
 

New mechanism for regulating cell division
in the bacterial pathogen Klebsiella
uncovered
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Under the microscope, the Klebsiella pneumoniae bacterium typically appears in
the form of short rods (left). However, if the DNA of the bacteria is damaged,
the cells continue to grow in the course of the stress response and long bacteria
develop (r.). Credit: Jens Meyer/University of Jena

Klebsiella pneumoniae is one of the most common and most dangerous
bacterial pathogens impacting humans, causing infections of the
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gastrointestinal tract, pneumonia, wound infections, and even blood
poisoning.

With the aim of discovering therapeutically exploitable weaknesses in
Klebsiella, a research team from the Balance of the Microverse Cluster
of Excellence at the University of Jena, Germany, has taken a close look
at the molecular biology of the bacteria and was able to uncover the
importance of a small, non-coding ribonucleic acid (sRNA for short) for
the gene regulation of K. pneumoniae. They report their findings in the 
Proceedings of the National Academy of Sciences.

"Klebsiella is a relevant bacterium for research for several reasons. On
the one hand, this bacterium is problematic in the clinic because
Klebsiella is very adaptable, able to multiply rapidly, and continuously
acquire further resistances in addition to the existing natural resistances
to various antibiotic agents."

"On the other hand, little is known about gene regulation in Klebsiella,
especially in comparison to closely related species such as E. coli or
Salmonella," says Dr. Kathrin Fröhlich, head of the study and junior
research group leader for RNA biology of bacteria at the University of
Jena. Together with a team of scientists from the Cluster of Excellence,
she analyzed the transcriptome of Klebsiella in search of previously
unknown sRNAs and clues to their functions.

"In addition to many sRNAs that were already known from related
bacteria, we also found over 50 new potential regulators," says Eric
Ruhland, first author of the study and Ph.D. candidate at the Cluster of
Excellence "Balance of the Microverse" in Jena. The researchers
determined the interaction partners of all these sRNAs using a method
based on high-throughput sequencing.

Autonomous cell division control
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When analyzing the RNA pairings identified in this way, the sRNA
DinR aroused the particular interest of the researchers. "We were finally
able to find out that DinR is produced by the cell when DNA damage
occurs. Under this condition, DinR inhibits the formation of FtsZ, a
structural protein that is important for cell division," says Ruhland. DinR
thus controls a further, previously unknown mechanism with which the
bacteria can interrupt cell division if there are defects in the genetic
material.

This serves to give the cell time to repair the damaged genome before it
is passed on to another generation of the bacterium—from an 
evolutionary perspective, a mechanism that serves to produce offspring
that are as healthy as possible.

"However, DNA repair is prone to errors, and this stress situation leads
to a higher mutation rate," says Fröhlich. These changes to the genetic
material can also lead to new antibiotic resistance or change the
resistance of the bacteria.

"In the future, we want to understand how exactly Klebsiella deals with
DNA damage and what role sRNAs play in the comparatively high
adaptability of the bacterial species, which is making Klebsiella
increasingly problematic in clinical settings," says the junior research
group leader. "With this study, we are contributing to a better
understanding of the fundamental molecular biological processes in
Klebsiella, which may also open up ways to treat infections in a more
targeted manner."

  More information: Kathrin Fröhlich, The global RNA–RNA
interactome of Klebsiella pneumoniae unveils a small RNA regulator of
cell division, Proceedings of the National Academy of Sciences (2024). 
DOI: 10.1073/pnas.2317322121. www.ncbi.nlm.nih.gov/geo/query …
cc.cgi?acc=GSE244635
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