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The basic of bacterial resistance to antimicrobial drugs
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ABSTRACT
Drug-resistant organisms may have acquired resistance to first-line antibiotics, thereby obligating
the use of second-line agents and so this problem is a serious and pre-eminent public health concern
in the 21st century. Evolutionary pressure caused by misuse and overuse of antibiotics has played
a role in the development of multidrug-resistant varieties and the spread of resistance among
bacterial species. Some pathogens, such as Pseudomonas aeruginosa, also dominate a high level
of intrinsic resistance. This review discusses biochemical and genetic ways that bacteria use to
become resistance against antimicrobial agents and authors interested to show the emergence of
this global problem. Some new approaches to fight against our microscopic enemies should be
discussed in this article.
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alarmed about antibiotics use in his Nobel
lecture

INTRODUCTION

"Penicillin,"

knowledge

about

Alexander Fleming warned against the use

antibiotic resistance was very little but the

of sub‐therapeutic doses of antibiotics –

number of published articles subjected

"bought by anyone in the shops" without a

antibiotics is extremely increased in last

prescription [1]. In 1945, when Fleming
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decade, today we could say alarm bells are

Bacterial resistance
evidence of resistant strains existence before

ringing for antibiotic resistance [2,3].

treating by penicillium in 1952 or resistance
of clostridium to clindamycin cause by a

There are some ways for bacteria to be

random mutation in the genome. Also, heavy

resistant such as spontaneous or induced

metals and pollution play a role in antibiotic

genetic mutation, or the acquisition of

resistance in the bacterial niche [10].

resistant genes from other bacterial species
by horizontal gene transfer via conjugation,

So there is a natural occurrence of antibiotic

transduction, or transformation [4,5]. The use

resistance without misusing or even correct

of antibiotics in animals is also partly

using of antibiotics. Some genes that confirm

responsible for the emergence of antibiotic-

this

resistant microorganisms in human medicine.

environmental resistome. They may be

Also, there are resistant bacteria that live in

transferred

animal bodies that could be transmitted to

bacteria or other resistomes such as animals

human by three pathways, the consumption

to those that do cause disease, leading to

of animal products (milk, meat, eggs), direct

significant antibiotic resistance [11]. In this

contact with animals or other humans and

paper, we reviewed the mechanisms of drug

through the environment [6,7]. Systematic

resistance in bacteria with an emphasis on

and meta-analysis shows that limiting the use

genetic and biochemical aspects. This paper

of antibiotics in food-producing animals is

reviewed the mechanisms of drug resistance

associated with the reduction of antibiotic-

in bacteria, with emphasis on genetic and

resistant bacteria in these animals. [8].

biochemical aspects, and introduces some

Therefore the world needs for coordinated

resistant species and origin of antimicrobial

action to reduce the spread of antimicrobial

resistance. Also, some new ways to cope with

resistance. A gene for antibiotic resistance

drug resistance are discussed.

spread through an ecosystem of bacteria by

conferring resistance to

Streptococcus

before

the

non-disease-causing

and

Enterococcus,

Clostridium difficile, Salmonella and E. coli,

the

Acinetobacterbaumannii,

widespread use of antibiotic, there is some
57
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as

Staphylococcus, Pseudomonas aeruginosa,

Although there were low levels of preexisting
bacteria

from

known

The major resistant pathogens included

several

different antibiotics [9].

antibiotic-resistant

are

Resistant pathogens

antibiotic-resistance plasmids which contain
genes

resistance

Klebsiella
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pneumonia, Mycobacterium tuberculosis and

to

Neisseria gonorrhoeae [12].

tetracycline earlier than 1950. These findings

sulfadiazine,

Bacterial resistance
spectinomycin,
and

emphasize that resistance is not a new

For example, Staphylococcus aureus, found

phenomenon and it may arise within

on mucous membranes and on the skin about

antibiotic-producing microorganisms as a

one-third of the world's population, is highly

mechanism to protect them against auto-

consistent with antibiotic treatment. Just four

toxicity. This popular belief supported by

years after the use of penicillin as an

evidence that upholds the finding of

antibiotic, this bacterium becomes resistant.

aminoglycoside-modifying

And Methicillin-resistant Staphylococcus

enzymes

in

aminoglycoside-producing organisms similar

aureus (MRSA) was first detected in Britain

to modifying enzymes was found in

[13]. However, S. aureus infections in the

aminoglycoside resistant bacteria [16].

United States are resistant to penicillin,
methicillin, tetracycline, and erythromycin.

Mechanisms of resistance
Biochemical mechanisms

M. tuberculosis (TB) is another example of
develops

Resistant Bacteria may have either intrinsic

resistance to drugs by spontaneous mutations

resistance or acquired resistance. Intrinsic

in its genomes. 150,000 deaths annually are

resistance is a natural phenomenon displayed

caused by Multidrug Resistant TB (MDR

by all members of a species as a physiological

TB) in the whole world [14].

or biochemical function [17]. For example,

the

resistant

bacteria

which

enterococci are resistant to cephalosporins
Neisseria gonorrhea has a high affinity for

intrinsically as a result of a decreased binding

horizontal gene transfer, so resistant strains

affinity to the penicillin-binding proteins. On

develop easily. Sometimes a combination of

the other side acquired resistance can result

injectable ceftriaxone with azithromycin or

from mutations in the genome, acquisition of

doxycycline is used to treat this infection

resistance genes or a combination of these

[15].

two mechanisms. Acquired resistance is only
present within a certain lineage of bacteria

Origins of antimicrobial resistance

not in the entire species [4].
Resistant genes and mechanisms of transfer
probably existed before the use of the modern

In contrast to different methods of acquiring

therapeutic antimicrobial agent [10].For

resistance to bacterial species, resistance is

instance, scientists identified E. coli resistant

created by a number of mechanisms, such as
58
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antibiotic inactivation, target modification,

Bacterial resistance
some of the effluxpumps are multidrug and

efflux pumps, and outer membrane (OM)

recognize a broad range of different

permeability changes, and bypassing the

substrates and antibiotics [20,21].

target. The biochemical aspects of antibiotic

Genetic mechanisms

resistance are shown in figure 1.

In brief, we can divide genetic aspects of
Antibiotic resistance mechanisms are diverse

antibiotic resistance into two zones including

in each of these four categories and a

mutations and gene transfer.

bacterial strainuses various ways against
For a long time, mutations has been thought

antibiotics. The choice of mechanisms

that resistance occurrence in microorganism

depends on the nature of the antibiotic, its

needs a large population. Nowadays, we

target site and the source of resistance,

know that there is no necessity for large

whether it is due to resistance plasmid or by
chromosomal
biochemical

mutation.
strategies

For

example,

for

antibiotic

populations. For example, small populations
of E.coli can acquire resistance in an
antibiotic gradient which may facilitate the

inactivation are hydrolysis, group transfer,

development of antibiotic resistance because

and redox mechanisms mediated by enzymes

of arising four SNP mutations in the genome

[18]. Some resistant bacteria escape from

of E.coli [22].

antimicrobials by changing or covering target
sites to avoid recognition. Consequently,

Antibiotic resistance can be due to horizontal

despite the presence of antibiotics in the cell,

gene transfer as well as point mutations in the

these substances cannot be bound to their

pathogen genome at a rate of about 1 in 108

target sites. Bacteria use the following

for each chromosomal replication. Those

strategies to modify target sites: alteration in

bacteria with a mutation that allows them to

penicillin-binding protein (PBPs), changes in

survive against antibiotics and then they can

peptidoglycan layer and cell wall thickness,

pass this profit to their offspring. So we can

alterations in subunits of DNA gyrase,

see

topoisomerase, and RNA polymerase [19].

environmental pressure which leads to the

Efflux pumps act synergistically with OM

evolution of resistant colony [23]. It seems

permeability to reduce the concentration and

that gain and maintenance of resistance genes

accumulation of the antibiotics in the

in a bacterial population is caused by

bacterial cells. Although the transfer of

selective antibiotic pressure [24].

proteins and enzymes is a specific process,
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antibiotics

act

as

an
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Resistance gene has been found for most

Bacterial resistance
membrane lipopolysaccharides (LPS) genes

antibiotic classes and gene products are

can contribute to resistance as well [26].

involved in various mechanisms of resistance

Active efflux is a mechanism employed by

such as such efflux, target bypass, and drug

bacteria to decrease the concentration of

inactivation.

antibiotics. Resistance mediated by Efflux is

Resistance based on point mutations often

usually attributed to mutations in genes of the

alters the binding targets of antibiotics,

efflux system via an increase in the

resulting in a decreased binding affinity. For

expression of the efflux pump protein or in

example, point mutations in the gene

amino acid substitutions that makes the

encoding DNA gyrase decreased binding

efflux pump more efficient in exporting

affinity of quinolones, or multiple point

antimicrobials out of the cell [27, 28].

mutations of DNA topoisomerase genes,

Also, some biochemical mechanisms of

such as gyrA, gyrB, and parC, decreased

antibiotic resistance depending on mutation,

susceptibility to quinolone antimicrobials

like the mutations of genes encoding the

[25].

target of certain antibiotics such as mutations

Another example of mutation causing

in RpoB and DNA-topoisomerases make the

resistance is about macrolides which bind to

microorganism resistance to rifamycins and

the ribosome and interfere with protein

fluoroquinolones, respectively [29].

synthesis. Genomic mutations of ribosomal

We explained the mutations which lead to

50S subunit change the binding site and can

resistance

decrease the efficiency of macrolide binding

by

spontaneous

mutation

occurring randomly as replication errors or

and result in resistance to macrolides[17].

an incorrect repair of a damaged DNA.

Decreases in bacterial cell permeability are

Despite the mechanisms of the cell to

the other reason for antibiotic resistance

maintain the stability of genetic information,

which can be caused by mutation. Outer

the existence of bacteria with an elevated

membrane proteins (Omps) are determinants

mutation rate proofed. Hypermutablestrains

of entry for molecules to the cell membrane,

or mutators have a high frequency of

including antibiotics. Mutation of these

mutations and play an important role in the

porins can cause resistance to a wide variety

evolution

of antibiotics. Mutations in the outer

Hypermutators

of

antibiotic
have

been

resistance.
found

in

populations of E. coli, Salmonella enterica,
60
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Neisseria
meningitidis,
influenzae,

Haemophilus

Staphylococcus

Helicobacter

pylori,

Bacterial resistance
useful mutation, allow the mutators to relieve

aureus,

the selective pressure and the cells begin to

Streptococcus

grow [31].

pneumoniae, and P. aeruginosa [30].

Another genetic aspect of acquired antibiotic

Under certain conditions (e.g. non-lethal

resistance is gene transfer which is divided

antibiotic selective pressure) mutators may

into two basic ways, vertical transmission

accelerate

and horizontal transmission, schematically

the

evolution

of

favorable

mutations such as resistance and these

shown in figure 2.

mutators can be fixed in the population
during this process. The achievement of a

Figure 1. Four mechanisms of resistance: (1) Impermeable barrier blocks antibiotics entrance to the cell. (2) Target
modification alters the sensitivity of proteins inhibited by the antibiotic (3) Antibiotic inactivation by an enzyme. (4)
Efflux pump reduces the concentration of drug by employs enzymes that actively pump the antibiotic out of the cell.
(Blue spheres are antibiotics) [10].

Figure 2. Horizontal and vertical gene transfer [11].
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Table 1. Some examples of resistance transposons in gram-positive bacteria
Transposon *
Tn 551
Tn 917
Tn 4451
Tn 4001
Tn 4003

Antibiotic resistance
Erythromycin
Erythromycin
Chloramphenicol
Gentamicin, Kanamycin, Tobramycin
Trimethoprim

* Transposons appear in different forms and determinated by structure, genetic and transport mechanism

Table 2. Some examples of resistance transposons in gram-negative bacteria
Transposon
Tn 1, Tn 3
Tn 21
Tn 501, Tn 3926
Tn 1721
Tn 5
Tn 9
Tn 10
Tn 903, Tn 1525, Tn 2350

Antibiotic resistance
Ampicilin
Mercuric ions, Streptomycin, Sulphonamide
Mercuric ions
Tetracycline
Bleomycin, Kanamycin, Streptomycin
Chloramphenicol
Tetracycline
Kanamycin

* Transposons appear in different forms and determinated by structure, genetic and transport mechanism

The example of horizontal gene transfer is

transposons and plasmids. Over the past

tetracycline resistance which is due to the

decades, the assumption was that conjugative

acquisition of new genes often associated

transposon were found mainly on gram-

with mobile elements. These genes are

positive bacteria [32], but later it was

usually

observed that some transposons easily relate

associated

with

plasmids

or

transposons and are often conjugative.

to

Particular

transposons,

bacteria[33,34]. What is illustrated (Tables 1,

andintegrons can exchange the resistance in

2) are just a few of known transposons

bacteria. Plasmids which carry the resistance

[35,36]. Conjugation occurs when genes are

genes are called R plasmids. Many resistance

transferred between bacterial cells through

elements are transmitted by transposons via

tubes called pilli [37].

plasmids,

insertion into a conjugative plasmid or a
conjugative

transposon.

wide

range

of

gram-negative

Gene cassettes are free circular DNA

Conjugative

structures with antimicrobial resistance genes

transposons appeared to be a hybrid between

which cannot be expressed alone because of
62

HBB. 2(2):56 -68

a

Kazemi Nezhad et al.
the lack of the promoter region. These gene

Bacterial resistance
antibiotic-resistant genes, are mobile DNA

cassettes can be inserted into integrons in

elements which cause MDR [41].

recombination site. Now, these integrons can
transfer the resistance gene. A novel genetic
CONCLUSION

system for the movement of antibiotic
resistance genes is integron. Integrons are

Widespread uses of antibiotics cause the

located either on the bacterial chromosome or
plasmids.

Integronsare

genetic

epidemics of antimicrobial resistance around

units

the world. Resistances in some species

characterized by their ability to capture and

develope so that no clinically available

incorporate gene cassettes by site-specific

treatment is effective. The British society for

recombination [38-40].

antimicrobial

chemotherapy

(BSAC)

Mobile DNA elements such as plasmids,

meeting 2014 warns if the number of hard-to-

transposons, and integrons could transport

treat infections continues to grow, it will

multiple antimicrobial resistance genes and

become difficult to control infection in

are responsible for dissemination of these

humans. World economic forum (WEF)

genes between bacterial species. Also,

reports 2014 highlights antibiotic resistance.

antimicrobial resistance determinants can be

However, only two classes of new antibiotics

spread among bacteria via transformation and

have been brought to the market in the last 30

transduction.

years so it seems that the development of new
antibiotics is essential. In this regard Upsala

Transformation arises when bacteria acquire

university gets to lead a large research

resistance genes from dead bacterial cells and

cooperation project for new antibiotics,

integrate them into their own genomes.

”ENABLE”, financed with € 85 million over

Transduction is a process in which resistance

six years. The European gram-negative

genes are transferred from one bacterium to

antibacterial engine (ENABLE) project spans

another via bacteriophages.

13 countries to establish a significant anti-

Horizontal transfer of resistance genes is a

bacterial drug discovery platform with the

mechanism for spreading multiple drug

goal to deliver at least one new anti-bacterial

resistance (MDR) because resistance genes

candidate against gram-negative bacteria up

can be transferred together. Integrons with

to 2019. Certainly, we need novel approaches

the ability to capture genes, such as

and new ways to fight back against antibiotic
resistance. One idea is to “develop viruses to
63
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fight resistant bacteria”, the headline of the

Bacterial resistance
(HK) and response regulators (RR) are two

New York Times in 2013 December. This is

components that allow bacteria to sense and

based on the idea that disease-causing

response the external signals, therefore,

bacteria have their own lethal viruses. In

general

contrast to chemical antibiotics, viruses

potentially be broad-spectrum antibiotics that

evolve and so bacteria are unable to become

act by slowing down the intracellular

resistant to all of their viruses. Matti

networks which cause cellular shutdown

Jalasvuori said “The enemies of our enemies

[48,49]. It appears that we are in a game with

can be used to cause severe epidemics among

bacteria looking for new ways to keep

problematic bacteria” and published articles

pathogens in check, also searching for even

whit

Engineered

newer antipathogen strategies and pathogens

bacteriophage can be used to attack gene

tap into the neighbor’s resistomes and

networks of bacteria and enhance the killing

acquired resistance genes. Interconnections

of

between

this

subject

[42,43].

antibiotic-resistant

bacteria

[44].

HK

or

RR

people,

inhibitors

animals,

and

could

the

Nanoparticle-based treatments are other

environment make it easy for antibiotic-

approaches as highly effective bactericidal

resistant bacteria to transfer their genes from

material. These nanostructures should be able

one resistome to another. For instance, a

to store the drugs in bacterial cells and

resistant strain which lives in the soil could

thereby resolve the resistance problem

travel to humans via drinking water or

[45,46].

swimming [11].

Some researchers utilize the bacterial traits to

We must stay ahead of the game to treat

design antibacterial components such as

infection because of multiple routes the

riboswitch-based therapeutics. Riboswitches

bacteria use to propel the evolution and

control genes are essential for bacterial

spread of resistance.

survival and bacterial infection, because of

ACKNOWLEDGMENT

these abilities scientists optimize to formulate
a drug to affect a riboswitch and therefore

The authors wish to thank the faculty and

shutting down pathogenic bacteria [47].

staff at department of genetics of Shahid

Another example is two-component systems

Chamran

as potential targets for antimicrobial therapy

Jundishapur university of medical sciences.

because they are widespread in bacteria and,
so far, absent in mammals. Histidine kinases
64
HBB. 2(2):56 -68

university

of

Ahvaz

and

Kazemi Nezhad et al.

Bacterial resistance
review and meta-analysis. Lancet Planetary
Health, 2017; 1(8): 316-27.

REFERENCES

[9]. Martin MJ, Thottathil SE, Newman TB.

[1]. Howard SJ, Catchpole M, Watson J,

Antibiotics overuse in animal agriculture: a

Davies SC. Antibiotic resistance: global

call to action for health care providers. Am

response needed. Lancet Infect Dis, 2013;

Public Health Association, 2015: 2409-10.

13(12): 1001-3.

[10]. Wright GD. Antibiotic resistance in the

[2]. Bhattacharjee MK. Development of

environment: a link to the clinic? Curr Opin

Resistance to Antibiotics. Chem Antibiotics

Microbiol, 2010; 13(5): 589-94.

Related Drugs, 2016; 27-48.

[11]. Dantas G, Sommer MO. How to fight

[3]. Zaman SB, Hussain MA, Nye R, Mehta

back against antibiotic resistance.

V, Mamun KT, Hossain N. A review on

Scientist, 2014; 102(1): 42.

antibiotic resistance: Alarm bells are ringing.

[12]. Organization WH. Global priority list of

Cureus, 2017; 9(6): 2-9.

antibiotic-resistant bacteria to guide research,

[4]. Harbottle H, Thakur S, Zhao S, White D.

discovery,

Genetics of antimicrobial resistance. Animal

World

new
Health

Matayoshi K, Miller LG. Community-

10(4): 369-78.

associated

[6]. Hurd HS, Malladi S. A stochastic

Staphylococcus

assessment of the public health risks of the

methicillin-resistant
aureus

isolates

and

healthcare-associated infections. Emerging

use of macrolide antibiotics in food animals.

Infect Dis, 2007; 13(2): 236-42.

Risk Anal, 2008; 28(3): 695-710.

[14]. LoBue P. Extensively drug-resistant

[7]. Anomaly J. Antibiotics and Animal

tuberculosis. Curr Opin Infect Dis, 2009;

Agriculture: The need for global collective

22(2): 167-73.

action. 2018: 1-11.

[15]. Deguchi T, Nakane K, Yasuda M,

[8]. Tang KL, Caffrey NP, Nóbrega DB,

Maeda S-i. Emergence and spread of drug

Cork SC, Ronksley PE, Barkema HW, et al.

resistant Neisseria gonorrhoeae. J Urol,

Restricting the use of antibiotics in food-

2010; 184(3): 851-8.

producing animals and its associations with

[16]. Davies JE. Origins, acquisition and

food-producing

dissemination. Antibiotic resistance: origins,

animals and human beings: a systematic
65
HBB. 2(2):56 -68

Geneva:

of

[13]. Maree CL, Daum RS, Boyle-Vavra S,

resistance. J Infect public health, 2017;

in

development

Organization, 2017.

[5]. Frieri M, Kumar K, Boutin A. Antibiotic

resistance

and

antibiotics.

Biotech, 2006;17(2): 111-24.

antibiotic

Am

Kazemi Nezhad et al.
evolution, selection and spread. 2008; 207:

Bacterial resistance
influencing the development and spread of

15.

antibiotic resistance. FEMS Microb Rev,

[17]. Mc Dermott PF, Walker RD, White DG.

2017;42(1): 68-80.

Antimicrobials:

and

[25]. Michael GB, Butaye P, Cloeckaert A,

mechanisms of resistance. Int J Toxicol,

Schwarz S. Genes and mutations conferring

2003; 22(2): 135-43.

antimicrobial resistance in Salmonella: an

[18]. Džidić S, Šušković J, Kos B. Antibiotic

update. Microbes Infect, 2006; 8(7): 1898-

resistance

1914.

modes

of

mechanisms

action

in

bacteria:

biochemical and genetic aspects. Food

[26]. Poole K. Outer membranes and efflux:

Technol Biotech, 2008; 46(1): 11-21.

the path to multidrug resistance in gram-

[19]. Lambert PA. Bacterial resistance to

negative bacteria. Curr Pharm Biotech, 2002;

antibiotics: modified target sites. Adv Drug

3(2): 77-98.

delivery Rev, 2005; 57(10): 1471-85.

[27]. Li X-Z, Nikaido H. Efflux-mediated

[20]. Vila J, Martí S, Sanchez-Céspedes J.

drug resistance in bacteria. Drugs, 2009;

Porins,

69(12): 1555-623.

efflux

pumps

and

multidrug

resistance in Acinetobacter baumannii. J

[28]. Fernández L, Hancock RE. Adaptive

Antimicrob Chemother, 2007; 59(6): 1210-

and mutational resistance: role of porins and

15.

efflux pumps in drug resistance. Clin

[21]. Sun J, Deng Z, Yan A. Bacterial

Microbiol Rev, 2012; 25(4): 661-81.

multidrug

[29]. Martinez J, Baquero F. Mutation

efflux

pumps:

physiology

and

exploitations.

Biochem

mechanisms,

pharmacological
Biophys

frequencies

Res

and

antibiotic

resistance.

Antimicrob Agents Chemother. 2000; 44(7):

Commun, 2014; 453(2): 254-67.

1771-77.

[22]. Zhang Q, Robin K, Liao D, Lambert G,

[30].

Austin RH. The goldilocks principle and

Hypermutation as a factor contributing to the

antibiotic resistance in bacteria. Mol Pharm,

acquisition of antimicrobial resistance. Clin

2011; 8(6): 2063-68.

Infect Dis, 2003;37(9): 1201-9.

[23]. Wright GD. Molecular mechanisms of

[31]. Hughes D, Andersson DI. Selection of

antibiotic resistance. Chem Commun, 2011;

resistance at lethal and non-lethal antibiotic

47(14): 4055-61.

concentrations. Curr Opin Microbiol, 2012;

[24]. Bengtsson-Palme J, Kristiansson E,

15(5): 555-60.

Larsson

DJ.

Environmental

factors
66

HBB. 2(2):56 -68

Eliopoulos

GM,

Blázquez

J.

Kazemi Nezhad et al.
[32]. Grohmann E, Muth G, Espinosa M.

Bacterial resistance
(Poephagus grunniens) in China. Microb

Conjugative plasmid transfer in gram-

Pathog, 2017; 111: 274-79.

positive bacteria. Microbiol Mol Biol Rev,

[40]. Ma L, Li A-D, Yin X-L, Zhang T. The

2003; 67(2): 277-301.

prevalence of integrons as the carrier of

[33]. Partridge SR. Analysis of antibiotic

antibiotic resistance genes in natural and

resistance regions in Gram-negative bacteria.

man-made environments. Environment Sci

FEMS Microbiol Rev, 2011; 35(5): 820-55.

Tech, 2017; 51(10): 5721-28.

[34]. Hua-Van A, Le Rouzic A, Boutin TS,

[41].

Filée J, Capy P. The struggle for life of the

Resistance gene capture. Curr Opin Microb,

genome's selfish architects. Biol Direct,

1999; 2(5): 483-88.

2011; 6(1): 19.

[42]. Jalasvuori M, Friman V-P, Nieminen A,

[35]. Bennett P. Plasmid encoded antibiotic

Bamford JK, Buckling A. Bacteriophage

resistance:

of

selection against a plasmid-encoded sex

antibiotic resistance genes in bacteria. British

apparatus leads to the loss of antibiotic-

J Pharmacol, 2008; 153(1): 347-57.

resistance plasmids. Biol Lett, 2011: 1-4.

[36]. Iyer A, Barbour E, Azhar E, El Salabi

[43]. Ojala V, Laitalainen J, Jalasvuori M.

AA,

al.

Fight evolution with evolution: plasmid‐

Transposable elements in Escherichia coli

dependent phages with a wide host range

antimicrobial resistance. Adv Biosci Biotech,

prevent the spread of antibiotic resistance.

2013; 4(03): 415.

Evol Appl, 2013; 6(6): 925-32.

[37]. Roberts MC. Update on acquired

[44]. Lu TK, Collins JJ. Engineered

tetracycline

bacteriophage targeting gene networks as

acquisition

Hassan

HMA,

resistance

and

Qadri

transfer

I,

genes.

et

FEMS

Rowe-Magnus

DA,

Mazel

D.

Microbiol Lett, 2005; 245(2): 195-203.

adjuvants for antibiotic therapy. Proc Nat

[38]. Hall RM. Mobile gene cassettes and

Acad Sci, 2009; 106(12): 4629-34.

integrons: moving antibiotic resistance genes

[45]. Beyth N, Houri-Haddad Y, Domb A,

in

Antibiotic

Khan W, Hazan R. Alternative antimicrobial

Resistance: Origins, Evolution, Selection and

approach: nano-antimicrobial materials. Evid

Spread. 2007: Wiley Online Library.

based complementary Altern Med, 2015;

[39]. Yang X, Zou W, Zeng J, Xie S, An T,

2015: 1-16.

Luo X, et al. Prevalence of antimicrobial

[46]. Wang L, Hu C, Shao L. The

resistance and integron gene cassettes in

antimicrobial

gram‐negative

Escherichia

coli

bacteria.

isolated

from

yaks
67

HBB. 2(2):56 -68

activity

of

nanoparticles:

Kazemi Nezhad et al.
present situation and prospects for the future.

Bacterial resistance
[49]. West AH, Stock AM. Histidine kinases

Int J Nanomedicine, 2017; 12: 1227.

and response regulator proteins in two-

[47]. Lünse CE, Schüller A, Mayer G. The

component

promise

Biochem Sci, 2001; 26(6): 369-76.

of

riboswitches

as

potential

antibacterial drug targets. Int J Med Microb,
2014; 304(1): 79-92.
[48]. Stock AM, Robinson VL, Goudreau
PN. Two-component signal transduction.
Annu Rev Biochem, 2000; 69(1): 183-215.

68
HBB. 2(2):56 -68

signaling

systems.

Trends

