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BACKGROUND

HUMAN PRACTICES
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RESULTS
BBa_K1723001 TRANSISTOR RESPONSE

We showed in E. coli that fusion dCas9 targeted to site 
‘A’ activates expression and turns the transistor ‘on’. Tar-
geting ‘R1’ and ‘R2’ sites preserves basal expression: the 
transistor is still ‘off’. Simultaneous targeting of ‘A’ and 
‘R2’ sites sets the transistor to ‘off’ as well. 

Overall, this promoter mimics an electronic PNP tran-
sistor (for ‘A’ the emitter, ‘R2’ the base and ‘GFP’ the col-
lector).
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MULTIPLICABILITY

Building on the transistor response experiment, we mu-
tated BBa_K1723001 transistor regulatory sites to make 
the BBa_K1723005 transistor.

We observed that regulation patterns depend mainly on 
the location - not the sequence - of the targeted site : the 
fluorescence response of the new transistor is similar to 
that of the original one.

METHODOLOGY
Promoter strength of the transistor according to gRNA input was assessed by fluorometry. The transistors 
were set up on a reporter plasmid to produce GFPmut2 in JEN202 E. coli expressing dCas9-ω and diffe-
rent gRNAs (results in S. cerevisiae were produced but are omitted here).

Fluorescence was measured for 8 to 10 hours with a microplate reader in relative fluorescence units (RFU) 
and normalised by optical density at 600nm (OD600). Measurements are given at steady state.
Autofluorescence is the measure of JEN202 + dCas9-ω without reporter plasmid, whereas basal has the 
reporter plasmid but lacks dCas9-ω.

For each construct, we measured three biological replicates for which the median of three technical repli-
cates was used.
The error bars represent the standard deviation of the biological replicates. 
o, *, **, *** represent p values >= 10%, < 10%, < 5%, < 1% respectively for unilateral Welch’s t-tests on the 
population means.

We notice that mutation preserves promoter strength.
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ORTHOGONALITY

Due to the binding properties of dCas9, promoters should not be activated 
nor inhibited by gRNAs that are not complementary to their regulation 
sites.

We tested this in the lab and obtained fluorescence levels close to au-
tofluorescence that are not significantly different from each other. This 
suggests that transistors can be regulated specifically.

CHAINABILITY
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We determined it is possible to chain 
transistors: promoter activation was 
successfully transmitted from one 
transistor to another.

We noticed that basal fluorescence level is higher for chained tran-
sistors than for a single transistor. This may be due to leakage of the 
upstream promoter as inhibition of the upstream promoter seems to 
reduce basal expression of the chained construct (not shown here).

MODELING
We used statistical mechanics in order to compute the binding probability of two dCas9 on the same promoter (one at the activating site, the other at the inhibiting site). We 
used a lattice model and the partition function (the sum of unnormalized probabilities for each possible configuration) is:

J is the interaction energy between two dCas9. In the limiting case J=0, we 
have independent binding. For J=∞ the binding is exclusive (only one dCas9 
can bind to the promoter). Binding probabilities (derived from Z) allowed us 
to compute the response of the transistor in function of dCas9 concentra-
tions. At steady state we were able to reproduce all wet lab results solely 
by using experimental activation to basal and inhibition to basal ratios!

Z = OR
J = 0
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We also used our model to study more complex systems composed of multiple transistors 
and in particular a NAND gate.
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Using the model of independent binding (J=0), we were able to reproduce the truth table 
of this gate in silico! Our model is deterministic and is a simplification of a real biological 
system. This is nevertheless an encouraging result calling for supplementary experimental 
effort to build a NAND gate in vivo.
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What is your feeling about the
definition of synthetic biology ?

What is your opinion on GMOs ?
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The GMO stigma

Through a public survey in the streets of Lausanne, we observed enthu-
siasm for the term «synthetic biology» but a clear hostility to the acronym 
«GMO», which led us to investigate the matters of communication and inte-
raction between the general public and researchers.

This led us to inviting fifty high school students to our campus, in order to 
communicate and interact. In addition to showing them around our lab, we 
confronted them with the brainstorming of an iGEM project and the ethical 
questions linked with gene regulation and modification technologies through 
role-playing.

We addressed this with ele-
ven experts from various 
fields: ethics, biology, law, 
politics, journalism, religion 
and industry. We discussed 
their points of view in an ar-
ticle accessible on our wiki.
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Bio LOGIC
Logic Orthogonal gRNA-Implemented Circuits 
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building complex biological circuits is diffi-
cult because each step requires a different 
transcription factor (tf) that should meet 
the following requirements {1} :

ORTHOGONALITYHOMOGENEITY

BioLOGIC is based on a 
single fusion protein 

rna polymerase (rnap) 
recruiting element {2} 

dCas9

Dcas9 binds a 
guide-rna (grna) that 
will guide it towards 
a complementary dna 
sequence.

grna

dCas9 can act on promoters both as an     
activator or a steric inhibitor, depending   
on where it binds {3}.

when both 
activatory 
(a) and 
inhibitory 
(r) sites 
are bound, 
inhibition 
primes!
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The Bio LOGIC transistor can be seen as a pro-
moter sequence that processes the presence 
of certain gRNAs and that consequently 
produces (or not) another gRNA. By chaining 
these transistors one could imagine building 
more complex circuits.
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Our team TESTED the 
following properties 
of the BioLOGIC tran-
sistor: response, mul-
tiplicability, chainabi-
lity a nd orthogona-
lity. assembly of BioLO-
GIC transistors into a 
nand gate w as m ode-
led.a
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