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A. Personal Statement 
My research group focuses on bacterial cell biology, host-pathogen interactions, and antibiotic development. 
To understand how bacterial cells establish and maintain subcellular organization we develop new methods for 
imaging bacteria to study bacterial growth, with an emphasis on quantitative approaches to studying bacterial 
cell shape, cytoskeletal dynamics, and the way in which bacteria sense and respond to their mechanical 
environments. Most recently we have developed a deep interest in using our expertise in bacterial physiology 
to develop new antibiotics, and in particular those with new mechanisms of action that target Gram-negatives. 
We developed a promising candidate that kills Gram-positive and Gram-negative bacteria with no detectable 
resistance.   
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C. Contributions to Science 

1. How to build a rod: Shape determination by the MreB actin-like bacterial cytoskeleton  
My group has played a key role in discovering the functions and regulation of the bacterial actin-like 
MreB cytoskeleton, establishing it as a central coordinator of bacterial cell elongation. Early on we 
focused on the functions of MreB in C. crescentus, but for the past decade we have primarily focused 
on how it mediates the elongation of E. coli. There we were among the first to show that MreB forms a 
highly dynamic discontinuous structure and that proper cell shape formation requires a feedback circuit: 
MreB directs the sites of new cell wall assembly, while the process of cell wall synthesis in turn rotates 
MreB around the cell circumference to promote the uniform redistribution of MreB filaments. We also 
discovered important functions for the mechanical properties of cytoskeletal polymers: MreB polymers 
localize to regions of the cell with negative curvature, and its geometric enrichment can explain large-
scale patterns of growth. Specifically, MreB is excluded from the cell poles and enriched at invaginated 
areas where the cell needs more growth, thereby using local curvature measurements to achieve a 
globally smooth rod-like growth pattern. More recently we have focused on the regulation of MreB by 
interacting factors like RodZ, which regulates both MreB assembly and curvature enrichment, and 
AimB, which inhibits its assembly. 
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18;9(1):2797. PubMed PMID: 30022070; PubMed Central PMCID: PMC6052060.  
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postdocs in my lab, and the paper was published after Morgenstein started his own group at 
OSU). 
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d. van Teeffelen S, Wang S, Furchtgott L, Huang KC, Wingreen NS, Shaevitz JW, Gitai Z. The 
bacterial actin MreB rotates, and rotation depends on cell-wall assembly. Proc Natl Acad Sci U 
S A. 2011 Sep 20;108(38):15822-7. PubMed PMID: 21903929; PubMed Central PMCID: 
PMC3179079.  

2.   The how and why of cell curvature in pathogens and free-living bacteria: formation, function, 
and regulation of bacterial curvature  
After rods and spheres, curved shapes represent the most common morphology of bacteria, but far 
less is known about these systems. My lab has addressed this gap by discovering new mechanisms 
by which bacteria become curved, how they regulate their curvature, and how being curved provides 
selective benefits to bacteria. These efforts have focused on two curved bacterial species, 
Caulobacter crescentus and Vibrio cholerae. In the curved pathogen, V. cholerae, we used a high-
throughput imaging approach to discover a novel periskeletal polymer, CrvA, that assembles along the 
inner face of these bacteria and causes them to become curved by locally reducing the rate of cell wall 
insertion. The presence of curved mutants also enabled us to determine a functional benefit for V. 
cholerae curvature. Curved cells can better penetrate dense matrices, which promotes their 
colonization of the gut mucus and thereby enhances their virulence. Meanwhile in the freshwater 
bacterium, C. crescentus, we discovered a metabolic enzyme, CTP Synthase, that assembles into 
cytoskeletal polymers that in turn regulate cell curvature. The assembly of this enzyme depends on its 
metabolic state, thereby coupling cell shape and metabolism. While cell curvature has no detectable 
benefit in standard lab growth conditions, we found that the curved shape promotes C. crescentus 
surface colonization and biofilm formation by causing cells to arc in flow, thereby bringing polar 
adhesins closer to the surface and enhancing surface attachment. 
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3.   Mechano-microbiology: how bacteria use forces to sense and respond to their hosts 
Our studies on the functions of curved shapes (described above) indicated that bacteria have adapted 
to their mechanical environments, as most of the benefits of specific shapes are not detectable in 
mechanically uniform environments. The ability of bacteria to sense and respond to chemical features 
of their environment such as nutrients and signaling molecules has long been appreciated. But our 
discoveries pioneered a new appreciation that bacteria also sense and respond to mechanical 
features of their environment such as fluid flow and surface association. These mechanical cues are 
ubiquitous in nature and particularly prevalent in animal hosts, such that we then focused much of our 
efforts in this area on understanding how bacterial pathogens such as Pseudomonas aeruginosa 
overcome the mechanics of the host for colonization or utilize host mechanics as cues to regulate 
virulence factor induction. Specifically, we found that P. aeruginosa utilize their polarized pili to twitch 
upstream in the presence of flow. This behavior enables them to colonize environments such as the 
branched flow networks of the cardiovascular system that sweep away most bacteria. Meanwhile we 



 

also discovered that P. aeruginosa uses two different sensory systems, long-range pili and the short-
range PilY1 factor to sense the presence of stiff surfaces as a cue to induce virulence factor 
expression. We proposed that broad-host-range pathogens like P. aeruginosa might use surface 
stiffness as a host-independent signal, explaining how they induce virulence factors in response to 
such chemically-distinct hosts. Finally, we recently described a flow-sensing pathway in P. aeruginosa, 
defining a new sensory modality of bacterial rheosensing. 
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4. The cell biology of growth: integrating translation, metabolism, and spatial organization 
Most of my lab’s work has focused on how bacteria grow from the perspective of cell shape formation. 
But bacterial growth also requires regulation and coordination of the key elements of biomass 
production: protein synthesis and metabolism. Interestingly, we discovered that there are surprising 
layers of cell biological regulation in these putatively “core” processes. As discussed above, we found 
that metabolic enzymes like CTP Synthase can assemble into large-scale structures in a manner that 
depends on metabolic state. We also showed that co-assembling multiple enzymes into a single 
polymer can regulate metabolic flux to alter which branch of a pathway intermediates diffusively 
interact with. In a follow-up study we recently showed that synthetic formation of phase-separated 
enzyme clusters can similarly be used to direct metabolic flux. Most recently, we have used ribosome 
profiling to study how protein translation is regulated in different growth states. Specifically we 
discovered that at the same growth rate, E. coli cells use 3 very different strategies to achieve the 
same protein production rate depending whether their growth is limited by carbon, nitrogen, or 
phosphorous. This study revealed that in carbon and nitrogen limitation E. coli actually grow sub-
optimally: in carbon limitation they accumulate excess inactive ribosomes while in nitrogen they 
translate slowly. In addition to revising one of the fundamental “growth laws of bacteria” (i.e. it is not 
true that to grow faster bacteria need to make more ribosomes), in the course of this work we 
developed a new ribosome profiling method that proved successful in profiling mitochondrial 
translation, which had previously proved intractable. In collaboration with the Rabinowitz lab at 
Princeton we thus applied our new mitochondrial ribosome profiling approach to discover a new 
method by which folate inhibitors kill cancer cells. Here we showed that folate is required for tRNA 
methylation, which is essential for mitochondrial translation and whose inhibition prevents fast growth 
of mammalian cells. 
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5. Developing new strategies to understand and modulate host-microbe interactions: 
In the past several years my lab has become increasingly focused on using our expertise in bacterial 
cell biology and pathogenesis to understand and combat pathogenesis. In our first endeavor, we 
combined quantitative imaging, machine learning, proteomics, and CRISPRi genetics to screen for 
new antibiotics with novel mechanisms of action. This led to the identification of a promising 
compound, Irresistin-16, that is effective against a broad spectrum of Gram-negative and Gram-
positive bacteria with no detectable resistance. Irresistin-16 simultaneously disrupts both folate 
metabolism, by directly inhibiting dihydrofolate reductase, and membrane integrity, by selectively 
permeabilizing bacterial membranes. Irresistin-16 also has favorable pharmacological properties and 
effectively treated a Neisseria gonorrhoeae vaginal infection in vivo. In parallel, we are using imaging-
based approaches to identify additional compounds. For example, we recently collaborated with the 
Donia lab to discover a small molecule, MHQ, produced by P. aeruginosa, that causes P. aeruginosa 
itself to detach from surfaces. Since surface attachment is necessary for bacterial colonization and 
virulence but not for growth, we are currently developing this compound as an inhibitor of P. 
aeruginosa pathogenesis. Such anti-infectives that disrupt pathogenesis but not growth have the 
potential to limit the emergence of resistance by reducing the selective pressures that drive the 
evolution of resistance. Finally, we have worked with the Murphy lab to show that hosts sense and 
respond to bacterial sRNAs, and we are currently working to develop sRNA-based antibacterial 
interventions. 
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