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Prevention and control of antimicrobial resistance using
CRISPR-Cas system: a review
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Abstract: Bacterial multi-drug resistance (MDR) is a global challenge in the fields of medicine and
health, agriculture and fishery, ecology and environment. The cross-region spread of antibiotic
resistance genes (ARGs) among different species is one of the main cause of bacterial MDR. However,
there is no effective strategies for addressing the intensifying bacterial MDR. The CRISPR-Cas system,
consisting of clustered regularly interspaced short palindromic repeats (CRISPR) and CRISPR
associated proteins, can targetedly degrade exogenous nucleic acids, thus exhibiting high application
potential in preventing and controlling bacterial MDR caused by ARGs. This review briefly introduced
the working mechanism of CRISPR-Cas systems, followed by discussing recent advances in reducing
ARGs by CRISPR-Cas systems delivered through mediators (e.g. plasmids, bacteriophages and
nanoparticle). Moreover, the trends of this research field were envisioned, providing a new perspective
on preventing and controlling MDR.

Keywords: multi-drug resistance; antibiotic resistance genes; horizontal gene transfer; CRISPR-Cas system
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Figure 1 The mechanism of type 1, II and VI CRISPR-Cas systems’****. (A) In type I system, the

crRNA bound by cascade complex guides Cas3 to

degrade target DNA. (B) In type II system, the

pre-ctRNA and tracrRNA are partially complementary to form a double-stranded structure, whose the
stability is maintained by Cas9 protein. The complex formed by Cas9 and sgRNA processed by RNase III

searches for the PAM site on the DNA, and cuts the nucleotide on the nearby target sequence to cause a DSB. (C)

In type VI system, the Cas13 not only processes the pre-crRNA into a mature crRNA, but also guides a single

crRNA to find complementary target sites, then plays the role of non-specific RNase to degrade ssSRNA.
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Table 1 Strategies to reduce drug resistance genes by CRISPR-Cas system
Vector type CRISPR  Main feature Disadvantage In vitro/in vivo References
system
Non-conjugative Type II  Kill the identified host Lack of host In vitro and in [30]
plasmids competitiveness vivo (mouse gut)
Simple plasmid construction Spacer mutation In vitro [5]
Targeting on replicon; wide range of In vitro [16]
therapeutic strains
High editing efficiency Delivery system to be In vitro [20]
developed
Type [-F Single editing plasmid; identify key Limited application host  In vitro [22]
resistance genes
Conjugated Type Il  Eliminate various mcr-1-harbouring Low transformation In vitro [44]
plasmids plasmids efficiency
Repair dsDNA break, reduce survival stress Narrow repair range In vitro [21]
High conjugation efficiency with Low frequency of in vivo In vivo (mouse [19]
Enterococcus faecalis in vitro, stable conjugation intestine)
transmission
Inhibit the transcription of ARGs; wide  Editing efficiency depends In vitro [45]
transferred hosts on transfer efficiency
Phage Type Il  Kill ARG-carrying host selectively; no Large demand for phages; In vitro and in [14]
phage copies after infection hosts easy to mutate under vivo (mouse skin)
phage selective pressure
High selectivity; activation of plasmid Narrow host range In vivo (large wax [15]
toxin-antitoxin systems to kill bacteria moth experiment)
Curing ESBL mutants Excluding CTX-M type  In vitro [46]
Increased host range Reduced cutting effect In vitro and in [47]
vivo (mouse skin)
Type [  Targeting multiple sites simultaneously ~ Narrow host range of In vitro [29]
and reducing off-target single phage
Type VI  Targeting RNA and activating Casl3ato Restricted by phage host In vitro and in [18]
degrade mRNA nonspecifically and range and phage capsid  vivo (large wax
efficiently packaging efficiency moth experiment)
Nanoparticle Type Il  Cas9 persistence leads to delivery and Delayed release of Cas9  In vitro [17]
targeting efficiency and sgRNA
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ROR VB i, Wang S5 n] 21K Cas9 5
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ALY 107 (B2 A R RS 2 I R A3 5 M5 AN
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Figure 2 Strategies for preventing and controlling ARGs by using plasmid vectors to deliver CRISPR-Cas
systems. (A) Using non-conjugating plasmid vectors to deliver the CRISPR-Cas system. (i) Using a
non-conjugating plasmid pCEP to transfer the CRISPRO1 sequence containing Streptococcus pyogenes SF370 to
Streptococcus pneumoniae R6, Cas9 targets the ARG on the chromosome of Streptococcus pneumoniae, causing
host cell death. (ii) The non-conjugating plasmid containing the spacer sequence of the targeted ARG and the
editing template are introduced into pathogenic Pseudomonas aeruginosa, and the mature ctRNA guides the
endogenous I-F CRISPR-Cas system to remove the ARG to reduce the level of antibiotic resistance. (iii) The
pro-AG system inserts gRNA and its upstream and downstream fragments into the target position while destroying
ARG, so that the number of gRNAs increases exponentially and improves the editing efficiency. (iv) The
pCasCure plasmid can be targeted to the replicon region of carbapenem-resistant plasmids, which improves the
broad spectrum of the CRISPR system. (v) The recipient bacteria containing the CRISPR-Cas9 plasmid that can
target the mcr-1 gene can resist the conjugation process of pHNSHP45 from the donor bacteria. (B) Using
conjugative plasmid vectors to deliver the CRISPR-Cas system. (i) The CRISPR-Cas9 system and repair template
are fused into the same conjugative plasmid to reverse the carbapenem resistance of the pathogen Shewanella. (ii)
Using conjugative plasmid to deliver CRISPRi, dCas9 loses DNA cleavage activity and is guided by sgRNA to the
ARG promoter to block its transcription. (iii) The conjugative plasmid pMBLcas9 that expresses Cas9 and sgRNA
can eliminate a variety of mcr-1 carrying plasmids in clinically isolated E. coli.
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Figure 3 Strategies for preventing and controlling ARGs by using phage vectors to deliver CRISPR-Cas

systems“s’ 18]

. () The phage capsid wraps up the CRISPR-Cas9 DNA fragments, which only eliminates

pathogenic bacteria or ARG-carrying plasmids in the mixed flora, but does not affect other populations. (ii)

Type 1

CRISPR-Cas3 system is encapsulated by lysogenic bacteriophages, which selectively destroys

ARG-carrying plasmids and restores host sensitivity to multiple antibiotics. (iii) After the M13 phage expressing
CRISPR-Cas13a invades the host, crRNA recognizes the target RNA, activates the non-specific RNase activity of

Casl3a and finally leads to the death of the host cell.
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Figure 4

Strategies for preventing and controlling ARGs by using nanoparticle vectors to deliver

CRISPR-Cas systems!'”). Cas9 protein of Streptococcus pyogenes was covalently modified with bPEI and
assembled into nano-scale sized complexes with sgRNA targeting mecA, thus achieving the function of

cutting ARGs from the MRSA genome.
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