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Abstract 
 
This project is aimed at building a synthetic circuit in mammalian cells in the form of a “toggle 
switch” for in vivo delivery of mRNA/protein. This synthetic network enables to “switch on” and 
“off” expression of a protein at will, without the need of external inducer molecules, but tran-
siently. 

The network has already been built, it comprises of a transcription factor (TF) that inhibits tran-
scription of shRNA silencing the TF itself. This reciprocal inhibition enables the toggle to be in 
one of two possible states, high TF and low shRNA, or vice-versa. The switch between the two 
possible states is obtained by the transient introduction of an external inducer of the currently ac-
tive repressor. Once the network has switched, the new epigenetic state is maintained indefinitely 
or until the application of the other inducer. 

We are using a lentiviral backbone, pLVUTH, containing a Tet-repressor-KRAB based TET-ON 
system under the control of the Ubiquitin promoter, and a TRE-H1 promoter expressing an ap-
tamer-fused shRNA (silencing TTR) in a TTR responsive manner. The switch transition is pro-
voked by theophylline that inhibits the aptamer-fused shRNAs or doxycycline that inhibits the 
TTR protein. The use of an aptamer fused shRNA responsive to theophyllline to silence tran-



scription is a major novelty which also allows for the whole circuit to be contained in a single 
lentiviral vector. The same vector is utilized throughout the study and it will permit testing the 
circuit on stably integrated primary cell and later animal models. So far both the inducible sys-
tems have been tested with positive results and the virus expressing the circuit has been produced 
in Hek293T cells. 

In order to investigate design constraints and parameters, we derived a semi-quantitative model 
based on ordinary differential equations. The mathematical variables of this model are the con-
centrations of the protein tTR/KRAB, the mRNA tTR and the shRNA tTR. Transcription was 
assumed to follow Hill kinetics and translation was modeled as a first order process. The shRNA-
mRNA interaction was modeled based on mass-conservation principles and kinetic rate laws. The 
model predictions were in good agreement with the experiments. 

The presented toggle is envisioned not only as a device with applications for gene therapy, but as 
a double inducible system which could be of use in perturbations experiments for functional ge-
nomics and systems biology. 
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