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Talking Notes for Project 1

Overview:


This project is on Brown University's work in developing a tri-stable switch.  They based their design on Gardner's bistable switch, and designed an architecture that would expand this to tristability.  They also designed mathematical models of their system, such that they could make predictive simulations based on a few parameters.

Why?:


Gardner's work on a bistable switch in E-coli permitted systems to have a toggle between two states.  This framework is exceptionally useful in system design that requires memory or any sort of repeated transition.  However, the approach is somewhat limited in that it only provides for two states; if a system required an off state in addition to two working states, this would be a difficult concatenation of switches that would likely prove unreliable.  Thus, an extension of Gardner's work into higher order switches seems expedient.

The Design:


As Gardner's switch had two repressible promoters, each of which triggered the repression of the other, the tri-stable switch has three, each of which triggers repression of the other two.  Since each of these repressors can be inactivated by an inducer ligand, it is possible to induce any of the three states.  Due to the mutual repression, only one of the states will be active at once, showing tristability.  In this design, RFP, CFP, and YFP will be used to determine which state is active, but in a more general design, each state could trigger any arbitrary gene sequence.

The Players:


Each of the repressors used has slightly different chemistry, although the net effect is the same for each.  Each can repress the corresponding promoter region and is inactivated by an inducer.  The multimer nature of the proteins mainly affects how they're modeled, although precise structure and function is always useful to know.

The Model:


The team started out modeling by making some justifiable assumptions about the system and actually developing the differential equations for the system from basic kinetics relations.  This includes rate constants for every synthesis, decomposition, and binding reaction as well as empirical models for cell volume development.  By generating a set of differential equations that shows time evolution of monomer protein concentrations, they would obtain a model with a fixed number of parameters that would completely model the continuous system.  Unfortunately, due to the number of reactions involved, this system quickly grows quite unwieldy.

The Model (simplified):


Due to the inordinate difficulty the team would face in any kind of parameter extraction from such a system, they decided to again follow Gardner's lead and use a simplified set of equations.  These equations depend only on two parameters for each state: the unhindered promoter's rate of production, αi, and the “cooperativity” of the repressor protein, βi.  As can be seen from these equations, as alpha increases for each promoter, the rate of repressor production increases, as would be expected.  Beta, the cooperativity, is a little less straightforward, and is roughly how much additional repressor molecules aids all the repressor molecules in their function.

Model Results:


For β = 1, repression is linear in repression concentration, and additional repressor molecules only contribute to repression in direct proportion to their number.  For β = 2, however, doubling the repressor concentration will quadruple the effective repression, enabling sharper thresholds for state transitions.  Greater values of β improve this threshold sharpness further.

Establishing Parameters:

· The team developed three tests that they would use to measure model parameters. 

· The first test directly measured α by establishing a repressed promoter in sequence with a given RBS and GFP.  When an inducer is added to the system, repression of the promoter would end, and GFP would be produced at the promoter's maximal rate.  This maximum is α.  In this case, they were able to determine that roughly equivalent values of α for each promoter region are necessary for tristability, so the RBS's would be adjusted to give similar α values.

· The second test measures β in a less straightforward fashion.  The system is established such that the first promoter is repressed and the second is not.  Thus, there is only YFP generation, not GFP.  When the first promoter is induced, this triggers the expression of the repressor as well as GFP.  Since GFP should have a similar concentration to the repressor, and YFP concentration is reduced due to repression by the repressor, by plotting one against the other on a semilog plot should reveal what power of the repressor yields the corresponding repression.

· The third test measures the effect of the inducer on the system.  By simply setting up the repressor to repress expression of GFP, one can measure exactly how inducer concentration affects GFP concentration, and, hence, repression.  This would enable the team to ensure they don't use more inducer than necessary when changing state, since this could have adverse effects on other cell dynamics.

Results of the Project:


While Brown's team wasn't fully able to construct and test their system, they did make significant progress in the characterization and development of it.  They were able to create a new genetic architecture using existing parts, develop realistic models of the resulting system, and design tests that could aid in elucidating key parameters of their system that they could then tweak to their preference.

While I'm not certain that any of their research will directly translate into any specific project for our team, this methodology of designing, modeling, and testing genetic systems will be essential to our success, and Brown's example is exemplary.

