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Cultured mini-organs reveal the weapons of aggressive bacteria

HIRI researchers decipher the colonization behavior of Shigella

Thanks to lab-grown miniature intestines, researchers at the Helmholtz Institute for RNA-based Infection Research
(HIRI) in Wiirzburg in collaboration with Uppsala University in Sweden have successfully mapped how aggressive
Shigella bacteria infect the human gut. The study, published today in the journal Nature Genetics, opens the door to
using cultured human mini-organs to investigate a wide range of other serious infections.

Understanding how human-specific bacteria make us sick is challenging. In a new study published today in Nature
Genetics, researchers show that it is now possible to use cultured mini-organs, so-called organoids, to map how
bacteria colonize the human intestinal mucosa. The team at the Helmholtz Institute for RNA-based Infection Research
(HIRI) in Wiirzburg, a site of the Braunschweig Helmholtz Centre for Infection Research (HZI) in cooperation with the
Julius-Maximilians-Universitat Wiirzburg (JMU), and at Uppsala University, focused specifically on Shigella flexneri. The
bacterium causes severe intestinal inflammation in humans and is responsible for many deaths per year, particularly
among young children.

“Our results provide a more realistic picture of the factors that influence Shigella colonization in our intestines. This
could enable new treatment approaches in the future,” says Lars Barquist, an associated scientist at HIRI and professor
at the University of Toronto in Canada, and co-senior author of the study. “For the first time, we have been able to map
the genes Shigella needs to cause infection using a human model that mimics intestinal tissue. The study also
demonstrates that cultured human mini-organs can now be used to investigate a variety of serious infections,
particularly those for which the lack of laboratory animal models has previously limited research,” adds Maria Letizia Di
Martino from Uppsala University, who led development of the experimental system.

Intestinal models derived from stem cells

Shigella bacteria are invasive pathogens that attack the body’s tissues using a variety of ‘weapons’ to invade the
intestinal mucosa and manipulate the body’s immune system functions. In the current study, the researchers focused
on identifying the genes responsible for producing these weapons. To do this, they generated intestinal
organoids—miniature intestinal models—grown from human stem cells purified from surgical waste material. They
then used a method that randomly knocks out bacterial genes and tested how these changes affected Shigella’s ability
to infect the human intestinal model.

One of the biggest challenges in conducting such screening is the occurrence of population bottlenecks. These arise
when factors such as nutrient deficiency or competition for colonization sites temporarily decrease the number of
bacteria, regardless of the fitness of individual mutants. This leads to a stochastic loss of mutants, which can distort the
results of large screens. To compensate for this, the team has developed a statistical model that integrates information
across a large number of small-scale experiments to generate a genome-wide map. This enabled the team to generate
the first comprehensive map of the genes Shigella uses to invade human intestinal tissue.
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Particularly surprising was the discovery that certain changes in transfer ribonucleic acids (tRNAs) can control the
activity of the type III secretion system — a complex apparatus that bacteria use to unleash their disease-causing
properties. Such systems cost bacteria a lot of energy to produce, which is why they control them very precisely. “It was
previously known that bacteria do this, for example, by switching off foreign DNA or by regulating the number of certain
plasmids, small circular DNA molecules. This study now reveals a third, fundamental mechanism by which this control
can be achieved,” explains Laura Jenniches, the postdoctoral researcher in the Barquist lab who led statistical and
computational analysis.

“Shigella has around 5,000 genes, but we found that only about 100 of them are necessary for the bacterium to colonize
tissue and cause aggressive infection. This list is a goldmine for understanding the progression of infections and for
developing new treatments that can ‘turn off’ the bacteria’s pathogenic behavior,” says Mikael Sellin from Uppsala
University, another of the study’s senior authors. The screening technology used is transferable to many other
pathogens and will enable realistic studies on human tissue in the future. Lars Barquist looks ahead: “This study lays the
technical groundwork needed to investigate a wide variety of pathogens in these realistic organoid models that capture
key aspects of human physiology in the lab.”

Collaborations

The study is a collaboration between the Helmholtz Institute for RNA-based Infection Research (HIRI) in Wiirzburg, the
University of Toronto in Canada as well as Uppsala University, Uppsala University Hospital, and Umea University in
Sweden.

Funding

The study was supported by funding from the European Society of Clinical Microbiology and Infectious Diseases
(ESCMID), the Carl Trygg Foundation, the Clas Groschinsky Memorial Foundation, the Bavarian State Ministry of
Science and the Arts (via bayresq.net), the Swedish Research Council, the Swedish Foundation for Strategic Research,
Kempestiftelserna, and the ScilLifeLab Fellows program.

This press release and an image are also available on our website: https://www.helmholtz-hzi.de/en/media-center/new
sroom/news-detail/cultured-mini-organs-reveal-the-weapons-of-aggressive-bacteria/.

Helmbholtz Institute for RNA-based Infection Research:

The Helmholtz Institute for RNA-based Infection Research (HIRI) is the first institution of its kind worldwide to combine
ribonucleic acid (RNA) research with infection biology. Based on novel findings from its strong basic research program,
the institute’s long-term goal is to develop innovative therapeutic approaches to better diagnose and treat human
infections. HIRI is a site of the Braunschweig Helmholtz Centre for Infection Research (HZI) in cooperation with the
Julius-Maximilians-Universitat Wiirzburg (JMU) and is located on the Wiirzburg Medical Campus. More information at
www.helmholtz-hiri.de.

Helmbholtz Centre for Infection Research:

Scientists at the Helmholtz Centre for Infection Research (HZI) in Braunschweig and its other sites in Germany are
engaged in the study of bacterial and viral infections and the body’s defense mechanisms. They have a profound
expertise in natural compound research and its exploitation as a valuable source for novel anti-infectives. As member of
the Helmholtz Association and the German Center for Infection Research (DZIF) the HZI performs translational
research laying the ground for the development of new treatments and vaccines against infectious diseases.
www.helmholtz-hzi.de/en
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