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CHE.496 Biological Systems Design
Project 1 – “Directed Evolution of a Genetic Circuit”

Note: This presentation is primarily based on content taken from the paper “Directed evolution of a genetic circuit” by Yokobayashi, Weiss and Arnold (PNAS, 2002).
What is a genetic circuit?

·   Genetic circuits are collections of basic elements that interact to produce a particular behavior. By constructing biochemical logic circuits and embedding them in cells, one can extend or modify the behavior of cells. (Wang and Chen, 2007).
Why build genetic circuits?

·   Insight into operating principles of natural genetic circuits/networks

·   Useful in diagnosing and treating diseases, for example

·   Control for cellular systems used in biotechnology applications

·   The idea being that cells are able to be programmed in a way similar to computers

How to build a genetic circuit

·   Rational design

·   Usually does not work (I/O does not match)

·   Evolutionary engineering

·   No way to implement design goals!

·   Combined approach – directed evolution

·   Tweaking a rational design with evolution

·   Has proven to be a valuable approach

Directed evolution

·   Diversification

·   Rational mutations of an engineered system (e.g., a circuit) result in a library of variants

·   Selection

·   Variants are screened according to desired properties (usually by using a FP)

·   Amplification

·   Successful variants are replicated and sequenced

Why it’s difficult to do

·   Many poorly understood components (DNA, mRNA, protein) and interaction parameters

·   Components are optimized to function in their natural environment

·   Multi-component circuit is not easily optimized in a straight-forward fashion

Why it might work

·   Despite unknown, complex interactions evolution provides a uniquely powerful design feature

·   Natural or artificial selection forces evolution/optimization to occur

·   Badly matching parts can be reconciled to produce a functional system, overcoming the engineer’s ignorance

Example (from “Directed Evolution of a Genetic Circuit”)
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The problem

·   EYFP was not produced at any IPTG concentration

·   Interfaces were mismatched (protein concentration levels did not agree)

·   These “gates” must interpret the same logic level for system to function

·   The idea is to “map” the CI input levels to corresponding λPRO12 output expression levels

Rational approach

·   Multiple site-directed mutagenesis (modify RBS or operator sequences)

·   Guided by quantitative simulations using published kinetic rates

·   Solutions (labor-intensive)

·   Weaken repressor binding (mutate operator in λPRO12 promoter)

·   Decrease level of CI repressor (mutate and weaken RBS, decrease CI translation when the leaky Plac is repressed by LacI)

Directed evolution approach

·   Targeted random mutations in cI and its RBS to determine if functional circuits could be made this way

·   ~50% colonies in the library fluoresced (i.e., expressed the EYFP reporter)

·   These colonies were transferred to a plate containing 800 μM IPTG

·   ~5-10% colonies were nonfluorescent
What was learned

·   DNA sequencing revealed many solutions

·   Some of the mutations are thought to reduce repressor-operator binding affinity

·   Result: truncated protein, but still biochemically active in this system’s context

·   Others probably reduced translation efficiency by

·   Shifting the translation start position and/or

·   Reducing the ribosome binding (similar to Weiss’ rational approach)

Big picture points

·   Evolved mutants adjust component interactions to achieve biochemical matching of genetic devices

·   However, predicting the necessary mutations is nearly impossible

·   Although both rational and directed evolution approaches provide solutions, directed evolution may save time and provide answers that you wouldn’t come up with otherwise

Lessons for the VGEM Team

·   Directed evolution can solve complex in vivo optimization problems involving many poorly understood interactions

·   Laboratory evolution is an algorithmic design process and amenable to automation, if everything is standardized

·   Genetic devices and circuits respond to evolutionary optimization and should be linked to an observable output (e.g., a FP)
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