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ABSTRACT 

 

 
Background and Objectives: The global rise of antimicrobial resistance threatens effective treatment of bacterial infec- 

tions. Methicillin-resistant Staphylococcus aureus (MRSA) is a major pathogen whose resistance to β-lactam antibiotics 

is primarily mediated by the  mecA gene, encoding the low-affinity penicillin-binding protein PBP2a. This study aimed to 

investigate whether CRISPR-dCas9-mediated targeting of mecA could suppress resistance-associated gene expression and 

restore β-lactam susceptibility in MRSA. 

Materials and Methods: Seven target sites within mecA, comprising two non-coding and five coding regions, were selected 

for CRISPR-dCas9 targeting. The effects of gene interference were evaluated using antibiotic disk diffusion assays, mini- 

mum inhibitory concentration (MIC) testing with gradient E-strips, RT-PCR, and Sanger sequencing. 

Results: Targeting non-coding regions suppressed mecA transcription and reduced PBP2a production, whereas targeting 

coding regions generated mutations associated with dysfunctional PBP2a. CRISPR-dCas9 treatment significantly reduced 

mecA expression and increased MRSA susceptibility to β-lactam antibiotics, particularly ampicillin and cefixime. MIC val- 

ues decreased by up to 12-fold and 6-fold, respectively (p<0.05). 

Conclusion: CRISPR-dCas9-mediated targeting of mecA effectively reduced β-lactam resistance in MRSA. This approach 

demonstrates potential for precision-based antimicrobial resistance management and warrants further investigation as a strat- 

egy for combating drug-resistant bacterial infections. 

 

Keywords: Methicillin resistant Staphylococcus aureus; MRSA; Penicillin-binding proteins; CRISPR-Cas systems; Gene 

editing; Drug resistance; Microbial antibiotic resistance 

 
INTRODUCTION 

 
Introduction  Antimicrobial  resistance (AMR)  is 

a huge public health issue that's really come to the 

forefront in this century (1). The World Health Or- 

ganization (WHO) sees AMR as a significant threat 

that could roll back years of advancements in modern 

medicine, affecting things like surgeries, transplants, 

cancer treatments, and intensive care (2). Recent esti- 

mates show that in 2021, bacterial AMR was linked 

 
*Corresponding author: Ahsan Sattar Sheikh, Ph.D, Institute of Molecular Biology and Biotechnology, University of Lahore, Lahore, Pa- 

kistan; Centre for Research in Molecular Medicine (CRiMM), University of Lahore, Lahore, Pakistan.        Tel: +92-3004058338         Fax: 

+92-4235321716           Email: ahsanssheikh@gmail.com; ahsan.sattar@imbb.uol.edu.pk 

 
 

Copyright © 2026 The Authors. Published by Tehran University of Medical Sciences. 

                              This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International license 

                          (https://creativecommons.org/licenses/by-nc/4.0/). Noncommercial uses of the work are permitted, provided the original work is properly cited. 
 
 

 
 

741 

http://doi.org/10.18502/ijm.v18i5.22865
mailto:sattar@imbb.uol.edu.pk
https://creativecommons.org/licenses/by-nc/4.0/


AROOJ KHAN ET AL. 

742 IRAN. J. MICROBIOL. Volume 18 Number 5 (October 2026) 741-751 http://ijm.tums.ac.ir 

 

 

 

 
 

to around 4.71 million deaths globally, with 1.14 

millions of those directly due to resistant infections. 

If we don't take effective action soon, these figures 

are expected to rise dramatically by 2050 (3). One of 

the most concerning resistant pathogens is Methicil- 

lin-Resistant Staphylococcus aureus (MRSA), which 

has a major impact on health outcomes, leading to 

increased illness, death, longer hospital stays, and 

higher healthcare costs worldwide. Staphylococcus 

aureus is quite the adaptable Gram-positive patho- 

gen and can cause a range of illnesses, from basic 

skin infections to serious conditions like pneumonia, 

osteomyelitis, septic arthritis, infective endocarditis, 

bacteremia, and sepsis. Its ability to quickly develop 

resistance to various antibiotics is quite remarkable. 

Since the first methicillin-resistant strains were spot- 

ted in the '60s, MRSA has turned into a global con- 

cern, affecting both healthcare settings (HA-MRSA) 

and community environments (CA-MRSA) (4, 5). On 

top of that, the rise of MRSA in livestock has added to 

its significance, especially under the One Health ap- 

proach. MRSA prevalence can vary a lot around the 

world, depending on factors like geography, health- 

care systems, and how surveillance is done (6, 7). 

Recent studies suggest that MRSA makes up about 

20-50% of clinical S. aureus cases in many parts of 

Asia, Africa, and Latin America. Meanwhile, several 

countries in Northern Europe have kept their rates 

below 10% thanks to strict infection-control policies. 

In the U.S. and parts of Southern Europe, MRSA still 

constitutes a large portion of serious S. aureus infec- 

tions. The WHO’s Global Antimicrobial Resistance 

and Use Surveillance System (GLASS) has noted 

that MRSA remains a common issue across over 100 

countries, highlighting its ongoing importance in 

discussions about antimicrobial stewardship and the 

development of new treatments. What makes MRSA 

such a successful pathogen is mainly the mecA gene, 

which is found on the Staphylococcal Cassette Chro- 

mosome mec (SCCmec). This gene codes for penicil- 

lin-binding protein 2A (PBP2A), an alternative tran- 

speptidase that has a significantly weaker attraction 

to β-lactam antibiotics (8). PBP2A is still active even 

when faced with high levels of methicillin, oxacillin, 

and other β-lactams, allowing the bacteria to keep 

making peptidoglycan and survive. Because of this, 

PBP2A is the key player in methicillin resistance and 

a promising target for new antimicrobial strategies 

(2). The rise of multidrug-resistant MRSA strains is 

making treatment a real challenge across the board. 

Many current MRSA strains show resistance to mac- 

rolides, aminoglycosides, fluoroquinolones, tetracy- 

clines, and lincosamides, which really limits what 

options doctors have. While drugs like vancomycin, 

linezolid,  daptomycin,  ceftaroline,  and  newer  an- 

ti-MRSA treatments still work in many cases, there's 

been a growing number of reports about reduced 

effectiveness  and  treatment  failures.  Plus,  infec- 

tions from MRSA are associated with higher death 

rates, longer hospital stays, and healthcare costs that 

are several times greater compared to infections 

caused by methicillin-sensitive S. aureus (MSSA). 

These difficulties show the urgent need for innova- 

tive strategies that can directly target the resistance 

mechanisms instead of just focusing on finding new 

antibiotics (2, 9). Recent strides in molecular biology 

have made CRISPR (Clustered Regularly Interspaced 

Short Palindromic Repeats) technologies crucial in 

genome editing and developing new antimicrobials. 

Initially found as a bacterial immune defense, CRIS- 

PR-associated (Cas) proteins can be guided by RNA 

to recognize specific DNA sequences with impres- 

sive precision. The traditional CRISPR-Cas9 system 

creates breaks in double-stranded DNA, but a cata- 

lytically inactive version (dCas9) still binds to DNA 

without cutting it (10, 11). This characteristic makes 

CRISPR-dCas9 systems work as programmable 

transcriptional repressors or gene-modulation tools 

without causing harmful breaks in the genome (12). 

There’s been a lot of interest in using CRISPR tech- 

nologies to tackle antimicrobial-resistant bacteria in 

recent times. CRISPR-based antimicrobials can spe- 

cifically target resistance genes, virulence factors, 

plasmids, or key genomic areas, which helps restore 

antibiotic efficacy while minimizing disruption to 

helpful microbiota (13). Studies have shown prom- 

ising results, like successfully targeting the mecA 

gene and other resistance factors in MRSA, which 

led to lower resistance levels and greater susceptibil- 

ity to β-lactams (14). In a recent study, researchers 

used CRISPR to target multidrug-resistance genes, 

which significantly knocked down mecA expression 

and reduced PBP2A production, effectively reversing 

resistance to various antibiotics (7, 15). One emerg- 

ing CRISPR strategy that's particularly appealing is 

the mutation-induced inactivation of PBP2A. Since 

PBP2A is crucial for methicillin resistance, making 

specific genetic changes that disrupt its structure, 

activity, or levels could help make MRSA respon- 

sive to standard β-lactam antibiotics again. Unlike 
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broad-spectrum treatments, the precise targeting of 

CRISPR-dCas9 might reduce the pressure that typ- 

ically drives resistance development (16). Plus, the 

programmability of the dCas9 platform means you 

can target several resistance factors at once, paving 

the way for more precise treatments in this era of 

worsening AMR. Given the global impact of MRSA 

infections and the key role of PBP2A in β-lactam re- 

sistance, creating targeted genetic strategies to dis- 

rupt mecA/PBP2A function could have serious ther- 

apeutic advantages. Therefore, this study focuses on 

using CRISPR-dCas9 gene-editing technology to in- 

duce mutations that inactivate PBP2A in MRSA. By 

investigating how targeted genomic changes affect 

PBP2A  functionality  and  antibiotic  susceptibility, 

the research hopes to contribute to the growing field 

of CRISPR-based antimicrobial therapies and lay the 

groundwork for future precision strategies against 

multidrug-resistant S. aureus. 
 

 
 

MATERIALS AND METHODS 

 
MRSA mecA gene collection and alignment. 

Multiple mecA gene sequences of MRSA were re- 

trieved from the NCBI database (multiple accession 

sequences). Sequence alignment was performed using 

ClustalW (https://www.genome.jp/tools-bin/clustalw) 

to identify conserved regions suitable for guide RNA 

(gRNA) editing. Conserved sequences containing 

Protospacer Adjacent Motifs (PAM; 5′-NGG-3′), 

compatibility with the Cas9 system. Corresponding 

CRISPR RNAs were designed as guide RNAs by 

Integrated DNA Technologies (IDT™) online tool 

(https://sg.idtdna.com/page)  for  in-silico  synthesis 

and validation. 

 
PBP2A protein catalytic sites identification. 

Penicillin Binding Protein (PBP2A) catalytic sites 

utilizing Protein Database (PDB) as demonstrated in 

Fig. 1. Guide-RNAs were designed according to the 

catalytic sites of PBP2a where β-lactam drugs partic- 

ularly methicillin or oxacillin attaches. Five sites of 

PBP2A catalytic region were selected as target sites 

for g-RNA designing (labelled by green, yellow, pink, 

blue, and orange) which are given in Table 1 (17). 

 
g-RNA designing. Seven guide-RNAs were select- 

ed from several hundreds of options. Five g-RNAs 

were designed against the PBP2a target sites (cata- 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. PBP2A protein Catalytic activity sites (Figure adapt- 

ed from PDB software). This figure shows the interactive 

forces, critical animo acids that stabilizes the Penicillin mol- 

ecule with PBP2A protein 

 
lytic sites), in coding region and two g-RNAs were 

designed in the non-coding regions (Pribnow box 

or promoter region). Six guide-RNA clones were re- 

quested to Synbio™ Technologies Laboratory (USA) 

and one g-RNA clone was made in local setting. Se- 

lected g-RNAs for cloning are given in Table 1 using 

referred in literature (18). 

The pdCas9-sgRNA-RFP plasmid (Addgene™, 

USA) was selected as a delivery vector for gRNA 

expression in MRSA. This plasmid contains the 

catalytically inactive dCas9 gene and the sgRNA 

scaffold, enabling simultaneous expression of both 

components in bacterial cells. The plasmid also car- 

ries a chloramphenicol resistance gene for selection. 

The plasmid was extracted from E. coli DH5α stab 

culture following the Addgene™ plasmid extraction 

protocol. 

 
pdCas9 plasmid confirmation. Plasmid confirma- 

tion was carried out by agarose gel electrophoresis 

and Sanger sequencing. Electrophoresis was per- 

formed using 1% agarose gel at 100 V for 45 minutes, 

visualized under a UV transilluminator (UVP, USA). 

Distinct plasmid conformations (supercoiled, linear, 

and open circular) were observed. Sanger sequenc- 

ing (Macrogen, Korea) was conducted to verify plas- 

mid identity and sequence integrity. Following vali- 

dation, the plasmid was used for gRNA cloning. 

 
In-silico cloning. In-silico cloning was simulated 

at SnapGene v8.2 (https://www.snapgene.com/) to 

model restriction digestion and ligation steps prior 

to  laboratory  execution.  Restriction mapping  was 

performed to identify suitable BsaI sites within both 
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No g-RNAs Protein target Non-Coding/ Coding Target site Strand PAM g-RNA Sequence 
1 IMBB-1 No Protein Site Non-Coding Region 71 +ve AGG AAATGTAGTCTTATATAAGG 
2 IMBB-7   133 +ve TGG ATAGTTGTAGTTGTCGGGTT 
3         IMBB-2               E150                              Coding Region 234 +ve TGG GAAAAATTAAAATCAGAACG 

 

4         IMBB-3               T165 
 

294 
 

+ve 
 

AGG 
 

ACAGGAACAGCATATGAGAT 

 

5         IMBB-4               E165
 

S166 

 

540 
 

+ve 
 

AGG 
 

AAAGCGACTTCACATCTATT 

R241 

6         IMBB-5              V277 
 

615 
 

+ve 
 

TGG 
 

TATAAAGATGATGCAGTTAT 
7         IMBB-6              H293 666 +ve TGG AAAAAGCTCCAACATGAAGA 

 

 

 
 

Table 1. Selected g-RNAs for Cloning 
 

 
 
 
 
 
 

R151
 

 
G166

 

 
 
 
 
 
 
 
 
 

the mecA gene and pdCas9 plasmid sequence. De- 

signed gRNA sequences were inserted in-silico into 

the sgRNA scaffold region by BsaI restriction sites to 

confirm proper orientation and compatibility. 

 
Cloning of gRNAs into pdCas9 plasmid. Clon- 

ing of gRNAs into the pdCas9 plasmid was achieved 

through two complementary approaches-restriction 

enzyme-based cloning, and Gibson Assembly-to en- 

sure high efficiency and accuracy (19). 

For the restriction enzyme approach, the gRNA 

construct IMBB-7 was cloned in-house using the 

BsaI enzyme (Thermo Fisher Scientific, USA). The 

pdCas9 plasmid was linearized with BsaI and ligat- 

ed with annealed gRNA oligonucleotides to achieve 

directional insertion into the sgRNA scaffold region. 

In Gibson Assembly method, six additional gR- 

NAs (IMBB-1 to IMBB-6) were cloned into the same 

plasmid by Synbio™ Technologies (USA). The plas- 

mid backbone was linearized with BsaI, and gRNA 

inserts were seamlessly integrated through Gibson 

Assembly, producing scarless constructs suitable for 

CRISPR editing applications (Figs. 2 and 3). 

 
Preparation of MRSA competent cells. MRSA 

competent cells were prepared using the calcium 

chloride  and  rubidium  chloride  chemical  method, 

as per Addgene™ bacterial transformation protocol. 

Out of twelve MRSA   isolates, two (isolate 10 and 

isolate 11), exhibiting the highest MICs for β-lactam 

antibiotics were selected for construct transforma- 

tion (20). 

 
Transformation of MRSA competent cells. All 

 

Fig. 2. Self-cloned g-RNA with recognition and cleavage 

sites of Bsa1 restriction enzyme. 
 

 

 
 
Fig. 3. Restriction Digestion of IMBB-5 g-RNA Plasmid 

clone by EcoRI and XhoI restriction enzymes. 

 
seven recombinant pdCas9-gRNA plasmids (IMBB- 

1 to IMBB-7) were transformed into the two selected 

MRSA competent cells (Isolate 10 and Isolate 11). 

During Transformation cells were recovered on anti- 

biotic-free LB medium for 1 hour at 37°C with shak- 

ing and then plated on LB agar supplemented with 

10 µg/mL chloramphenicol for selection of transfor- 

mants (21). 

 
DNA  extraction  and  quantification. Genomic 

DNA from transformed MRSA colonies was ex- 

tracted using the Cetyltrimethylammonium Bromide 

(CTAB) method (22). DNA concentration and puri- 

ty were ensured by NanoDrop™ spectrophotometer 

reading (Thermo Fisher, USA). Samples with A260/ 
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A280 ratios between 1.8-2.0 were considered as ac- 

ceptable quality. 

 
Conventional PCR and gel electrophoresis. Con- 

ventional PCR was performed on extracted DNA 

using specific primer sets targeting the mecA gene 

(Table 1). Each 25 µL reaction contained 12.5 µL 2× 

PCR Master Mix, 0.8 µL each of forward and reverse 

primers (10 µM), 0.5 µL template DNA, and 8.5 µL 

nuclease-free water. PCR amplification was conduct- 

ed using a thermal cycler (Model 2720, ABI, USA) 

under the following conditions: initial denaturation 

extracted at 95°C for 5 min; 40 cycles of 95°C for 

5-10 s, 55°C for 30 s, 72°C for 25 s and a final exten- 

sion at 72°C for 5 min. 

For transformants from IMBB-2 to IMBB-6, 

(targeting coding regions) as well as IMBB-1 and 

IMBB-7 were amplified (targeting non-coding re- 

gions). PCR products analyzed on 1.5% agarose gels 

run at 100 V for 45 min and visualized under UV 

illumination for verification of amplicons. 

 
Sanger sequencing, alignment, and phylogenet- 

ic analysis. Amplified mecA products were sent for 

sequencing to Macrogen (S. Korea). Sequence quali- 

ty was assessed using Chromas and trimmed before 

alignment. Sequences were aligned with reference 

mecA sequence (Accession No. KR936061.1) using 

ClustalW to identify mutations or changes. Phyloge- 

netic relationships among the transformants were in- 

ferred using the Neighbor-Joining method with 1,000 

bootstrap replicates in (Phylogeny.fr France) (Figs. 4 

and 5). 

 
RNA extraction and RT-PCR of transformed 

MRSA cells. Total RNA was extracted from trans- 

formed MRSA cells using the TRIzol (Invitrogen, 

USA) reagent method and quantified by NanoDrop™ 

spectrophotometry. Complementary DNA (cDNA) 

was synthesized using 2× RT-PCR Master Mix (Solis 

BioDyne, Lithuania). Secondly, real-time RT-PCR 

was performed to confirm mecA gene amplification 

with same primer sets as above. Expression levels 

were normalized against the 16S rRNA housekeep- 

ing gene. All reactions were run in triplicate under 

identical PCR cycling conditions. 

 
Minimum inhibitory concentration (MIC) assay. 

The MICs of β-lactam antibiotics were determined 

for all transformants using both Kirby-Bauer disk dif- 

fusion method, and E-test gradient strips, following 

CLSI guidelines. E-test strips for oxacillin, cefoxi- 

tin, and penicillin were used to determine quantita- 

tive MIC values. Results were recorded as the lowest 

antibiotic concentration inhibiting visible bacterial 

growth (Tables 2 a and b). 
 

 
 
RESULTS 

 
Transformation of MRSA competent cells. 

MRSA transformants were isolated on LB agar with 

Chloramphenicol drug as a selection marker. An un- 

countable, thousands of colonies, were isolated that 

showed  very  high  transformation  efficiency. Ran- 

domly number of transformants were purified into 

single colony isolation protocol. 

 
Sanger sequencing of transformants mecA gene 

alignment. In the experiment a few bases were delet- 

ed with the help of designed gRNA-4 PAM sequence 

(AGG) such as CTT bases deleted and T base near 

the PAM region also deleted showing that the muta- 

tions occurred in the region of gRNA-4 in the Trans- 

formant 104 sequence. 

In the experiment with 116, specific nucleotide de- 

letions were noticed with the assistance of designed 

gRNA-6 PAM (TGG) sequence such as TCCA nucle- 

otides were deleted and C base nearby the PAM se- 

quence also got deleted representing the mutations in 

the gRNA-6 region in the Transformant 116 sequence. 

 
MIC determination of the MRSA transformants. 

After the confirmation from the sequencing results, 

g-RNA transformants, MIC of the MRSA transfor- 

mants were done by disk diffusion as well as gradient 

E-strip method. After the validation of the disk diffu- 

sion assay, MIC were determined by gradient strip 

method (six transformants) are given in Table 2. 

The Minimal Inhibitory Concentrations were de- 

termined by gradient strip method for Ampicillin 

resistance which was decreased by 12-fold after 

CRISPR-dCas modifications. There were no major 

changes in MICs of Mecillinam, Vancomycin, and 

Ofloxacin as these antibiotics are from the different 

antibiotic groups (Fig. 6). 

 
Statistical analysis. The initial MRSA and later 

after  CRISPR-dCas9  edited  MIC  was  determined 

for Ampicillin and Cefixime along with other E-test 
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Fig. 4. Sanger Sequence of mecA gene of MRSA Transformant 104 Aligned with original MRSA-10 isolate Sanger Sequence. 

gRNA-4 shown by pink color and PAM region by yellow color as gRNA-4 clone was transformed in MRSA Competent cells 

10. Several base deletions and mutations had occurred in the region of gRNA-4 in the Transformants 104 sequence. 
 

 
 

 
 

Fig. 5. Sanger Sequence of mecA gene of MRSA Transformant 116  Aligned with original MRSA-11 isolate Sanger Sequence. 

gRNA-6 shown by red color and PAM region by yellow color as gRNA-6 clone was transformed in MRSA Competent cells 

11. Several base deletions and mutations had occurred in the region of gRNA-6 in the Transformant 116 sequence. 
 

 
 

Table 2. a) Zone of Inhibition Measurements (MIC) are given in µg (Isolate 10) Resistant and Sensitive isolates were labelled 

as R and S respectively. b) Zone of Inhibition Measurements (MIC) are given in µg (Isolate 11) Resistant and Sensitive isolates 

were labelled as R and S respectively. 

 
MRSA Transformants AMP MEC CFM                       VA OFX 

 

(specific gRNA) Before After Before After Before After Before After Before After 
a           
10-4 12 µg 1.0 µg 0 µg 0 µg 0 µg 6 µg 3 µg 1.0 µg 6 µg 16 µg 

 (S) (S) (R) (R) (R) (S) (S) (S) (S) (S) 
10-5 12 µg 1.5 µg 0 µg 0 µg 0 µg 12 µg 3 µg 0.38 µg 6 µg 8 µg 

 (S) (S) (R) (R) (R) (S) (S) (S) (S) (S) 
10-6 12 µg 1.5 µg 0 µg 0 µg 0 µg 16 µg 3 µg 0.38 µg 6 µg 6 µg 

 (S) (S) (R) (R) (R) (S) (S) (S) (S) (S) 
b           
11-2 16 µg 2 µg 0 µg 0 µg 0 µg 12 µg 0.5 µg 1.5 µg 6 µg 8 µg 

 (S) (S) (R) (R) (R) (S) (S) (S) (S) (S) 
11-3 16 µg 1.5 µg 0 µg 0 µg 0 µg 16 µg 0.5 µg 0.5 µg 6 µg 6 µg 

 (S) (S) (R) (R) (R) (S) (S) (S) (S) (S) 
11-7 16 µg 4 µg 0 µg 0 µg 0 µg 24 µg 0.5 µg 0.5 µg 6 µg 8 µg 

 (S) (S) (R) (R) (R) (S) (S) (S) (S) (S) 
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Fig. 6. MIC Determination of MRSA isolate 10 (Before) and MRSA Transformant 104  (After) on MH agar plates by Disk 

Diffusion Test and Gradient E-Strip Test 

 
strips with all parameters for two-way ANOVA and 

Pearson’s and Spearman’s correlations. The Gradient 

MIC determination was highly significant for Ampi- 

cillin and Cefixime. 
 

 
 

DISCUSSION 

 
The emergence of MRSA is one of the severest 

issues in the clinical microbiology and the general 

population health worldwide. The resistance of this 

pathogen is mainly due to the acquisition of the mecA 

gene, which is present in the Staphylococcal Cassette 

Chromosome location mec (SCCmec), and codes the 

modified penicillin-binding protein PBP2a. PBP2a, 

in contrast to native PBPs, has a much lower affinity 

to b-lactam antibiotics and, therefore, PBP2a per- 

mits cells to continue biosynthesizing their cell walls 

despite the administration of such antibiotics (23). 

The lack of cure of the MRSA infection, especially 

in hospitals, is complicated by its capacity to avoid 

the immune system and the formation of biofilms as 

well as the horizontal transfer of resistance determi- 

nants, making eradication processes more difficult 

(24). A decade of innovations in antibiotics has not 

yet produced sufficient treatment options to counter 

the dissemination of MRSA and instead, new gene- 

based therapies are required to be developed with the 

capacity to selectively interfere with their resistance 

mechanisms at their genetic origin. 

Over the past few years, genome editing using dCas 

has become a revolutionary technology in bacterial 

genetics, which allows control of gene expression 

accurately and programmably. CRISPR-dCas9 (dead 

Cas9), a catalytically inactive system that does not 

possess a nuclease, is a system that works by ster- 

ically blocking transcription or inducing targeted 

mutagenesis  by  introducing  base-pair  mismatches 

during DNA repair (25). In contrast to the traditional 

CRISPR-Cas9, which introduces two strands’ breaks 

resulting in the lethality of cells in bacteria, CRIS- 

PR-dCas9 provides a reversible and non-lethal gene 

interference platform that can be applied to the essen- 

tial or resistance genes16. In the current experiment, 

CRISPR-dCas9 was used to target the mecA gene, 

namely, to silence its expression by binding promoter 

and non-coding sequences or to cause inactivation 

by mutagenesis by targeting the active site of PB- 

P2a with the use of conserved coding domains. This 

dual targeting approach was aimed to inhibit protein 

expression in addition to interfering with structural 

integrity which would effectively reduce functional 

resistance phenotype. 

The CRISPR-dCas9 system consisting of a sin- 

gle-guide RNA (sgRNA) that is complementary to 

a set of mecA loci assembles mechanically into a 

ribonucleoprotein complex, which complexes with 

the intended DNA sequence without cleaving it. The 

steric hindrance caused by dCas9 does not allow 

the binding or elongation of RNA polymerase and 

thus silences the expression of mecA (26). The sys- 

tem can also disrupt the process of DNA replication 

or cause the mismatch of base pairs during repair, 

resulting in the occurrence of point mutations or 

frameshifts, which produce nonfunctional versions 

of PBP2a (27). In the paper, seven target sites were 

chosen of which two were in regulatory noncoding 

regions and five were in the coding sequence which 

enabled a systematic comparison between transcrip- 

tional repression and mutational disruption. Target- 

ing non-coding regions had high downregulation of 

mecA transcripts, which was confirmed by RT-PCR 

quantification and  targeting  of  the  coding  region 

had  sequence-level  changes  confirmed by  Sanger 

sequencing. Such mutations, particularly those that 

involved the transpeptidase domain, probably affect- 
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ed cross-linking of peptidoglycan layer in response 

to b-lactams like ampicillin and cefixime, reinstating 

its sensitivity (28). 

The phenotypic validation in terms of antibiotic 

susceptibility tests showed that there was consid- 

erable re-sensitization of CRISPR-dCas treated 

isolates of MRSA. The disk diffusion and gradient 

E-strip MIC tests indicated that MICs of ampicillin 

and cefixime were decreased to 1 ug and 6 ug, re- 

spectively, which is 12-fold and 6-fold lower than the 

untreated controls (P < 0.05). These results correlate 

with all the previous experiments in which silenc- 

ing of mecA or related controllers (mecI, blaZ) using 

CRISPR restored β-lactam sensitivity in resistant 

isolates (29). The transcriptional silencing observed 

is consistent with the currently described process of 

gene knockdown by dCas9, whereas the presence 

of  base  replacements  in  coding  regions  confirms 

the possibility of loss of function through mutation. 

The two mechanisms come together to reduce the 

production and activity of PBP2a which reduces the 

ability of the bacterial defense against the β-lactam 

antibiotics. 

This transcriptional silencing observed is con-sis- 

tent with the currently described process of gene 

knockdown by dCas9, whereas the presence of base 

replacements in coding regions confirms the pos- 

si-bility of loss of function through mutation. The 

two mechanisms come together to reduce the pro- 

duction and activity of PBP2a which reduces the 

ability of the bacterial defense against the β-lactam 

antibiotics. The therapeutic consequences of this 

kind of genetic manipulation are immense. In clas- 

sical antibiotic treatment, the spectrum of influence 

ly targeting the delivery of CRISPR-dCas cargo to 

pathogenic S. aureus strains with reduced off target 

effects because of the specificity of bacteriophage 

actions. 

However,  there  are  still  several  biological  and 

reg-ulatory factors. The possibility of horizontal 

transfer of CRISPR-Cas complex or unwanted off-tar- 

get binding is one of the primary factors of concern 

and can impact non-target genes that play a vital 

role in bacterial physiology (32). SgRNA sequence 

computational prediction and optimization, as well 

as whole-genome sequencing validation, are, there- 

fore, crucial to specific editing. Also, the presence 

of un-edited mecA alleles in subpopulations that are 

cur-rently not eradicated may result in a repetition of 

resistance to a selective antibiotic pressure, and that 

is why combinatorial therapy with CRISPR-dCas 

editing / interference with regular antibiotics are 

crucial. The other issue is that CRISPR constructs 

are not so stable in bacterial cells and can be over- 

come by relying on the plasmid backbones with sta- 

ble replication origins or strategies of chromosomal 

integration (33). The results of the present research 

highlight the possibility to revolutionize the manage- 

ment of antimicrobial resistance with the help of the 

CRIS-PR-dCas9 technology (16). CRISPR editing 

directs specific antibody to the mecA gene, directly 

disrupting the main mechanism of resistance offered 

by MRSA and returning β-lactam susceptibility and 

thereby leading to less frequent use of last line drugs 

like vancomycin or linezolid. Notably, the MRSA 

is not the only pathogen that can be targeted using 

such gene-editing techniques but can be applied to 

other clinically relevant pathogens with resistance 

is usually broad-spectrum, killing any variants re- determinants like bla  
NDM-1 

, vanA, or tetM (34). CRIS- 

sistant to antibiotics, but non-resistant microbiota is 

not targeted. CRISPR-dCas9 allows focusing on spe- 

cific resistance determinants, without exerting any 

effect on non-resistant microbiota (30). Furthermore, 

the sgRNA design can be rapidly adapted to novel 

resistance alleles or new resistance genes in bacterial 

populations because of the modularity of the sgRNA 

design. The challenge of getting CRISPR constructs 

into MRSA cells, albeit the technical difficulty of 

their entry into cells because of the thick peptidogly- 

can layer and restriction-modification blocks of the 

bacteria, can be overcome with bacteriophage vec- 

tors, electroporation, or conjugative plasmids (31). In 

vivo applications, and phage-mediated delivery, in 

particular, hold promise as a method of specifical- 

PR-dCas9  has  shown  precision,  reversibility,  and 

adaptability, and it can be used to develop the next 

generation of antimicrobial therapeutics that can tar- 

get the genetic aspect and not just employ chemical 

inhibition (3). 

We used CRISPR-dCas9 technology to suppress 

the mecA gene expression of MRSA which produces 

PBP2A protein to reduce the antibiotic resistance of 

MRSA especially β-lactam drugs resistance. Seven 

target sites were selected, five against the coding re- 

gion and two against the non-coding region of the 

mecA gene. The plasmid clones were transformed in 

MRSA cells, and the mecA gene expression and MIC 

testing of MRSA were analyzed to determine the 

percentage of antibiotic resistance reduction. MIC 
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showed that gRNA-4 (T165  and G166), gRNA-5 

(E239, S240, and R241), and gRNA-6 (V277) clones 

had more inhibitory activity than other clones and 

gRNA-7 had lowest inhibitory activity. 

Transformants of compe- tent cells 10 showed 

greater sensitivity as compared to transformants of  

competent cells 11. mecA gene sequence of MRSA 

transformants (mutants) was ana- lyzed to identify 

the mutations. Sequence Alignment revealed that  

numerous mutations and base de-le- tions had  

occurred in the g-RNA and PAM region and near 

that region. RT-PCR was also performed to analyze 

the mecA gene expression of MRSA to eval- uate the 

percentage of gene expression suppression. RT-PCR  

results  exhibited  that  gRNA-4,  gRNA-5, and 

gRNA-6 had highest gene expression reduction 

than other gRNAs. Transformants of competent cells 

isolate 10 indicated more reduction of mecA gene as 

compared to transformants of competent cells 11. 

The plasmid clones against the non-coding region of 

the gene whether completely inhibit the transcription 

of mecA gene leading to no production of PBP2A 

protein or partial gene transcription inhibitions pro- 

ducing immature protein. The plasmid clones against 

the  coding  region  of  the  gene  mutated  the  mecA 

gene of MRSA which produced mutated PBP2A 

protein with low affinity to β-lactam drugs whether 

it does not bind the drug anymore or attaches loosely 

leadingreducedantibioticresistanceofβ-lactamdrugs. 
 

 
 

CONCLUSION 

 
Conventional antibiotics could be utilized for the 

treatment of antibiotic-resistant bacterial infection. 

Such as beta-lactam drug oxacillin or methicillin 

could be reused to treat MRSA infections and the 

deadly bacteria could be treated. The antibiotic resis- 

tance has become a global threat as there is no treat- 

ment option for multidrug-resistant (MDR) bacteri- 

al strains. This system is very useful as it provides 

further opportunity to develop new antibiotics and 

resensitize available antibiotics to treat drug resistant 

bacteria. 

This study has several limitations that should be 

considered when interpreting the findings. 

Conducted under controlled laboratory condi- 

tions, which may not fully reflect the complexity of 

MRSA infections in vivo, including host immune 

responses, tissue penetration, and biofilm-associated 

resistance. 

Efficiency of CRISPR-dCas9 delivery into MRSA 

may vary across strains dependent, and the results 

obtained from a limited number of isolates may not 

be although dCas9-based editing is designed to avoid 

double-strand DNA breaks, off-target binding or un- 

intended transcriptional effects may still occur and 

could influence bacterial fitness or gene expression 

beyond mecA/PBP2A inactivation. 

Efficiency of CRISPR-dCas9 delivery into MRSA 

may vary across strains dependent, and the results 

obtained from a limited number of isolates may not 

be although dCas9-based editing is designed to avoid 

double-strand DNA breaks, off-target binding or un- 

intended transcriptional effects may still occur and 

could influence bacterial fitness or gene expression 

beyond mecA/PBP2A inactivation. 

Study may not fully assess the long-term stability 

of the induced mutations or the possibility of com- 

pensatory mutations that restore resistance over time. 

Phenotypic susceptibility testing alone may not 

capture subtle changes in virulence, persistence, or 

tolerance that could remain after gene editing. 

All in all the delivery system, scalability, and safe- 

ty of CRISPR-based approaches remain major barri- 

ers to clinical translation. 

Study focuses on a single resistance mechanism; 

it may not address other coexisting resistance deter- 

minants that contribute to multidrug resistance in 

MRSA. 
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