
Bacterial signal transduction often relies on binding of transcription factors (TFs) to DNA to 
either repress or activate transcription.3 It is often assumed that TFs are expressed in great 
excess to the number of their DNA binding sites (TFBS) in the chromosome.4 However, our 
lab discovered that TF concentration was in balance with its DNA binding sites for the TF 
PhoB and additional DNA sites titrated away transcription, suggesting PhoB is not in great 
excess to its DNA binding sites. Here we use bioinformatics to analyze the ratio of TFs to the 
number of binding sites for E. coli TFs.
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Figure 2: Box plot of PaxDB abundance (log values) 
based on function. Mean indicated with white square

Figure 3: Box plot of PaxDB abundance (log values) 
based on autoregulation. Mean indicated with white 
square

Figure 5: Box plot of ribosome profiling data (log 
values) grouped by function

Figure 6: Box plot of ribosome profiling data (log values) 
grouped by autoregulation

Results

Bacterial signal transduction is controlled by transcription factors (TFs), which bind to specific 
binding sites on bacterial chromosomes.3 Expression levels of TFs are often presumed to be in 
great excess to their binding sites, leading to high ratios of TF concentrations to the numbers 
of TF binding sites. Previous studies have suggested a median ratio of 10.4 Here we used the 
updated binding data from regulonDB and multiple protein abundance databases to reexamine 
the ratios for E. coli TFs. We discovered that TFs are unlikely to be in great excess to their 
binding sites. Further, we believe that the binding site data from regulonDB is biased toward 
the intergenic promoter regions and there are more binding sites that have not been discovered, 
especially those within open reading frames. To better estimate the number of binding sites, we 
took a bioinformatics direction, using multiple sources, including high-throughput data, 
gSELEX data, and computational predictions using FIMO scan of the bacterial genome. 
Although different sources vary in their reports of the number of binding sites, all indicated at 
least two fold higher numbers of binding sites than those from regulonDB. Overall, we found 
that repressors tend to have a higher ratio compared to activators and dual function TFs, and 
we found that the originally reported ratio is higher than what studies with newer technology 
suggests.
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Figure 1: The median ratio of TF concentration (PaxDB) to 
TFBS is 7.23

Figure 4: The median ratio of TF concentration (Ribosome 
Profiling) to TFBS is 49.8

Figure 7: Box plot of the ratio of high throughput data to 
regulonDB data list. Graph has duplicated transcription 
factors removed (median used for those with odd numbers of 
data sets and maximum used for those with 2)

Figure 8: Box plot showing the percent of sites that HT data 
found that overlapped with the gene. Data are limited since 
some methods did not produce position results or were not 
precise enough to give an exact binding site.

Protein Production Rate from Ribosome Profiling

Protein Abundance Data from PaxDB TFBS Identified by High Throughput Methods
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● Based on regulonDB data, our data indicate the median ratio of transcription factors to their binding sites is 
7.23 for PaxDB and 49.8 for Ribosome Profiling.

● Statistical tests indicate that repressors tend to have a significantly larger ratio compared to either 
activators or dual function TFs. 

● The number of binding sites found in high-throughput methods is double that identified in regulonDB.
● FIMO scans using position-weight matrices of the E. coli genome predicted a large number of binding 

sites, with many located in the ORF region.

Conclusions
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