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FROM AN ON/OFF SWITCH TO A DIMMER MODEL 

Cells are able to detect more shades of 
information than previously thought 

Lausanne, 12 March 2018 – Hacking a cell’s communication system is a 
common feat of information diseases, such as cancer. Understanding how 
information is conveyed at the molecular level is therefore crucial. So far, 
one of the most common cell receptors – those molecular detectors 
converting an external signal into information used inside the cell – was 
thought to function only as on/off switches. Researchers from the SIB 
Swiss Institute of Bioinformatics and the University of Lausanne have 
provided the first direct experimental evidence that these receptors can 
also reliably convey intermediate levels of signal concentrations. The 
findings, published in Nature Communications, have fundamental 
implications in developmental biology, and open new research avenues for 
targeted drugs. 

Measuring bits of information, one cell at a time 
The G protein-coupled receptor (GPCR) is among the most common cell receptors in the animal 
kingdom, and is thus the target of half of all marketed drugs.  

Until now, it was thought that it could only transmit a single bit of information at a time, thus acting as 
on/off molecular switch. “This was a long-standing puzzle for biologists, as it has long been known 
that cells need somehow to perceive nuanced chemical signals to differentiate into skin or bone cells 
during development, for example,” says Vladimir Katanaev of the University of Lausanne.  

“But previous studies did not allow for a direct quantification of how much information can be 
detected by GPCRs,” he continues. “The only way to do this was by taking a single-cell approach.” 
The individual responses of several hundreds of cells, exposed to varying concentrations of a 
chemical cue multiple times, were thus recorded using life cell imaging (Figure 1). Bioinformatics 
analyses and simulations then made it possible to extrapolate the information collected.  

“What we found was that the receptors were able to transmit at least two bits of information at a 
time,” observes Sven Bergmann, Group Leader at SIB and the University of Lausanne, who was in 
charge of the computational aspects of the study. “In other terms, that GPCRs can elicit a differential 
response to at least four different concentrations of the chemical trigger.”  

“This study is a fantastic example of how a collaboration between an experimental and 
a computational group can give rise to fundamental new insights into biological signaling, 
by combining state-of-the-art experimentation with sophisticated data analysis and modelling,” he 
concludes. 

Future directions in drug discovery 
The team’s finding is not only solving a long-standing biological riddle. It also has clear implications 
for medical research, in particular on how drugs are designed.  
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“The way many cancers work is by hijacking the signaling pathways of cells to make them 
insensitive to growth inhibitors, thereby inducing their proliferation,” indicates Katanaev. This is why 
most anti-cancer drugs today are aimed at wiping out cells’ signaling pathways, to prevent cells 
proliferating.  

But this indiscriminate process has devastating effects on healthy cells, too. The scientists now want 
to compare receptors on the surface of cancer cells with those on healthy parental cells, to gain an 
improved understanding of the processes at stake, and pave the way for targeted anti-cancer drugs.  
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The SIB Swiss Institute of Bioinformatics is an academic not-for-profit organization whose mission is to lead and 
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Figure 1. Experimental set-up showing the individual response of cells to varying concentrations of a 
chemical trigger (acetylcholine). Cell stimulation (intracellular calcium concentration) is seen as a colour 
change from red to yellow or blue, and was monitored by dual-wavelength fluorescence microscopy. Source: 
Keshelava A et al. Nature Communications 2018 doi:10.1038/s41467-018-02868-y | CC-BY-4.0  
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