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Abstract

Implementing in vivo information
processing is a key challenge in syn-
thetic biology. We describe the con-
struction and characterization of dig-
ital transcription-based devices from
zinc fingers and leucine zippers. We
also present a framework around de-
vice design and performance.

Goal

Implement in vivo combinational digital logic using
transcription-based devices.

Parts level implementation

Figure 1: NOT devices can be implemented using 4
parts: an RBS (ribosome binding site), CDS (coding
sequence), terminator and regulatory region.

Biological implementation

Figure 2: The CDS encodes a repressor that binds
DNA (to repress transcription) and dimerizes (to ex-
hibit cooperativity). The regulatory region binds re-
pressor and has -35 and -10 sites that bind RNA
polymerase to initiate transcription.

Device behavior

Figure 3: Static device function is described by a
transfer characteristic: a plot of device output ver-
sus device input.

Performance metrics

Figure 4: The swing, noise margin and trip point are
the key metrics of device performance [1, 3]. Ideal
devices maximize the noise margin and have a trip
point close to half the device swing.

Question: What swing and noise margin do we need
for reliable in vivo operation of transcription-based
logic devices?

Noise in device signals lead to errors
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Figure 5: Device output signals are log-normally dis-
tributed [2]. Overlap in the signal distributions for
logical 0 and logical 1 can lead to errors.

Error rate as a function of swing
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Figure 6: The device error rate decreases as swing
increases.

Answer: The target device swing depends on the
error rate we can tolerate in device operation. It is
likely to vary according to the application. We need
to choose an acceptable device error rate.

In vivo transfer curve

Figure 7: Normalized fluorescence versus inducer
concentration for inverters BBa Q20060.

In vitro transcriptional repression

Figure 8: Preincubation of protein and regulatory re-
gion results in transcriptional repression.

Repressor expression is high

Figure 9: The repressor is expressed at high levels in

vivo.

Future work

1. Improve repression in vivo.

2.Demonstrate scalability of design.

Acknowledgements
I would like to thank Tom Knight, Drew Endy, Austin Che, Scot
Wolfe, Keith Joung, Amy Keating, Carl Pabo, Bob Sauer, Bruce
Tidor, the Knight lab, the Endy lab and the MIT SBWG for valu-
able discussions and support.
Funding for this work has been provided by the NSF GRF, the
Whitaker Foundation GRF, the Andy and Erna Viterbi Graduate
Fellowship in Computational Biology and NSF SynBERC.

rshetty@mit.edu
http://openwetware.org/wiki/Reshma Shetty

References
[1] C. F. Hill. Noise margin and noise immunity in logic circuits. Microelectronics, 1:16–22, April 1968.

[2] N. Rosenfeld, J. W. Young, U. Alon, P. S. Swain, and M. B. Elowitz. Gene regulation at the single-cell
level. Science, 307(5717):1962–5, 2005.

[3] R. Weiss, T. F. Knight Jr, and G. Sussman. Cellular Computing, chapter 4, pages 43–73. Series in
Systems Biology. Oxford University Press, 2004.


