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Applications
The ability to build a higher level representation of a novel biological design from known parts, with
ﬂexible protocol automation and DNA expression characterization, is useful in any industrial or
academic setting where accurate predictions of the protein expression output of a genetic circuit is
relevant to the project design.

Problem Addressed
The ability to accurately predict the expression levels of biological circuits is built on an
understanding of the behavior of the individual elements involved in the biological circuit. Previous
prediction methods relied heavily on human experience to supplement insuﬃcient data. This design
process is often inconsistent and diﬃcult to replicate. A new system of tools that uses modular data
on the input and response dynamics of individual circuit elements to accurately and consistently
predict circuit behavior would greatly advance the ﬁeld of knowledge and provide researchers with a
systematic approach to the design and implementation of circuits.

Technology
This technology includes a pipeline to characterize the expression levels of test proteins whose
expressions are regulated by test regulatory elements. These test proteins are actively transcribed
when a constitutively expressed eﬀector-regulated protein is activated by an eﬀector molecule and
binds to the test regulatory element controlling the expression of the test proteins. Input reporter
proteins controlled by the same test regulatory elements as the genetic elements are used
to quantify the level of eﬀector protein activity, while output reporter proteins controlled by the
proteins encoded by the genetic elements are used to quantify the level of expression of the genetic
element itself. The process for collecting data on this circuit includes ﬁrst transfecting a population of
cells with plasmids that contain separate elements of the genetic circuit, followed by the transfecting
cells with a plasmid containing all the elements of the genetic circuit, then by integrating the entire
circuit within the cells' chromosomes, and ﬁnally by transfecting cells with a non-replicable singlecopy plasmid containing all the elements of the genetic circuit. At each step of the way, the cells are
screened by ﬂuorescence activated cell sorting (FACS) to measure the expression levels of input and
output reporter proteins in order to determine the activities of the eﬀector-regulated protein and test
protein. The data, which can be collected as early as two weeks into the characterization process,
are parsed and analyzed by the BioCompiler software system to determine the expression curve of
the test proteins. A separate MatchMaker software system can use this data to predict the signal
compatibility of test proteins when building a circuit containing multiple test protein elements, and
the Puppeteer software system then automatically generates a protocol for a liquid-handling robot to
implement the circuit designs in the laboratory.

Advantages
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High-level representation of biological designs with BioCompiler
Automated DNA part assignment with MatchMaker
Flexible protocol automation with Puppeteer
High-throughput DNA element characterization method with multiple data collection points and
fast turnover time
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