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Kill switch based on the MazEF system

Short description:

The MazEF system is found in E.Coli and Bacillus Subtilis. The system consists in two adjacent genes mazE
and mazFlocated downstreamthe relA gene.

MazE and MazF are co-transcribed under a Pmaz promoter.

MazF is a toxin while MazE is the anti-toxin. The MazEF complex also inhibits the Pmaz promoter. Theidea
of the switch is to synthesize under certain conditions the anti-MazE protein which prevents translation of
the Mazk protein. Thus it will prevent it from binding MazF. The concentration of MazF in the circuit will
increase and lead to cell death.
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MODEL1

The system is described by the following set of reactions:

aTc-->antiMazE
Pmaz-->mRNA _MazE
mRNA_MazE-->
Pmaz-->mRNA_MazF
mRNA_MazF-->
antiMazE+MazE-->
antiMazE -->
MRNA_MazF -->MazF
MazF-->
MRNA_MazE -->MazE
MazE+CIpAP-->CIpAP
MazE-->
2*MazF<-->DmazF
DMazF+MazE<-->DMazF E

DMazF_E+MazE<-->DMazF_E2

3*DMazF_E2+Pmaz<-->Pblock

All the equation were derived from this set using mass action kinetic, using the following set of parameters:



Name Value | Unit Source Description
kProd 150 | nM-1min-1 Inferred from [3] and [6] constitutive production of MazEg/F
dmrnaMazE 0.1 [ min-1
dmrnaMazF 0.1 [ min-1
dmazk 0,1 | min-1 Standard degradation rate [8] degradation of MazE
dmazF 0,1 [ min-1 Standard degradation rate[8] degradation of MazF
dantiMaz 0,1 | min-1 Standard degradation rate[8] degradation of antimaz
kdmazf 0,1 | nM-1min-1 Inferred from[5,7] based on Kd dimerizatioin rate of MazF
values
1| min-1 Inferred from[5,7] based onKd dissociation rate of mazf
k_dmazf values
AM-1min-1 Inferred from([5,7] based onKd
kdmazfe 0,01 values mazE-MazF binding rate
1 Inferred from[5,7] based onKd
k_dmazfe Min-1 values mazE-MazF unbindingrate
[Inferred from[5,7] based on Kd L
kdmazfe2 0,1 nM-1min-1 values mazF_E - mazk binding
Inferred from([5,7] based onKd
10 . -
k_dmazfe2 Min-1 values mazF_E - mazE unbinding
00001 Inferred from[5,7] based on Kd
kpbloc ! nM-1min-1 values MazF_E2 binding to DNA strand
Inferred from[5,7] based on Kd MazF_E2 unbinding from DNA
k_pbloc 2 Min-1 values strand
14400 Time constant of the cfu in the Maz
cfucoeff 3 Inferred from[1] system
) 002 Obtained by fitting dose response ) _ o
Kanti ’ nM curve from [5] Michaelis-Menten kinetic constant
) 1 Obtained by fitting dose response ) ) o
nanti none curve from [5] Michaelis-Menten kinetic coeff
Kinhib 0,02 [ nM Invented based on standard values Michaelis-Menten kinetic constant
o 1 Chosen because only 1 antiMazE is ‘ . o
ninhib none needed Michaelis-Menten kinetic coeff
kl 0,1 [ min-1 [5] leakiness
ClpAP 10 [ nM [2] Internal concentration of CIpAP
kantimaz 3 [ nM-1min-1 Inferred from [1] Antimaz Promoter activity
m/mRNA-
ka 5] 1min-1 Standard [6] Transcription rate

Promoter strength (for antiMazE) and the colony-forming unit (cfu) effect on MazF accumulation in cells
have been deduced from the paper [1] and [3].
To estimate species concentration from relative light unit (r/u) units, we use data conversion found on
promega using the methods described on the papers.
This allow us to estimate a steady state concentration of around 28 nM of antiMazE mRNA under 300 ng/L
of aTcinduction for PLtetO1.
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Bionumbers [6] gives us a translation rate in Bacillus of around 5 protein per min per mRNA molecule.

Paper [3] tells us that with around 0.1uM of MazF, cell death appears after about4h.
Experiment1: no aTc
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experiment2: atc is added

Conclusion:

As we can see, a concentration of 300 nM of aTc is enough to induce cell death via the described MazE/F
system. aTc is a toxin, but such a low concentration remains inoffensive to cell. Thusthe above
mechanism can be used as an effective kill-switch for both in vivo and in vitro experiments, without
threatening the other microbiota.

MODEL2:

A simpler approach consistsin modelling all the main interactions with Hill and Michaelis.

The following set of equation was used:
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Using the following set of parameters:
Name Value | Unit Source Description
kProd 150 | nM-1min-1 Inferred from [3] and [6] constitutive production of MazE/F
dmazE 0,1 | min-1 Standard degradation rate [8] degradation of MazE
dmazF 0,1 | min-1 Standard degradation rate[8] degradation of MazF
dantiMaz 0,1 | min-1 Standard degradation rate[8] degradation of antimaz
kdmazf 0,1 | nM-1min-1 Inferred from[5] based on Kd dimerizatioin rate of MazF
values
1| min-1 Inferred from({5] based on Kd dissociation rate of mazf
k_dmazf values
002 Obtained by fitting dose response
Kanti ’ nM curve from [5] Michaelis-Menten kinetic constant
1 Obtained by fitting dose response
nanti none curve from [5] Michaelis-Menten kinetic coeff
0.02 Obtained by fitting dose response
Kinhib ’ nM curve from [5] Michaelis-Menten kinetic constant
1 Chosen because only 1 antiMazE is
ninhib none needed Michaelis-Menten kinetic coeff




kantimaz 3 [ nM-1min-1 Inferred from [1] Antimaz Promoter activity
Kioxi 0.1 nM Invented based on standard values Hill kinetic constant
Ntoxi 1| none Assumed Hill coeffiscient
Basal expression of the mazEF
Umaz 0.1 | none assumed promoter
Agnti 0.1 | none assumed
Kd1 100 | nM [5,7] MazF+MazE<->MazEF affinity
Kd?2 100 | nM [5,7] MazEF+MazE<->MazEF2 affinity

Quasi Steady State approximation has been applied to the following species: DMaZF, DMazE_F.

The colony-forming unit (cfu) effect due to MazF accumulation in cells have been deduced fromthe
paper [1] and [3]. It has been assumed that the decrease is both dependant of the time concentration of
the toxic compound, and shows an exponential behavior. The curve for cfuis made up, based on the
observation of paper [1] and [3] for thus concentration of MazFin cells.

Conclusion:

See figure below, the system behave as an effective kill-switch. The amount of aTc necessary is low
enough not to trigger cell damage.
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ANNEXES:

Parameters fitting used to determine the strength of the promoter.
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Data and Fitted Curve to PltetO1 promoter under aTc
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