Activity of double CRISPR/Cas systems in vitro studied with SpdCas9
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CRISPR/Cas systems have revolutionized genome editing, providing precise and efficient genetic modifications[1]. Among these, double CRISPR/Cas systems which employ two guide RNAs (sgRNAs) simultaneously hold significant potential for enhancing editing efficiency and specificity[2][3]. Despite its potential, the efficiency and precision of CRISPRi systems in human cells remain a challenge limiting their widespread application in both research and therapeutic settings[4]. The study aims to optimize the dual-guide RNA dCas9 system for enhanced CRISPR interference (CRISPRi) and activation (CRISPRa) applications using E. coli, HEK-GPF and K562 cell lines[5]. To improve CRISPR Cas efficiency, I developed novel dual sgRNA architectures using RNA kissing-loop motifs to promote efficient binding and compare its efficiency with dual dCas9-simple sgRNA system. In this study, we successfully established a model system to evaluate CRISPR-dCas9 activity by targeting the EF1-α promoter region in cells stably expressing GFP. Both dual sgRNA constructs—simple and kissing-loop—were successfully designed and constructed. The dCas9 protein showed efficient transfection and high expression in HEK293T and K562 cells, confirming the suitability of the system for downstream analysis. Functional assays revealed that while both sgRNA systems effectively repressed GFP expression, the dual kissing-loop sgRNA configuration significantly enhanced transcriptional repression compared to the dual simple sgRNA. These findings demonstrate that incorporating a kissing-loop structure into the sgRNA scaffold can improve the efficiency of CRISPR-dCas9-mediated gene regulation, offering a promising approach for future applications in gene silencing and synthetic biology.
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