
 

Tracking molecules at turbo speed
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Koen Martens from the Institute for Microbiology and Biotechnology at the
University of Bonn working at the custom-built super-resolution fluorescence
microscope that he uses for his investigations. Credit: Volker Lannert

Microbiologists and biophysicists from the University of Bonn have
developed a method that makes the high-throughput process for
observing molecules five times faster, enabling insights to be gained into
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hitherto unknown cellular functions.

UV rays can cause mutations in our DNA, which can potentially lead to
cancer. However, the human body has a defense mechanism that it can
deploy. "Damage to our DNA activates molecules that repair it quickly,
ideally before the cell divides and the damage spreads," explains Koen
Martens from the Institute for Microbiology and Biotechnology at the
University of Bonn. Yet nobody quite knows exactly how fast this
cellular repair function works, something that Martens now wants to find
out.

This is easier said than done, however, as the methods used to date are
not powerful enough to track individual molecules accurately. "Single
particle tracking involves marking the molecule with fluorescent light,
making it into a kind of light bulb," Martens explains.

"We then take hundreds of photos a second using a high-resolution
microscope. Our 'light bulb' lights up the molecule in the darkness of the
cell, allowing us to observe it and track its movement over time. This
enables us to measure its diffusion and how it interacts with other
cellular components."

By looking at the gaps between molecules and the distances traveled by a
single molecule from one photograph to another, the researchers can tell
whether the particles are moving freely inside the cell or interacting with
other molecules.

As far as DNA repair is concerned, this indicates when the enzymes are
performing their repair work—when they are interacting with the
DNA—and when they are "idle," i.e., diffusing freely inside the cell.

However, the method does have one drawback. "It's hard to track
multiple molecules at the same time," Martens explains. "When their
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paths cross or they're too close together, you get two light bulbs merging,
in effect. Then it's impossible to identify their movements."

Up until now, therefore, microbiologists have had to study molecules one
after the other in a time-consuming process that is too long-winded to
observe the DNA-repairing molecules "at work." In fact, single particle
tracking currently takes longer than the repair process itself.

To solve the problem, Martens has created a piece of software to speed
up the high-throughput process. TARDIS (short for "temporal analysis
of relative distances") runs an all-to-all analysis of the distances between
locations, i.e. the positions of the molecule in the individual
photographs, with increasing time lags. The work has been published in 
Nature Methods.

Instead of focusing on individual points as before, it looks at the entire
sequence of movements within the cell and thus scrutinizes all the 
molecules simultaneously. "TARDIS makes the measurement process at
least five times faster without any loss of information," says Martens.

This means that he can now devote his attention to the remaining part of
his research project, using TARDIS to study the processes involved in
DNA repair in more detail. "I'm especially interested in investigating
how easy or difficult certain kinds of damage are to repair and how
badly the DNA is damaged by a specific dose of UV radiation or
chemicals," Martens says.

  More information: Koen J.A. Martens et al, Temporal analysis of
relative distances (TARDIS) is a robust, parameter-free alternative to
single-particle tracking. Nature Methods (2024). DOI:
10.1038/s41592-023-02149-7

3/4

https://phys.org/tags/light+bulbs/
https://www.nature.com/articles/s41592-023-02149-7
https://phys.org/tags/molecules/
https://dx.doi.org/10.1038/s41592-023-02149-7
https://dx.doi.org/10.1038/s41592-023-02149-7


 

Provided by University of Bonn

Citation: Tracking molecules at turbo speed (2024, January 15) retrieved 28 April 2024 from 
https://phys.org/news/2024-01-tracking-molecules-turbo.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://phys.org/news/2024-01-tracking-molecules-turbo.html
http://www.tcpdf.org

