Slow pacemaking dynamics from fast activating kinetics
in midbrain dopamine neurons
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Background and motivations Current models fail to capture the mechanism of slow pacemaking Minimal requirements to produce slow pacemaking
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As Ipace robustly restores regular slow pacemaking, it raises the question of which ion channels are
essential to slow pacemaking.

Slow pacemaking mecha-
nism is difficult to infer in

Original model
Adjusted model

Pacemaker cells generate spontaneous rhythmic activity essential for life:
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= Slow pacemakers (1-5 Hz) is observed in some neurons and cardiac cells, but their current models:

1
Vm (mV)
NN
o O

Firing frequency (Hz)

-
o

>
. . . E Type | 100 - 9
underlying mechanism remains debated. * Interspike depolarizing > | |
= Sustaining such rhythmic firing requires a small depolarizing current active between spikes. current is supported by 0 )VVVVVVK/ ; 40] 8
oy o o o . .o . -801
= An XG-sensitive current with pacemaker-like properties was recently identified in rodent Na and CalL currents: 0 Time (5) 2 0 grm—————————— 55 Sy L
midbrain dopaminergic neurons (mDANs) and in sinoatrial node (SAN) cells. — inconsistent with Applied current (pA) e ol ‘ ‘ ‘ )
= This shared mechanism could bridge neurophysiology and cardiac physiology and reveal experimental data . " opm 2 N g ° o
: . = | a s
new targets for rhythm disorder therapies. [Jehasse et al. 2021]. S 08 = . &
= Half activations of these | 00 s g
Control XG channels are too | 004 /| Navchannels NS 3 4 3
i hyperpolarized vs. 1 ., /] S Pace E e
. IKd ’ - N
0 1 O O T s experimental data 3 . . o | 2 =
: i 0 : : ©
T . . [Seutin and Engel 2010; T vy © 0 ,
£ 2 OM Durante et al. 2004):
M A < e — readjusting them to o 1
> S~ 100 80 60 40 20 0 physiological values 5 0g < oo 0
8|_1 vimY) breaks the pacemaking X0 = 10 |
S =3 — 250 ms Conductance (mS/cm?)
roperty. -
PToP y . %0'4 :CavL channels
= |In physiologically . | - 0.012 mS/erm?
Control XG constrained model, we | i 30 InaLcy ~ P Te meiem 25 30
0.0 N N
__250- *okk need | . t(s) -90 -60 -30 0 30 - ~ Type |
........................................................................... £ 5004 pace . . . . . V(mV) 0 :)>,’ 20 :;; 20 Fast pacemaking
= 1504 — Therefore, we introduced /pace into the physiologically constrained model. = S 15 3
S 100- < 5(? ‘\:/ 30 § E
e & o g . M*WM\WM > g 10 M 8 10 /.
-100 ° . -60 = . =
o e 160 80 60 40 20 b Incorporating /.. restores robust slow pacemaking 05 " Type |l
V (mV) i
. : : -90 ' ' 2 ' ' ' vl R 10 15 20
Incorporating Ipace restores slow pacemaking for a wide range of conductance. 0 05 1 0.00 0.01 002 |
Time (s) g (mS/cm*) Applied current (pA)

NALCN

V (mV)

—
Firing frequency (Hz)

(zH) Aouanbauy Buli4

(PA)

model of MDANs and show that it robustly sustains slow rhythmic activity. - \' \' \' \l
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Modeling this pacemaking current Time (s) Applied current (pA)

= Current models are unable to explain the mechanism of slow pacemaking and rely on
nonphysiological parameters.

" Incorporating /pace supports the hypothesis that this current might be a shared

Gyce ON Opace OFF mechanism of slow pacemaking.
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In this poster: we model the XG-sensitive pacemaking current (lpace) in a conductance-based 0 £ 0 / Conclusions and perspectives

Ipace is modeled as an activation-only channel following the Hodgkin-Huxley formalism: S Conductance (mS/cm?)
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Ipace = Jpace - Mpace * (V — Epace) 2 = Verifying the hypothesis of a fast kinetic channel using dynamic clamp on mDANs.
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