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Purkinje cells firing recorded by a high density multi-electrode . evotec
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Introduction Different effects of Ca?*-activated K*-channel positive modulator of SK/IK channels on Ca?*-activated K*-channel blocker apamin alters PCs firing pattern without affecting

Restoring altered firing pattern of cerebellar Purkinje cells has been proposed as a promising PC firing activity mean firing frequency
approach for the treatment of movement disorders such as ataxia (Kasumu et al., 2012; Alviha and
Khodakhah, 2010). However new therapeutic molecules would require a full characterization of their
effect on Purkinje cells firing in normal and pathological conditions. Here, high-density multi
electrode array (HD-MEA) was used to monitor and characterize spiking activity of hundreds
Purkinje cells simultaneously in 90 minute long recordings. Since Ca?*-activated K* channels have
been demonstrated to modulate Purkinje cells firing, we used different positive and negative
modulators in order to assess their effect on this neuronal population.
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from_ 3Brain (WWW'Bbram .COm). These deVICeS’ prOVIdmg 4096 re- Figure 4. PCs firing modulation by NS 309, a K,2 and K.,3.1 positive modulator, in a treated slice Figure 8. PCs firing modulation by apamin, a selective inhibitor of K,2 channels, in a treated slice
Cordlng electrodes (64X64) covering an area of ~7 mmz, were able a. Representative image of a cerebellar slice on a chip with pseudocolor map of the MEA array superimposed in order to highlight PCs position. a. Representative image of a cerebellar slice on a chip with pseudocolor map of the MEA array superimposed in order to highlight PCs position.
to record simultane OUSly sp ontaneous flrlng from hundreds of b. Pseudocolor map of firing rate activity in the first (basal) and last (final) ten minutes of recording. On the right the normalized percentage of b. Pseudocolor map of firing rate activity in the first (basal) and last (final) ten minutes of recording. On the right the normalized percentage of
_ o o _ firing variation between basal and final color map. e. Absolute and mean normalized firing frequency time course of 261 units presented in b firing variation between basal and final color map. ¢. Absolute and mean normalized firing frequency time course of 99 units presented in b
putatlve Purklnje cells (PCS) . Flrlng was monitored for up to 90 (bin size 30 s). d. Box plots representing the mean variance of inter spike interval (ISI) and mean normalized frequency in basal and final ten (bin size 30 s). d. Box plots representing the mean variance of inter spike interval (ISI) and mean normalized frequency in basal and final ten
minutes and then an aIyS ed off-line with a 3Brain software. For Spike : minute recording. e. Most represented frequency peaks obtained from power spectra analysis of all PCs from slice in b. Inset: representative minute recording. e. Most represented frequency peaks obtained from power spectra analysis of all PCs from slice in b. Inset: representative
detect t n erized by | itude th ] 100 UV o == 5. & - - - power spectrum of basal (blue spectrum) and final (red spectrum) from the major group highlighted in the distribution. power spectra of basal (blue spectrum) and final (red spectrum) from the 3 major groups highlighted in the distribution.
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analysis presented were performed with a 3Brain custom made 27 mm* The BioCam enables simultaneous e e
_ recording from the whole array at a frame rate Figure 5. PCs firing modulation by NS 309, a K2 and K,3.1 positive modulator, in treated slices Figure 9. PCs firing modulation by apamin, a selective inhibitor of K.,2 channels in treated slices
an aIyS|S software. of 18 kHz per electrode (Ferrea et al., 2012). a, b and c. Same analysis presented for the single slice obtained from 1362 units (7 slices, 7 mice, bin size 30 s). a, b and c¢. Same analysis presented for the single slice obtained from 827 units (5 slices, 5 mice, bin size 30 s).
Characterization PCs firing activity in 90 minute long control experiments
Final % variation Take home message
100
b Basal Final % variation 80
100 60
80 0 200+ 3
Ej; 20 % g *kk - *kk
20 § 20 3 150- E -
o E -40 § § 2
g -60 o © ==
:ig 8 ; -80 £ 100+ E
-60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 0 10 20 30 40 50 60 ~100 g Z) 14
jgo 5 8 & 507 - §
300 . 5 2 ¢ ¥ d % 6 € 149 = i
C - vehicle d E e R e —— &>)~ § . - 120) 0 1 T T T 0 T T T T
L e I iy , § N - % g I Vehicle NS 309 CyPPA Apamin Vehicle NS 309 CyPPA Apamin
g § 1 120 s ﬁ 2 ) B 100 1Lk "L'J‘"‘” |
9% @ = Q 100 = o - E B0 | .. . . . : : :
- o 200 - R ® PCs activity recorded with high-density multi electrode array is stable for up to 90 minutes
= 0 = [60 < s - . . . L
_ 200 e gl § 150 Basa Final e 4o ® Ca’*-activated K*-channels have a strong impact on PCs firing with different outcomes that can be evaluated
g 150 s And g™ 0 ST e - ” through different analyses
= I S § | ‘ % ""\_____ E — . . ; . .
£ T T T £100 = = ol g7 - o 0 ® Although the average PCs firing frequency is unaltered, Ca?*-activated K*-channel blocker apamin strongly
c ) 0] o ¢
g™ : | oL —— o0 20 w0 Mo S0 e 70 @0 0 L a— i~y Basal (H2) affect PCs firing pattern
% 10 20 30 40 50 60 70 80 90 = 0 0 20 40 GOBasa| (HS)O 100 120 140 . . ) )
Time (min) Basal Final Figure 6. PCs firing modulation by CyPPA, a K,2.2 and K,2.3 positive modulator, in a treated slice ® HD-MEA s a suitable tool to deeply characterize compound effects on PCs in cerebellum
Kea Kea

Figure 2. Representative PCs firing activity in a control slice
a. Representative image of a cerebellar slice on a chip with pseudocolor map of the MEA array superimposed in order to highlight PCs position.
b. Pseudocolor map of firing rate activity in the first (basal) and last (final) ten minutes of recording. On the right the normalized percentage of

a. Representative image of a cerebellar slice on a chip with pseudocolor map of the MEA array superimposed in order to highlight PCs position.
b. Pseudocolor map of firing rate activity in the first (basal) and last (final) ten minutes of recording. On the right the normalized percentage of
firing variation between basal and final color map. e. Absolute and mean normalized firing frequency time course of 195 units presented in b

Experimental procedures

firing variation between basal and final color map. e. Absolute and mean normalized firing frequency time course of 166 units presented in b (bin size 30 s). d. Box plots representing the mean variance of inter spike interval (ISI) and mean normalized frequency in basal and final ten Briefly, brains from 6 weeks old C57BL6/J mice were dissected in a high sucrose ice-cold solution. After brain dissection on the sagittal
(bin size 30 s). d. Box plots representing the mean variance of inter spike interval (ISI) and mean normalized frequency in basal and final ten minute recording. e. Most represented frequency peaks obtained from power spectra analysis of all PCs from slice in b. Inset: representative plane, 250-um-thick vermis slices were cut and transferred at room temperature in an oxygenated standard ACSF. Recordings were
minute recording. e. Most represented frequency peaks obtained from power spectra analysis of all PCs from slice in b. Inset: representative power spectra of basal (blue spectrum) and final (red spectrum) from the 3 major groups highlighted in the distribution performed at 35 + 1°C on cerebellar slices continuously perfused at a rate of 4-5 ml/min with standard ACSF with picrotoxin (100 pM)
power spectra of basal (blue spectrum) and final (red spectrum) from the 3 major groups highlighted in the distribution. - o . and kynurenic acid (5 mM) in order to isolate PCs firing activity.
a ®200 vehicle b A3°° 2 c a - — b g ~ C - For statistical analysis, extreme outliers were removed from initial data through Tukey’s method for all data sets.
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