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Abstract

Background:

Improper use of antibiotics and an incomplete administration of the drug may assist to the emergence of
antibiotic-resistant bacteria. Using the CRISPR-Cas9 system acts as a precision biological tool to remove
resistance genes from the bacterial genome, thereby reducing the appearance of resistant bacterial strains.
CRISPR and Cas9 genes work as an adaptive immune systems in widespread bacteria and Achaea. The
fragments of invading DNA were integrated into the host genome at the CRISPR locus, where they serve as
transcription templates for the synthesis of RNA that aim Cas nucleases to cut foreign nucleic acids. The Cas
enzyme identifies target sites in chromosomal sequences, leading to destroy foreign DNA. In our review, we
discuss the mechanism of DNA destruction achieved by CRISPR-Cas systems applied as a powerful
technology to eliminate plasmids or destroy bacterial cell.
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INTRODUCTION

Over the past years, the production of antibiotics has been saved countless lives, while the
widespread usage of antimicrobials drives to the development of antibiotic-resistant bacteria.
Several studies revealed that CRISPR Cas system restricted the replication of drug-resistant
genes by hindering different horizontal gene transfer pathways. The reprogrammed Cas nuclease
can be applied to prevent the expansion of the transferred multidrug resistance plasmid by
targeting antibiotic resistance genes and curing bacterial resistance plasmids [1]. DNA segments
are consist of specific sequences separated by repeating repeats called CRISPR sequences, which
are short, clustered, and regularly spaced symmetric repeats. An adaptive immune system in
prokaryotes employs a CRISPR array along with Cas binding protein to target the foreign genetic
material [2]. The most widespread systems found in almost Archaea and about 50% of bacteria
CRISPR Cas system, which exploits the specific sequence RNA-guided endonucleases to split
mobile genetic elements and attacker phages. The CRISPR-Cas immune mechanism has based
on distinct CRISPR RNA (crRNA) and Cas proteins. It has divided into three phases: spacer
acquisition, crRNA biogenesis, and target interference [3]. The CRISPR-Cas also plays a crucial
role in the tendency of microbes to resist invasion phage and accommodate to its environment
[4]. Recent findings have been shown that CRISPR-Cas systems include six preferable types that
fall into two categories. Class I involves types I, Ill, and 1V, which use a single protein set. In
contrast, class Il uses a particular protein effector nuclease, which includes 11, V, and VI [5].The
CRISPR-Cas Class | systems use a set of protein-guided RNAs consisting of three to five
proteins that adapt rRNA to a target and signal to use the transience nuclease known as Cas3 to
destruct DNA. Class Il systems; on the other hand, contain a single active protein, Cas9, which
has implicated in spacer acquisition, crRNA processing, target identification, and degradation.
Because of the dependence of the class Il system on a unique protein for function, Cas9
homologs have acquired from different subtypes and species that had applied in gene editing
programs over the years [6]. For editing the genome, two CRISPR-Cas effectors, called Cas9
(type 1) and Casl2a (Cpfl) had utilized to induce cleavage in double-stranded DNA (dsDNA)
targets. While Casl13a (C2c2, type V1), which employs an active detection device for diagnosis
pathogens, has been able to induce a break in RNA targets [3]. There are two nuclease domains in
Cas9 that are used to create end gaps in two strands. The target DNA strand, which corresponded to the
crRNA guide, was cut by the HNH domain as well as the RuvC domain [7].
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Origins of CRISPR-Cas systems

In 1978, five highly-similarities sequences consisting of 29 nucleotides observed as direct
repeats interspaced by 32 nucleotides as space in the upstream region of the lap gene in
Escherichia coli [8]. Short regular repetitions had distributed among distant phylogenetic groups.
Including strains of proteinaceous bacteria , some members of the cyanobacteria, Hyper
thermophilic bacteria, and archaea. In addition to strains of gram-positive bacteria[9]. They
explained the similarities in identical sequences of spacers in bacteriophages and conjugated
plasmids. The existence of similarity belongs to the acquisition of extrachromosomal genetic
elements during lateral gene transfer [10]. Examination of the sequence of the CRISPR1 site in
diverse Streptococcus thermophilus strains indicates the presence of differences between
industrial species and phage-resistant strains in the description of spacers. Findings showed the
alteration in CRISPR loci of the strains relates to the appearance of a CRISPR spacer similar to a
unique sequence in phage. It supplies the protection against the phage that has an identical
sequence in their genome [11]. According to CRISPR repeat distributions and Cas gene
architecture, in Lactic acid bacteria genomes, eight different families of CRISPR sites were
determined. From a phylogenetic and genome evolutionary point of view, the diversity in the
CRISPR sequence of the Lactic acid bacteria genome had been interpreted by exchanging
bacterial genome between different strains of bacteria through a mechanism known as horizontal
gene transfer [4].

Classification of CRISPR-Cas systems

The mechanism of the CRISPR-Cas system involves transcribing and processing the CRISPR
array to produce mature CRISPR RNA (crRNA), which often contains repeated sequence
regions in 5 and 3 that separated by spacer sequences [12]. Relying on the variety of CRISPR-
Cas system, crRNA and Cas protein create a complex to recognize the complementary sequences
in target DNA and attack it [13]. There are six types of CRISPR-Cas systems, which had
assorted into two groups. Class 1 observed in bacteria and archaea, includes types I, 111, and 1V,
besides 16 subgroups, as shown in Figure (1). It comprises multiple Cas proteins that act as
operative ingredients that generate crRNA-binding complexes arbitrated in pre-crRNA
processing and interference. While class 2 is identified only in bacteria, including types II, V,
and V1, besides 17 subtypes. It contains Cas9, Cas12, and Casl13, which are a large, single, and
multidomain crRNA-binding protein existing in type Il, type V and type Ill, respectively. These
proteins have needed in all activities involved in interference and pre-crRNA processing [14].
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Figure(1): Classification of CRISPR-Cas systems [15].

Each type | CRISPR-Cas site share the ownership of the Cas3 gene, which encodes the single
strand of DNA that is responsible for forming enzyme helicase, which is accountable for
unwarping the double strand of DNA and the DNA-RNA duplexes [16]. Each subtype contains a
specific set of genes and its characteristic features of the Operon Organization. Single operon
related to casl, cas2, and cas3 genes, besides the Cascade subunit genes, encode different
subtypes of CRISPR-Cas | systems such as I-C, I-D, I-E, and I-F. On the other hand, various
regulators in the Cas genes cluster, including two or more operon, are responsible for expression
I-A and I-B subtypes [17]. Cas9 gene found in Type Il CRISPR-Cas systems is involved in the
formation of a multidomain protein that participates in target DNA cleavage. Based on the
attendance of csm2 genes and cmr5, that are encoding small subunits, Type Ill systems have
classified within two subtypes: I11-A (Csm module) and 111-B (Cmr module) respectively [13].
The backbone effector complexes of Type Il CRISPR-Cas consists of one Cas5 subunit and
several Cas7 subunits, involving the RRM (RNA Recognition Motif) fold as well as a large
subunit and a small subunit. The Cas5 subunit attaches the crRNA and associates with the Cas10
(large subunit). According to the subtypes of Type I1l, The Csm module, and the Cmr module,
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small subunits interact with the crRNA backbone fastened to Cas7. Type Il system relies on the
repeat sequences of the crRNA precursor that is cleaved by the Cas6 family of endoribonucleases
to produce small crRNAs that have combined into a Csm/Cas10 or Cmr/Cas10 complex [18].
Earlier type 1V had described as an unexplained type due to its limited existence and loss of the
adaptation module. After identifying several genetic arrangements of Type U Cas genes
in Acidithiobacillus ferrooxidans, it’s named Type IV (putative). Integrated elements, plasmids,
or phages are responsible for codding all Type IV CRISPR-Cas systems [19]. In all Type IV
systems, some genes are accountable for expressing a set of subunits consisting of csfl, csf2, and
csf3 called the head, backbone, and tail subunits, respectively. Type IV is the single type
containing csf4 (dinG) at CRISPR-Cas sites and is known as a labeled protein for type IV
systems [20]. The Type V of CRISPR-Cas system includes Cpfl, which is being in genomes of
several bacterial strains, as well as in single archaeal genome nearby Casl, Cas2, and a CRISPR
sequence. Cpfl is a large protein that comprises a RuvC-like nuclease domain corresponds to the
domain Cas9 and the TnpB protein of 1S605 family transposons, while the HNH nuclease
domain exists in all Cas9 proteins except Cpfl protein. Casl2a (Cpfl) has expressed outside the
CRISPR—Cas setting in several genomes, and its similar to TnpB. It indicates that cpfl is related
to transposable elements [21]. The effector proteins are bilobed, which is comparable to ‘jaw-
like” architecture holding the guide RNA and the target DNA between the flaps [22].

Molecular mechanisms of CRISPR-Cas system

In recent years, many studies had performed to investigate the mechanism of CRISPR-Cas,
which represents an adaptive immune system for an extensive range of bacteria and Archaea. For
combating the attack of invasive genetic elements, CRISPR systems intercede immunity through
three steps: Adaptation, Expression, and Interference, as exhibited in Figure(2) [19].
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Figure(2): Molecular mechanisms of CRISPR-Cas [19].

(a) CRISPR adaptation

The first stage involves integrating protospacer (invasive genetic materials) into the
CRISPR sequence that creating distinct spacer, which assists the hostess organism to recognize
and preserve foreign genetic materials for a stimulating adaptive immune system at a later time
[23]. However, in all CRISPR-Cas types, the Casl and Cas2 proteins are related to the spacer
acquisition process, but in CRISPR-Cas Type 1lI-C, 1lI-D, and IV systems, there are specific
proteins that manage the process. Also, C2C3 andCasl homolog proteins that make up the
CRISPR-Cas Type V-C system participate in the acquisition of spacer [13]. Recent studies have
explained Casl and Cas2 of the type I-E system in E. coli. It forms a complex which assists in
the insertion of different spacers in a mode that is similar to transposases and viral integrases
[24]. The active site of Cas2 is unable to acquiring spacer, despite Casl and Cas2 work as a
nuclease. A different spacer is usually integrated at the leader-repeat edge of the CRISPR
sequence, while the first repeat of the arrangement is duplicated [25]. The requirements and
targets of the adaptation machinery are responsible for the existence of several differences in
mechanisms of the various CRISPR-Cas Types. Cas4 in Type I-B CRISPR Cas systems had
required for spacer acquisition; despite both Casl and Cas 2 can activate the taking of spacer in
most investigated Type | CRISPR Cas systems [26]. Pseudomonas aeruginosa has the I-F
CRISPR-Cas system, which needs the interference machinery to enhance the acquisition of
different spacers [27]. The integration target sequence in Type I, 1l, and V CRISPR-Cas systems
demands the presence of a proto-spacer adjacent motif termed (PAM), which is essential for
cleavage by Cas nuclease. For protospacer selection, the domain of Cas9 in the Type II-A
CRISPR-Cas system recognizes PAM array (a short specific sequence located downstream of the
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target DNA sequence) [28]. It is assumed the incorporation of the different spacers into the
CRISPR sequence, Cas9 directs Casl, Cas2, and perhaps Csn2. Findings have demonstrated in
type I-E, the existence of the interference machinery, as well as the Casl-Cas2 complex,
enhances the incidence of combined spacers contiguous to a suitable PAM [29]. Furthermore,
during the priming process, the interference machinery of several types | CRISPR-Cas systems
can activate the acquisition of different spacers according to the crRNA-guided adhesive to a
protospacer that has detected at an initial infection [30].

(b) CRISPR expression

The crRNA biogenesis stage includes the transcription of the CRISPR sequences followed by the
building and shaping process for generating crRNA. Activation adapts the immune system in
bacteria requires transcription of the CRISPR sequence into a long CRRNA precursor (pre-
crRNA) that had converted into an adult crRNA guide containing the foreign genetic
information from previous infection [12]. Throughout the processing stage, the Cas6 protein in
type I and Il systems generate intermediate species of crRNAs that are surrounded by a short 50
tag. While in type I-C systems, the protein Casbd is accountable for processing pre-crRNA to
create intermediate crRNAs containing an 11 nt 50 tags[31]. In most type | system, splicing of
the 30 ends of the intermediate crRNA is performed by an undiscovered nuclease, generating
adult crRNA species consisting of a complete spacer-part (50 termini) and a repeat-part (30
termini), that formed a hairpin construction [32].In Type Il systems, tracrRNA is involved in the
processing of pre-crRNA. Cas9 had required for stabilizing crRNA: tracrRNA duplex then is
identified and processed by the RNase 1l host, which provides the intermediate form of crRNA,
which matures through a still unknown mechanism that generates adult small guide RNA [33].
The current studies have demonstrated the attendance of promoter sequences in the Type II-C
CRISPR-Cas system of Neisseria meningitidis, customize each repeat, which is involved in
generating intermediate crRNA species [34]. Cpfl in the type V-A CRISPR-Cas system
processes premature crRNA. Then processed crRNA have employed to cut detected DNA [35].

(c) CRISPR interference

During the interference step, crRNA directs the Cas protein to identify target nucleic acids for
destruction. In class 1 system CRISPR Cascade participate in target deterioration, while a unique
effector protein in class 2 systems is required in interference [36]. The PAM sequences,that
occurred in different sites of bacterial genome are accurate target for Type I, I, and V systems to
prevent self-targeting [37]. Diagnosis between individual and non-individual in type Il systems
have achieved by detecting the 50 tags of the adult crRNAs, which should not match with the
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target to permit destruction by the complex [38]. Cascade of Type | systems works to localize the
invasive DNA in a crRNA-dependent mechanism and employs the Cas3 enzyme to induce a
cleavage on the strange DNA and afterward destroys the target DNA. The duplex TracrRNA:
crRNA in CRISPR-Cas Type Il systems directs the effector Cas9 protein to cause a double-
strand split in the DNA. The interference mechanism for Type 11l systems includes Cas10-Cmr
or Cas10-Csm complexes, which had recruited to detect both DNA and RNA. Interestingly, the
overlap of the Type Il1-A and Type I11-B systems rely on the transcription of detected DNA.

Using the CRISPR-Cas system as struggle antibiotic resistance

The scarcity of efficient tools to create double-strand cleave in specific site DNA made the
alteration DNA within cells restricted [39]. Previous approaches had based on Zinc finger
nuclease (ZFNs) and transcription activator-like effector nuclease (TALENS), which are
restrictive enzymes directed to break down specific sequences of DNA as explained in Figure(3).
The gene-editing tools had linked to a non-specific restriction enzyme (Fokl), which gives
nuclease activity to ZFNs and TALENs. TALENs and ZFNs are comparable to creating
knockdown or knockout genes and cause double-strand splits at the wanted location in the DNA.
Nevertheless, the large size of TALENS contrasted with ZFNs makes it troublesome to introduce
TALENS into cells [40]. The ability of these manipulated restriction enzymes to identify a target
site is limited.in the other hand; CRISPR-Cas systems depend on the sequence of RNA to
recognize specific sequences [39]. The CRISPR-Cas system discriminates between commensal
and pathogenic bacterial strains by targeting detected sequences. So it has been adopted to target
antibiotic-resistant pathogens in heterogeneous bacterial residents, allowing the delivery of
antibacterial agents to the pathogenic bacteria, and in some examples administering treatments to
Host cells infected with pathogenic bacteria [41]. Extended-spectrum beta-lactamase (ESBL)-
Eschrechia coli have plasmid-mediated antibiotic resistance genes that can be easily transmitted
to other individuals of the bacterial inhabitants by horizontal gene transfer. For returning the
antibiotic susceptibility of these bacteria, the CRISPR / Cas9 technique had employed to remove
plasmids responsible for drug resistance[42]. A recent study revealed that genetically modified
CRISPR-cas9 phages could target virulent Staphylococcus aureus. These results confirmed that
Cas9 re-programmed utilized to recognize pathogenic bacteria and restrict the spread of plasmid-
transmitting antibiotic resistance genes[43]. There is a set of studies that have embraced the
search for the CRISPR Cas delivery mechanism that has involved the use of transformable
plasmids or phages to identify target cells.
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Figure(3):latent genome alteration employing ZFNs, TALENS, and Cas9[40].

PRPs are vectors for the expanse of antibiotic resistance genes in Enterococcus faecalis
Communities. The recent finding approved that the PRP pPD1, a cognate CRISPR antimicrobial
plasmid which modified by inserting the cas9 gene and a CRISPR guide RNA under the
direction of the bac A activater can diminish the existence of antibiotic resistance in
Enterococcus faecalis Communities[44]. In another study, Lorstein and colleagues designed a
plasmid removal system called (PFREE), which has constructed by amplifying the backbone of a
Pmazsk plasmid. It includes CRISPR-Case 9 and target sequences of four different types of
(ColE1) plasmids to eliminate different plasmids within one step, as displayed in figure(4).
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Figure (4): The complete plasmid removal system (PFREE) scheme [45].

The researchers prepared Escherichia. coli strains are contained three compatible plasmids
and transferred them to a transformation medium containing PFREE plasmids. The mixture
incubated for different periods, and then samples were taken from the transformation mixture
and grown on Luria broth agar for one night. It found that 80% of the tested cells were entirely
devoid of the plasmid, while 10% of the tested cells contained one or more plasmids. As well as,
it found that all the tested cells did not contain pFREE plasmids[45].

Conclusion:

CRISPR-Cas systems had utilized to detect antibiotic resistance and virulence genes in
bacteria. It is an attractive choice for specific, programmable sequence tools. When ingested by
the capsid of phages in vitro, it can effectively execute the target population and can also
decrease the settlement of the target population in vivo. Resistance genes carried on a plasmid
can be removed by applying the CRISPR-Cas technique, which leads to producing sensitive
bacteria against antibiotics. The CRISPR-depend approach has assisted limiting the random
extermination of conceivably beneficial bacteria, moreover enabling the non-target inhabitants to
flourish and maintain the biological niche. CRISPR-based technologies present a new method to
preserve the configuration of microbial populations instead of applying it as a traditional,
widespread-spectrum antibiotic.

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com Page | 315

Electronic ISSN: 2312-8135 | Print ISSN: 1992-0652
Main Campus, Al-Naijaf St., Babil, Al-Hilla, 51002, P.O. Box: 4, Irag


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OF BABYLON ) % Crossref d

For Pure and Applied Sciences (usras)

ARTICLE

Vol.29; No.3. October-December | 2021

Acknowledgments:

The authors thank the microbiology laboratory, College of Science, University of Babylon for
supplying necessary facilities to achieve this research.

Conflict of interests.
There are non-conflicts of interest.

References

[1] H. Dong, H. Xiang, D. Mu, D. Wang, and T. Wang, “Exploiting a conjugative CRISPR/Cas9 system
to eliminate plasmid harbouring the mcr-1 gene from Escherichia coli, ” Elsevier B.V.,vol. 53, no. 1.
2019.

[2] K. Wang and M. Nicholaou, “Suppression of Antimicrobial Resistance in MRSA Using CRISPR-
dCas9,” Am. Soc. Clin. Lab. Sci., vol. 30, no. 4, pp. 207-213, 2017.

[3] H. Yang and D. J. Patel, “Inhibition Mechanism of an Anti-CRISPR Suppressor AcrllA4 Targeting
SpyCas9,” Mol. Cell, vol. 67, no. 1, pp. 117-127.e5, 2017.

[4] P. Horvath, A. C. Colté-Monvoisin, D. A. Romero, P. Boyaval, C. Fremaux, and R. Barrangou,
“Comparative analysis of CRISPR loci in lactic acid bacteria genomes,” Int. J. Food Microbiol., vol.
131, no. 1, pp. 62-70, 2009.

[5] J. Bondy-Denomy, “Protein Inhibitors of CRISPR-Cas9,” ACS Chem. Biol., vol. 13, no. 2, pp. 417—
423, 2018.

[6] A. L. Borges, A. R. Davidson, and J. Bondy-Denomy, “The Discovery, Mechanisms, and
Evolutionary Impact of Anti-CRISPRs,” Annu. Rev. Virol., vol. 4, pp. 37-59, 2017.

[7] H. D. Patrick., E. S. Lander, and F. Zhang, “Development and applications of CRISPR-Cas9 for
genome engineering, ” Cell 157, vol 6 ,pp. 1262-1278, 2014.

[8] Y. Ishino, H. Shinagawa, K. Makino, M. Amemura, and A. Nakata, “Nucleotide Sequence of the iap
Gene , Responsible for Alkaline Phosphatase Isozyme Conversion in Escherichia coli , and
Identification of the Gene Product,” pp. 5429-5433, 1987.

[9] F. J. M. Mojica, C. Diez-Villasefior, J. Garcia-Martinez, and E. Soria, “Intervening sequences of
regularly spaced prokaryotic repeats derive from foreign genetic elements,” J. Mol. Evol., vol. 60,
no. 2, pp. 174-182, 2005.

[11] R. Sapranauskas, G. Gasiunas, C. Fremaux, R. Barrangou, P. Horvath, and V. Siksnys, “The
Streptococcus thermophilus CRISPR/Cas system provides immunity in Escherichia coli,” Nucleic
Acids Res., vol. 39, no. 21, pp. 9275-9282, 2011.

[12] R. E. Haurwitz, M. Jinek, B. Wiedenheft, K. Zhou, and J. A. Doudna, “Sequence- and Structure-
Specific RNA Processing by a CRISPR Endonuclease Supporting Online Material for Sequence- and
structure-specific RNA processing by a CRISPR endonuclease,” Science., vol. 329, no. 5997, pp.
1355-1358, 2010.

[13] K. S. Makarova et al., “Nature Review Microbiology,” Nat. Rev. Microbiol., vol. 13, no. 11, pp.
722-736, 2015.

[14] O. S. Alkhnbashi, T. Meier, A. Mitrofanov, R. Backofen, and B. Vof}, “CRISPR-Cas
bioinformatics,” Methods, vol. 172, no. July, pp. 3-11, 2020.

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com Page |316

Electronic ISSN: 2312-8135 | Print ISSN: 1992-0652
Main Campus, Al-Naijaf St., Babil, Al-Hilla, 51002, P.O. Box: 4, Irag


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OF BABYLON
For Pure and Applied Sciences (usras)

ARTICLE

Vol.29; No.3. October-December | 2021

[15] A. Karimian et al., “CRISPR/Cas9 technology as a potent molecular tool for gene therapy,” J.
Cell. Physiol., vol. 234, no. 8, pp. 1226712277, 2019.

[16] T. Sinkunas, G. Gasiunas, C. Fremaux, R. Barrangou, P. Horvath, and V. Siksnys, “Cas3 is a
single-stranded DNA nuclease and ATP-dependent helicase in the CRISPR/Cas immune system,”
EMBO J., vol. 30, no. 7, pp. 1335-1342, 2011.

[17] G. Vestergaard, R. A. Garrett, and S. A. Shah, “CRISPR adaptive immune systems of Archaea,”
RNA Biol., vol. 11, no. 2, pp. 156-167, 2014.

[18] R. Barrangou and L. A. Marraffini, “CRISPR-cas systems: Prokaryotes upgrade to adaptive
immunity,” Mol. Cell, vol. 54, no. 2, pp. 234-244, 2014.

[19] J. van der Oost, M. M. Jore, E. R. Westra, M. Lundgren, and S. J. J. Brouns, “CRISPR-based
adaptive and heritable immunity in prokaryotes,” Trends Biochem. Sci., vol. 34, no. 8, pp. 401-407,
2009.

[20] V.M. Crowley et al., “ A Type IV-A CRISPR-Cas System in Pseudomonas aeruginosa Mediates
RNA-Guided Plasmid Interference In Vivo ,” Cris. J., vol. 2, no. 6, pp. 434440, 2019.

[21] K. S. Makarova et al., “An updated evolutionary classification of CRISPR-Cas systems,” Nat.
Rev. Microbiol., vol. 13, no. 11, pp. 722-736, 2015.

[22] B. Maxkapos and V. Makarov, “Origins and evolution of epizootology,” Russ. Vet. J., vol. 2019,
no. 2, pp. 29-36, 2019.

[23] L. H. Guo et al., “Synthesis of human insulin gene VIII. Construction of expression vectors for
fused proinsulin production in Escherichia coli,” Gene, vol. 29, no. 1-2, pp. 251-254, 1984.

[24] Z. Arslan, V. Hermanns, R. Wurm, R. Wagner, and U. Pul, “Detection and characterization of
spacer integration intermediates in type I-E CRISPR-Cas system,” Nucleic Acids Res., vol. 42, no.
12, pp. 7884-7893, 2014.

[25] Y. Wei, M. T. Chesne, R. M. Terns, and M. P. Terns, “Sequences spanning the leader-repeat
junction mediate CRISPR adaptation to phage in Streptococcus thermophilus,” Nucleic Acids Res.,
vol. 43, no. 3, pp. 1749-1758, 2015.

[26] M. Li, R. Wang, D. Zhao, and H. Xiang, “Adaptation of the Haloarcula hispanica CRISPR-Cas
system to a purified virus strictly requires a priming process,” Nucleic Acids Res., vol. 42, no. 4, pp.
2483-2492, 2014.

[27] D. Vorontsova et al., “Foreign DNA acquisition by the I-F CRISPR-Cas system requires all
components of the interference machinery,” Nucleic Acids Res., vol. 43, no. 22, pp. 10848-10860,
2015.

[28] Y. Wei, R. M. Terns, and M. P. Terns, “Cas9 function and host genome sampling in type II-A
CRISPR—cas adaptation,” Genes Dev., vol. 29, no. 4, pp. 356-361, 2015.

[29] K. A. Datsenko, K. Pougach, A. Tikhonov, B. L. Wanner, K. Severinov, and E. Semenova,
“Molecular memory of prior infections activates the CRISPR/Cas adaptive bacterial immunity
system,” Nat. Commun., vol. 3, no. May, 2012.

[30] C. Richter et al., “Priming in the Type I-F CRISPR-Cas system triggers strand-independent
spacer acquisition, bi-directionally from the primed protospacer,” Nucleic Acids Res., vol. 42, no. 13,
pp. 85168526, 2014.

[31] E. L. Garside et al., “Cas5 processes pre-crRNA and is a member of a larger family of CRISPR
RNA endonucleases,” Rna, vol. 18, no. 11, pp. 20202028, 2012.

[32] C.R. Haleetal., “RNA-Guided RNA Cleavage by a CRISPR RNA-Cas Protein Complex,” Cell,
vol. 139, no. 5, pp. 945-956, 2009.

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com Page |317

Electronic ISSN: 2312-8135 | Print ISSN: 1992-0652
Main Campus, Al-Naijaf St., Babil, Al-Hilla, 51002, P.O. Box: 4, Irag


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OF BABYLON ) % Crossref d

For Pure and Applied Sciences (usras)

ARTICLE

Vol.29; No.3. October-December | 2021

[33] E. Deltcheva, K. Chylinski, C. M. Sharma, and K. Gonzales, “UKPMC Funders Group UKPMC
Funders Group Author Manuscript CRISPR RNA maturation by trans-encoded small RNA and host
factor RNase III,” Nature, vol. 471, no. 7340, pp. 602-607, 2011.

[34] Y. Zhang et al., “Processing-Independent CRISPR RNAs Limit Natural Transformation in
Neisseria meningitidis,” Mol. Cell, vol. 50, no. 4, pp. 488-503, 2013.

[35] B. Zetsche et al., “Cpfl Is a Single RNA-Guided Endonuclease of a Class 2 CRISPR-Cas
System,” Cell, vol. 163, no. 3, pp. 759-771, 2015.

[36] D. Bhaya, M. Davison, and R. Barrangou, “CRISPR-cas systems in bacteria and archaea:
Versatile small RNAs for adaptive defense and regulation,” Annu. Rev. Genet., vol. 45, pp. 273-297,
2011.

[37] L. A. M. Wenyan Jiang, David Bikard, David Cox, Feng Zhang, “CRISPR-assisted editing of
bacterial genomes,” Nat biotechnol, vol. 31, no. 3, pp. 233-239, 2013.

[38] J. E. Garneau et al., “The CRISPR/cas bacterial immune system cleaves bacteriophage and
plasmid DNA,” Nature, vol. 468, no. 7320, pp. 6771, 2010.

[39] S. H. Sternberg and J. A. Doudna, “Perspective Expanding the Biologist > s Toolkit with
CRISPR-Cas9,” Mol. Cell, vol. 58, no. 4, pp. 568-574, 2015.

[40] D. Resistance et al., “How CRISPR-Cas System Could Be Used to Combat Antimicrobial
Resistance,” pp. 1111-1121, 2020.

[41] M. A. B. Shabbir et al., “CRISPR-cas system: Biological function in microbes and its use to treat
antimicrobial resistant pathogens,” Ann. Clin. Microbiol. Antimicrob., vol. 18, no. 1, pp. 1-9, 2019.

[42] J. S. Kim et al., “Crispr/cas9-mediated re-sensitization of antibiotic-resistant Escherichia coli
harboring extended-spectrum f-lactamases,” J. Microbiol. Biotechnol., vol. 26, no. 2, pp. 394401,
2015.

[43] D. Bikard et al., “Development of sequence-specific antimicrobials based on programmable
CRISPR-Cas nucleases,” Nat Biotechnol, vol. 32, no. 11, pp. 1146-1150, 2014.

[44] M. Rodrigues, S. W. McBride, K. Hullahalli, K. L. Palmer, and B. A. Duerkop, “Conjugative
delivery of CRISPR-Cas9 for the selective depletion of antibiotic-resistant Enterococci,”
Antimicrob. Agents Chemother., vol. 63, no. 11, pp. 1-14, 2019.

[45] I Lauritsen, A. Porse, M. O. A. Sommer, and M. H. H. Narholm, “A versatile one-step CRISPR-
Cas9 based approach to plasmid-curing,” Microb. Cell Fact., vol. 16, no. 1, pp. 1-10, 2017.

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com Page |318

Electronic ISSN: 2312-8135 | Print ISSN: 1992-0652
Main Campus, Al-Naijaf St., Babil, Al-Hilla, 51002, P.O. Box: 4, Irag


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

JOURNAL OF UNIVERSITY OF BABYLON
For Pure and Applied Sciences gusras)

ARTICLE

Vol.29; No.3. October-December | 2021

DAl
Glaliaal) (e auly ciplal daglie )88 Yw e () o) Lgaaldl Glaliaall alainally s i) aladsul) ()
osels n Qi) by ¢ (5Kl asiall (e dagliall Gl A RS Linglen BSOS jaS Gl Jans gl
Lellai Lgilaguagas S e bl e dlabe 3ilially WSl (e el @llia gl clalinall dagliall Zo,aSill YL
LlaY) (o lgeadt dileal LK) deadion &S5 e lie ool Ller Jead dumy e Pllly Glgyll) (e didie dise COlalis
Blalie 13 Lk ) Iyl ol o) lgatii el Cus Oslail) LST (g5l maal) b ) Sie palia slalall o), cilung plally
LSl oy e Clagyd 8 A8 abaliall Lo (gosill sl e ahaliall sda ) Gginalll aES) Ga3ll e 878 e
canall ailie LS ao8 agaa s G gy asaa (gl 8asal Lt alislS g 823kl 3805001 salall eia gy Lagias
paeall e Gaegl @il Lgld gyl asagd duayre LS 0sS0 Ladie L (gosill raeadl (e Lgaal Jagiae Lo ae ag sl (555l
Haall b Al Slaii) e OlS (g y siiay 9 (ulS ade Gl LGa AT (g e (OIG GJA, jaaill (ghou )l (5953
sl psinll Gaa gl 3wt e dasal) Giemll Gosdll el aul Cipes dlale (San Lavie (g5l Ganall adid e
Uinalye g puil) asiall € e Glall I 35 MWL 5 Adagieal) (gysd) pmenll cOLls alads 9ulS psks SIS ey
Sl e B e sleadll Allady Ls8 A8S axdieell 9 (S jaas S Al iall Gaiall Aacdgy (535d) aeall e A1 8l
Kl A jaes

info@journalofbabylon.com | jub@itnet.uobabylon.edu.iq | www.journalofbabylon.com Page |319

Electronic ISSN: 2312-8135 | Print ISSN: 1992-0652
Main Campus, Al-Naijaf St., Babil, Al-Hilla, 51002, P.O. Box: 4, Irag


mailto:info@journalofbabylon.com
mailto:jub@itnet.uobabylon.edu.iq
https://www.journalofbabylon.com/index.php/JUB/issue/archive

