université Neuromodulation and Homeostasis:
Complementary Mechanismsin lon Channel
Expression Adaptation for Robust Neural Function

¢ LIEGE
&

Arthur Fyon! and Guillaume Drion’
1 University of Liege, Department of Electrical Engineering & Computer Science, B-4000 Liege, Belgium

INTRODUCTION AND CONTEXT

Neurons and circuits: T

e undergo significant changes in their firing patterns and responsiveness to external stimuli through the
process of neuromodulation.
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e possess an extraordinary ability to regulate and sustain their electrical signaling properties in the face gion(V£) > Grea <> ’
of various disruptions through the mechanism of homeostatic regulation. M
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This study seeks to understand the mechanisms behind the robust interaction between neuromodulation
and homeostasis in a computational framework. | i
— realized on stomatogastric conductance based model: V = (1/C)-(—=>_. _ Gion(V,t)(V — Eion) + Lext)-

HOMEOSTATIC CONTROLLER NEUROMODULATION CONTROLLER

Neuromodulation controller:

Homeostatic controller:

e robustly modifies the firing
pattern and responsiveness to
external stimuli.

e maintains a basal intracellular
calcium level.

e tunes conductances of all
ion channels, either up or

e tunes a subset of 1on channel

down, while preserving f conductances by modifying
predetermined correlations TionMion = Cagarget — [Ca™?] correlations between those emod = go ([nmod|) — Gmod
between each conductance. ToGion = Mion — Gion conductances. Jmod = f (Kp-e+ K;- [e)
INa INa

~ A A ~ A
gCaT s 150ms 9CaT o . 1olms

_ N = 200 _ N = 200
JCaS ol JCaS ol

_ S0 _ ~h

gan g 10f — gA g 1w
_— { ) T | _— & > [
IKCa o * JKCa w2 —

~ \8‘/ 10 _ é 10" |

IJKd &> | IJKd >
S 10" G 10"

gH 10_1 l I I I gH 10—1 I | l l |

0 25 50 75 100 0.0 2.5 5.0 7.5 10.0
t(s) t(s)
—— In response to some disturbances, such as channel deletion, — In response to high neuromodulator concentration, calcium level

homeostatic compensation might be pathological. might raise up drastically, eventually leading to apoptosis.

BOTH CONTROLLERS COMPLEMENT EACH OTHER TO ACHIEVE ROBUST NEURAL FUNCTION

e Both mechanisms  present
contrasting perspectives,
yet they are essential to
the survival and mneural 10 [
functions of biological
neurons. How do these two
mechanisms work in tandem?
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e Even a biological disturbance o

(here neuromodulation) leads
to pathological behavior of
the homeostatic controller

(left). U T i Neuromodulation controller ORI | T
Off | - R . off | |-

g(mS/cm?)

10"

10

e However, by maintaining
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