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Interviews with scientists: 

Professor Sarah O’Connor on designing plant-derived medicines to treat cancer 
Teaching Notes
Introduction and context
This video interview with Professor Sarah O’Connor from the John Innes Centre, introduces her work to find new molecules that can successfully treat cancer. 


Teacher summary
http://intobiology.org.uk/designing-plant-derived-medicines-to-treat-cancer/
Professor O’Connor’s lab is interested in understanding how plants make anti-cancer agents. 
There are a number of plant derived medicines that have played a huge role in medicine. For example, taxol, isolated form the Yew tree, is used to treat a variety of different cancers. However, plant natural products are expensive and very time-consuming to develop. They could be exploited more rapidly if we develop better understanding of plant metabolism.

Professor O’Connor’s lab is working with the Madagascar periwinkle, a medicinal plant native to Madagascar, but now grown throughout the world. It is the source of the anti-cancer agent vinblastine, which will successfully treat a variety of different cancers. Vinblastine works by binding to a molecular target within the cell. Vinblastine is a small molecule that recognises a specific site on a protein called tubulin. Tubulin polymerises to form the cell’s microtubule cytoskeleton. When vinblastine binds to tubulin, the process of assembly into microtubules is inhibited. When the cells need to undergo mitosis, if the cytoskeleton can’t form, mitosis is disrupted and the cells die. Vinblastine acts by inhibiting microtubule formation and causing rapidly dividing cells to die. 
Vinblastine is expensive, at about 200,000 US dollars per kilogramme. Professor O’Connor would like her work to result in cheaper vinblastine production. Her lab is working to identify all the genes involved in vinblastine biosynthesis in the Madagascan Periwinkle, with the aim of putting all those genes together in a simpler organism, like Baker’s yeast. Instead of isolating the vinblastine from the plant, the vinblastine can then be produced in a simple, microbial organism.

Genomic and sequencing resources for plants are now available and can be used to identify the genes that make up the metabolic pathway for vinblastine. An approach called RNA-seq is used to sequence all the messenger RNA within a plant, and thus sequence all the genes that are actually expressed. RNA-seq also allows tracking of the expression levels of each of those genes in different plant tissues. These patterns of expression can be used to identify genes that are likely to be involved in vinblastine biosynthesis.
Natural plant products are often called ‘privileged scaffolds’, meaning that the basic structure of the molecule is a very good scaffold for harbouring biological activity, such as binding tubulin in vinblastine’s case, but that doesn’t necessarily make it a good drug. Sometimes, by making very small changes to the structure of the molecule, you can get something that’s a much better pharmacological agent, with, for example, a better half-life within the body or fewer side-effects. Molecular engineering approaches would allow subtle changes to be introduced to the structures of molecules like vinblastine. 

Questions
1. Why are plant-derived medicines expensive and time-consuming to develop?
There is a very long process between identifying a plant that has some sort of  medicinal activity, identifying the molecule made by the plant that has the biological activity and developing an industrial process for obtaining that molecule to get it into clinical trials and ultimately into the clinic.
2. Which plant is the source of the anti-cancer agent known as vinblastine?
The Madagascar periwinkle (Catharanthus roseus)
3. Which molecule within the cell does vinblastine bind to?

Tubulin

4. Vinblastine is known to successfully treat a variety of different cancers. Explain how it works.
Vinblastine works by binding to a molecular target within the cell. Vinblastine is a small molecule that recognises a specific site on a protein called tubulin. Tubulin polymerises to form the cell’s microtubule cytoskeleton. When vinblastine binds to tubulin, the process of assembly into microtubules is inhibited. When the cells need to undergo mitosis, if the cytoskeleton can’t form, mitosis is disrupted and the cells die. Vinblastine acts by inhibiting microtubule formation and causing rapidly dividing cells to die.

5. Why does Professor O’Connor’s lab want to identify all of the genes involved in vinblastine biosynthesis in the Madagascar periwinkle?
If all the genes involved in vinblastine biosynthesis could be put together in a simpler organism, like Baker’s yeast, instead of isolating the vinblastine from the plant, the vinblastine can then be produced in a simple, microbial organism.

6. Earlier attempts to identify the genes involved in the vinblastine biosynthetic pathway required the isolation of the enzymes from a plant tissue. Explain how the structure of the enzyme could be used to provide information about the gene or genes that carried the genetic code for the enzyme’s synthesis.
The sequence of the amino acids in the enzyme’s polypeptide chain(s) could be found, giving the primary structure of the polypeptide(s). The primary structure of the polypeptide is determined by the sequence of bases in the mRNA molecule that was translated into the polypeptide at the ribosome. This mRNA molecule contains the genetic code for the gene’s exons. (The gene’s introns were spliced out of the pre-mRNA during post transcriptional modification of pre-mRNA in the nucleus).
7. How does RNA-seq allow the scientists to sequence all of the genes that a plant is expressing at a given time?
A gene that is being expressed will be transcribed into mRNA. When it is not being expressed, it will not be transcribed. RNA-seq is used to sequences all the messenger RNA within a plant, and thus sequence all the genes that are actually being expressed at that time. 
8. Why are the natural products made by plants often called ‘privilege scaffolds’?
This is because the basic structure of the molecule is a very good scaffold for harbouring biological activity, such as binding tubulin in vinblastine’s case.

9. Making small changes to the molecular structure of a natural plant product may make it a better pharmacological agent. Give two properties of a drug that it may improve.
The drug’s half-life within the body and the side-effects that it produces.
10. What is metabolic engineering?

Definition from http://www.nature.com/subjects/metabolic-engineering

Metabolic engineering is the use of genetic engineering to modify the metabolism of an organism. It can involve the optimization of existing biochemical pathways or the introduction of pathway components, most commonly in bacteria, yeast or plants, with the goal of high-yield production of specific metabolites for medicine or biotechnology.
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