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Initial: varied expression-
levels and color

Final: all converge to 
same state and color  

Kilobots are small robots that can be programmed to produce complex community behaviors using electronic signals to 
communicate with each other [4]. The Kilobots provide a physical macroscopic model of our yeasts’ sense-and-secrete 
circuits that can be used to look for new behaviors when tuning communication parameters . 

This example shows a converging 
behavior similar to our project. 

See our wiki for examples of more programmed behaviors.

In nature, we see examples of cells in a local population that express a 
varying range of individual responses to a given stimulus, which may be due 
to differences in extracellular environment or intercellular makeup. Despite 
this variation, cells often coordinate to elicit a collective response as a
population, usually by developing unique social behaviors through 
cell-to-cell communication [1].
The goal of our project is to engineer a synthetic eukaryotic circuit 
that models variable individual responses and collective behavior 
of the population.
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The stimulus drives our INDIVIDUAL RESPONSE, 
production of GFP.

The stimulus will also drive the production of an 
endogenous yeast SIGNAL: alpha factor. All cells in 
the population can sense and secrete alpha factor.

To read out this COMMUNITY RESPONSE, we 
used an alpha factor responsive promoter (AFRP) 
to drive the fluorescent reporter RFP.

Biobricks Circuit
Our STIMULUS is controlled by the presence of the 
drug doxycycline and production of transcription 
factor rtTA. When these components bind they 
drive genes following the pTET promoter.

A The stimulus will directly drive a reporter to read 
out INDIVIDUAL RESPONSE.

B The stimulus will also control the output of a 
communication SIGNAL that can be sensed and 
secreted by all cells in the population, eliciting a 
COMMUNITY RESPONSE with a different 
reporter.

OverviewOur plan is to construct a circuit in S. cere-
visiae that measures both INDIVIDUAL 
and COMMUNITY responses to a stimulus.

BAR1

Positive FeedbackNegative Feedback

Our goal is to incorporate communication motifs that tune communication parameters  to 
potentially model other complex systems, such as population divergence. 

We can increase alpha factor secretion and alpha 
factor receptors in order to amplify the signal 
locally.

We can increase Bar1 secretion, a protease that 
degrades extracellular alpha factor, in order to 
limit signal range.

We have constructed tunable feedback loops utilizing AFRPs and have done preliminary testing, but have yet to acquire 
any conclusive data. Prior work and modeling indicates Bar1 secretion and strong positive feedback may lead to more 
complex behaviors such as divergence [1].
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Community Response

The below data from our flow cytometry 
analysis shows two distinct populations of 
expression.

Low Individual Response Strain
High Individual Response Strain

By rearranging the flow cytometry data and separating 
the GFP and RFP output, we can see that although we 
have two different individual responses, the community 
responses are the same.

INDIVIDUAL RESPONSE, GFP output, is plotted on 
the y axis while COMMUNITY RESPONSE, RFP 
output, is plotted on the x axis.

The differing GFP expression levels but similar RFP expression indicate a converging response different 
from when the populations respond individually. Therefore we confirmed our predictions and 
achieved our goal of building a cellular circuit that measures individual and collective behavior. 

Methodology
We test the ability of our circuit to produce convergent 
behavior despite synthetically engineered variation 
by mixing our circuits with the lowest and highest 
individual response (2). This synthetically engineered 
variation is achieved by altering constitutive pTEF1 
promoter mutants to drive rtTA.

We expect that through intercellular signaling and 
the community circuit (4), the two populations’ 
community response will look indistinguishable , 
as measured by flow cytometry.

1.Mix strains with different 
autonomous responses 
(GFP)

3.Measure the community 
response (RFP)

2.Induce the co-culture
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Promoter Characterization

Individual Response

We used two types of promoters endogenous to S. cerevisiae: 
5 constitutive promoters and 11 alpha-factor responsive 
promoters (AFRPs) [2, 3].

The promoters were placed in front of GFP and characterized 
using flow cytometry to measure fluorescence, then some 
were selected to drive our circuit’s individual response.

We measured the variability of 
our circuits’ individual response 
with differing pTEF1 promoter 
mutants driving rtTA (2) . 
When induced with different 
levels of doxycycline (1) , the 
circuits had the most variability 
near a doxycycline concentra-
tion of 0.3µg/µl.
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