Mechanosensitivity and habituation of protozoa

Laboratory: Equipe ACIDE, Institut des Systémes Intelligents de la Robotique, 4, place Jussieu 75005
Paris

Supervisor: Romain Brette, romain.brette@inserm.fr

Collaborators: Alexis Prevost and Léa-Laetitia Pontani, (Physics, Laboratoire Jean Perrin, Paris);
Sandra Duharcourt (Institut Jacques Monod, Paris).

Project website: http://romainbrette.fr /neuroscience-of-a-swimming-neuron/

Protozoan are unicellular eukaryotes that display many animal-like behaviors. Among protozoan,
ciliates form a complex and diverse group that swim by beating many cilia. Many ciliates are extremely
mechanosensitive [1]. Some, like Stentor and Spirostomum, contract in a few milliseconds when they
are touched. Others, like Paramecium, swim backward when touched on the anterior end, or accelerate
when touched on the posterior side. This mechanosensitivity is known to be mediated by
mechanoreceptors, which trigger a transmembrane ionic current when the membrane is stressed.

In addition, the mechanosensitive behavior of ciliates shows habituation, a phenomenon first studied
in animals, considered the most elementary form of learning. When the organism is repeatedly
stimulated, its reaction weakens (for example, it stops contracting); after stopping the stimulation for
a while, the organism becomes sensitive again. Habituation has been characterized most exhaustively
in the contraction behavior of Stentor [2], but we have recently observed it in the modulation of
swimming in Paramecium, which is more amenable to electrophysiogical studies (measurement of
mechanotransduction currents).

a b .x
o]
~20
-40
NUMBER OF ANIMALS
c d

10 h  — | |
| - -
ooofN, | ™ | f
Naive cells contract o8oOF | | f l

Habituated cells
remain elongated

Mechanical
Stimulus

PROBABILITY OF RESPONSE

TRIALS

a, Reversal of swimming direction in Paramecium after touching an obstacle [3]. b, Voltage response of Paramecium to
mechanical stimulation on the anterior side [4]. c, Contraction of Stentor with a mechanical stimulus, and habituation [5].
d, Probability of contraction in Stentor with repeated stimulation [2].

The goal of this project is to develop a biophysical model of mechanotransduction and habituation in
ciliates. Depending on the student’s interest, the project can be theoretical and/or experimental.

On the theoretical side, the student can exploit a number of existing experimental studies on several
ciliates to build a model, which include electrophysiological and behavioral studies. The lab has
considerable experience in biophysical modeling of neurons as well of ciliates. In particular, we
recently developed an electrophysiogical model of the action potential of Paramecium, coupled to its
motion [6].
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On the experimental side, the lab has been working for many years on Paramecium with
electrophysiology, modeling, behavior and molecular biology [6-10]. The lab is equipped with an
electrophysiological setup to measure mechanosensitive responses (currents) with controlled
mechanical stimuli. We have also developed tracking software to measure behavioral responses, as
well as a vibrating device (controlled by an Arduino) to trigger mechanosensitive responses. The lab
also has experience in using pharmacological blockers as well as genetic tools (RNA interference to
inhibit specific genes). We have ongoing collaborations with Laboratoire Jean Perrin (Alexis Prevost
and Léa-Laetitia Pontani), an experimental biophysics lab, and with Sandra Duharcourt, an expert in
genetics and molecular biology of Paramecium in Institut Monod.

References

1. Machemer H, Deitmer JW. Mechanoreception in Ciliates. In: Autrum H, Ottoson D, Perl ER, Schmidt
RF, Shimazu H, Willis WD, editors. Progress in Sensory Physiology. Berlin, Heidelberg: Springer
Berlin Heidelberg; 1985. pp. 81-118. doi:10.1007/978-3-642-70408-6_2

2. Wood DC. Parametric studies of the response decrement produced by mechanical stimuli in the
protozoan, Stentor coeruleus. Journal of Neurobiology. 1969;1: 345-360.
doi:https://doi.org/10.1002/neu.480010309

3.  Jennings HS. Behavior of the lower organisms. New York, The Columbia university press, The
Macmillan company, agents; [etc., etc.]; 1906. Available:
http://archive.org/details/behavioroflowero00jenn

4. Naitoh Y, Eckert R. lonic Mechanisms Controlling Behavioral Responses of Paramecium to
Mechanical Stimulation. Science. 1969;164: 963-965. doi:10.1126/science.164.3882.963

5. Rajan D, Makushok T, Kalish A, Acuna L, Bonville A, Correa Almanza K, et al. Single-cell analysis of
habituation in Stentor coeruleus. Curr Biol. 2023;33: 241-251.e4. d0i:10.1016/j.cub.2022.11.010

6. Elices I, Kulkarni A, Escoubet N, Pontani L-L, Prevost AM, Brette R. An electrophysiological and
kinematic model of Paramecium, the “swimming neuron.” PLOS Computational Biology. 2023;19:
€1010899. doi:10.1371 /journal.pcbi. 1010899

7. Kulkarni A, Elices I, Escoubet N, Pontani L-L, Prevost AM, Brette R. A simple device to immobilize
protists for electrophysiology and microinjection. Journal of Experimental Biology. 2020;223.
doi:10.1242/jeb.219253

8. Brette R. Integrative Neuroscience of Paramecium, a “Swimming Neuron.” eNeuro. 2021;8:
ENEURO.0018-21.2021. d0i:10.1523/ENEUR0.0018-21.2021

9. Escoubet N, Brette R, Pontani L-L, Prevost AM. Interaction of the mechanosensitive microswimmer
Paramecium with obstacles. Royal Society Open Science. 2023;10: 221645.
d0i:10.1098/rs0s.221645

10. Hosseini A, Fosse C, Awada M, Stimberg M, Brette R. Single camera estimation of microswimmer
depth with a convolutional network. Journal of The Royal Society Interface. 2025;22: 20250428.
doi:10.1098/rsif.2025.0428



