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ATP and PMF are main free energy sources in Escherichia coli
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ATP and PMF are main free energy sources in Escherichia coli

ATP is loved by life because
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PMF dynamics can be modelled with a simple electric circuit
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PMF dynamics can be modelled with a simple electric circuit

Respiration
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when pH,, ~ pH,;
V. — battery, respiration
R, — internal battery resistance
R. — membrane resistance (electron sink)
C — membrane capacitance
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PMF dynamics can be modelled with a simple electric circuit

Respiration
kT = e
PMF = — ApH + 1, V. R | [ T
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when pH,, ~ pH,;

Kirchhoff’s current i1(t) =i,(t) +i3(t)
V. — battery, respiration

law:
R, — internal battery resistance
di, dR, . 1. R. — membrane resistance (electron sink)
Parallel voltages: ERQ (t) + 7 2=ls € membrane capacitance
Total voltage: Ve = i;(£)R; + iy (£)R,

Rotterdam et al. (2001)



PMF dynamics can be modelled with a simple electric circuit

Respiration
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Electrical circuit analogy gives a frame work:

* predict what happens to PMF if we change the circuit parameters
or
* knowing the shape of PMF response, predict the mechanism and dynamics of the damage and
assume functional dependency between circuit parameters and the amplitude of stress

* Also, we can envision measuring the resistance of the bacterial membrane in different
conditions
* Or even better, try and measure |-V curves of different components




PMF dynamics can be modelled with a simple electric circuit
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Bacterial flagellar motor can be used as a sensor for PMF
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Bacterial flagellar motor can be used as a sensor for PMF

PMF (mV)
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Speed of the motor has been shown to vary
linearly with PMF
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Speed of an individual flagellar motor can be
measured by back focal plane interferometry
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Bacterial flagellar motor can be used as a sensor for PMF

Speed of an individual flagellar motor can be
measured by back focal plane interferometry
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Bacterial flagellar motor can be used as a sensor for PMF

Speed of an individual flagellar motor can be
measured by back focal plane interferometry

Video a gift from Keiichi Namba Bead assay experiment
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PMF dynamics can be modelled with a simple electric circuit

PMF — ApH + Vm Respiration i
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Electrical circuit analogy gives a frame work:

* knowing the shape of PMF response, predict the mechanism and dynamics of the damage and
give functional dependency between circuit parameters and the amplitude of stress
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We are starting with a known stress




Indole is a protonophore at high concentrations

CCCP Concentration (nM)
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Indole is a protonophore at high concentrations

Oxonol VI, anionic dye that binds to lipid membranes
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Upon indole treatment PMF sharply drops in reversible manner

Experimental speed traces Mean speeds
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PMF is inversely proportional to the indol concentration
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The effect of butanol on E. coli membrane is not know

Inner membrane LPS
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Upon butanol treatment PMF sharply drops, similarly to indol

Experimental speed traces Mean speeds
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PMF is inversely proportional to the butanol concentration
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Exposure to light can lead to membrane damage

Cell exposure to light of a short wavelength induces reactive oxygen species (ROS) formation

390 and 470nm Singlet oxygen Dioxygen Superoxide radical
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Exposure to light causes gradual drop of PMF
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PMF decay function can be inferred
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Conclusions

Analysing PMF during indol treatment confirms it as
protonophore

Same analysis shows butanol is ionophore
We identified a functional dependency between the degree

of photodamage and light intensity

Analysing PMF could be used further to probe other stresses,
overall membrane resistance, and potentially I-V curve of
different components within the membrane




PILIZOTA LAB

Smitha Hegde
Jerko Rosko

Katya Krasnopeeva
Keiran Stevenson
Dario Miroli

Alex McVey
Leonardo Mancini
Guillaume Terradot

COLLABORATORS:

Chien-Jung Lo, National Central University, Taiwan



nd qu;xroxied"Ed‘inburg' 441 il
~~castle location ‘

Guillaume PILIZOTA LAB

Centre for Synthetic and Systems Biology

'o. ®ey Centre for Synthetic and
o®* Systems Biology



