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In A Nutshell

· Metabolic Engineering – The alteration of metabolic pathways found in an organism in order to understand/utilize cellular pathways for chemical transformation, energy transduction, supramolecular assembly

· Antibiotics

· Biosynthetic precursors 

· polymers

Motivations

· Diseases like diabetes treated via recombinant proteins
· Recombinant proteins are made from cloned DNA sequences which usually encode an enzyme or protein with known function. Special vectors (a vector is simply a tool for manipulating DNA and can be viewed as a versatile "carrying vehicle") are used for production of the proteins from specific DNA sequences cloned into them.
· However, protein therapeutic approaches have not been applicable for infectious diseases 
· Synthetic chemistry is far too expensive and inefficient
· The solution lies in synthetic biology where the gene to manufacture artemisinic acid can be inserted into a cell host for production that is cost-effective, environmentally friendly, high quality, and reliable

Design Concept of the Engineered Biological System

· Overall Goal: engineer a microorganism to produce artemisinin from an inexpensive, renewable resource

· Find & clone (or synthesize) the genes that produce the precursor artemisinic acid in Artemisia annua leaves

· Identify the chemistry of the enzyme reactions

· Express genes of different organisms in a host (difficult)

· Balance metabolic pathways to optimize production

· Well characterized genetic control system

· Chassis (stable)
· Yeast chosen for similar codon usage as sweet wormwood
· Performance
· Parts
· Genes from different organisms in a host

· Vectors

· Promoters
· Metabolic Engineering Tools
· CAD

· Functional genomics

· Assays
Key Elements of the Metabolic Pathway in Yeast

· Artemisinic acid in yeast is produced in 3 steps (described in the following slide)

· Modifications to host strain (expression vector) via chromosomal integration (ensure genetic stability)

Slide 5 – Diagram of the metabolic pathway

Discuss the three “main” steps:

(1) Engineering the farnesyl pyrophosphate (FPP) biosynthetic pathway to increase FPP production and decrease its use for sterols, 

(2) Introducing the amorphadiene synthase gene (ADS) from A. annuainto the high FPP producer to convert FPP to amorphadiene, and 

(3) Cloning a novel cytochrome P450 that performs a three-step oxidation of amorphadiene to artemisinic acid from A. annua and expressing it in the amorphadiene producer

Specifically refer to genes (i.e. Cytochrome P450s) and their role/importance in the pathway. For example, P450 gene is important for oxidizing amorphadiene to artemisinic acid
Slide 6 – Diagram of M.P. as well as processes after artemisinic acid is produced

· Shows the processes for after artemisinic acid is produced to artemisinin
· In specific, the reactions for chemical conversions for the precursor artemisinic acid to artemisinin 
· After artemisinin is developed, used in Artemisinin-based combination therapies

Optimization

· Through modifying the pathway in yeast through adjusting the expression of specific genes in the pathway, production was increased

· Native metabolic intermediates can be toxic at high concentrations

· “Pulling” on a pathway is just as important as “pushing”
· Stresses in a metabolic pathway can come from both direction 

· Be careful not to force the cell to overproduce the chemical to extremes because this results in the death of the cell
· DNA arrays and proteomics
· Analyze where certain chemicals are produced in a metabolic pathway, this helps to determine where other side reactions are occurring (i.e. side pathways that are affected, etc.)
· Library-based engineering of intergenic regions of operons
· Analyze the metabolic pathway to determine how to balance expression levels for specific genes
Optimization Contd.

· Functional genomics analyzes the dynamic aspects such as gene transcription, translation, and protein-protein interactions in cells
· Allows the redesign and understanding of metabolic pathway to better design/balance the pathway for maximum output
How Big of a Deal is this?

· Metabolic Engineering – 1970-80’s
· This field has been around since those times in the areas of fermentation, etc.

· The focus was to take existing cells and forcing them to overproduce a certain chemical or protein
· For synthetic biology, production of artemisinic acid in yeast and E. Coli is the “poster child” for cheaper drugs

· Difficult to synthesize and expensive molecules can be manufactured cheaply via synthetic biology

· Enzymes can catalyze in a single step what might take many steps using synthetic chemistry (expensive and difficult)
· This is the whole point of using synthetic biology to solve the problem of the arteimisinin shortage and costs
· Coupling multiple enzymes in a metabolic pathway, purification of chemical intermediates is not necessary before proceeding to the next reaction.
Slide 10 – Example of a Chemical route to Artemisinin

· This is to just show a difference between conventional methods and synthetic biology 
· Just for the audiences edification as to why synthetic chemistry cannot work
Artemsinic Acid in Yeast Particularly Novel? You Bet!

· A biological system that can convert cheap resources (i.e. glucose) into a high quality precursor of artemisinic acid 

· Use of a host that is easily obtainable and cheap to maintain as a microbial chassis

· The critical idea is the use of enzymes to catalyze complex molecules in a very few steps 

Integration of Existing Parts? 

· Genes for producing artemisinic acid (A.A.) from sweet wormwood

· Stable chassis that is modified to produce high yields of A.A.

· Modification/adjustment of metabolic pathway for high yields

Science: Is it testing out a basic science hypothesis? 

· Principles of metabolic engineering applicable toward synthetic biology

· Possible to use intracellular metabolites for the production of chemicals from simple starting materials (i.e. glucose)

· Possible to insert the gene for making a complex molecule into a different organism where the gene will successfully be expressed

· Understanding of how different genes from different organisms can affect metabolic system of host organism

Technology. Developing something that could end up as a useful technology? 

· Applicable in the industrial setting
· See the next slide
· Well-characterized biological parts

· Cytochrome P450’s, etc.

· Methodology for optimization of the mevalonate pathway

· Roots are in metabolic engineering but can apply toward other synthetic biology research
· Use of Enzymes

· Construct complex molecules in a safe and cost-effective manner

· Library-based engineering

· CAD and debugging tools aid biological design
Example of Industrial Process for Mass Manufacture of Artemisinic Acid
· Just to demonstrate that manufacturing the precursor artemisinic acid is truly applicable in today’s world – just go and get a bioreactor…
Outlook for VGEM Team

· The tools and techniques used in synthetic biology in a metabolic engineering form are similar to other tools/techniques for other components (cells, circuits)
*** I will review the important points about these tools and how they apply to the team**
· Chassis
· The host cell should be stable for long periods of cultivation

· Grow with minimal supplements & robust enough for industrial applications
· Vectors
· Used to transport the genes into and harbor the genes within the cell
· Promoters
· Essential role in controlling biosynthetic pathways
·  Simultaneous engagement of multiple genes
· Most complex molecules will require multiple enzymatic transformations – Important to coordinate expression of many genes simultaneously
· CAD and debugging
· Functional genomics, bioinformatics, etc.

· Faster and easier to identify and correct problems in engineered microorganisms
What is Impossible/Possible

· Impossible:

· Trip to Amazon to find cool genes in some obscure plant that produce molecules that suppress cancer or something along those lines
· Just like in the movies….
· Possible: 

· In literature: find a gene that manufactures a complex molecule and determine whether the codon usage of the genes and a host are compatible
· The stability of the chassis is important to the metabolic pathway

· Codon usage is very important because at this level, transcription of the genome is affected and mutations can occur with a unstable form of transcription

· Insert the genes via a vector and adjust the expression levels of the genes via promoters

· Just like the way they do it in industry and in labs
· Tweak the system in different ways to maximize the production of target chemical by using functional genomics, etc.
· In other words, balance the pathway for stability and maximum output without stressing the host cell too much (i.e. too strong promoters can kill)

