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Abstract 

These sequences are interspaced short palindromic repeats in regularly clustered manner known 

as CRISPRs. These sequences are derived from bacteria and archaea and have adaptive immune 

systems. Modified RNA is used as target for identification of DNA. The nucleic acids are 

destroyed with Cas enzyme. There are several multidrug resistance bacteria which are gradually 

increasing it's resistance against most of the present antibiotics. Multidrug resistance bacteria such 

as Staphylococci and enterococci may cause resistant against almost all antibiotics. Therefore, 

lives of million' speople are at greater risk due to these multidrug resistant infectious bacteria. Due 

to lack of novel therapeutic techniques multidrug-resistant bacteria are being out of control with 

continual increase of their infections. The bacteria and archaea are protected against invading 

nucleic acids. Therefore, this CRISPR-Cas system is considered as immune system. The bacterial 

pathogens of clinical significance can be killed by using phage mids (plasmids packed into phage 

capsids) of CRISPR-cas9 tool. This sequence specific targeting makes CRISPR Cas system 

unique for the detection of pathogenic and nonpathogenic bacteria. This review describes 

CRISPR Cas technology, its types, Cas delivery vehicle, mechanism, challenges with their 

solutions and future perspectives.  
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Introduction 

The various uses of antibiotics are observed 

since their discovery in 1929, for the 

treatments or either to inhibit bacterial 

infections in case of humans and veterinary 

medicine. The level of bacterial antibiotic 

resistance is increased globally so the excess 

use of antibiotics for prevention and 

treatment can also be observed [1]. Most of 

the common infections may remain 

untreatable due to antimicrobial resistance 

which exhibits serious threat to modern 

medicine. Significant efforts are needed in 

coming years in order to meet the developing 

approaches to reduce the spread of AMR 

genes. That’s why last decade can be consider 

as halt in discovery of new antibiotics. United 

States and Europe show the casualty rate of 
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about 50,000 humans per year which is an 

alarming situation and this number will be 

significantly increase by the end of 2050 with 

approximated 10 million deaths per year [2]. 

This predictednumber of 

casualtiesdemonstrate the unexceptional 

similarity with approximately 8.2 million 

deaths resulting from all types of cancer [3]. 

Various groups stated the importance of 

CRISPR-Cas in 2014. It is basically an 

immune system which consist of clustered 

regularly interspaced short palindromic 

repeats interlinked with CRISPR. This tool is 

found favorable in editing of genomes and 

can also be utilized for bacterial systems to 

remove AMR genes in future. Here we are 

going to discuss about the present condition 

of this CRISPR-Cas antimicrobials, along 

with its threats and how they will be solved. 

World Health Organization (WHO) in 2017 

announced the first check list of these 

bacteria which exhibit antibiotic resistance. 

Beta-lactam antibiotics were considered to be 

resistant to the seven pathogens out of the 12 

resistant pathogens. In conclusion, the goal 

for future research is establishing by 

refocusing on the discovery of new 

antibiotics [4]. 

The dispersal of resistance genes can be 

observed at environmental level due to the 

excessive and mistreatment of antibiotics 

which cause resistance in non-pathogenic 

microbiota, as well as in bacteria to the 

present antibiotics [5]. There are couple of 

bacterial species which contribute to escape 

the action of antimicrobial agents and show 

the matter of great concern. These species 

include acronym ESKAPE, Enterobacter 

spp, Acinetobacter baumannii, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, 

Enterococcus spp. and Staphylococcus 

aureus [6]. The first report of this resistance 

appearance in India, with its following 

increase to Pakistan, the United States, 

Canada, Japan, and the United Kingdom 

became the evidence for its global status [7].  

There are different ways which become 

responsible for resistance and previously 

non-existent responses. These ways include 

insertion of external genes and acquired and 

selective genetic changes. Recent time show 

different evolvement of resistance 

mechanisms. These mechanisms include 

(change in DNA targets) by DNA gyrase, 

aminoglycoside N-acetyltransferase for 

inactivation of fluoroquinolones, DNA-

binding proteins (the Qnr family) for 

protection of targets, aminoglycosides for 

blockage of the 30S ribosomal subunit and 

exportation of drugs out from 

microorganisms due to increased efflux [8, 

9]. There are some changes which are already 

reported in antimicrobial agents like 

chemical structural changes agents [10], 

changes in permeability of membranes along 

with alternations in the target of 

antimicrobial attack [13] and decreased 

concentration of the antimicrobial at its place 

of attack [11, 12]. 

The alternations in the cell envelope of P. 

aeruginosa that are connected with resistance 

to polymyx in B do not involve the 

expression of porin which is considered as 

mechanism of permeability reduction [14]. 

The phenomenon of tetracycline and 

macrolides is greatly affected when the cell 

wall acting antibiotics such as penicillin and 

glycol peptides cause the alternations in the 

antimicrobials targets along with the reduce 

activities of other antimicrobials that act on 

the bacterial ribosome [15, 16]. 

Antimicrobials exert selective pressure 

which leads to natural selection and conclude 

the influence of several bacterial groups with 

death of suspectable microorganisms. The 

number of these mechanism are increasing in 

large number of species [17]. 

In 2014, 243 studies were observed by Bell in 

meta-analysis. These studies stated that “The 

great resistance can be produced in 

individuals due to increased utilization of 

bacterial resistant drugs and this resistance is 
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not only limited to individual level but to the 

area, community and countries, which can 

create danger to persons”. The misuse of 

antibiotics was investigated worldwide 

between 2000 and 2010 in another study of 

the same year. Each around was found to 

increase the 36% consumption of antibiotics. 

But approximately 76% increase can be 

observed in case the BRICS group (Brazil, 

Russia, India, China, and South Africa). The 

significant increase can be seen in the 

usability of these drugs rather than their 

worrying trends to treat the diseases [18]. The 

direct relationship can be observed between 

increase in resistance indicators and usage of 

antibiotics [19]. There is an urgent need to 

redefine the contact between mankind and 

contagious illness because still no discovery 

is observed in case of molecules to combat 

resistant microorganisms [20]. 

The bacterial resistance is great matter of 

concern which should be declared urgently. 

The genetic determines were discovered from 

the soil through functional meta-genomic 

studies. The only one fraction of these 

genetic determinants has been shown in 

human pathogens and the antibiotics 

resistance [21]. So, it is serious requirement 

to createlatest antibacterial drugs to protect 

microbiota and to control the spread of 

antibiotics resistance. The different strategies 

are highlighted here to be utilized in future to 

inhibit bacterial resistance. These strategies 

include CRISPR–Cas9, use of 

nanotechnology and treatment with 

bacteriophages nanoparticles. These 

strategies could be used in combination with 

integrated strategies as well as to directly 

combat microorganisms in individuals. The 

introduction of new antimicrobials is not 

possible in short duration. Even the scientific 

community has highlighted that there are no 

new proposals for new discovery of 

antibiotics. The techniques for increased 

activity are combined with classical 

antibiotics which is considered as 

recommended approach for rational use. 

Different techniques and resistance 

mechanisms like beta-lactamase, efflux 

pump, and quorum sensing inhibitors, as well 

as bacteriophages and new drug delivery 

systems increase the activity mechanism of 

antibiotics by reducing or blocking these 

mechanism [22- 25]. 

Clustered regularly interspaced short 

palindromic repeats (CRISPRs) 

Bacteria and archaea are used to originate 

adaptive immune systems which are shortly 

known as CRISPRs. The recognition of DNA 

target can be done by using modified RNA 

and destruction of nucleic acids with the help 

of Cas enzyme. Ultimately, we can say that 

the binding and cleavage need only one 

protein.  Natural CRISPRs are utilized to 

develop new molecular instruments based on 

simplicity of this system as shown in (Fig. 1). 

The cytotoxicity of these instruments is 

considered as main feature because of their 

ability to directly kill bacteria, antimicrobial 

attack and ability to active immunity in 

bacteria [26-28]. The selective and particular 

medical purposes to remove bacteria are 

achieved with the help of CRISPR–Cas 

systems. CRISPR Cas systems are causing 

the development in medication of multidrug-

resistant infections because they use 

sequence information to remove single 

bacterial strains in selective and particular 

manner. Hence, they are more generalized 

and customizable techniques. Although some 

other antimicrobial strategies are also present 

but they are limited to the partial solutions. 

Different systems act as antimicrobials and 

studies show evidence for these systems. The 

bacterial species and strains can be killed 

particularly with both heterologous and 

endogenous systems and this study was 

reported by Gomaa in 2014.
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Figure1. CRISPR CAS 9 with its mode of action  

 

The antimicrobial based on CRISPR Cas 

could cause the cell death at any location of 

genome and this information was revealed by 

sequences present on target genome [29]. 

RNA-guided nucleases (RGNs) allow the 

remolding of microbiota by targeting the 

undesirable polymorphisms or specific 

resistance genes. This usage categorizes in 

one of the most important use in technology 

to proceed antimicrobial action [30]. 

CRISPR Cas are considered to function as 

precision antimicrobials in the research 

comtucted by Fuente-Núñez and Lu in 2017. 

In this study, it was found that this system 

seemed to be involve in targeting genes of 

antibiotic resistance, virulence, biofilm 

formation along with the removal of drug 

resistant microbes [31]. Although the studies 
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show support to this system but there are 

various issues which need to be solved in 

order to use them as antimicrobial agents as 

well as efficient delivery vehicle [32]. Pan 

performed study in 2017 in order to focus on 

the issues of CRISPR delivery and passages. 

He used multi-host bacteriophage K64-1 to 

identify eight depolymerases and then nine 

capsule depolymerases from K64dep (S2-5) 

after characterization [33].  

The bacteriophages as carriers are still an 

issue for CRISPRs system. The use of 

CRISPR target was obtained by the 

alternation in the genome of Klebsiella 

bacteriophage. This study was perfomed by 

shen and his colleague scientists in 2018 and 

aimed to give positive results [34]. The 

desired specificity can be achieved through 

nanotechnology. This nanotechnology can be 

used for CRISPRs delivery and it can also 

give alternations on surface [35]. There is 

still matter of great concern to use CRISPR 

Cas in future research for its safe usability 

and attacking resistant microorganism 

pointed out by Pursey in 2018. The resistance 

of bacteria oppose CRISPR Cas is also matter 

of concern because of native procedures 

existence [36]. Resistance genes in bacteria 

reduce the activity of natural CRISPR–Cas 

and this information was confirmed. He 

conducted research on multidrug-resistant 

Shigella which proved to provide great 

knowledge. The safe delivery and evaluation 

of present resistance technology demands an 

integrative research where there should be 

proper cooperation of scientists for sequences 

study [37]. The virulence and resistance are 

an alarming situation in bacteria because it 

leads to the adaptation. Bacteria have ability 

to store different combinations and genes of 

resistance and toxicity proved by various 

studies. KPC-2 gene showed the adaptation 

to different mobile elements and this study 

was performed by [38]. 

This study paved the way to evaluate for 

various applications of this CRISPR system 

[38]. Two new DNA editing systems were 

also introduced through the research 

performed on carbapenem-resistant K. 

pneumoniae. Genome editing will show 

facilitation to consider treatments for 

resistance to carbapenems. Plasmid pCasKP-

pSGKP and plasmid system pBECKP were 

observed to be excellent in genome editing 

[39]. Hullahalliin 2017, 2018 performed 

studies on Enterococcus faecalis and this 

organism showed the tolerance of CRISPR-

Cas with the genetic basis of phenotypes. 

Although, a lot of studies were performed 

against multidrug resistant bacteria but this 

study paved the way in better understanding 

for dealing problems created by the use of 

CRISPRS and response of organisms. As 

result of this knowledge, tolerance level of 

different phenotypes was also studied [40]. 

Hence this study will help researchers to 

study genomic and metabolic pathways of 

resistant bacteria and new techniques will 

help researchers to attack resistant bacteria so 

that resistance issues will not happen in 

future. 

Types of CRISPR-Cas system 
There are 3 sorts of CRISPR-cas system. 

In 1987, meanwhile research of theiap 

gene, Nakata and his friends demonstrated 

a group of nucleotides which is repeated in 

E. coli, which was beginning of story of 

CRISPR-cas system [41]. In the next 

decades, by arranging the sequence of 

numerous microbial genomes such as 

archeal and bacteria strain, many repeat 

elements from the genome were reported 

[42]. After some time, family of this 

unique inter spacing repeat sequencing 

were named as clusters of repeated 

elements. The name CRISPR was 

demonstrated by [43]. By suggesting the 

phase association or extrachromosomal 

origins [44, 45] spacer sequences were 

isolated from their direct repeats, it was 

done in 2005. The fundamental functional 

units and processing of CRISPR has been 
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cleared in 2010. That system consists of 

spacer sequences, locus of gene with un-

repetitive and side by side 6-20 genes that 

are able to read CRISPR proteins [46, 47]. 

CRISPR-cas system has been utilized in 

different approaches related to 

biotechnology as well as for the 

generation dairy cultures which show 

resistance towards phage [43]. 

In bacteria and archea CRISPR-cas 

system is an adaptive immune system that 

saves bacteria from invades such as 

bacteriophages/phages andMGEs (mobile 

genetic elements) [48]. This system 

destroys the foreign genetic element in 3 

phases. Adaptation or spacer acquisition is 

considered as 1st phase [49], in which after 

recognition spacer sequence is indulged 

into CRISPR arrangement. The 2nd phase 

is expression of crRNA (CRISPR RNA) 

or biogenesis, in that stage RNA 

polymerase transcribed the pre-CRISPR 

RNA (pre-crRNA). Special 

endonucleases cleaved these pre-crRNA 

into into small crRNA. On the basis of 

crRNAs functions, these are also known 

as guide RNAs [50, 51]. The final or third 

stage is the interference, [52] in which 

perfect complementarity with foreign 

RNA or DNA base pair is recognized and 

formed by crRNAs [46, 47]. This step 

goes ahead to the breakdown of crRNA 

out sided complex of nucleic acids. On the 

other hand, the host is susceptible to 

infection if cleavage does not occur. This 

is may be due to any disterbance in 

PAM(proto-spacer adjacent motif) or may 

be dissimilarcombination of spacer and 

DNA of invader [53]. 

CRISPR-cas system has been classified 

into following groups: 

CRISPR-cas system I 

CRISPR-cas system II 

CRISPR-cas system III 

The presence of signature genes in all 

types is the reason for this classification. 

For instance, type I has cas3 gene, type II 

has cas9 gene and type 3 has cas10 gene. 

Thespacer show significance with the 

contribution of protein 1 and protein 2 [46, 

47, 53]. Therefore, each types and 

subtypes of CRISPR system consist these 

proteins. Different species of bacteria have 

different types of CRISPR-cas. 

Type I system 

In most bacteria and archaea, CRISPR-cas 

system is present[54]. Six sub-groups (A-F) 

are formed of this system, which encodes 

cas3 gene. This Cas3 protein is a multi-

domain protein, with the property of 

nuclease and helicase activity [55]. There are 

two domains of this protein: an N-terminal 

HD phophohydrolase for the breakdown of 

DNA molecules and second is C-terminal 

DExH helicase domain which unwinds DNA 

winded strand [46, 47]. These two domains 

work together and performed the degrading 

of DNA of invader. Anyhow, only cas3 is 

unable to recognize the DNA of invader and 

safe cell from infectious particles [51, 56]. A 

number of plex was also seen in 

S.solfataricus, [57] in each subtype of type I 

CRISPR-cas system. Moreover, crRNA 

guided surveillance complexes have been 

recognized in Bacillus halodurans (type I-C) 

[58] and Pseudomonas aeruginosa (type I-F) 

[59]. 

Type II system 

Bacteria contain only type II system, 

which is simplestas compared to other 

types. [54, 53]. Type II has four numbers 

of genes: cas1 gene, cas2 gene, cas9 gene 

and cas4 gene in the case of type II-B or 

csn2 in type II-A case. The major protein 

of type2 is cas9, it plays a great part in 

crRNA biogenesis as well as in 

breakdown of DNA of invader [60].The 

cas9 has two domains in which one is 

RuvC domain and other is HNH domain. 

The function of RuvC domain is 

cleavage of non-complement strand, 

whereas the HNH domain involved in 
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cleavage of DNA which is complement 

to crRNA guide. [61]. In typeII system, 

for the biogenesis of crRNA trans-

activating crRNA (transcrRNA) is 

required. Reading of tracrRNA in 

Streptococcus pyogenes is held against 

the CRISPR-cas locus strand [47]. The 

construction of double stranded RNA is 

made by the hybridization of crRNA 

repeats and tracRNA, which is 

recognized and ruined by the cellular 

non-cas RNase III enzyme. The 

elimination of cas9 gene causes the 

inhibition of biogenesis of crRNA, 

however, role of cas9 is still unclear in 

biogenesis [60]. It has been demonstrated 

by Jinek and his workers, that cas9 

enzyme require both crRNA as well as 

tracr RNA to destroy the targeting DNA 

[61]. All the domains which are required 

for the DNA breakdownseem to be 

joined in one protein (cas9), which 

enables the type II system as unique and 

best selection for genome [62]. 

Type III system 

There are two sub-groups of type III 

system: type III-A and type III-B [54]. 

Commonly, archaea consist this system. 

Type III-B ispresent in combination with 

different other types of CRISPR. This 

system encodes cas6 gene as well as cas10 

gene [63]. Cas10 is also termed as repeat 

associated mysterious protein (RAMP). It 

highly takes part in maturation of crRNA 

as well as in cleavage of DNA [63]. Cas6 

is an endonuclease, works independently 

and is not associated with CASCADE 

complex [64]. In addition, cas6 may be 

present in archaea, which also have type III 

system along with CRISPR-cas, type I-A 

or type I-B [65]. 

Type III CRISPR-cas system subtypes 

have many similarities but these subtypes 

target the substrates which are chemically 

different. For example, type III-A system 

S.epidermis targets DNA, on the other 

hand type III-B system present in S. 

solfataricus and Pyrococcus furiosus [46, 

47] act on RNA. This claims the diversity 

of CRISPR system present within the type 

III system.    

Targeting of antimicrobial resistance in 

bacteria by CRISPR-Cas 

The attack of nucleic acids is prohibited when 

immune system of CRISPR-Cas provide 

protection to bacteria and archaea against it. 

Foreign bacteriophages and plasmids have 

DNA or RNA which are present on the 

CRISPR loci of bacterial genome and use 

further to identify and attack the nucleic acids 

carrying the same sequence by the CAS 

protein machinery. There are six types and 

six classes of CRISPR-Cas systems. The 

steps for cleavage and foreign DNA 

identification are carried out by types I, III, 

and IV belonging to class 1 and they have 

very complex architecture. On the other 

hand, single multidomain recognition and 

cleavage are performed by types II, V, and VI 

belonging to class 2 systems with very simple 

architecture. The revolution in ecological 

engineering and genome editing are made 

possible by type II CRISPR-Cas9 system 

because of its specificity, versatility, and 

simplicity in targeting. One of these 

applications has received little attention 

because of its lower efficiency to remove 

AMR genes from bacterial populations and 

communities after reviewing applications 

[66]. It was postulated many times ago that 

specific bacterial genotypes could be killed 

by using synthetic CRISPR-Cas system as an 

antimicrobial [67]. 

This prospective of CRIPSR-cas has been 

confirmed by many studies to detach AMR-

encoding plasmids. These plasmids are used 

to remove the bacterial strains that consist 

genes of drug resistance from communities. 

They can also be used to re-sensitize bacteria 

to antibacterial drugs,the specificity of 

CRISPR-cas was revealed when experiment 

was performed on genotypes of mixed 
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population of Escherichia coli to remove 

separate bacterial strains. Then each unique 

sequence genotype was targeted with a 

programmed plasmid encoding CRISPR-

Cas. Clinically related bacterial pathogens E. 

coliand Staphylococcus aureuscould be 

killed by CRISPR-cas using plasmids packed 

in phage capsids and this information was 

demonstrated in two studies. The targeting of 

AMR genes on plasmids were approached by 

using phagemid transduction to deliver 

CRISPR-Cas9 in one study. Hence, this 

approach was proved very efficient to 

remove these plasmids from bacteria. 

Bacteria carrying chromosomal AMR genes 

were effectively killed by these conjugative 

plasmids of CRISPR-Cas9. Phagemid-

mediated delivery of CRISPR-Cas9 system 

was confirmedefficient to remove plasmids 

carrying AMR genes in other study. The 

removal of desensitizing bacteria to 

antibiotics were also confirmed in this study 

[28-30]. 

It was also revealed in these studies that 

specific bacteria could be killed in vivo either 

the larvae of Galleria mellonella disclose to 

enterohaemorrhagic E. colior with the 

surface of mice which were colonized with S. 

aureus. But the usability of this system for 

cure purposes cause that the bacteria could be 

re- sensitized to antibiotics but this issue 

allows residual resistant bacteria in order to 

maintain in the population and bacteria was 

not able to get benefit over resistant 

ones.Temperate and lytic phagefound to be 

used in technology which was developed in 

order to re-sensitize bacteria to β-lactam 

medicines and to increase the advantage of 

re-sensitized bacteria.  In this technology, 

temperate phage is utilized to target AMR 

genes by CRISPR-cas. The benefit to re-

sensitized bacteria was achieved through 

CRISPR-cas using lytic phage [68]. For 

broad-spectrum targeting CRIPSR-cas was 

used on common -lactamase gene of E. coli 

in another study and this study indicated the 

high sequence diversity issues among β-

lactamase genesby the identification of 

shared target sequence in >200 mutational 

variants of this gene [69, 70]. 

The architecture and delivery of CRISPR-

Cas 

Bacterial species show diversity in case of 

AMR genes which are present on plasmids 

and utilize horizontal gene transfer to create 

diversity [71].  The delivery of CRISPR-cas 

can be done by phage vectors but there is a 

hurdle to use them as targeting various 

bacterial species because of their limited 

range of hosts. This approach will further add 

a challenge. The spatial structure and 

complex microbial communities decrease the 

attacking rates and this problem will be 

overcome by engineering phages to increase 

ranges of hosts [72] but this technology is at 

initial phases. There is also another 

technology to use conjugative plasmids as 

delivery vectors but there are also some 

issues like restricted ranges of hosts, 

Conjugation efficacyand hurdles in plasmids 

uptake and establishment [71]. The 

cytotoxicity can disturb the effectiveness of 

CRISPR-cas in some species.Therefore, it is 

important to consider the efficacy of 

CRISPR-cas for specific hosts. There some 

examples which show the toxicity of 

CRISPR cas9 [73] like 

Synechococcuselongatus, a cyanobacterium 

and the toxicity of nucleases [74] in 

Corynebacterium glutamicum. But 

alternative class 2 of nuclease Cas12a can be 

use efficiently. 

CRISPR-Cas to overcome the dangers 

of antibiotics resistance 

DNA binding proteins are classified into 

four classes which are used to edit genome. 

For example, bacteria (Xanthomonas) are 

used to produce transcription activator like 

effectors (TALEs), eukaryotic 

transcription factors give rise to Zinc 

finger nucleases (ZFNs)microbial MGEs 

give rise to mega- nucleases [43, 75, 76] 
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and at final stage, the CRISPR-cas type II 

system of bacteria give rise to DNA 

endonucleases cas9 [62]. The low 

sequence specificity of targeting DNA is 

the reason for not doing the genome 

editing by mega nucleases [43]. The 

building of desired sequence and limited 

target selection makes ZFN less desirable. 

The high specificity of targets is achieved 

in case of TALENs because they are easy 

to design and have longer DNA binding 

protein domains.  The TALEN cannot 

deliver in to cells due to their larger size 

they tend to produce complications as 

compared to ZFN [77].   

Resistance evolution against CRISPR-Cas 
Evolution for the resistance of CRISPR-Cas 

is one of the major problems. When the 

interactions between CRISPR and phage are 

considered, it is think that due to point 

mutations in the target CRISPR-Cas 

sequence, evolution of resistance is done 

[78]. Basically, this can be occurred in AMR 

genes which are pointed for removal, 

especially the genes that are given positive 

results (which includes the antibiotics 

containing AMR genes for resistance). On 

the other hand, resistance can be obtained by 

making addition or exertion in cas genes, 

which are necessary for target breakdown, or 

by removing the target spacers [79, 80]. It 

makes the CRISPR-Cas loci inactive. It has 

been reported that antimicrobials based on 

CRISPR-Cas9 have less mutations in the 

target sequences as compared to the defective 

CRISPR system delivery [81, 82]. The 

phenomena of the resistance is also said to be 

evolved from anti-CRISPR (acr) genes, other 

than the evolution due to the mutation. These 

genes are responsible for encoding small 

protein particles that bind to the important 

parts of CRISPR-Cas immune system and 

make it inactive. Now a days, more than 

twenty families of acr genes have been 

recognized, which cover the type I as well as 

type II CRISPR-Cas systems [83, 84]. It has 

been seen that families of Acr proteins for 

type I are isolated from phages which are 

infection Pseudomonas aeruginosa and 

many other species of peoteobacteria. Many 

of the Acr proteins are moreparticular for 

their CRISPR-Cas subtype, but one of them 

targets two subtypes of CRISPR-Cas which 

includes typeI-E and type I-F [85]. It shows 

that broad spectrums of these proteins exist. 

At present, type II targeting Acr proteins 

have also been identified, which are 

responsible for gene editing. Due to highly 

specific property and large diversity of 

sequence these Acr proteins are present 

everywhere and may be transformed by 

MGEs which includes plasmids as well as 

phages. Extra research and study are needed 

for finding the impact of evolutionary results 

of AMR genes as well as for the dynamics of 

population. For the knowledge of 

evolutionary and ecological demands of 

CRISPR-Cas system, more studies on 

microbial communities are required [30, 67]. 

Challenges for Complex microbial 

communities 
CRISPR-Cas system has great ability for 

killing the sequence which is specific or may 

be resensitisation of AMR carry bacteria. In 

the present age, to minimize the AMR genes, 

CRISPR-Cas has been used in clonal 

bacterial populations. In the real 

environmental world, bacteria are typical 

microorganisms which are more challenging 

by using this technique [71]. Communities of 

microbes have a large number of cells per 

gram of matrix. These communities are taken 

from animal, human and environmental 

micro biomass, having various kinds of 

species. When a single species is considered, 

bacterial colon may contains many plasmids 

and MGEs (mobile genetic elements) having 

different resistance genes. The 

characterization and quantification of 

bacteria, mobile genetics elements or 

resistance genes is held by quantitative PCR 

(polymerase chain reaction). For finding the 
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resistance genes in the complex communities 

of bacteria, time consuming techniques are 

used such as fluorescence activated technique 

and mobile genetic elements prior to 

downstream analyses. 

Other techniques including epic PCR as well 

as Meta3C are used for determining mobile 

genes present on specific bacteria and there is 

no need of cultivation in this process [30, 86]. 

One more challenge concerned with 

community of microbes is the problem in 

analyzing the community behavior against 

perturbations. There are unexpected effects 

of CRISPR-Cas based antimicrobials, which 

include, if the removal of strain from 

population or the removal of specific plasmid 

is done, the growth or metabolic activity is 

changed, which results in the formation of 

more potentially active unwanted species. 

For example, it has been stated that the stress 

causes alternations in the composition of 

microbial population, the level of metabolites 

are associated with enhance sensitivity to 

Clostridium difficile infections in intestine 

[67] and therefore transfers in the structure of 

species of microbiome that are associated 

with diabetes and periodontitis [71]. There is 

huge risk of AMR genes destruction with the 

aid of CRISPR-Cas system in different 

microbial populations. 

Overcoming these challenges 
There are many problems of using CRISPR-

Cas system for AMR genes but there are also 

solutions to overcome these challenges. The 

hot issue is to searching of a proper delivery 

vector for removal of AMR by using the 

CRISPR-Cas system [86]. For the acute 

infections, phage vector may be used. 

However, strains of same bacterial strains 

provide different vectors. The broad 

spectrum of hosts of some conjugative 

plasmids would enable them as a good 

candidate for use with the combination of 

probiotic to save from the invasion of AMR 

gene containing bacteria or to replace AMR 

reservoirs of microbiome. The suitable cost 

of conjugative plasmids limits their 

distribution [87, 88]. But the mutations or 

changes in the bacterial host or the plasmid 

give the advantage of spreading the CRISPR-

Cas plasmid in bacterial groups. If the wide 

effective host range vector can be isolated or 

manufactured, the improvement in the 

delivery system will be occurred and most of 

the challenges will be solved. In the practical 

work, the use of CRISPR-Cas based 

antimicrobials produces unwanted ecological 

results by the microbial community, which is 

one of the major problems. Therefore, keen 

studies are required for determining the 

effects of removing of AMR genes on 

different species of bacteria and plasmids. By 

seeing many applications, the evolution of 

resistance is impossible to avoid. Although, 

the resistance by mutations in the sequences 

can be prohibited by multiplexing, this 

includes the multiplication of different 

targeting sequences to overcome the 

resistance [89]. The use of acr genes can be 

reduced by using many CRISPR-Cas systems 

at the same time, which required many Acrs 

proteins for targeting and manufacturing Acr 

insensitive CRISPR-Cas system. The use of 

different nucleases to Cas9, which includes 

Cas12a, can also avoid many problems such 

as toxicity and increase the efficiency of 

system in different hosts of bacteria.  

Future prospects 
There are still many problems which need to 

be solved. For example, the use of CRISPR-

cas to attack antimicrobial resistance genes in 

microbe populations. By reprogramming the 

CRISPR-Cas system and enables the 

construction of genes of interest, can increase 

the efficiency of this system. More future 

studies are required to optimize distribution 

of CRISPR-Cas in the communities of 

microbes and to make check and balance of 

the risks of this technique. The CRISPR-Cas 

system, naturally present in plasmids, may 

help to sought out the problems of organisms 

which are genetically engineered. The 
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invention of DNA by CRISPR-Cas on large 

scales will play a key role for sustainability, 

as well as a risk-free technology.Selection of 

an appropriate temperature and vectors such 

as lytic phages which are specific for 

particular pathogens is one of the major 

challenges. Therefore, it is necessary to form 

universal vectors for effective transfer of 

DNA into different disease causing agents. 

Phages containing CRISPR-Cas9 can be used 

in strains of non-laboratory, without 

disturbing indigenous genetic information of 

microbes. In future, conjugative delivery of 

antimicrobials from probiotic bacteria may 

be adaptable via CRISPR-Cas technology 

with accurate targeting in poly microbial 

intestinal flora.  
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