Kluwer, p.
110.



2407
Plasmid-Encoded Beta-Lactamase Production in Escherichia coli Isolated from River and
Aquaculture Fish in Kirkuk, lraq

Denamur, E.; Clermont, O.; Bonacorsi, S. and Gordon, D. (2021). The population
genetics of pathogenic Escherichia coli. Nature Reviews Microbiology, 19(1):
37-54.

Garrec, H.; Drieux-Rouzet, L.; Golmard, J.L.; Jarlier, V. and Robert, J. (2011).
Comparison of nine phenotypic methods for detection of extended-spectrum -
lactamase production by Enterobacteriaceae. Journal of Clinical Microbiology,
49(3): 1048-1057.

Ibekwe, A.M.; Murinda, S.E. and Graves, A.K. (2011). Genetic diversity and
antimicrobial resistance of Escherichia coli from human and animal sources
uncovers multiple resistances from human sources. PL0oS One, 6(6): e20819.

Laxminarayan, R.; Van Boeckel, T.; Frost, l.; Kariuki, S.; Khan, E.A;
Limmathurotsakul, D. and Zhu, Y.G. (2020). The Lancet Infectious Diseases
Commission on antimicrobial resistance: 6 years later. The Lancet Infectious
Diseases, 20(4): e51—60.

Lopatkin, A.J.; Meredith, H.R.; Srimani, J.K.; Pfeiffer, C.; Durrett, R. and You, L.
(2017). Persistence and reversal of plasmid-mediated antibiotic resistance. Nature
Communications, 8(1): 1-10.

Masoud, S.M.; El-Baky, A.; Mahmoud, R.; Aly, S.A. and Ibrahem, R.A. (2021). Co-
existence of certain ESBLs, MBLs and plasmid mediated quinolone resistance
genes among MDR E. coli isolated from different clinical specimens in Egypt.
Antibiotics, 10(7): 835.

Murray, D.R.; Rosenthal, K.S. and Pealler, M.A. (2021). Medical Microbiology. 9th
ed. Elsevier, pp. 261-262.

Nascimento, J.A.; Santos, F.F.; Valiatti, T.B.; Santos-Neto, J.F.; Santos, A.C.M.;
Cayd, R. and Gomes, T.A.T. (2021). Frequency and diversity of hybrid
Escherichia coli strains isolated from urinary tract infections. Microorganisms,
9(4): 693.

Neshtiman, A.; Sharef, 1.; Zaid, K.; Khidhir, I. and Eman, D. (2025). Evaluating the
hygienic quality of fish meat and environmental contamination with Escherichia
coli. Egyptian Journal of Aquatic Biology and Fisheries, 29(4): 149-162.

Nji, E.; Kazibwe, J.; Hambridge, T.; Joko, C.A.; Larbi, A.A.; Damptey, L.A.O. and
Lien, L. T.Q. (2021). High prevalence of antibiotic resistance in commensal
Escherichia coli from healthy human sources in community settings. Scientific
Reports, 11(1): 1-11.

Obaid, S.S. ; Jasim, W.M. (2023) a . Assessment of the prevalence of secondary
bacterial infection isolated from patients with COVID-19 virus in Kirkuk City.
NTU Journal of Pure Sciences, 2(3) : 41-50



2408 AL-Qaisi et al., 2025

Obaid, S.S. ; Jassim, W.M. (2024) b . Prevalence and antibiotic sensitivity profile of
Pseudomonas aeruginosa isolated from patients with otitis media in Kirkuk City.
NTU Journal of Pure Sciences, 3(1) : 10-18

Osuntokun, O.T.; Mayowa, A.; Thonda, O.A. and Aladejana, O.M. (2019). Pre/post
plasmid curing and Killing kinetic reactivity of Discorea bulbifera Linn against
multiple antibiotics resistant clinical isolates, using Escherichia coli as a case
study. International Journal of Cell Science and Molecular Biology, 6(2): 46-56.

Pormohammad, A.; Nasiri, M.J. and Azimi, T. (2019). Prevalence of antibiotic
resistance in Escherichia coli strains simultaneously isolated from humans,
animals, food, and the environment: a systematic review and meta-analysis.
Infection and Drug Resistance,( 12): 1181-1197

Rodriguez-Medina, N.; Martinez-Romero, E.; De la Cruz, M. A.; Ares, M. A;;
Valdovinos-Torres, H.; Silva-Sanchez, J.; ... & Garza-Ramos, U. (2020). A
Klebsiella variicola plasmid confers hypermucoviscosity-like phenotype and
alters capsule production and virulence. Frontiers in microbiology,( 11), 579 -
612.

Rozwandowicz, M.; Brouwer, M.S.M.; Fischer, J.; Wagenaar, J.A.; Gonzalez-Zorn,
B.; Guerra, B. and Hordijk, J. (2018). Plasmids carrying antimicrobial
resistance genes in Enterobacteriaceae. Journal of Antimicrobial Chemotherapy,
73(5): 1121-1137.

San Millan, A. (2018). Evolution of plasmid-mediated antibiotic resistance in the clinical
context. Trends in Microbiology, 26(12): 978-985.

Sastry, A.S. ; Bhat, S. (2019). Essentials of Medical Microbiology. 6th ed. Jaypee
Brothers Medical Publishers, p. 312.

Sultan, I.; Rahman, S.; Jan, A.T.; Siddiqui, M.T.; Mondal, A.H. and Haqg, Q.M.R.
(2018). Antibiotics, resistome and resistance mechanisms: a bacterial perspective.
Frontiers in Microbiology, 9: 2066.

Sun, J.; Chen, C.; Cui, C.Y.; Zhang, Y.; Liu, X.; Cui, Z.H. and Liu, Y.H. (2019).
Plasmid-encoded tet(X) genes that confer high-level tigecycline resistance in
Escherichia coli. Nature Microbiology, 4(9): 1457-1464.

Vogwill, T. ; MacLean, R.C. (2015). The genetic basis of the fitness costs of
antimicrobial resistance: a meta-analysis approach. Evolutionary Applications,
8(3): 284-295.

Wangkheimayum, J.; Paul, D.; Chanda, D.D.; Singha, K.M. and Bhattacharjee, A.
(2022). Elevated expression of rsml can act as a reporter of aminoglycoside
resistance in Escherichia coli using kanamycin as signal molecule. Infection,
Genetics and Evolution, 98: 105229.



