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Fluorescent protein technology has revolutionised the way in which we carry 

out experiments in the life sciences, and few areas of biological research remain 

untouched by the technology. Fluorescent proteins such as the green fluorescent 

protein (GFP) cloned from the jellyfish Aequorea victoria, have been engineered 

to produce proteins with different fluorescent properties (for example see picture) 

useful for sensing a vast range of events in living cells. GFP is just one member of 

the protein superfamily found in marine organisms. Although each member folds to 

form the same 11-stranded b-barrel a variety of different chromophores (the light 

emitting component buried inside the barrel) together with the complex network of 

interactions between the chromophore and the surrounding amino acid side-chains 

(the protein matrix) determine the myriad range of optical properties. 

Our aim is twofold: (a) understand the complex and subtle relationship between FP 

structure and optical properties, and (b) use newly acquired knowledge to design 

and engineer new FPs for novel biotechnology applications. In particular we are 

exploring their use in the fields of autophagy research, super-resolution microscopy 

and optogenetics. In the new and exciting field of optogenetics light-sensitive probes 

are used together with focussed light to switch processes ‘on’ and ‘off’ in living cells, 

tissues and intact organisms.

Research Projects

1. Engineering and characterization of  
FPs with useful optical properties

2. Developing probes for optogenetics

3. Developing probes and using FP for  
super-resolution microscopy

4. Autophagy of mitochondria (mitophagy)

5. Autophagy of the nucleus (nucleophagy)

6. Developing new biosensors for accelerating  
autophagy research
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The Rosella biosensor targeted to 
mitochondria (mt-Rosella) is delivered to 
the vacuole under conditions of nitrogen 
starvation. The images shown are for wild-
type cells undergrowing conditions (SS+E) 
and after a 6 hr period of nitrogen starvation 
(SS-N).
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