
  

Short Abstract — The transcriptional activator MarA 

enhances the activity of a large number of genes (the 

mar/sox/rob regulon) in Escherichia coli.  We find that the 

activation of different members of the regulon requires vastly 

different concentrations of MarA, and that most promoters do 

not exhibit a plateau in activity vs. MarA. Mathematical 

modeling of this phenomenon suggests that positive regulation 

sometimes occurs through an increase in the forward rate of 

transcription combined with a decrease in the affinity of RNA 

polymerase for the promoter in the presence of activator. Such 

a mechanism is inconsistent with the regulated recruitment 

model of transcriptional activation. 

Keywords — activation; gene regulation; bacteria; regulated 

recruitment 

I. PURPOSE 

HE MarA, SoxS and Rob transcription factors activate 

the same ~40 genes (the mar/sox/rob regulon) of the E. 

coli chromosome resulting in different levels of resistance 

to a wide array of antibiotics and superoxide generating 

compounds (see [1] for references). In an effort to 

understand how they differentially stimulate transcription 

of the genes of the regulon, we initially determined that 

while some correlation existed between activity and the 

binding constant of the activator to the different binding 

regions of the promoters (a 19 bp consensus sequence that 

varies slightly from one promoter to the next [2]), that 

correlation was insufficient to explain the different 

behavior of the activators [3].  To further understand these 

mechanisms, we have now placed the expression of MarA 

under the control of the LacI repressor, determined the 

relationship between IPTG concentration and the 

intracellular concentration of MarA, and examined the 

expression of a number of the regulon genes as a function 

of growth in different concentrations of IPTG. The 

resulting data were used to develop models that yield 

insight into mechanisms of activation at different 

promoters. 
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II. RESULTS 

We find that the concentration of MarA required for 

activation varies by at least 140-fold for different promoters, 

thus identifying a previously unappreciated form of regulon 

control in which some genes may remain dormant while 

other genes are activated. The mar promoter is activated at 

the lowest concentration of MarA, reaching half-maximal 

stimulation at a concentration of 54±17 molecules/cell. No 

other promoters exhibit a plateau in activity, even at the 

highest levels of MarA (about 10,000 copies per cell).  

To gain insight into the diversity in stimulation of the 

regulon, we developed a mathematical model of MarA-

dependent promoter activity. In the model, MarA either 

increases (attraction) or decreases (repulsion) the occupancy 

of RNA polymerase (RNAP) at the promoter, and either 

increases (acceleration) or decreases (retardation) the 

forward rate of transcription by RNAP once bound at the 

promoter. The best models of mar activity combine 

attraction with acceleration. For other promoters, models 

that combine repulsion with acceleration fit the data best.  

III. CONCLUSION 

The results suggest that positive regulation can involve 

repulsion—a decrease in the occupancy of RNAP at a 

promoter in the presence of activator—which is an effect 

commonly associated with negative rather than positive 

regulation. The results also suggest that acceleration—an 

increase in the forward rate of transcription in the presence 

of activator—is an important effect in positive regulation. 

Both acceleration and repulsion are inconsistent with the 

regulated recruitment model of transcriptional activation, in 

which positive regulation occurs solely through an increase 

in the occupancy of RNAP at the promoter [4, 5].  
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