
At the University of Oxford, physicists do not 
all come from the same mould. That is why, in 
the thriving Biological Physics section of the 
Department of Physics, many are attempting 
to understand the natural world by studying 
the fundamental science of biological systems. 
One strand of that research, lead by Dr. Achilles 
Kapanidis, applies physics to understand better the 
mechanisms of gene expression at the molecular 
level.

To do that, these interdisciplinary researchers 
observe gene expression and replication by  
watching single molecules, observing how 
they interact with others, and measuring their 
proximity in real time. The team is also working 
on developing cutting-edge methods that can 
visualize these fascinating biological processes 
in the natural environment of a single living 
cell. Currently, the only suitable tool for such 
demanding work is single-molecule fluorescence 
microscopy: microscopes that exploit alternating 
laser pulses to rapidly excite, identify and count 
individual molecules and measure their proximity.

But the commercially available systems are 
prohibitively expensive, and lack the flexibility that 
academics demand. So, the team did what any 
good group of physicists would: they built their 
own. The group now boasts four single-molecule 
fluorescence devices, which allow them to 
measure nanometre distances between molecules 
and study molecular interactions and biomachines 
in real time.

These microscopes have created such enthusiasm 
amongst other academics that the team have 
joined forces with the Chelsea Technologies Group 
to create a range of more affordable commercial 
versions. The collaboration takes advantage of 
the Knowledge Transfer Partnership scheme, and 
hopes to produce single-molecule fluorescence 
microscopes at a tenth of the price of those 
currently commercially available. These devices 
hold the key to understanding the fundamental 
science behind gene expression, and should 
simplify and advance biosensing and human 
genome sequencing - projects that Dr. Kapanidis 
and his colleagues are themselves working on.

But until these affordable technologies are 
commercially available, the researchers are keen to 
work collaboratively with academics and industry 
alike. They already freely share their software on-
line, are happy to discuss sharing their hardware 
facilities - and are even willing to offer advice to 
help organisations build and maintain their own 
systems, just like those in Oxford Physics..

Understanding life, molecule by molecule

To uncover the fundamental science behind gene expression,  a 
group of biophysicists have developed cutting edge microscopy 
techniques - which are soon to become a commercial reality.

www.physics.ox.ac.uk/users/kapanidis/group/
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