Bio and Medical Physics

The spectrum of disorder in protein complexes (Schuler et al. 2020)
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Disordered and biological soft matter

Prof. Christof Aegerter

We study the properties of disordered and heterogeneous
systems out of equilibrium. This encompasses light trans-
port in turbid media and photonic glasses, with applica-
tions in imaging, structural colours, light harvesting for
energy and secure optical communication. A second fo-
cus of our activities is the study of the elastic properties
of growing biological tissues and their influence on de-
velopment and pattern formation, e.g. in embryonal de-
velopment of drosophila, such as ventral furrow forma-
tion or dorsal closure. In all these fields our investigations
are mainly experimental, developing the tools necessary,
e.g. to study forces in tissues on the scale from nN to mN,
however we also use computational modeling to guide
these experiments.

https:/ /www.physik.uzh.ch/g/aegerter

Modelling Ventral Furrow Formation in Drosophila embryos

The invagination of mesoderm during ventral furrow forma-
tion in the Drosophila embryo is part of the archetypal mor-
phogenic process of gastrulation. This is one of the most fun-
damental processes during embryonal development, where
the initial symmetry breaking of the embryonal shell takes
place. To explore the roles of the active cellular forces and the
regulation of these forces, we developed an integrated ver-
tex model that gives a complete description of the process.
In this, it combines the regulation of morphogen expression
in a regulatory network with cell movements and the corre-
sponding tissue mechanics. Finally, in order to take into ac-
count mechanical regulation of biological development, the
regulatory network is influenced by the mechanical tensions,
thus providing a mechanism for mechanical feedback. In our
simulations, a successful furrow formation requires an apical
tension gradient, decreased basal tension, and increased lat-
eral tension, which corresponds to apical constriction, basal
expansion, and apicobasal shortening respectively. These ten-
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A) A simulation of normal invagination using the regulatory net-
work to control the expression of twist determining the tensions in
the cells. These tensions are colour coded using the scale shown on
the right.

B) A simulation using the same regulatory network, however here,
the embryo has been constantly deformed using an external com-
pression. Such a deformation experimentally leads to the overex-
pression of twist and thus constricts invagination. This is also seen
in the simulations shown here.

sions can be dynamically obtained from a regulation by the
morphogen twist, which acts as a regulator of myosin, re-
sponsible of contractile tension in the cell boundaries.

Our regulatory equations can reproduce this dynamics of

the apical tension gradient, basal tension decrease, and lat-
eral tension increase, which are corresponding to apical con-
striction, basal expansion, and apico-basal shortening respec-
tively. Then we integrated the regulation network and the
vertex model. The results show that our integrated model
is also able to form a closed ventral furrow although there
are anomalous deformations in the intermediate states. Our
model also replicates the ectopic twist expression induced by
mechanical compression. The ectopic expression of twist pre-
vents mesoderm invagination, which is consistent with ex-
perimental observations (see figure). Our model also predicts
the ectopic invagination in presence of a locally applied ex-
ternal force gradient, which has not been verified in vivo.

1. An integrated vertex model of the mesoderm in-
vagination during the embryonic development of
Drosophila, J. Jiang and C.M. Aegerter
Journal of theoretical Biology 572, 111581 (2023).
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Medical Physics and Radiation Research

Prof. Uwe Schneider (Hirslanden)

We are conducting research and development in Medical
Physics, Theoretical Biology and Medical Modelling. Our
main topics are: Development of radio-biological models,
space radiation research, Monte Carlo simulations and
dosimetry for radiotherapy and imaging and the devel—
opment of novel detector systems.

https:/ /www.physik.uzh.ch/g/schneider

In 2023 our work was focused on Space Radiation Research
(Figure). One project, in collaboration with CERN, is aiming
on the development of a beam line to simulate high-LET irra-
diation of the cosmic galactic background for earth based ma-
terial and biological experiments. In a second project, we are
developing an European risk assessment software to assess
organ dose equivalents for European astronauts. For Astro-
nauts the probability of surviving cancer free a Mars swing-
by mission until retirement age is being reduced by a range
from 0.78% to 2.63%. It was found that the risks for females
are higher than for males, and the risks at solar minimum are
higher than at solar maximum.
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Modulating effects of other spaceflight
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Radiation exposure during space missions beyond low Earth orbit
and health effects of space radiation (from [1]).

1. Towards sustainable human space exploration-
priorities for radiation research to quantify and mitigate
radiation risks.,

A. Fogtman et al., NPJ Microgravity. 2023 Jan 27;9(1):8.


https://www.physik.uzh.ch/g/schneider
https://ieeexplore.ieee.org/document/10384650
https://www.sciencedirect.com/science/article/pii/S0939388923001198
https://www.nature.com/articles/s41526-023-00262-7

Radiotherapy is one of the mainstays of cancer treatment
and a highly technology-driven field of medicine. In our
research group, we contribute to the further development
of radiotherapy technology by applying concepts from
physics, mathematics, statistics, and machine learning to
problems in medical imaging and radiation oncology.

OF4-40]
https:/ /www.physik.uzh.ch/g/unkelbach f;%

We focus on three areas of research:

1) Radiotherapy treatment planning: We work on mathemat-
ical optimization methods to optimally combine x-ray and
proton beams, and to optimally distribute radiation dose over
multiple treatment days and radiation modalities [1].

2) Target delineation and outcome prediction: Here, we focus
on quantitative modeling of tumor progression and the anal-
ysis of medical images such as MRI, CT, and PET, with the
goal of precisely defining the region to be irradiated and pre-
dicting the patient’s response to treatment (see Figure).

3) Latest radiotherapy technology: We perform research on

Medical Physics

Prof. Jan Unkelbach (University Hospital Zurich)

MR-images of a brain tumor patient, showing tumor changes be-
tween the start (left) and the end (right) of treatment.
FLASH therapy and MR-guided therapy at the MR-Linac, a
combination of MRI scanner and radiotherapy device allows
MR imaging of a patient during treatment (see Figure).

1. Spatiotemporal fractionation schemes for stereotactic
radiosurgery of multiple brain metastases,
N. Torelli, D. Papp, J. Unkelbach, Med Phys.
2023;50(8):5095-5114.
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Molecular Biophysics

Prof. Ben Schuler (Department of Biochemistry)

We study the structure, dynamics, and functions of
biomolecules, especially proteins, the nanomachines
of life. Towards this goal, we develop and apply single-
molecule fluorescence and force spectroscopy, often
in close combination with theory and simulations. A
particularly important tool is Forster resonance energy
transfer (FRET), a spectroscopic nanoscale ruler. [El#zE

https:/ /schuler.bioc.uzh.ch Ei 5

Two highlights were the development of a droplet-based
microfluidic mixing device for the rapid triggering of
biomolecular reactions [1], and the single-molecule study
of nanoscopic dynamics within phase-separated droplets of
biomolecular polyelectrolytes and their interpretation based
on massive molecular dynamics simulations [2].

1. Rapid droplet-based mixing for single-molecule spec-
troscopy, T. Yang et al., Nat. Methods 20, 1479-1482
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Confocal single-molecule FRET measurements in complex coacer-
vates of highly charged protein molecules revealed polymer dynam-
ics on sub-microsecond timescales. The snapshots at the bottom
illustrate the behavior of fluorescently labeled molecules in a dense
phase of protein.

2. Extreme dynamics in a biomolecular condensate,
N. Galvanetto et al., Nature 619, 876-883
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