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Objectives

Antimicrobial resistance is one of major healthcare issue according to World Health The general purpose of this thesis work is to investigate the
Organization. Alternative methods are required to solve this problem. One of them conditions and parameters of athermal alternating electric fields
may be use of athermal electric fields to control bacterial growth. Inhibition of leading to an inhibition effect on bacterial growth, and
growth by application of weak DC electric field in combination with low concentration consequently move towards a better understanding of the
of antibiotics (< minimal inhibitory concentration) was demonstrated in some studies. f[&88 mechanisms of interaction between electric field and bacteria.
This effect was called bioelectric effect. Later this effect was replicated without ¥ A specific objective was so to develop a modular, portable and
antibiotics (electricidal effect) or with alternating electric field around MHz automatic experimental device able to control and/or measure
(radiofrequency bioelectric effect). Recently our team demonstrated similar effect with the experimental conditions: electric field (geometry, intensity,
electronic noise in HF band. Although demonstrated many times, this effect, because frequency), temperature, impedance, bacterial growth... for
of a large number of parameters, is still poorly understood and characterized. several replicates.

Results
Our portable and modular set-up is designed to test many settings with different biological and electrical
parameters. In addition to the electric field treatment made with an HF noise strictly controlled in terms
of amplitude and frequency range, an impedance spectroscopy of the bacterial suspension is performed
giving informations about its dielectric properties. Thanks to our five prototypes and our supervisor

controlling them, we are able to treat and analyse up to five samples at the same time. X 5
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The supervisor communicates with all
electronic boards using an 12C bus. It
allows the control of the electrical signal

(intensity, frequency) of each prototype. The function of the electronic board is to supply the electrical

It can instruct the electronic boards to |tage and to measure the gain and phase between the input

measure the impedance or temperature  gnq output for impedance measurements. Thanks to the

when necessary and then retrieve the pjrect Digital Synthesizer (DDS), the frequency can be

measured data. switched every 10 ps between 10 kHz and 40MHz with a
resolution < 0.1 Hz to generate the electrical noise. The board
is also linked to the temperature sensor to measure the
temperature with an accuracy of 0.1 °C.

The homemade bioreactor consists of a PVC box with a silicone
seal. The main space allows the installation of a pair of parallel
stainless steel electrodes (in grey on the diagram) immersed
in the bacterial suspension (in orange on the diagram). The
space between the electrodes is 1 cm so that 30mL of liquid is
under test. In that configuration, the field is uniform (in yellow
on the diagram) and reach up to 1V/cm. Another space is
reserved for the temperature sensor (in black on the diagram).
Bioreactors are put in an incubator during experiments to
control ambient temperature and agitation.
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Conclusions and perspectives

In order to study the conditions and parameters of athermal alternating electric fields leading to an inhibition effect on bacterial growth, we have
developed a specific device with the following broad potentialities: Application of controlled AC electric fields on bacterial suspensions,
Measurement of impedance spectroscopy of bacterial suspensions and of temperature for several replicates simultaneously.

In the second phase of the project, and thanks to the versatility and speed of our device, we will test the effects of athermal electric fields on
suspensions of various bacteria (Gram+/Gram - ; Cocci/Rods) under a wide range of experimental conditions: e.g. different electric field parameters

(Intensity/Frequency) different temperature or pH and the possibility of adding other microbiological and analytical measurements (culturing, Flow
cytometry, Fluorescence Microscopy, pH control, Fluorescent Staining, Live/Dead...).
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