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Fig 1: Relative fold change of altered gene expression, 
compared to wild type expression in response to qseC deletion.  

Discerning how the QseBC two-component system influences Escherichia coli adherence 
Keywords: UPEC, adhesion, small molecule inhibitors, gene regulation  

Introduction: Bacteria can live in diverse niches, both in the environment and within 
mammalian hosts, by tailoring their behavior to the changing environment. For example, 
Escherichia coli can express several types of adhesion factors that allow the bacteria to 
selectively attach to different surfaces.  Pili formed via the chaperone-usher pathway system 
(CUP) are extracellular, macromolecular rod structures with an adhesive moiety on their tip that 
confers substrate-binding specificity [1]. CUP pili expression involves a complex regulatory 
network of signal transduction mechanisms ensuring that these energetically “expensive” 
structures are formed in response to the correct environmental signal and at the appropriate time. 
It has been shown that the QseBC signal transduction pathway is one of these regulatory 
mechanisms [2, 3]. Deletion of the qseC gene in several different E. coli isolates, results in 
decreased expression of several CUP systems (Fig. 1, [2]). I hypothesize that the influence of 
QseBC on CUP expression stems from a combination of regulatory events that get de-
programmed in the absence of QseC. In this proposal, I outline experiments designed to: a) 
determine how QseBC regulates E. coli adherence and b) identify and characterize compounds 
that can be used as tools to understand QseBC signaling and interfere with E. coli adhesion.  

Specific Aims and Research Plan: 
Aim 1: Dissect the effects of QseBC 
on CUP pili gene expression. 
Deletion of qseC (ΔqseC) leads to 
misregulation of 7 CUP pili systems 
in uropathogenic E. coli (UPEC) (Fig. 
1, [2]). We do not know how the 
abolition of a sensor kinase leads to a 
global misegulation of CUP pili in E. 
coli. Many studies have shown that 
expression changes in one CUP 
system can affect the expression of others [4]. I will test whether any of the effects on CUP 
expression stem from down-regulation of the fim operon. The fim locus encodes the components 
of type 1 pili, which have been very well-characterized. Fim gene expression is modulated by 
promoter rearrangement (known as the “phase switch”) that can turn expression on or off [5]. 
Currently, we have wild type (WT) UPEC, ΔqseC mutants, and ΔqseC mutants with the fim 
promoter genetically tethered in the ON orientation that restores fim gene expression [6]. To 
complete this strain panel, I will construct a parent and a ΔqseC mutant with the fim-promoter 
locked OFF. I will then compare CUP expression in all strains to assess: how the loss of fim 
alone influences other CUPs and how loss of qseC contributes to these changes. Similar studies 
will be repeated to assess the contribution of each of the affected CUPs on the expression of the 
others. In parallel, I will test whether purified QseB binds any of the CUP promoters. Taken 
together, these studies will elucidate the basis of QseBC-mediated regulation of E. coli CUP pili. 
 
Aim 2: Identify and characterize inhibitors of QseC function. Deletion of qseC leads to 
aberrant activation of its signal response partner QseB, which in turn results in reduced 
expression of adhesion factors. Previous studies demonstrated that simultaneous targeting of 
QseC and adhesion prevents UPEC from colonizing the bladder [6]. Those studies used a ΔqseC 
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mutant as a proxy to targeting QseC. I will identify and characterize compounds that inhibit 
QseC activity or mimic the ΔqseC attenuated phenotype using two approaches: 1) in 
collaboration with a team in Sweden, we have identified compounds that bind QseC. I will test 
the biochemical and pharmacological properties of these compounds by determining the potency 
and efficacy of QseC-targeted inhibition through a series of pre-incubation time points followed 
by measuring QseC phosphotransfer, as previously described [7]. 2) To complement these 
studies, I will search for compounds that lead to constitutive activation of the QseC partner, 
QseB, using available compound libraries at the  

 and a previously constructed fluorescence reporter [3]. The  provides High-
Throughput Screening (HTS) services, which will facilitate my studies. Compounds that 
recapitulate the ΔqseC phenotype will lead to increased fluorescence detection due to 
unregulated QseB activation. A secondary screen will validate promising candidates that will 
then be tested using phenotypic and expression assays in vitro to determine inhibitory effects. 
Lead compounds will be used as scaffolds for structure-activity relationship (SAR) studies 
performed in collaboration with chemists at the  to improve compound affinity and 
selectivity. Future experiments will include pharmacokinetic studies to determine the potency 
and efficacy of the compound on QseBC function. Lead compounds will be used as molecular 
tools to study the mechanism of signal transduction in UPEC. In addition, these studies may 
identify compounds with strong therapeutic potential.  
 
Broader Impacts: The training I will receive throughout the duration of my studies 
encompasses two distinct disciplines, pharmacology and microbiology. I will be able to 
contribute to the broader scientific community by combining aspects of both disciplines to study 
how a bacterial signaling system interfaces with bacterial adhesion. Insights from these studies 
will allow us to better understand how bacteria coordinate expression of adhesive organelles and 
it will open avenues for exploiting this information to ablate host-pathogen interactions that rely 
on adherence. Through my training, I can serve as a conduit to further communications between 
the pharmacology and microbiology fields and to the lay audience. My long-term goal is to be 
employed by organizations such as the CDC or the DoD, so that I can contribute to bettering 
human health. My training will allow me to engage in outreach—through training 
undergraduates who perform summer research in our lab—networking, and leadership that will 
prepare me to be a leader in research and the community and for a future career in scientific 
discovery.  
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