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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 translatiomaldsvalijeéncing of
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T-REX (Trans Repressor of Expression). It consists of two new
BioBricks: the TRANSrepressor and the Giepressing. 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 promotag(l). 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 Kig.1, left panel. When the promoter controlling the
TRANS coding seguence Is active its transcript binds with the CIS
MRNA: this RNA duplex prevents ribosomes from binding to
RBS, thus silencing protein synthesksig(1, right panel.

Figure 1 - T-REX device

2.CIS & TRANS Design

To identify ClSrepressing and TRANEpressor, we developed a Matlab code naived=R. This code was used to seek fabbp
noncoding DNA seguences, whose transcribed RNAs:

a) feature maximal free energy in the secondary structure, reducing the probabillity oftsaldcallar annealing;

0) 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 ohanguizg #,adiacent
nucleotides at every iteration. Here below areGl&-repressingandTRANS-repressorsequenze identified by BASER:

CIS-repressing 5' Prefix- AACACAAACTATCACTTTAACAACACATTACATATACAT TAASATBRTAGAGAAAS' Suffix
TRANS-repressor (4) 5' Prefix- CTTGTAATATTTTAATGTATATGTAATGTGTTGTTAAAGTGATAGT BT&RURBT T
TRANS-repressor (7) 5' Prefix- CCTCT GITAATATTTTAATGTATATGTAATGTGTTGTTAAAGTGATAGT BT&RURBT T

The CISrepressing contains a ribosomal binding 8kBS) while, for a better repressive effect, the TRAM®Bressor hasf@aBS cover in
two versions of different length (either 4 or 7 nucleotides).

3. Testing Circuit

A genetic circuit (Fig. 2) was designed to test theREX functionality and to establish the affinity between Cis and Trans.
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Figure 2 - Testing Circuit

The 1429 promoter (BBa J23118) and the-td@essing sequence are cloned upstream of the Lacl coding sequence (BBa_ C004®)/on a
copy number plasmid (pSB3K3). The 2547 promoter (BBa J23100) and the TieANSsor are cloned together downstream of a %F

tx_‘\

e 3
&

- University of Bologna 5 /A
TRANS REPRESSOR OF EXPRESSION

alD

<

D. Giordano, A. Hochkoeppler, M. Caprini

5. Part Characterization

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

emitted by a single bacterium from microscope image analygs®). To validate the program, we compared t

fluorescence determined using microscope images with the fluorescence measured in the same bacter Fiqure 6. sactr o
-. acteria recognltlon: acteria paSSI 1g

using a fluorimeter (Tecan M200). the morfological and focus test, are marked in yello.

5.1 Promoter StrengthsBBa_J23118(1429) vaBBa_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 pSB1AAd. 7).
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BBa_K079031 on pSB1A2 BBa_K079032 on pSB1A2

Figure 8a- BBa_K079031 vs BBa_K079032 Figure 8b - BBa_K079031 vs BBa_K079032 Figure 8c- BBa_K079031 vs BBa_K079032
growth curve fluorescence fluorescence over OD

A notable experimental result is the roughly 30 fold increase in the fluorescer
after 8 hrs in both cultures (Fig. 8c). A possible explanation of this observatic
could rely on the required activation of the major s subunit of RNA polymerase, f
transcription of most of the genes expressed in the exponential growth|ph
(Jishage M. et al. 1998). The BBa_K079032/ BBa K079031 ratio was clearly|apj
rent after 8 hrs in culture and it was similar those estimated by imaging analysis.

5.2 Plasmid copy numberuSB1A2vspSB3K3

In order to identify the ratio between the plasmid copy numbers of the high copy pSB1A2 and the low/medium copy pSB3HyZaddl
GFP production of the same insert (BBa_K201003) on both plask<9j.
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BBa_K201003 on pSB1A2 BBa_K201003 on pSB3K3

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

5.3 Influence of the Operator Sit®2

GFP expressions of BBa K079032 and BBa K201001 were comdagedl() to confirm that Lacl natural operator O2 doesn't influence
promoter strength in absence of Lacl repressor.
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Figure 10a- Absence of 02 Figure 10b- Presence of 02

.ZFL) IPTG Induction

generator controlled by Lacl. In absence of TRANS, Lacl is expressed and GFP silenced. When produced, the TRANS mRNRKebinds to

CIS mRNA and silences Lacl translation. IPTG can be added to increase testing circuit sensitivity to TRANS effect.

4. Mathematical Model

To characterize -REX device, we developed a mathematical model of the testing circuit. Transcription and translatssepnver:

considered similar to a second order kinetics, like an enzymatic reaction: RNA polyifiggassnd ribosomdEb) act as enzyme, gene

promoter(D) and RBS sequend®l) act as substrates, mRNMN) and proteinP) are the final productd-(g. 3). Model equationsHig. 4)
were deduced applying the law of mass action to biochemical readtign8)( Computer simulator was implemented in SimuLIRIg( 5).

Figure 3 - Biochemical Reactions Figure 4 - Differential Equations

Figure 5 - Simulink Simulator

To have a positive control of the testing circuit, we characterized the ckayltl() that simulates the behaviour of testing circuit when
the FREX device is idle for the absence of TRANKSpressor or in case that TRAN&pressor mRNA is unable to silence Lacl tfans
tion. To characterize this device, we studied both the sttic 12 and the dynamic responddd.13) to IPTG induction.

Figure 11 - Lacl induction response circuit Figure 12a- Experimental data of the static induction, with different IPTG level.

_ Figure 12b - Model prediction of promoter repression by Lac I.
Data were fitted by the model.

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

5.5 Computer Simulation of Testing Circuit

After identification of model parameters on static and dynamic indu
curves, we used the computer model to simulaREX device behaviour. |
particular, we computed how the affinity between CIS and TRANS Iinflug
the GFP production, at different level of IPTG inductibrg( 14).
These curves allow the estimation of the CIS/TRANS dissociation col
from the measure of GFP.

Figure 14 - Model prediction of testing circuit GFP level




