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Studying state-dependent compound effects applying adaptive
voltage clamp using a high throughput automated patch clamp
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Introduction

Voltage-gated sodium channels (Nay) represent important targets for the development of new medical strategies

given their crucial importance in physiology and pathophysiology. Na, channels exhibit complex gating
characteristics involving transitions between open, closed, and inactivated states depending on membrane

potential changes during an action potential. To find effective drugs targefing particular Na, channels it is
important to understand the molecular mechanisms of drug actions with respect to their gating transitions. A new
technical development allows recording, automatic determination and feedback of each cell’s individual half-
maximal inactivation potential (V,4:ing) USINg a high throughput automated patch clamp device. Our aim was to

deftermine the compound affinity at V,4ting COmMpared with using a common (median) V, 4 for all cells. (Vg mea) -

This was investigated using cells expressing either Na,1.5 or Na,1.7 and currents were elicited from resting or
inactivated states at different temperatures and in different internal solutions were recorded.
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384 cells at a time: Na,, 1.5 channel compound screening.

Individual voltage clamp - adaptive
voltage protocols increase uniformity
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Median Vhalf is added to the
voltage of the protocol!

Automated analysis
Import values and switch ON

V indiv is added to the
voltage of the protocol!

Pharm protocol
at Vyinaiv (€:9. Viar)
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Workflow for usage of adaptative voltage protocol and its impact on the distribution of recording well reaching
V, 4 oefore and after adaption as highlighted in the histogram/heatmap on the right.

Variability of compound inhibition using

different recording conditions
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Single dose inhibition (10 uM) of P2 (inactivated state for the four test compounds as indicated with respect to
ratio of inactivation (P2 over P1) close to V.4 (50%). The time holding at V, yting or mead WAs extended o 20s in the

middle panel and lower panel shows same approach for 5 s repeated at 36°C.
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Variability of V, ; values in patch
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Impact on V, 4 by recording temperature and intracellular recording solutions with or without fluoride.
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Nav1.5 Nav1.7 Top left: A Voltage protocol used to record
s Fluo 20° | Fluo 36° FF 20° Fluo 20° | Fluo 36° FF 20° voltage dependence of activation and
ctivation parameter . ) . . . . . .
Vhalf (mV) 39367 | 464+68 | 425+69 | 28657 | 35954 | 281+57 | kinetics of fast inactivation as highlighted in
n___ 140 17 & 153 143 153 the top traces for the three conditions (B, C,
Inactivation parameter ] .
Vhalf (mV) 739469 | 950£189 | 64761 | 697466 | 934111 | 655268 D) tested and summarized in E & F. G Voltage
n___ 278 449 d 291 350 ad profocol used to determine steady state
Inactivation Kinetics . . . . .
Tau (ms) (OmV) 25403 | 10%01 | 26404 | 20%10 | o7zo2 | 1s+10 | Inactivation of P2 and summarized in H.
n 137 105 46 140 114 46

Compound affinity from resting - vs
inactivated states of Na, 1.5 / Na,,/1.7
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Example concentration response curves for
the four compounds tested on resting state

(P1) as well as on inactivated states after a
“holding” period of 5 or 20s at V, ysing OF af

Vhaitmeg- COmMpound ICys were found to be
similar using the adaptive protocols for

Na,1.5 Na,1.7
P1 P2-5s P2-20s P1 P2-5s P2-20s
Amitriptyline ICy, + SD = Vi gt med 203+1.58 [ 1.91+7.21 [ 170+ 16.0 | 6.42£27.7 | 1.57£2.07 | 0.52+10.1
Amitriptyline IC4;+ SD - V, 4 ing 1.31£1.04 [ 1.43£1.90 | 070+ 0,81 | 495+2.53 | 2.67 +4.92 | 1.33+3.57
n 101/126 53/60 48/66 1177129 54/65 63/64
Flecainide ICg, % SD - Vit meq 10.1£5.16 | 122+3.76 | 140£17.6 | 142+2.62 | 167 +£12.3 | 12.5+8.19
Flecainide ICy, £SD - V| gt ing 7.39+1.94 | 721 £3.52 | 8.87+4.37 | 122+495 | 9.85+2.32 | 8.40£3.33
n 138/138 66/69 72/69 138/143 69/69 69/74
Mexiletine IC;+ SD - V, 4 med 133+80.9 | 41.7+121 | 36.0+£30.0 | 181£99.1 | 31.5+11.2 | 23.1 +7.34
Mexiletine IC4, + SD - Vy i ing 125+ 101 | 25.1+16.7 | 46.7+86.8 | 182+£49.1 | 9.85+2.32 | 8.40+3.33
n 120/120 64/55 56/65 123/129 65/65 58/64
Tetracaine ICg,+ SD - Vi it meg 13.4+£822 | 1.40+1.67 | 0.56£2.40 | 121 +£5.19 | 0.52+0.30 | 0.13+0.29
Tetracaine ICs % SD - V, 41 ing 8.59+3.95 | 0.83+0.85 | 0.54+0.45 | 8.85+3.78 | 0.58 +0.35 | 0.27 +0.20
n 146/140 71/70 75/70 144/149 73/72 71177

Viarting ANA Vigimea 9 sSummarized in the
table for Na, 1.5 and Na, 1.7 channels.

Summary

« Temperature (20°C vs 36°C) and the presence of fluoride in the infracellular solution
affected kinefics of fast inactivation, voltage dependence of activation, and steady-
state inactivation of Nay 1.7 and Na,, 1.5 channels as previously reported! 2,

« The test compounds affinities for activation from resting - and inactivated states were
similar when using the adapfive profocol feature to apply either Vigiing O Vhaiimed
during the “inactivation” phase vs V, 4 resting.

» As expected, the inacftivation ration of P2/P1 was less variable when V, 4 ing Was used
compared with V4t meq- AlSO, the compound inhibifion of inactivated states was less
variable for some compounds (amitriptyline, tetracaine) comparng Vi giing VS Vhait med-
However, when holding at Vigiina O Vhaimeq fOr a longer time period (20 s vs & s)
compound inhibition was more variable for those two compounds. This was not
obvious for flecainide or mexiletine indicating preferential interference of amitrypfiline
and tefracaine with pronounced inactivated states.

« At 36°C the inactivation ratfion (P2/P1) was decreased compared with 20°C for V, 4sin
and V,qimeq: IN lINe with the leftward shift in the Vs of inactivation at 36°C. Flecainide
showed increased inhibition at 36°C, whereas the other compounds inhibited NaV 1.7
at comparable levels at 36°C vs 20°C recording temperature.

« The new adaptive voltage clamp feature of the SyncroPatch 384 supports more
homogenous distribution at 50% of inactivation for the two Nav — channels tested
(Na,1.5/Na,1.7) and can thus give increased confidence in compound potency and
should lower occurrence of false positives/negatives in drug discovery at V, 4

«  Methods: Nanion standard solutions were used with decreased external Na+ gradient (NMDG60) and 110 mM CsF
for fluoride containing as well as 110 mM K-Gluconate for fluoride free experiments. Voltage protocols as indicated
with sampling frequency of 20 KHz. Error bars represent SEM unless otherwise indicated. The following QC filters
were applied: 1. Rseal > 0.5 GOhm at Start/End, 2 Rseries < 15 Mohm at Start/End, Current for P1 < -500 pA/ P2 < -

300 pA.

« References: 1) Rapedius et al., Front. Mol. Neurosci., 22. 2) Kriegeskorte et al., JGP., 23.
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