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Future Work

Expand the system to multiple (>2) cells in a
3-dimensional organization
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*Perform a more complex 3-dimensional
diffusion analysis of the coupling molecule
based on defined spatial arrangements

Oscillation of a protein in two unsynchronized cells
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Synchronization
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Abstract

The biological aspects of this project involve providing basic operational
parameters to the design team and the construction of the system by the cloning
team In the lab. The implementation of the system involves the synthesis of 4
plasmids. Each plasmid contains between 5 and 15 individual genetic elements
of several types. This includes coding genes that dictate the proteins produced,
promoters that control the expression of these genes, and terminators that
control transcription.

At this point, the system has been implemented Iin bacteria. However, In
principle it should be possible to transfer this system to any organism. In
coming semesters, we hope to move this to more complex multocellular
organisms — our initial target is a lower vertebrate, the Zebrafish, Danio rerio.
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Construction status
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Plasmid Status

pLac-GFP PREPMoONO Plasmid completed

Confirmed with sequencing,
ready for ligation

Confirmed with sequencing,
ready for ligation
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Our plasmids...

These four plasmid targets are the ultimate realization of our project. pOSC
contains the three sets of linked repressors and promoters; this plasmid
controls the system and is one of the the most complex, containing 15 elements.
We have developed two auxiliary reporter plasmids, pREPmono and pREPbDIs,
which report the state of pOSC In a way that Is easy to detect. These three
plasmids have been under development for the past 2 semesters, and we have
completed one and very nearly completed two others.

We have also developed a new target plasmid, pSYNCH, a modified version of
POSC. The design for this plasmid was only recently developed since it is
dependent on the results of modeling analysis obtained this semester, so the
Implementation of this target Is just beginning
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The Big Picture

Applications

The purpose of this project is to
understand how genes interact
with each other within a living

organism, and potentially to
modify or even synthesize
novel organisms. In order to
understand this, a simple
dynamic genetic system was
constructed.

This may seem like a fantasy, with Genetically Insulin
technigues from synthetic biology, it Is Modified Crops Production
possible to create organisms that deviate
from nature. Simple transgenic organisms
are already being produced, such as
transgenic food plants or the Glo-Fish
shown below, which involve only 1 or 2
genetic elements. Our system incorporates
about 25 genetic elements, a step toward
the simplest organisms which include 50
genes.
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Simpler systems behave as hoped - or how It
must be understood will at all. e,
before more complex o

systems can be
constructed. If the
approach to how
genes interact Is

All the functions of our circuit
are carried out by biological
machines — even output: here
fluorescent proteins controlled

understood, our own by genes we inserted report
biological system can about the state of the genetic
be designed. system.

In Our Project...

A biological circuit in bacteria was developed that changes the organism’s
helr characteristic behavior. This was done by assembling simple biological
machines according to a specific plan. A synchronized oscillatory system
was chosen since it encompassed dynamic behavior, communication and
environmental sensing — all hallmarks of living systems. We are now taking
the first steps toward moving into higher organisms — and eventually even
humans.
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