
7 

International Journal of Biotechnology and Microbiology 

www.biotechnologyjournals.com 

Online ISSN: 2664-7680, Print ISSN: 2664-7672 

Received: 17-04-2023, Accepted: 02-05-2023, Published: 18-05-2023 

Volume 5, Issue 2, 2023, Page No. 7-11 

Role of plasmid content in resistance of some enterobacteriaceae species to antibiotics, heavy 

metals, and biocides 

Sameer M Khalaf, Muhsin A Essa 

Department of Biology, College of Science, University of Mosul, Mosul, Iraq 
 

 

 

 

Abstract 

Plasmids play an important role in the development of antimicrobial resistance by bacteria, particularly Enterobacteriaceae. 
This study was carried out to demonstrate the relationship of plasmid content to the resistance of some Enterobacteriaceae (E. 

coli O157.H7,E. coli, K. pneumonia, and S. marcescens ) to antibiotics, heavy metals, and biocides. All isolates were subjected 

to plasmid profiling and curing as well as sensitivity testing towards antibiotics, heavy metals, and biocides before and after 

curing. The results showed that all the isolates were multi-drug resistant and showed high resistance against studied antibiotics, 

heavy metals, and biocides. all the isolates contained plasmids, where the largest share of K. pneumoniae was with three 

bands, with one band present in all remaining isolates, After curing, K. pneumoniae lost two plasmid bands, while other 

isolates lost their single plasmid band. the results showed a clear variation in the patterns of susceptibility to studied 

antimicrobials pre and post-curing, as this indicates the strong relationship of the plasmid to the their resistance, results also 

showed the presence of a combination of antibiotic, heavy metal, and biocidal resistance genes on plasmid of studied isolates 

especially for K. pneumoniae. 
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Introduction 

Antimicrobial resistance between bacteria belonging to the 

family Enterobacteriaceae has increased dramatically during 

the past several decades. which usually attained through the 

plasmid (Lynch III et al., 2021) [12]. Due to a wide variety of 

plasmid-yielded tolerance genes and a high potential for 

mutation in the part of environmental pressure such as in the 

existence of antibiotics, numerous members of this bacterial 

group are clinically significant pathogens with a 

considerable capability to initiate antibiotic tolerance. Also, 

other factors that contribute to the formation and spread of 

multi-drug resistance genes, for example, heavy metals and 

biocides play a major role in the acquisition and 

development of antimicrobial resistance by exerting 

alternative selection pressure through co-selection. The 

combination of many tolerance mechanisms and the 

inadequate development of new medications, which renders 

these microbes resistant to nearly all current antibiotics, 

have made this bacterial group a severe hazard to public 

health. (Leinyuy et al., 2022; Amarasekara et al., 2023) [9, 1]. 

Plasmid is a genetic component that exists apart from 

chromosomal DNA and can replicate on its own. They 

differ from chromosomal DNA when they are small and 

harbor genes that are not necessary for cell survival, then 

their absence does not affect the bacteria but their presence 

provides cells with selective advantages. Its risk lies in 

carrying resistance and virulence genes (Helinski, 2022) [7]. 

Removal of plasmid will contribute to decrease 

antimicrobial resistance among bacteria, this occur through 

process called curing. Through curing, the plasmid of the 

bacteria that are resistant to a wide range of antimicrobials 

can be removed, leaving bacteria susceptible to them, then it 

is possible to prove the link between a genetic trait and the 

plasmid's carrying of a particular phenotype (Ekundayo, 

2021) [4]. Curing may happen naturally or be forced. 

Application of several chemical and physical elements such 

as Ethidium bromide, Sodium dodecyl sulfate, and Acridine 

orange considerably increase it. Also, plasmid may 

potentially be destroyed by the use of UV, heavy metals, 

ionizing radiation, or growth at temperatures above optimal 

(Thabit et al., 2020) [16]. 

This study aimed to demonstrate the role of plasmid content 

in resistance of some Enterobacteriaceae members towards 

antibiotics, heavy metals and biocides. 

 

Materials and methods  

The studied bacteria 

Four multi-drug resistant enterobacteriaceae species 

previously diagnosed in the Biology Dept. College of 

Science, University of Mosul, were used in this study. They 

included E. coli O157.H7,E. coli, K. pneumonia, and S. 

marcescens. 

 

Antibiotics sensitivity test 

A test of bacterial sensitivity to antibiotics was carried out 

on all isolates using the disc diffusion method by the 

modified Kirby 1966 and Bauer method, A group of 

commercially antibiotic discs from ( Bioanalyse / Turkey ) 

Company was used, and following the recommendations of 

the Clinical Laboratory Standard Institute (CLSI, 2021). 

 

 Heavy metals and biocides sensitivity test 

This test was conducted according to (Balouiri et al., 2016) 

[2]. 

Filter paper discs with a diameter of 6 mm were prepared, 

and sterilized using an autoclave for 20 minutes, then 

sterilized filter paper discs were immersed in the used 

concentrations of metals and biocides for an hour an half, 

left to dry and placed on Muller-Hinton agar (provided by 

HiMedia/ India) plates inoculated previously with 

standardized bacterial suspension and the results were 

interpreted according to (Montagna et al., 2019) [20]. 
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Plasmid extraction 

The plasmids were extracted from all studied bacteria with 

Promega Pure Yield plasmid Miniprep provided by 

Promega/ USA, following the manufacturer’s instructions. 

The concentration and purity of the plasmids were 

determined by a Nanodrop device provided by the BioDrop/ 

English. The presence and size of plasmids in each sample 

were detected by electrophoresis in 0.9% agarose gel. 

 

Plasmid curing 

All the studied isolates were subjected to plasmid curing 

according to the method described by (Thabit et al., 2020) 

[16] [16], using two various agents, (Acridine orange at final 

concentration of 100µg/ml and Sodium dodecyl sulfate at 

final concentration of 10mg/ml.). Colonies that could still 

grow on nutrient agar after being treated with a curing agent 

were chosen at random and replicate-plated on nutrient agar 

plates containing the antibiotic discs that the wild isolate 

was resistant to. Colonies failed to grow were selected, 

performed plasmid extraction and 0.9% agarose gel 

electrophoresis on it once more. 

 

Post-curing sensitivity test 

A sensitivity test was conducted for colonies that were 

believed to have lost their plasmids again against antibiotics, 

heavy metals, and biocides that had previously shown 

resistance to them. By comparing isolates' pre- and post-

curing resistance patterns, the presence of cured markers 

was identified. Removal of resistance markers revealed that 

they were most likely on plasmids rather than chromosomes. 

 

Results and discussion  
Antimicrobials Sensitivity Patterns 

The sensitivity of the studied isolates was tested against 14 

types of different classes of antibiotics, different 

concentrations of five types of heavy metals in the form of 

salts, and three types of biocides. The results showed that all 

the isolates were multi-drug resistant and there was a 

variation in the patterns of sensitivity and resistance toward 

the studied antimicrobials according to different bacterial 

species. It is noticed from (Tables 1, 2, and 3) that the 

highest level of resistance towards antibiotics and metals 

was in the case of isolate E. coli O157:H7, and S. 

marcescens and the lowest being in the case of k. 

pneumoniae and E. coli O157:H7 respectively. regarding 

biocides, all the isolates except E. coli O157:H7 showed 

complete resistance to the used biocides. Also, combinations 

between used antimicrobials resistance were observed in all 

isolates. 

 
Table 1: Antibiotics sensitivity results of studied bacteria. 

 

Antibiotics 
Bacteria  

Resistance % E.coli O157H7 E.coli K. pneumoniae S. marcescens 

OFX5 R R S S 50% 

AZM15 S R S S 25% 

CTX30 R R R R 100% 

CN10 R S R R 75% 

TOB10 R S R R 75% 

ATM30 R R R R 100% 

CFM5 R R R R 100% 

LEV5 R R S S 50% 

CIP10 R R S S 50% 

SXT25 R R S R 75% 

IPM10 S S S S 0% 

TMP10 R R S R 75% 

 

Table 2: Heavy metals sensitivity results of studied bacteria. 
 

Heavy metals Concet. mg/ml 
Bacteria 

E. coli O157:H7 E. coli K. pneumoniae S. marcescens 

ZnSO4 

5 R R R R 

20 R R R R 

35 S R R R 

50 S R R R 

NiSO4 

5 R R R R 

20 R R R R 

35 S R R R 

50 S R R R 

Hg2Cl2 

5 S S S S 

20 S S S S 

35 S S S S 

50 S S S S 

CoCl2 

5 R R S R 

20 S R S R 

35 S S S S 

50 S S S S 

CdCl2 

 

5 R S S R 

20 S S S R 

35 S S S S 

50 S S S S 
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Table 3: Biocides sensitivity results of studied bacteria. 
 

Biocides 
Bacteria 

E. coli O157 E. coli K. pneumoniae S. marcescens 

POVIDONE-IODINE 10% R R R R 

ALPHA 15ml/L S R R R 

ALPHA 10ml/L S R R R 

ANIOS 10ml/L S R R R 

ANIOS 5ml/L S R R R 

 

Bacteria tend to develop AMR as a result of the stresses that 

cells are exposed to from the surrounding environment, 

whether inside or outside living bodies. Heavy metals and 

biocides cause elective pressure on bacteria, thus to survive 

they must alter their physiology and genetic makeup. 

Therefore, they may acquire and spread resistance genes, in 

addition to formation of structural changes in order to 

persist antimicrobials affectivity (Ture et al., 2018; Li et al., 

2022) [17, 11].  

Besides the common presence of intestinal ARGs as a result 

of the unacceptable use of antibiotics, resistant bacteria are 

possible to move from the environment to humans via for 

example, the food chain, water, and animals where they 

settle in the intestines, the place that provides a suitable 

habitat for HGT, because of the presence of huge numbers 

of bacteria, its viscous nature, and abundance of MGEs 

especially conjugative plasmids that play the most important 

role in HGT and through which normal flora and 

opportunistic bacteria can acquiring resistance genes and 

transform to resistant ones (Tao et al., 2022) [15]. 

Several studies consistent with our findings regarding co-

occurence of antibiotic, heavy metal, and biocidal resistance 

among bacteria, such as the study of (Thomas et al., 2020) 
[19] and (Amarasekara et al., 2023) [1]. 

 

Plasmid Profiling and Plasmid curing  

All the studied isolates were subjected to a plasmid profiling 

process to find out their plasmid content. The results 

showed as shown in Table 4, that all the isolates contained 

plasmids by 100%, with a difference in the number of 

bands, where the largest share of K. pneumoniae was with 

three bands, with only one band present in all remaining 

isolates, (Figure 2) shows the number of plasmid bands in 

each isolate. 

 

Table 4: Plasmid profiling of studied isolates before and after 

curing 
 

NO. Isolates 
NO. of plasmid bands 

B A 

1 E.coli O157 1 0 

2 E.coli (food) 1 0 

3 K. pneumonia 3 1 

4 S. marcescens 1 0 

 

Plasmids are extra-chromosomal pieces of DNA, small in 

size compared to a chromosome, carry genes that confer 

selective advantages on the cell, such as resistance genes. In 

addition, many plasmids carry genes (called tra gene) that 

allow them to self-transfer into other cells of the same or 

different species during conjugation,, the process that occurs 

through cell-to-cell contact and determined by several 

factors including the close distances between cells In the 

environment, presence of specific receptors that enable cells 

to bind each other, the closer the cells are genetically the 

more receptors they contain, so the human intestine is 

considered as a hotspot for genetic exchange to occur 

because it contains a large group of bacteria (physical 

distances between cells are closer) which often 

evolutionarily close to each other (Haudiqu et et al., 2022) 

[6]. This could explains the abundance of plasmids among 

enterobacteria. 

Several studies agree with our findings regarding the 

prevalence and distribution of plasmids of different sizes 

among enterobacteriaceae, as a study of (Huang et al.) of 

the year (2012) confirmed that K. pneumoniae and E. coli 

contain different numbers of plasmid bands ranging from 1 

to 4 bands per cell. While a study of ( Nmesirionye et al.) 

for the year (2022) showed that most of the studied MDR S. 

marcescens possessed plasmids. 
 

 
 

 
 

Fig 1: plasmid profile of studied isolates (A) before and (B) after 

curing. Lane 1 to 4 represent E. coli O157.H7, E. coli, K. 

pneumoniae, and S. marcescens respectively. 
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To find out the effect and relationship of the plasmid to the 

antimicrobial resistance of the studied bacteria, we tried to 

remove the plasmids from the isolates under study and keep 

the chromosome only. All isolates were treated with sub-

inhibitory concentrations of (Acridine orange, and Sodium 

dodecyl sulfate) based on previous studies. Where AO 

showed its ability to remove the plasmids of E. coli 

O157.H7, E. coli, and S. marcescens., and SDS to cure K. 

pneumoniae plasmids, Table 4, and Figure 1. 

EtBr and AO are DNA intercalating agents that relax the 

plasmids by making a break in the supercoiled form 

resulting in a straight or circular open strand of the plasmid 

and thus the inhibition of the replication process 

(Letchumanan et al., 2015) [10]. As for the curing 

effectiveness of SDS, it is through its ability to bind to the 

pili on the surface of the cells containing plasmid, and then 

prevent the process of conjugation and transfer of plasmids 

between cells (Okoye et al., 2022) [13].  

Many studies showed the ability of these agents to remove 

plasmids from enterobacteriaceae, in a study conducted by 

(Faraj and Ghanima, 2010) showed the ability of SDS to 

remove plasmids from K. pneumoniae at higher rates than 

AO. While (Sulaiman et al., 2020) [14] were able to remove 

plasmids from E. coli isolates and (Nmesirionye et al., 

2022) [18] from S. marcescens using AO. 

Post-Curing Antimicrobials Sensitivity  

After the curing process, plasmids containing resistance 

genes are removed from the cells, making them sensitive to 

antimicrobials if these genes are not present on the 

chromosome. In this case, the bacteria will continue to be 

resistant even after being cured as the chromosomal gene is 

not removed by curing. This allows us to know whether the 

resistance is encoded by the plasmid or the chromosome. 

Therefore, we conducted a sensitivity test(post-curing 

sensitivity test) for the antimicrobials to which the isolates 

showed resistance before curing. Where the results showed 

a great variation in the patterns of susceptibility pre and 

post-curing, as this indicates the strong relationship of the 

plasmid to the their resistance.  

The results showed the close relationship of the plasmid 

with the resistance of the studied isolates towards 

antibiotics, heavy metals, and biocides. in addition to, the 

presence of a combination between ARGs, HMRGs, and 

BRGs on both plasmid and chromosome of the studied 

enterobacteriaceae, as shown in Table 6. Also, results 

confirm what was reached by previous studies concerning 

the selective pressure that metals and biocides exert on 

bacteria, which results in the acquisition and development of 

antibiotic resistance and the genes responsible for it, and 

also the association between ARGs and other resistance 

genes such as HMRGs and BRGs (Amarasekara et al., 

2023) [1]. 

 
Table (4-9): number of studied antimicrobial agents the isolates lost its resistance to it after curing. 

 

Bacteria 
Types of agents whose sensitivity changed after curing 

antibiotics Heavy metals biocides 

E. coli O157:H7 CN10, ATM30, CFM5, LEV5, SXT25, TMP10 ZnSO4, NiSO4, CdCl2 NF 

E. coli AZM15, CN10, ATM30, CFM5, LEV5, SXT25, TMP10, CIP10 ZnSO4, NiSO4, CoCl2 NF 

K. pneumoniae CN10, TOB10, ATM30, CFM5 ZnSO4 ALPHA, ANIOS 

S. marcescens CN10, TOB10, ATM30, CFM5, SXT25, TMP10 ZnSO4, NiSO4, CdCl2, CoCl2 NF 

 

It has been observed through the results that bacteria have 

lost their resistance to antibiotics more than to metals and 

biocides. The reason for this may be since the majority of 

antibiotic resistance genes encode for only a single 

antibiotic type, while in contrast, most mechanisms of 

resistance to metals and biocides remove more than one type 

of these substances. This means that if for example, the czcA 

gene is present on the bacterial chromosome it will maintain 

resistance to cobalt, zinc, and cadmium even if other 

specific genes for the three metals are removed through 

curing (Li et al., 2022) [15]. 

However, despite the removal of the plasmid, the isolates 

maintained their resistance to some antibiotics, metals, and 

biocides used. This may be explained by the presence of 

resistance genes to these substances on the chromosome, or 

that the resistance is not linked to resistance genes, but 

rather results from the structural nature of the bacteria such 

as through the absence or modification of the drug’s target 

site, the inability of the drug to reach its target as a result of 

decreased permeability of cell membrane which occurs 

mostly in gram-negative bacteria due to the presence of 

outer membrane (Edet et al., 2023). 
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