
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
  
 
 
 
 
 
 

 
 
 
 

o Boolean  control of cell regulation  
o Genetic stability of the switch  
o Possible integration of 

recombination based logic gates 

Improving  RFP function  

Help other  iGEM teams 

Novel  approaches  

o RFP combined  with  logic gates 

o Michigan  (riboswitches  sended )  
o Norwich  (collecting  soil  samples ) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
  
 
 
 
 
 
 

 
 
 
 

E. calculus  
Yes we count ! 

Meet the TEAM 
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XL1 strain at 37°C 

+IPTG +aTc = riboregulator induced and efficient.  
+IPTG -aTc = expression not null.  
-IPTG ��aTc = expression close to background level. 

o Irreversibility of the genetic switch.  
o Accuracy of the genetic transmission of 

the gate state.  
o Generation of double switch. 
o Enhanced control of expression via 

designed riboregulators. 
o Successful modeling of Quorum Sensor 

molecule diffusion. 

Objective

o Design one way switch AND & XOR gates. 

Characterization  
RFP gene used  to  characterize  the  gates. 
 
 
 

 Design validated but needs optimization  XOR1, XOR2, AND1 gates switched using their specific recombinases.  

Natural  biological  regulations  are specialized  processes. Recombination -based Boolean  
logic gates are highly  efficient  biological  modules  that  can be integrated  into  complex  
genetic  devices to  design  artificial  metabolic  pathways . 

Our aims: 
o Transpose Boolean logic concepts into genetic devices capable of complex decisions. 
o Evidence the power of recombination -based logic gates. 
As a proof  of  concept,  we imagined  assembling  genetic  logic gates in a bacterial  chassis to  
create  a binary  full -adder . 

 

o Input design not optimal for binary 
operations.  

o Intermediate constructions added 
to the registry.  

o Leaky production of RFP 
due to weak expression of 
TetR. 

o Positive induction  with  aTc. 

General Inducer  

o Switch to the "calculation" state.  
o TetR represses the transcription 

of the three input sensors.  
o aTc inhibits TetR, production of 

the recombinases, calculation 
starts.   

o RFP output for testing purposes.  

Red and Blue Sensors  

o Input  numbers  = lights . 
o RFP output  for  testing  purposes .  
o RFP should  express  in darkness ; not  in 

the  presence  of  light .  
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o One colony = one bit  calculator  
o Petri dish = n-bits full  adder  

Link genetic  logic gates to : 

o An input  system converting  absence and presence  of  
lights  into  biological  signals; 

o The production  and diffusion  of  a signaling  molecule,  
AHL, to  perform  the  carry  addition  step; 

o An easily readable  output  (RFP) consisting  of  a visible  
pigmentation  of  the  bacteria . 

o Light illuminates one E. calculus colony, allowing 
calculation and possible synthesis of AHL if 
needed.  

o After a defined time (necessary for AHL to diffuse) 
illumination of the next colony can start. 
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Analytical solution  

o Analytical solution of the 
diffusion.  

Objective  

o Validate the design of the 
calculator device.  

Diffusion coefficient 
determination  

o Reporter strain (C. violaceum) 
producing violacein  with AHL.  

 
 
 
 
 
 

o AHL diffusion model.  
o Possible prediction of device optimal geometry.  

A 

Suppression of Plac leakage 

Plac.RFP 

R1-RFP 
(BBa_K1132032) 

riboregulator  
without RFP  

Fluorescence study 

Results  

Logical  gates  
o XOR1 and AND1  gates with 

recombinases sites (Tp901.1 and 
Bxb1) surrounded by terminators.  
 
 

o XOR2 and AND2 gates with 
recombinases sites (PhiC31 and FimE)  
surrounded by reversed genes or 
promoters.  

XOR 1 switch  with  Bxb1 validated . 

In vitro  In vivo 

Switch of  XOR1 confirmed . 

o XOR 2 switched  (FimE or 
FimE+PhiC31). 

o Switched plasmids 
assayed with PhiC31. 

o Validation of double 
switch.  AND1 switched  by Bxb1 confirmed  by sequencing .  

Implementation  of a Boolean  
logic in a microorganism : should  
a living cell respond  like a 
perfect  electronic  device?  

New biobrick  characterization  
and validation  

Ethical reflexion  

R1-pLac-RFP with  aTc and IPTG 
 (BBa_K1132043) o Logic gates ���%�%�D�B�.������������������ 

o Riboregulators (BBa_K1132042..) 

o Recombinases ���%�%�D�B�.������������������ 

o Input signals (BBa_K1132011����  

o General inducer (�%�%�D�B�.������������������ 

o PolT7 (�%�%�D�B�.������������������ 

37 biobricks  added  

Objective  
o Tight regulation of gene 

expression even with 
leaky promoters.  

Translation is blocked by RNA secondary 
structure  

If P2 activated  

RBS sequestered  
�Æ No translation  

RBS release 
�Æ Translation 

If P1 and P2 activated  Experimental  design  

How does  it  work  

o In vitro  assay 
Gate plasmids  incubated  with  cell lysate containing  recombinase . 
Transformation  to  quantify  switched  plasmids . 
o In vivo assay 
Cotransformation  of  the  gate and the  recombinase  plasmids . 
Measurements  of  RFP fluorescence . 

Numerical Model  

o Model diffusion in a two -
dimensional space . 

o (A) from  a central  well . 
o (B) AHL diffusion in the agar 

from well 1 to wells 2 and 3. 
o (C) AHL received by the 

colonies.  

Derepression 
P1 P2 
aTc IPTG Phenotype 
- - White 
- + White or pink 
+ - White 
+ + Red 
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FimE+PhiC31 


