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Longer visualization of single proteins (colored trajectories)  

in cell membranes (cell outline shown with dotted line) with 

DNA-PAINT-SPT technique. Scale bars 5  um.

 
 
 
 
 
 
 
 
 

Highlights

•  Signaling in synthetic cells. We developed methods 
for the in vitro reconstitution of signaling molecules 
in lipid vesicles, the groundwork for our goal to 
develop communicating synthetic cells [1-3]. 

•  Engineering signaling pathways. We pioneered the 
application of a hybrid in vitro-in vivo approach, 
interfacing cell surface models with immune cells, 
to understand chimeric antigen receptors (CARs), 
funded by a Vidi grant and in collaboration with 
Majzner (Stanford, US) and Fernandes (U Oxford, 
UK). 

•  Technique development. My group developed a new 
approach (DNA-PAINT SPT) that allows us to follow 
single molecules for minutes rather than seconds 
[4,5]. 

Plans
The central aim will remain to understand how cell 
function – information exchange between cells – 
emerges from its molecular constituents. We will 
continue to push the boundaries of in vitro reconsti-
tution to build communicating synthetic cells, and 
further expand our research on signaling pathways 
relevant to cancer therapies. Even once molecules are 
known to play a pivotal role in cell function, many 
open questions remain at the molecular level – a gap 
we can often address with our biophysics approach. 
Using model membrane systems and single-molecule 
microscopy, we ultimately aim to generate findings of 
therapeutic value.
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We study how immune cells communicate with each other, both in natural 
and immunotherapy contexts: how do immune cells use molecular 
signaling pathways to process and respond to information, both precisely 
and unambiguously? Our approach is based on microscopy that pushes 
technical boundaries and on synthetic biology. Combining signaling 
pathway reconstitution with single-molecule biophysics, our work provides 
a unique mechanistic and quantitative perspective on cell signaling. We 
work closely with theoreticians to develop predictive models and with 
immunologists to apply physical insights to problems in immunology.


