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This is a 3-D model of the proventriculus, a special organ of the tsetse fly: The
distribution of the trypanosomes based on the fluorescent cell nuclei is shown in
yellow. Credit: Chair of Zoology I / eLife

Single specimens of the vermicular pathogens causing sleeping sickness
swim inside the gut of the tsetse fly between blood cells which the fly
has ingested from an infected mammal. This is where they start their
week-long journey through the fly's internal organs. In other places, they
have clustered together to form a teeming swarm so dense that nothing is
visible of the fly's structures.
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Trypanosomes are the pathogens responsible for sleeping sickness.
Inside the fly's salivary gland, they attach to the epithelium in huge
numbers while continuing to beat their flagella at high frequency. In this
position, the parasites remain waiting until the tsetse fly bites a human or
an animal to be released into the victim's blood stream with the saliva.

Habitats inside the fly where mapped three-
dimensionally

A team of researchers from the Biocenter of Julius-Maximilians-
Universität (JMU) Würzburg in Bavaria, Germany, has captured these
and other processes in high-resolution pictures and videos. What is more,
they used light sheet microscopy to map all habitats of the parasites
inside the fly in 3D.

"These images are unparalleled," Tim Krüger says. Thanks to the
detailed images, the scientists are now able to take the surprisingly
complex microenvironment of the trypanosomes into account when
investigating the infectious disease in more detail. Krüger studies the
parasites at the JMU's Chair of Cell and Developmental Biology in the
team of Professor Markus Engstler.
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Three-dimensional models of the swimming developmental stages of the
trypanosomes. The structure of the flagella was also analysed by JMU
researchers. Credit: Chair of Zoology I / eLife
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Lash-like protrusion serves as drive

Trypanosomes are protozoa that move with the help of flagella, which
are lash-like appendages protruding from the cell. "They are highly
dynamic and never stop the flagellar beating," Krüger explains. "This
enables them to swim and navigate effectively in various environments."
And the parasites are capable of doing so not only inside the fly, but also
in the blood stream, in skin, fat tissue, the brain and other organs of
humans and animals.

In a new publication in the journal eLife, the Würzburg team shows
detailed 3D images of the trypanosomes' anatomy in all developmental
stages inside the tsetse fly. They analysed the swimming behaviour in the
different tissues and present among others imaging techniques that allow
tracking and quantifying entire swarms of the pathogen inside the fly.

Swimming behaviour of the parasites inside the tsetse
fly unclear

The JMU scientists want to use this new range of analysis options to
examine the trypanosomes in more depth. Because it is still largely
unclear how and on which ways the dangerous pathogens swim through
the fly's body before infecting a human.

One strategy to combat sleeping sickness is to interrupt or prevent
pathogen development already in the tsetse fly. "But this can only
succeed if we know exactly how the trypanosomes behave inside the
fly," Tim Krüger says.
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Individual images from high-speed videos of trypanosome clusters inside the fly
gut. Left: transmitted-light images; centre: the corresponding fluorescence
images of the cell nuclei. They were tracked using the Imaris software to
quantify the swimming behaviour (right). Credit: Chair of Zoology I / eLife
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Exploring "microswimming" effects

Physicists also have an interest in the high-resolution images from the
Biocenter. "Our cooperation partners have a keen interest in this,
because they are dealing with so-called 'microswimmers'," as Krüger
explains. To be more precise, they are interested in the hydrodynamic
effects of swimming motions at small scales, at the individual cell level
and in collective swimming phenomena. This is a complex topic since
the effects here are completely different from those of larger objects
swimming in water.

In turn, the team of Professor Engstler hopes to glean important stimuli
from physics: "If we have a better understanding of the interactions
between parasites and hosts also at the physical level, we can develop
new approaches to explain how the parasites adapt and how the
infectious processes inside the hosts evolve."

Facts about sleeping sickness

Trypanosomes are wide-spread in sub-Saharan Africa. The protozoan
parasites are transmitted by the bite of an infected tsetse fly. Each year,
there are around 30,000 new infections. Initial symptoms include
headaches and joint pains followed by confusion, seizures and other
symptoms in later stages. Finally, the sufferers fall into a coma and die.

There are no vaccines available against the pathogens; the available drugs
can have extreme side effects. So there is urgent demand for better
medication to treat the disease. Trypanosomes not only infect humans.
They also kill cattle, goats and other livestock thereby causing enormous
damage: In some regions of Africa, livestock breeding is hardly possible
due to the trypanosomes.

  More information: Schuster, S., Krüger, T., Subota, I., Thusek, S.,
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