
 

Evolutionary model predicts partitioning of
molecules within cells
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,Researchers from the Max Planck Institute for Dynamics and Self-
Organization (MPI-DS) in Göttingen, Germany, and Delft University of
Technology, the Netherlands, have developed a new theoretical method
to study mixtures consisting of many different molecules. They analyzed
how the molecules interact to reliably form different droplets, as
happens continuously in living cells. With this model, particular droplet
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formation based on many interacting molecules can be predicted for the
first time. The findings were recently published in Proceedings of the
National Academy of Sciences.

Theoretical physicist David Zwicker and biophysicist Liedewij Laan are
interested in figuring out the mysteries of life, specifically the
fundamental workings of living cells. "I'm always surprised that cellular
processes work at all, because a cell consists of thousands of different
molecules that all need to work together without interfering with one
another," Zwicker says. The scientists developed a computer model that
allows to investigate complex fluids, like the liquid inside of a cell.
"Despite their complex chemical and physical nature, molecules within
cells are often organized as droplets," Laan adds. "With our approach,
we are able to reproduce the formation of these droplets, and thus
opened up new lines of investigation on how this mechanism works,"
says Zwicker.

Biological cells are incredibly complex machines that rely on thousands
of different molecules to work and interact reliably. To orchestrate the
molecules, they are separated into different compartments within cells.
Since the environment and the internal state of cells constantly changes,
they have to be formed and maintained robustly. Most well-known
compartments, including the nucleus and mitochondria, are enclosed by
membranes that serve as barriers defining their shape and controlling
their composition. However, many smaller compartments do not possess
a membrane and thus often behave more dynamically. Such
compartments have been found in animal, plant, and bacterial cells alike.
They can form spontaneously and the interactions between the involved
molecules control their composition.

To understand how a plethora of different molecules organizes in such
membrane-less compartments, Zwicker and Laan theoretically studied
the physical process of droplet formation. So far, the underlying theory
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was only well-understood for the simple case of two particle types, such
as oil separating from the water in vinaigrette. To examine a more
realistic cellular environment with a larger number of molecular
interactions, the researchers introduced a numerical method, which
predicts droplet compositions.

The new numerical approach opens the possibility to answer key
questions, including how many different droplets are formed in a robust
manner. "The key insight is that during billions of years of evolution the
interactions between cellular molecules have been optimized to form the
right droplets," Zwicker explains. To mimic this in the computer, the
researchers adjusted the interactions using multiple generations of
mutation and selection until a certain number of droplets form.
Interestingly, many different sets of interactions almost perfectly end up
at the pre-set number of different droplets. Laan comments: "We were
excited to find that we can actually reproduce these mixtures. Yet,
scientifically even more exciting is perhaps the fact that we do not
understand how this works exactly. But now we are now a lot closer to
trying to figure out these secrets of life."

Zwicker emphasizes that their research is part of a bigger paradigm shift
in biology: "So far, researchers tended to investigate rather strong
interactions, for example between two proteins, as these are quite robust
and thus easier to study. Nowadays, droplets that are formed due to
much weaker interactions are being studied more and more, both
theoretically and experimentally, because them seem to fulfill an
important role inside cells. However, they are much more challenging to
analyze, as these weak interactions can be perturbed by temperature,
acidity, salt concentration, and many other factors." The present work
suggests that complex behavior, like droplet formation, can robustly
emerge from even such weak interactions.

  More information: David Zwicker et al, Evolved interactions stabilize
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many coexisting phases in multicomponent liquids, Proceedings of the
National Academy of Sciences (2022). DOI: 10.1073/pnas.2201250119

Provided by Delft University of Technology

Citation: Evolutionary model predicts partitioning of molecules within cells (2022, July 26)
retrieved 27 April 2024 from
https://phys.org/news/2022-07-evolutionary-partitioning-molecules-cells.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://dx.doi.org/10.1073/pnas.2201250119
https://phys.org/news/2022-07-evolutionary-partitioning-molecules-cells.html
http://www.tcpdf.org

