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Identification of TFTR binding motifs

We are interested in transcriptional regulation in mycobacteria. The TetR family of
transcriptional regulators (TFTRs) are the most abundant family of transcriptional
regulators in mycobacteria with 52 TFTRs annotated in the M. tuberculosis (Mtb)
genome (Figure 1).

TFTRs are often auto-regulatory and bind to palindromic motifs within their own
promoter regions. MEME8 analysis of the promoter regions from orthologous
mycobacterial TFTRs identified putative palindromic binding motifs. These are shown
in Figure 4.
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Figure 4: The predicted
binding motifs resulting
from MEME. Rv0135c
and Rv1255c show clear
palindromic repeats with
little
noise,
whereas
Rv0775
shows
a
palindrome but with more
variation
within
the
central part of the
palindrome.

Figure 1:Numbers of HTH representatives in selected mycobacterial genomes grouped by family. TFTRs are
the most abundant in all mycobacteria shown1

While best known for their role as regulators of efflux pumps, more recent analyses
have suggested that this family regulates a diverse set of functions1,2. In Mtb, TFTRs
are known to regulate genes involved in drug activation3, drug efflux4, cholesterol
catabolism5 and branched chain amino acid catabolism6.

Expression of selected TFTRs in E. coli
Selected TFTRs were cloned into the expression vector pNIC28-Bsa4 and expressed
in BL21 (DE3) E. coli – with clones confirmed by PCR and sequencing. Expression
confirmation was confirmed by SDS-PAGE (Figure 6).

Figure 6: SDS-PAGE analysis of BL21 (DE3) E. coli expressing recombinant
Rv1255c. A band of the expected size (23kDa) was observed in induced
clones.

TFTR mechanism of action
TFTRs are often repressors, binding to operator sequences within promoter regions and
blocking RNA polymerase. The DNA binding domain of TFTRs is at the N-terminal end
of the protein and binding occurs in the absence of a ligand to prevent transcription of
regulated genes. Activating ligands bind to the C-terminal end of the protein and
remove the TFTR from the operator sequence thereby allowing access to RNA
polymerase and activating transcription. This is shown below in Figure 2.

Expression of clones carrying Rv1255c (Figure 6) and
Rv0135c (data not shown) have been confirmed, whereas no
successful expression has been observed with Rv0775. Further
work is being done to understand the lack of expression.

Establishment of a fluorescent reporter assay
Figure 2: The mechanism
of action of TFTRs. When
ligands are absent, TFTRs
prevent transcription. But
when ligands are present,
TFTRs dissociate from
operator and transcription
can occur.

To assess promoter activity, we are using fluorescent reporter assays by cloning the
promoter regions of each TFTR upstream of GFP in the mycobacterial integrative
plasmid pFPV27. Currently, we have measured the expression of a strong promoter
(hsp60) using flow cytometry and compared these levels with an empty vector control.
We are able to see a ~5 fold increase in fluorescence levels of the hsp60-GFP
construct compared to the empty vector control (Figure 7a and 7b).

Figure 7a: Fluorescence
levels for 100,000 events for
WT mc2155, empty vector
and the hsp60 promoter.
Figure 7b: Dot plots of
fluorescent counts of the 3
strains.

Selected TFTRs under study
TFTRs often regulate genes in close proximity. We have selected candidates that are
either divergently transcribed from (Rv0135c), in close proximity to (Rv0775) or cotranscribed with (Rv1255c) cytochrome p450s. Cytochrome p450s are oxidoreductase
enzymes involved in a number of pathways, often with unknown physiological function7.
Interestingly, one of these TFTRs (Rv1255c) is within the RD13 region of M. bovis and
this may influence differences in metabolism between these two species. The genetic
organisation of the selected TFTRs is shown below (Figure 3). The selected TFTRs are
well conserved among the mycobacteria with orthologues identified in both pathogenic
and non-pathogenic species (Table 1).
Figure 3: Genome context of
the genes chosen for study.
Both Rv0135c and Rv0775
share 100% sequence identity
with the M. bovis orthologs
whereas Rv1255c-Rv1256cRv1257c are missing from the
genome of M. bovis.
Table 1:
selected
different
species.
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Use of flow cytometry to assess GFP reporter constructs has provided us with a
platform to screen samples at a high rate of 96 per hour, allowing us to identify potential
ligands.

Future work
Future work includes:• Deletion of selected TFTRs in pathogenic mycobacteria
• Global gene expression analysis of deletion mutants to determine the genes
controlled by TFTRs
• Expression and purification of selected TFTRs
• Electrophoretic mobility shift assays (EMSAs) with purified TFTRs to verify predicted
motifs.
• Screening for conditions under which the TFTRs are de-repressed using GFP
reporters and flow cytometry.
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