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Abstract. Antimicrobial resistance (AMR) continues to be a major problem that
jeopardises public health and environment all around the world. New methods for
controlling resistant bacterial infections are desperately needed. CRISPR Cas, the recent
genome editing technology has potential applicability in fighting against AMR bacterial
infections since it has an ability to target resistance genes with specificity. The current
study aims to investigate the relationship among antibiotic resistance, virulence genes
and insertion sequence along with CRISPRcas locus region in E.coli CFT073 strain
through an insilico approach in an attempt to apply CRISPRcas technology to prevent the
dissemination of pathogenic strains. Using the CARD database, the existence of eight
resistance genes (mdtH, H-NS, baeR, evgA, emrR, gadW, cpxA, and EC-5) was
discovered, and the ISs, ISEc10, and IS200c were shown to be prevalent in the E.coli
CFTO073 strain. Thirteen virulence genes from varied family were identified using
virulence finder tool. The study found 19 spacer regions as well as the existence of cas
genes using CRISPRcas ++ tool in E.coli genome and also identified the PAM positions
along with their flanking IS regions using E CRISP. Two regions (mdtH-IS21 (ISEc10)
and emrR-IS110 (ISEc20)) were identified as a promising PAI sites while comparing the
locations of PAM, transposase, and antibiotic resistance genes where a knockout
mechanism can be applied using CRISPRcas technology to disseminate the spread of
AMR among microbial species.
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1 Introduction

Uropathogenic Escherichia coli (UPEC) are the primary causal agent in almost 90% of
community acquired urinary tract infection (UTI) and 50% of nosocomial UTIs in humans.
UPEC colonizes the urinary system primarily in the bladder, causing cystitis, and may aspire
into the kidneys via the ureters, causing pyelonephritis. To colonize the urinary system, UPEC
binds to urothelial cells via P fimbriae and begins to generate alpha and beta hemolysins,
which can induce lysis of urinary tract cells [1]. And, of all the UPEC strains (such as
CFT073, 536, and J96), CFT073 is the most prevalent and well-studied, having the whole
genome annotated both manually and automatically with high accuracy [2]. The CFT073
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genome differs mostly due to five distinct cryptic inserted prophage genomes that include a
substantial amount of virulence/ virulence-associated genes, known as pathogenicity islands
(PAIs). In-depth research indicates that 75.0% of the genes are conserved backbone genes,
whereas the remaining (25.0%) are CFT073-specific islands that insert into the backbone areas
in a hybrid fashion. Ever since the first publication, the annotation has not only given an
overview of the pathogen's lifetime, but it has also served as a reference for experiment design
[3].

The Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) system is an
immunological system present in bacterial system that has been modified/ used for genome
editing purposes. The techniques like zinc finger nucleases (ZFNs) or transcription-activator-
like effector nucleases (TALENSs) relied on the usage of customised DNA-binding protein
nucleases prior to CRISPR/Cas9 technology [4]. It requires researchers to engineer and
produce a new nuclease-pair for each genomic target. CRISPR, on the other hand, has become
one of the most popular methods for genome editing, owing to its versatility and ease of use.
The bacterial CRISPR-Cas9 genome editing method has been used by many species, including
bacteria and yeasts. A tractrRNA:crRNA duplex (or chimeric guide RNA (gRNA)) directs the
Cas9 protein to cleave a target DNA sequence containing a protospacer motif (PAM) [5].

Horizontal gene transfer (HGT) is an important mechanism in microbial adaptability to
diverse environment conditions because it allows for the acquisition of genetic material such
as antibiotic resistance genes; virulence and insertion sequence [6]. Furthermore,
microorganisms have developed an innate immune system, CRISPR and their associated Cas
proteins (CRISPR-Cas), which aids in the limitation of genetic material procurement and
defence against intrusive bacterial sp, phages and plasmids. The objective of this study is to
identity PAM sequence region adjacent to the genes coding for PAI (antibiotic resistance,
virulence factor and transposase enzymes) for knocking out using CRISPR-Cas technology for
prevention and dissemination of bacterial virulence by HGT.

2. Methodology

2.1 Sequence retrieval:

The whole genome sequence of E.coliCFT073(5.23143Mb) was retrieved from NCBI
(https://www.ncbi.nlm.nih.gov/genome/167?genome_assembly id=299448) and used for
analyses.

2.2 Identification of PAIs:

Pathogenicity islands for the strain E.coli CFT073 was identified using the tools
Comprehensive Antibiotic Resistance Database (CARD), Virulence Finder and ISSaga
database. CARD (https://card.mcmaster.ca) is a web - based bioinformatics tool that provides
the molecular mechanism of bacterial antibiotic resistance (AMR) for DNA and protein
sequence [7]. The online OMICS tool, Virulence Finder was used to discover and extract E.
coli virulence genes from whole genome sequencing (WGS) data, as well as their genomic
positions. The insertion sequences or transposons flanking each of the virulence factors were
also discovered and identified [8]. The mobile factors, such as Insertion Sequence, found in
the E.coli CFT073 was examined using the ISsaga database (http,//issaga.biotoul.fr/is saga
index.php), which operates on the ISFinder platform. It does computer analysis to yield good
quality IS annotation [9].



2.3 Analysis of CRISPR loci and spacer sequence:

CRISPR Finder tool was used to locate CRISPR loci in raw genome sequences. The fasta
sequence of E.coli genome was submitted to the CRISPR-Cas++ tool (https://crispreas.
i2bc.paris-saclay.fr/) [10]. The Crispr locus is characterized by spacers, leader sequence and
cas genes. This tool was used to detect the presence of spacers and the casgene..

2.4 Location of the PAM positions in relation with ISs:

The protospacer adjacent motif (PAM) sequence located in the E.coli strain was identified
using the tool, E-CRISP [11]. E-CRISP has indeed been enhanced by utilising quick and
precise approaches to build CRISPR gRNA sequences that can hit any sequence of nucleotides
from one exon to whole genomes. Usability in experimental applications has received special
attention during the design phase. The PAM regions specific for Cas enzyme which are
located either upstream or downstream of the ISs was found manually.

3 Result And Discussion

3.1 PAISs of E.coli CFT073:

PAI comprises pathogen-specific genetic elements that encode mobile elements, virulence
and resistance genes which are often transmitted by horizontal gene transfer to the recipient
organism and plays a significant role in pathogenicity and evolution of microbes [12]. The
antibiotic resistance genes ofE.coli CFT073 strain was found using CARD database. Eight
resistant genes (mdtH, H-NS, baeR, evgA, emrR, gadW, cpxA and EC-5) were found with
100% identity. Out of 8 antibiotic genes identified, 7 genes follow antibiotic efflux resistance
mechanism whereas only one gene (EC-5) follows antibiotic inactivation mechanism.
Antimicrobial resistance can be caused by the development of sophisticated bacterial
machines capable of extruding a poisonous chemical from the cell is called as efflux
mechanism. This resistance mechanism impacts a wide variety of antimicrobial classes except
for polymyxin. Among five major classes of efflux pumps, E.coli CFT073 has two main
classes: major facilitator superfamily (MFS) and resistance-nodulation-cell-division family
(RND) [13]. Modification of antibioitic is a popular method for making an antibiotic
ineffective; particularly it’s applicable for aminoglycoside antibiotics, beta lactam and
chloramphenicol. The bacteria will generate enzymes that permanently alter and inactivate the
antibiotics; beta lactamases are one of the well-studied enzymes for this purpose [14].
Table 1: List of AMR present in E.coli CFT073
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A mobile element in the E.coli strain was identified using ISsaga tool. The ISs which
shows 100% identity without duplication was chosen criteria for this analysis. As per the
criteria, 15 distinct insertion sequences from 8 IS families, totaling 43 elements were
considered based on ISsaga result. Among them, ISEc10 and 1S200c were found to be
predominant (high copy number) in the genome. It has been found that presence/ insertion of
ISEc10 into the promoter or regions of the chromosomal ampC gene causes high expression of
ampCand also responsible for cephalosporins resistance [15]. 1S200/IS605 family members
transpose utilising ssDNA intermediates. This family of ISs are different from traditional IS in
terms of structure. They have subterminal palindromic structures at their terminals rather than
inverted repetitions. Generally, IS200 group of ISs carries tnpA transposases whereas 1S605
group members carriers both tnpA and tnpB. tnpA helps in mobility of ISs whereas tnpB has
no such activity [16].

Figure 1: ISs ofE.coli CFT073
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Virulence genes found in the E.coli strain was found using virulence finder tool. There are
about 13 virulence genes were identified along with their flanking ISs. Out of 13 virulence
genes, four genes (mecmA, mchB, mchC and mchF) belongs microcin family. Microcins are
peptides that are generated by enterobacterial strains contain urovirulence factor and most
common in UPEC strains. Microcin are found on bacterial chromosomes and include genes
for immunity, and secretion [17]. It also carries encoding serine protease autotransporters of
Enterobacteriaceae (SPATE) toxin genes (vat, pic and sat). SPATE is a broad collection of
autotransporter proteins which triggers virulence activity especially in Shigella sp and E. coli.
Because of their proteolytic activity, this can enhance the breakdown of host cell substrates
and provoke an inflammatory response, in E.coli intestinal pathogenic infection [18]. The
virulence genes ireA and iron were belongs to iron uptake virulence factor category. Many
viral illnesses are known to be exacerbated by iron excess, and iron deficiency is an essential
defence mechanism for mammalian hosts. Because the fungus detects iron to regulate the



development of the polysaccharide capsule, which is the main virulence component during
infection [19].

Table 2: Virulence genes in E.coli CFT073
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3.2 CRISPR locations of E.coli CFT073:
CRISPR are unique structures discovered in many bacterial genomes that exhibit both
sequential and interspaced repeat features. Repeats, spacers, a leader sequence, and the cas
gene characterize a CRISPR locus. A CRISPR is a sequence of 23-47 bp repeats separated by
unique sequences of comparable length is known as spacer region. The CRISPR locus is often




bordered on one flank with an AT-rich leader region of 100-350 bp that acts as a promoter for
pre-ctRNA production. CRISPR-associated genes are those that have been discovered to be
tightly related to repetitive sequences. Using Crispr cas++ tool, we found that the particular
strain of E.coli CFT073 has 19 spacer regions from the sequence position of 2871.857kb to
2898.840kb along with cas genes. The evolutionary causes for the multiplicity of different
CRISPR-Cas system types often reside in almost the same genome, still mostly unknown. It is
indeed unclear how certain CRISPR-Cas systems contain just one or a few spacers, whereas
others have numerous. The number of spacers in an array is widely recognized to be the
consequence of a trade-off between greater protections against numerous, varied, and rapidly
changing pathogens [20].
Figure 2: Pictorial representation of Crispr regions in E.coli CFT073 (Crispr Cas
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|
Il
CRISPR Id / Spacer/  Repeat consensus/ Evidence
Element Cas Type Start End Gene cas genes Direction level
CRISPR CP028309_3 2,871,857 2,872,801 15 CGGTTTATCCCCGCTGGCGE - 4
GGGGAACAC
Cascluster  CP028309.1|CAS-TypelE_1 2873191 2881474 7 Cas1_0_IE_1, Cas3_0_|_7, Cas5_0_IE_3, Cas6_0_IE_2
Casy_0_IE_4,Cse1_D_|E 6, Cse2 0 IE_5
CRISPR CP028309_4 2,898,568 2,898,840 4 CGGTTTATCCCCGCTGGCGC - 4

GGGGAACAC

Based on the topology of effector modules, the CRISPR—Cas system is classified into two
primary groups. Class 1 system of CRISPRcas includes effector modules consisting of several
cas proteins in which a few helps in forming crRNA-binding complex whereas class 2 system
have a single multidomain crRNA binding protein that integrates all functions necessary for
interference. E.coli CFT073 strain has Class 1 system of CRISPR cas with subtype Cas —
Typel E gene. There are several core cas genes in bacterial crisprcas system in which cas
genes (1, 3, 5, 6, 7), csel, and cse2 were identified in E.coli strain CFT073 using CRISPRcas
++ tool. All of the cas genes are linked to various Cas systems and serve unique functions.
Casl aids in the spacers integration into direct repeats of CRISPR, Cas3 has helicase activity
which separates DNA strands for integration purpose, Cas5 interacts with larger subunit and
cas7 during interference and adaptation, and can also substitute for Cas6 if catalytically active
whereas Cas6 is also a subunit of cascade system and Cas7 involved in cleavage of RNA
when binds with crRNA and may be involved in RNA cleavage and finally the last two genes
csel and cse2 small subunits of cascade complex [21].



Table 3: Spacer sequences in E.coliCFT073
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3.3 PAM positions with respect to PAI:

PAM is very short sequence of length 2-6bp which is necessary for cas nuclease to cut the
target region. Before unwinding the DNA, the cas nuclease will check for the perfect PAM
site that matches with the guide RNA to make a cut in the sequence. The PAM positions in the
strain were identified using E crispr tool and the flanking ISs regions around the PAM site was
screened manually. About 12 different transposase family predicted to have PAM regions in it.
While making comparison among the location of PAM, transposase and antibioitic resistant
gene; two regions found to be appropriate PAI region where knock out mechanism can be
applied through CRISPRcas technology to control the dissemination. The two PAI regions
consist of mdtH-IS21(ISEc10) and emrR — IS110(ISEc20) along with the PAM region.



Table 4: Transposase and PAM sequence locations in E. collCFT073
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4 Conclusion

Analyzing the presence of PAI in infectious strains has revealed interesting information
regarding the virulence nature of pathogens. However, analysis of the factors of dissemination
and a mechanism to combat dissemination was the focus of the current study. The results
reveal a considerable association with respect to virulence genes of the PAI, presence of
Insertion sequence (factors of dissemination of AMR genes through horizontal gene transfer)
and the CRSPIR Cas/PAM sequences in proximity/within the PAI/IS sequences. Utilizing the
CRISPR Cas technology to knock down the transposase genes of the IS sequences in these
locations is proposed to be a potential means to control the dissemination of PAI’s and hence
be effective in the control of these infectious strains in the clinical scenarios and the
environment where the surge of AMR genes is a challenge. The results present the details with
respect to the uropathogenic strain of E.coli CFT073. The study when extended to other
strains and genomes will enhance the understanding on this targeted approach of controlling
the dissemination of PAIs utilizing CRISPR Cas.
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