Abstract

New drugs are needed to overcome antimicrobial resistance. Riboswitches are promising
new antibiotic targets that are widespread among different bacteria. Glucosamine (GlcN)-6-
phosphate synthetase (glmS) gene activity in many bacterial species, including pathogens is
controlled by a cis-regulatory riboswitch. The riboswitch undergoes self-cleavage in the presence
of GlcN-6-phosphate (GlcN6P). Compounds that can activate the glmS riboswitch self-cleavage
(ribozyme) activity could reduce the level of GIcN6P below the level needed for bacterial growth
and thus act as effective, broad spectrum antibiotics. However, simple tools for screening glmS
riboswitch activators are not available. In this study, an Escherichia coli cell-based system was
established for facile characterization of ribozyme activity that could be used to screen
compounds that can activate inducible ribozymes such as the glmS riboswitch. DNA cassettes were
constructed for expression of reporter protein (toxic E protein, green fluorescent protein [GFP] and
enhanced GFP-human dihydrofolate reductase [EGFP-hDHFR]) and RNaseJ1 enzyme required for
degradation of ribozyme-cleaved RNA product in E. coli. The system was tested initially by cloning
the reporter and RNaseJ1-encoding genes on separate plasmids. Active and inactive versions of the
¢lmS and hammerhead (HH) ribozyme were inserted upstream of the reporter gene’s Shine-
Dalgarno sequence. The reporter activities in E. coli co-transformants were measured as growth
inhibition, GFP fluorescence, and trimethoprim resistance phenotype or EGFP fluorescence,
respectively. RNaseJ1 production was detected by western immunodetection assay. It was found
that productions of reporters and RNaseJ1 were inconsistent, possibly due to variable plasmid
copy number in the co-transformants. To overcome the inconsistency of protein productions, egfp-
hdhfr reporter and RNaseJ1-encoding genes were integrated into non-essential chromosomal genes
of E. coli BL21(DE3). A significant 30% reduction of EGFP reporter was observed in double
integrants expressing RNaseJ1 and reporter with active ribozyme, whereas reporter activity was
unchanged in integrants lacking RNaseJ1 or with inactive ribozyme upstream of the reporter gene.
The double integrant was thus validated as a system for assessing ribozyme activity. However, the
olmS riboswitch appeared to be active without exogenous GlcN inducer, suggesting that GIcN6P is
naturally present in £. coli at levels high enough to fully activate the glmS riboswitch. Although the
E. coli cell system is not suitable for screening of glmS riboswitch-targeting compounds, other

sequences could be tested for ribozyme activity using the system.
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