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ABSTRACT

Green Fluorescent Protein (GFP) has become established as a convenient reporter for cell
viability and other cell-based fluorescence assays, since its autofluorescence without addition of any
substrates offers an advantage over other reporter assays. However, one of the limitations of using GFP
as a reporter gene in vitro or in the cell-based fluorescence assay is the presence of naturally fluorescent
molecules that can reduce the sensitivity of GFP detection. Plasmid pFPCA1, containing a red-shifted
gfp gene driven by the acetamidase promoter (Pace) of Mycobacterium smegmatis mc*155, was
constructed and transformed into Mycobacterium tuberculosis H37Ra and M. smegmatis mc¢*155. By
using flow cytometric analysis, GFP-mediated fluorescence of M. smegmatis containing pFPCA1
showed approximately 9-fold more fluorescence than the strain bearing pFPV2, containing the gfp gene
and Asp60 promoter upon cultivation in an acetamide-containing condition. While M. tuberculosis
harboring the pFPCA1 fluoresced above 8-fold stronger than the strain bearing pFPV2, regardless of the
presence of acetamide. Similar observations were also given by using microfluorometry and
epifluorescence microscopy. After transformation of pFPCA1 into M. tuberculosis strains, it was shown
that fluorescence curves of M. tuberculosis strains H37Rv, H37Ra, and Erdman harboring pFPCA1
correlated well to growth curves of corresponding strains as determined by a high Pearson’s product-
moment correlation coefficient between fluorescence and colony forming unit (cfu).

In terms of applications like high throughput antimicrobial drug screening, the green
fluorescent protein (GFP) gene also offers many advantages. Previously, screening for antituberculosis
compounds using GFP driven by the heat shock promoter (PAsp60), pFPV2, has been of limited utility
due to the low signal to noise ratio. Therefore an improved promoter was evaluated for enhanced
fluorescence during microplate-based culture and for response to 18 established antimicrobial agents
using a Green Fluorescent Protein Microplate Assay (GFPMA).

M. tuberculosis strains H37Rv, H37Ra and Erdman containing pFPCA1 achieved higher levels
of fluorescence than those carrying pFPV2 with signal:noise ratios of 20.6-27.8 and 3.8-4.5,
respectively. The MICs of 18 established antimicrobial agents against all strains carrying pFPCAL in
the GFPMA were within 1 to 2 two-fold dilutions of those determined by either fluorometric or visual
Microplate Alamar Blue Assay (MABA). Overall, good correlations between MIC results that
determined by GFPMA and by MABA methods were observed (from 89.6% to 93.8%). No significant
differences in MICs were observed between M. tuberculosis wild type and pFPCA1 transformants in
MABA. Also, MIC results by MABA methods also revealed excellent correlation between wild type
and gfp strains (from 88.2% to 97.1%). Thus, this optimized GFP microplate assay is sufficiently
simple, robust and inexpensive to be utilized in routine high throughput screening for anti-tuberculosis
compounds.
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