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Introduction

The escalating threat of antibiotic resistance necessitates innovative strategies to
combat the proliferation of resistance genes, particularly those residing on mo-
bile genetic elements like plasmids. Among the emerging technologies, CRISPR-
based systems have shown remarkable promise in precisely targeting and neu-
tralizing these determinants of resistance. This review delves into the exciting
potential of CRISPR-based technologies for tackling antibiotic resistance, partic-
ularly focusing on extrachromosomal plasmids. It outlines various CRISPR-Cas
systems and delivery strategies designed to specifically target and eliminate these
resistance determinants from bacterial populations. The discussion highlights the
advantages of CRISPR over traditional methods, such as precision and adaptabil-
ity, while also acknowledging the challenges that need to be overcome for effective
clinical translation. The work from the Department of Infectious Diseases at Seoul
National University College of Medicine provides a comprehensive overview of this
rapidly advancing field [1]. Research has explored the use of CRISPR-Cas12a
systems to specifically degrade antibiotic resistance genes carried on plasmids
within bacterial pathogens. These studies demonstrated efficient plasmid elim-
ination in vitro, suggesting a promising avenue for developing novel antimicro-
bial strategies. The precision of CRISPR-Cas12a in targeting mobile genetic el-
ements is a key advantage, offering a targeted approach to disrupting the spread
of resistance [2]. Furthermore, investigations have focused on the application
of CRISPR-interference (CRISPRi) to downregulate the expression of essential
genes on plasmids, thereby inhibiting bacterial growth. This approach can specif-
ically target and neutralize plasmids without necessarily killing the host bacteria,
offering a more nuanced control strategy for managing resistance [3]. A novel
CRISPR-Cas9 system has been introduced, designed for the precise elimination
of antibiotic resistance plasmids from bacterial communities. This method targets
specific sequences on the plasmid, leading to its degradation and a reduction in
antibiotic resistance prevalence, showcasing the power of engineered Cas9 sys-
tems [4]. Another avenue of research involves the potential of bacteriophages
engineered with CRISPR-Cas systems to target and eliminate antibiotic-resistant
bacteria by degrading their resistance plasmids. This dual-action approach com-
bines the specificity of phages with the gene-editing power of CRISPR, offering a
sophisticated strategy against bacterial infections [5]. Reviews have discussed the
challenges and opportunities of using CRISPR-based tools to combat antimicro-
bial resistance, with a specific emphasis on plasmid-mediated resistance. These
analyses cover different CRISPR systems and their potential for therapeutic ap-
plications, including strategies to overcome resistance mechanisms, providing a
broad perspective on the field [6]. The development of customizable CRISPR-Cas
systems has enabled the targeted elimination of antibiotic resistance plasmids in
gram-negative bacteria. These systems demonstrate high efficiency in reducing

the burden of resistance genes within bacterial populations, paving the way for tar-
geted antimicrobial interventions [7]. Research has also investigated the delivery
of CRISPR-Cas systems via lipid nanoparticles for the eradication of antibiotic re-
sistance plasmids from pathogenic bacteria. Studies have showcased the efficacy
of this delivery method in reducing the prevalence of resistance genes both in vitro
and in vivo models, highlighting advancements in delivery mechanisms [8]. The
development of a programmable CRISPR-based system for targeting and disabling
antibiotic resistance plasmids has been a significant achievement. The modularity
and adaptability of these systems enable them to be readily engineered against a
diverse range of resistance-conferring plasmids, offering flexibility in therapeutic
design [9]. Finally, the effectiveness of a novel CRISPR-Cas3 system for the com-
plete degradation of antibiotic resistance plasmids has been examined. These
studies report significant plasmid clearance in bacterial strains, demonstrating the
potent DNA-cleaving activity of Cas3 for antimicrobial applications [10].

Description

The field of combating antibiotic resistance has seen significant advancements
with the integration of CRISPR-based technologies, particularly for addressing
plasmid-mediated resistance. One notable contribution outlines the exciting po-
tential of CRISPR-based technologies for tackling antibiotic resistance, with a spe-
cific focus on extrachromosomal plasmids. This work details various CRISPR-Cas
systems and delivery strategies aimed at precisely targeting and eliminating these
resistance determinants from bacterial populations, emphasizing CRISPR’s ad-
vantages in precision and adaptability over traditional methods, while also rec-
ognizing the hurdles for clinical translation [1]. Further exploration into CRISPR-
Cas12a systems has demonstrated their capability to specifically degrade antibi-
otic resistance genes carried on plasmids within bacterial pathogens. This re-
search confirmed efficient plasmid elimination in vitro, positioning it as a promis-
ing approach for novel antimicrobial strategies due to its precision in targeting mo-
bile genetic elements [2]. Complementary to these efforts, CRISPR-interference
(CRISPRi) has been investigated for its ability to downregulate essential genes on
plasmids, thereby inhibiting bacterial growth. This method offers a targeted plas-
mid neutralization strategy that can be applied without necessarily killing the host
bacteria, providing a more refined control mechanism [3]. The development of a
CRISPR-Cas9 system designed for the precise elimination of antibiotic resistance
plasmids from bacterial communities marks another significant stride. This system
effectively targets specific plasmid sequences, leading to plasmid degradation and
a subsequent reduction in antibiotic resistance prevalence [4]. In a synergistic ap-
proach, bacteriophages have been engineered with CRISPR-Cas systems to target
and eliminate antibiotic-resistant bacteria by degrading their resistance plasmids.
This strategy leverages the specificity of bacteriophages combined with CRISPR’s
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gene-editing power for a comprehensive attack against bacterial infections [5]. A
comprehensive review consolidates the challenges and opportunities in utilizing
CRISPR-based tools against antimicrobial resistance, with a dedicated focus on
plasmid-mediated resistance. It surveys diverse CRISPR systems and their thera-
peutic potential, including methods to circumvent existing resistance mechanisms
[6]. Tailored CRISPR-Cas systems have been engineered for the targeted elimi-
nation of antibiotic resistance plasmids in Gram-negative bacteria, demonstrating
high efficacy in reducing the load of resistance genes within bacterial populations
and facilitating targeted antimicrobial interventions [7]. Advancements in delivery
methods include the use of lipid nanoparticles to deliver CRISPR-Cas systems for
the eradication of antibiotic resistance plasmids from pathogenic bacteria. Stud-
ies have validated the effectiveness of this approach in reducing resistance gene
prevalence in both in vitro and in vivo settings [8]. The creation of a programmable
CRISPR-based system offers a versatile platform for targeting and disabling antibi-
otic resistance plasmids. Its modular design allows for straightforward adaptation
to combat a wide array of resistance-conferring plasmids [9]. Finally, a CRISPR-
Cas3 system has been evaluated for its efficacy in the complete degradation of
antibiotic resistance plasmids, reporting substantial plasmid clearance in bacte-
rial strains due to its potent DNA-cleaving activity, making it a valuable tool for
antimicrobial applications [10].

Conclusion

This collection of research highlights the significant advancements in utilizing
CRISPR-based technologies to combat antibiotic resistance, with a primary fo-
cus on extrachromosomal plasmids. Various CRISPR systems, including Cas9,
Cas12a, Cas3, and CRISPRi, are explored for their ability to precisely target and
eliminate antibiotic resistance genes and plasmids from bacterial populations.
Strategies such as direct plasmid degradation, gene expression downregulation,
and engineered bacteriophage delivery systems are discussed. The precision,
adaptability, and potential for targeted interventions offered by CRISPR are con-
trasted with traditional methods. Challenges related to clinical translation and de-
livery mechanisms, such as lipid nanoparticles, are also addressed, underscoring
the ongoing development and potential of CRISPR as a powerful tool against the
growing threat of antibiotic resistance.
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