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This year's ETH Zurich project tackles a fundamental problem of synthetic biology: the minimal genome. Exploring the minimal set of genes that is
able to support life is not only a question of significant biological interest, it is also a crucial step towards the implementation of orthogonal functionalities
into a rationally designed complex biological system. An organism carrying a minimal genome would provide a simple chassis for biological engineering. We
attempted to exploit the power of accelerated evolution for a genome reduction strategy. Our approach is based on an iterative cycle of genome reduction
and strain selection. We propose a novel method to randomly delete chromosomal DNA fragments by controlled expression of restriction enzymes and li-
gases in vivo. Furthermore, we develop a chemostat-based condition to select for cells with a smaller genome size by constraining nucleotide availability.

® o Computationally, we analyze the genome for the optimal restriction enzyme, and perform flux balance analysis on a genome scale model to predict growth
Puls Generator of reduced genome strains. Finally, we simulate the restriction enzyme expression and the progression of selection.
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Pulsing
We decided to build a simple pulse generator based on Lacl IS mutants, which A novel transcriptional circuit, that is able to sense an initiating and termi-
upon expression rapidly silence lac-controlled expression despite the presence of nating signal and to control a pulse of restriction enzymes, was designed and
IPTG. This allows us to induce expression with IPTG and terminate expression by analyzed using
addition of tetracyline. ordinary differen-
Since it is independent tial equations.
of removal of inducer The circuit can be
by complete exchange seen on the right
m of medium, it can be and the calcu-
used inside the chemo- lated behaviour
stat. Eight Lacl IS mu- below.
tants were generated
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Rcstri ction D
In order to prove the concept of /n vivo restriction E. coli K12 genome was digested using 713 restriction enzymes and, using anno-
and ligation in the chromosome, we designed the tation information, statistical analysis was applied on the calculated fragments.
construct depcited on the left. Upon successful inte- Furthermore the state-of-the-art genome scale model for E. coli iAF1260 (1,260
gration into the chromosome and in vivo restriction genes included) was
by the endonuclease Scel and religation by the T4 modified to account for m
ligase, the sacB sensitivity gene and the terminator thymidine auxotrophy-
( are cut out and RFP will be synthesized since it has city, thymidine uptaking
come into proximity of the promoter. (Scel was limitation, genome re-
chosen because E. coli does not carry a Scel re- duction and growth on
striciton site and therewith guarantee the specific different medium. Sto- I\
cutting essential for the proof of this concept.) Addi- chastic algorithm and
tion of sucrose to the medium kills all cells that have flux balance analysis
not eliminated the sacB sensitivity gene and suc- were applied to predict
cessful removal of the insert can be controlled by growth rates. In the
RFP flourescence. The final minimizing circuit will figure can see predicted I\I
express a different restriction enzyme according to min. genomes for three
the results of our modeling analyses. different conditions.
Selcctaon 2
We constructed two thymidine knockout strains MG1655 and MDS42 (the latter A classical
has a 15% smaller genome). Since thymidine auxotrophy is what our selection chemostat model,
method in the chemostat is based on, we performed growth experiments. To using ordinary
evaluate this assumption, we implemented several experiments in order to show differential equa-
that growth rate can tions, was con-
\l be controled by thy- structed and ana- m
midine concentration lyzed in terms of
(which is shown in SClCCtiOﬂ sensitivity analy-
the graph) and that sis and simulation
smaller genomes of realistic data.
have an advantage This simulaiton
under thymidine shows the itera-
limitation. tive selection

after every pulse
of restriciton in
the chemostat.

(_onclussion

We showed evidence that it is possible to control the growth rate by constraining thymidine feeding, thus validating our proposed selection mechanism.

We used the state-of-the-art genome scale model for E. coli as a framework for testing single cell response to our reduction and selection mechanisms.

We performed a modifi cation of the model and simulations that permitted to quantitatively validate the feasibility of our selection method and to predict
a reduction of up to 71% of the E. coli genome.

We constructed and characterized new biobricks for our switch circuit descriped above and a biobrick, able to stop ribosomal functionality upon induction.

We were able to show that the overal goal is feasible and it will be pursued in a follow up project.
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