
 
 
 
 
 

 

Alma Mater Studiorum - University of Bologna  
Cellular and Molecular Engineering Laboratory - II Faculty of Engineering - Cesena Campus 

Students: M. Cavina, M. Cortesi, M. Marchetti, E. Passini, A. Samoré, P. Stallone, A. Tornani   
Instructors: S. Cavalcanti, F. Ceroni, E. D. Giordano, A. Hochkoeppler, M. Caprini 

1. T-REX Device 
The aim of the project is the design of a standard device to control the synthesis of a protein at the translational level, to allow silencing of  
�S�U�R�W�H�L�Q���H�[�S�U�H�V�V�L�R�Q���I�D�V�W�H�U���W�K�D�Q���X�V�L�Q�J���U�H�J�X�O�D�W�H�G���S�U�R�P�R�W�H�U�V���D�Q�G���U�H�J�D�U�G�O�H�V�V���W�K�H���S�U�R�W�H�L�Q���W�R���E�H���V�L�O�H�Q�F�H�G�����7�K�L�V���³�J�H�Q�H�U�D�O-�S�X�S�R�V�H�´���G�H�Y�L�F�H was named    

T-REX (Trans Repressor of Expression). It consists of two new 
BioBricks: the TRANS-repressor and the CIS-repressing. The  CIS  
sequence  is  to  be   assembled  upstream  of  the  protein  gene,  
while the TRANS sequence, complementary to the CIS one, is  
placed under the control of a different promoter (Fig.1). Transcrip-
tion  of  the  target  gene  yields  a  mRNA strand,  containing the 
CIS sequence at its 5' end, available for translation into protein by 
ribosomes (Fig.1, left panel). When the promoter  controlling the 
TRANS  coding  sequence is active its transcript binds with the CIS 
mRNA: this RNA  duplex  prevents  ribosomes  from  binding  to  
RBS,  thus silencing protein synthesis. (Fig.1, right panel). 

5. Part Characterization   

The intermediate parts of the Testing Circuit (Fig.2) were experimentally characterized, to obtain data for the 

model  parameter  identification.  We have developed a  Matlab code  (VIFluoR )  to  estimate  the  fluorescence  
emitted by a single bacterium from microscope image analysis (Fig. 6). To validate the program, we compared the  
fluorescence  determined  using microscope images with the fluorescence measured in the same bacterial culture 
using a fluorimeter (Tecan M200). 

5.1 Promoter Strengths: BBa_J23118 (1429) vs BBa_J23100 (2547) 

In order to identify the ratio between BBa_J23118 (1429) and BBa_J23100 (2547) promoters, we analyzed the BBa_K079031 and 
BBa_K079032 GFP production on pSB1A2 (Fig. 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

A notable experimental result is the roughly 30 fold increase in the fluorescence   
after 8 hrs in both cultures (Fig. 8c). A possible explanation of this observation, 
could rely on the required activation of the major s subunit of RNA polymerase, for 
transcription of most of the genes expressed in the exponential growth phase 
(Jishage M. et al. 1998). The BBa_K079032/ BBa_K079031 ratio was clearly appa-
rent after 8 hrs in culture and it was similar those estimated by imaging analysis. 

2. CIS & TRANS Design 
To  identify  CIS-repressing  and  TRANS-repressor,  we developed a  Matlab  code named BASER.  This code was used to seek  for  50bp  

non-coding DNA sequences, whose transcribed RNAs: 
 a)  feature maximal free energy in the secondary structure, reducing the probability of its intra-molecular annealing; 
 b)  have minimal unwanted interactions with genomic mRNA; 
 c)  present a minimal probability of partial/shifted hybridization with complementary strands. 
Starting from a randomly generated sequence,  the  algorithm  evaluates  a  score  for  each feature and try to minimize it, changing 5 adiacent 

nucleotides at every iteration. Here below are the CIS-repressing and TRANS-repressor sequenze identified by BASER: 
 

  CIS-repressing: 5' Prefix - AACACAAACTATCACTTTAACAACACATTACATATACATTAAAATATTACAAAGAGGAGAAA - 3' Suffix  

  TRANS-repressor (4): 5' Prefix - CTTTGTAATATTTTAATGTATATGTAATGTGTTGTTAAAGTGATAGTTTGTGTT - 3' Suffix  

  TRANS-repressor (7): 5' Prefix - CCTCTTTGTAATATTTTAATGTATATGTAATGTGTTGTTAAAGTGATAGTTTGTGTT - 3' Suffix 
 

The CIS-repressing  contains a ribosomal binding site (RBS) while, for a better repressive effect, the TRANS-repressor has a RBS cover, in 
two versions of different length (either 4 or 7 nucleotides).   

4. Mathematical Model  
To characterize T-REX device,  we  developed  a  mathematical model  of the testing circuit.  Transcription and translation processes were 

considered similar to a second order kinetics, like an enzymatic reaction: RNA polymerase (Ep) and ribosome (Eb) act as enzyme, gene 
promoter (D) and  RBS  sequence (M) act as substrates, mRNA (M) and protein (P) are the final products (Fig. 3). Model equations (Fig. 4) 
were deduced applying the law of mass action to biochemical reactions (Fig. 3). Computer simulator was implemented in SimuLink (Fig. 5). 

Figure 1 - T-REX device  

3. Testing Circuit 
A genetic circuit (Fig. 2) was designed to test the T-REX functionality and to establish the affinity between Cis and Trans. 
 
 
  
 
  
 
 
 
 
The 1429 promoter (BBa_J23118) and the CIS-repressing sequence are cloned upstream of the LacI coding sequence (BBa_C0012) on a low 
copy number plasmid (pSB3K3).  The   2547 promoter  (BBa_J23100) and the TRANS-repressor are cloned together downstream of a GFP 
generator controlled by LacI. In absence of TRANS, LacI is expressed and GFP silenced. When produced, the TRANS mRNA binds to the 
CIS mRNA and silences LacI translation. IPTG can be added to increase testing circuit sensitivity to TRANS effect.  

Figure 8b - BBa_K079031 vs BBa_K079032 
fluorescence 

Figure 8a - BBa_K079031 vs BBa_K079032 
growth curve 

Figure 8c - BBa_K079031 vs BBa_K079032 
fluorescence over OD 

5.2 Plasmid copy numbers: pSB1A2 vs pSB3K3  

In order to identify the ratio between the plasmid copy numbers of the high copy pSB1A2 and the low/medium copy pSB3K3, we analyzed the 
GFP production of the same insert (BBa_K201003) on both plasmids (Fig. 9). 

 
 
 
 
 
 
 
 
 
 

5.3 Influence of the Operator Site O2 

GFP expressions of BBa_K079032 and BBa_K201001 were compared (Fig. 10) to confirm that LacI natural operator O2 doesn't influence 
promoter strength in absence of LacI repressor.  
 

Figure 6 - Bacteria recognition: bacteria passing  
the morfological and focus test, are marked in yellow. 

Figure 10b - Presence of O2 
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Figure 10a - Absence of O2 
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Figure 7a - BBa_K079031 : circuit and bacteria Figure 7b - BBa_K079032: circuit and bacteria 

Figure 11 - LacI induction response circuit 

5.5 Computer Simulation of Testing Circuit 

After identification of model parameters on static and  dynamic  induction  
curves, we used the computer model to simulate T-REX device behaviour. In 
particular, we computed how the affinity between CIS and TRANS influences 
the GFP production, at different level of IPTG induction (Fig. 14).   
These curves allow the estimation of the CIS/TRANS dissociation constant 
from the measure of GFP. 

Figure 12a - Experimental data of the static induction, with different IPTG level.    
Data were fitted by the model. 

Figure 12b - Model prediction of promoter repression by Lac I.  

Figure 13c - Model fitting of the experimental data Figure 13b - Absolute fluorescence curve for the uninduced and induced 100 uM IPTG system.  Figure 13a - Growth curve for the uninduced and induced 100 uM IPTG system.  

5.4 IPTG induction 

To have a positive control of the testing circuit, we characterized the circuit (Fig. 11) that simulates the behaviour of testing circuit when 
the T-REX device is idle for the absence of TRANS-repressor or in case that TRANS-repressor mRNA is unable to silence LacI transla-
tion. To characterize this device, we studied both the static (Fig. 12) and the dynamic response (Fig.13) to IPTG induction. 

Figure 9B - BBa_K201003 on pSB3k3: circuit and bacteria 
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Figure 9a - BBa_K201003 on pSB1A2: circuit and bacteria 

BBa_K201003 on pSB1A2 

BBa_B0034 
BBa_E0040 

BBa_B0015 BBa_J23118 

Figure 14 - Model prediction of testing circuit GFP level  

Figure 3 - Biochemical Reactions Figure 4 - Differential Equations 

Figure 5 - Simulink Simulator 
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Figure 2 - Testing Circuit 
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