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Interviews with scientists: 

Professor John Christie on Green Fluorescent Protein and cell biology 
Teaching Notes
Introduction and context
This video interview with Professor John Christie of the University of Glasgow, introduces students to fluorescent reporter proteins and their importance to our understanding of cell biology.

GFP – the protein that allows jellyfish to glow their astonishing luminescent green – changed the way we understand biology. Transferred into plant, bacterial or animal cells, GFP allows them to glow when illuminated by blue light. But what are the limitations – and where next for ‘reporter proteins’? 
Professor John Christie, of the University of Glasgow, talks about how GFP transformed our understanding of cell biology, and its limitations. His lab is developing new reporter proteins to overcome these issues and allow viral and bacterial infections to be studied more effectively.


Teacher summary
http://intobiology.org.uk/beyond-gfp/
Whole, multicellular organisms are comprised of many different types of cells. Focussing on how each of these cells works at an intricate level will tell us how they are coordinated to regulate the overall physiology of living things.
One of the best ways to understand the inner workings of live cells is to label the proteins within a cell with a fluorescent protein (called a reporter protein) that can be viewed under the microscope. In this way, the movement of proteins and their dynamics in a live cell environment can be actively tracked. 
The most famous protein used for this has been Green Fluorescent Protein, GFP, from a jellyfish. The discovery and development of the GFP won the Nobel Prize for Chemistry in 2008 because it revolutionised cellular biology and the tracking of proteins within living cells. Before the use of fluorescent reporter proteins like GFP, it wasn’t really possible, in a live situation, to look at the location of the protein of interest within the cell. By adding a fluorescent reporter to the cell, live trafficking of the protein of interest can be monitored within the living cell. It has been revolutionary in our understanding of the inner workings of the cell.

There are some disadvantages of using GFP. It is quite a large protein, so it can often cause side-effects if attached to another protein of interest. The fluorescence that comes from the GFP requires oxygen, so the use of GFP and its derivatives to track proteins in cellular environments where oxygen is limiting is a problem. 

Fluorescent reporter proteins can be used to track pathogens in plants or in mammalian systems. The incorporation of the genetic code for a fluorescent protein into the viral genome has allowed the movement and spread of virus particles throughout the cells of a living plant to be tracked. 
GFP is quite a large protein and therefore a relatively large amount of genetic material encodes that protein. If the genetic code for GFP is inserted into a viral genome, the virus recognises the large insertion of foreign DNA and removes it, so the spread of this particular virus, using GFP, can no longer be tracked. 

The development of fluorescent reporter proteins derived from plant photoreceptor systems has allowed some of the limitations associated with reporter proteins such as GFP to be overcome. A small part of one particular photoreceptor protein has been engineered to be a fluorescent reporter with the advantage that this protein is much smaller is size than GFP, both physically and genetically. This makes it a more efficient reporter system for looking at viral and bacterial infections.

Questions

1. By Why is it important for Biologists to look at the inner workings of cells?

Whole, multicellular organisms are comprised of many different types of cells. Focussing on how each of these cells works at an intricate level will tell us how they are coordinated to regulate the overall physiology of living things.

2. What does GFP stand for and where does GFP naturally occur?

Green Fluorescent Protein. In a jellyfish.
3. What is a reporter protein?

A protein molecule that has been labelled with a fluorescent protein molecule.

4. Explain the importance of the use of reporter proteins in our understanding of cell biology.

Reporter proteins allow the movement of proteins and their dynamics in a live cell environment to be actively tracked.

5. What is protein trafficking?

Movement of proteins around the cell.

6. Why was the Nobel Prize for Chemistry awarded to the discovery and development of the GFP in 2008?

It revolutionised cellular biology and the tracking of proteins within living cells.

7. What are the disadvantages of using GFP as a reporter protein?

It is quite a large protein, so it can often cause side-effects if attached to another protein of interest. The fluorescence that comes from the GFP requires oxygen, so the use of GFP and its derivatives to track proteins in cellular environments where oxygen is limiting is a problem.

8. Explain how “the incorporation of the genetic code for a fluorescent protein into the viral genome has allowed the movement and spread of virus particles throughout the cells of a living plant to be tracked”.

The genetic code for the fluorescent protein in the viral genome is transcribed and translated by the host cell (together with the rest of the virus genome). When new virus particles are assembled inside the host cell, the fluorescent proteins are incorporated into the newly formed virus particles. Their presence of the fluorescent virus particles within cells will be detected when viewed under a fluorescence microscope.

9. Which types of proteins are now being engineered to produce fluorescent reporter proteins?

Plant photoreceptor system proteins

10. Explain the major advantage of the new reporter proteins over GFP in the tracking of viral infections in living cells? 

The new reporter system proteins are much smaller in size than GFP, both physically and genetically. Their small physical size reduces their side-effects if attached to another protein of interest. Their small genetic size reduces the likelihood of the virus recognising the insertion of foreign DNA into its genome and removing it.
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