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1.1 The voltage gated sodium channels Nayl1.4

SCN4A encodes Nay1.4, a member of the sodium channel alpha subunit gene family. It is expressed in
skeletal muscle and is responsible for the generation and propagation of action potentials that initiate muscle
contraction. Mutations in this gene have been linked to several myotonia and periodic paralysis disorders. It
is responsible for the generation and propagation of action potentials that initiate muscle contraction

1.2 Channelopathies related to muations in the SCN4A gene

Mutations in Nay1.4 channels increase channel activity by impairing fast and/or slow inactivation causing
hereditary sodium channelopathies of skeletal muscle such as: Hypokalaemic periodic paralysis,
Paramyotonia congenital, Potassium-aggravated myotonia, Congenital myasthenic syndrome or Muscle
stiffness.

VSGC blockers such as mexiletine, flecainide and other lidocaine analogues can reduce repetitive firing of
action potential because of their use-depended properties, a mechanism that leads to a preferential action
on channels with pathogenic gain-of-function mutations. These blockers reduce muscle stiffness in
potassium-aggravated myotonia and paramyotoniacongenita by promoting the inactivated state of Nay1.4 by
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inducing a hyperpolarized shift in steady-state inactivation and by prolonging recovery time from
inactivation.

1.3 B'SYS’' CHO Nay1.4 cells

B'SYS has designed a CHO Nay1.4 cell line with constitutive coexpression of human Nay1.4 sodium channels.
The human Nayl.4 cDNA (codon optimized) was cloned and transfected into CHO cells and then the
functional properties of the Nayl.4 channels validated by means of the patch-clamp technique. Results are
outlined in section 3.

The cell line was tested with manual and automated (Q-Patch) patch-clamping.

2.1, Product Format
CHO cells stably transfected with recombinant human Nay1.4 channel:
e 1 x0.7 mL aliquots of frozen cells at 1-2 E+06 cells/mL

» Cells are frozen in complete medium with 10% DMSO
Cells are suitable for manual and automated patch clamping

2.2. Mycoplasma Certificate

B'SYS periodically tests cells for presence of mycoplasma by means of highly sensitive PCR based assays. All
delivered cells are free of mycoplasma.
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3.1. Biophysical characterization

Nay1.4 currents were measured by means of manual and automated (Q-Patch) patch-clamp technique in the
whole-cell configuration. The bath solution contained (in mM) NaCl 137 mM KCI 4 mM, CaCl, 1.8 mM, MgCl,
1 mM, HEPES 10 mM, D-Glucose 10 mM, pH (NaOH) 7.4. The pipette solution consisted of (in mM) CsF
135 mM, NaCl 10 mM, HEPES 10 mM, EGTA 5 mM, pH (KOH) 7.3. After formation of a GQ seal between the
patch electrodes and individual Nay1.4 stably transfected CHO cells, the cell membrane across the pipette tip
was ruptured to assure electrical access to the cell interior. All solutions applied to cells were continuously
perfused and maintained at room temperature. As soon as a stable seal could be established fast
deactivating sodium currents were measured upon depolarization of the cell membrane from a holding
potential of -100 mV to -130 mV up to +30 mV in 10 mV increments of 250 ms duration. Tail currents are
elicited upon subsequent repolarization of the cell membrane to 0 mV for 10 ms. (Fig. 1 A, B). The voltage
pulses were run at intervals of 5 s (n=11).
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Fig. 1: Biophysical Characterization of stably transfected CHO Nay1.4 cells. A) representative current recording. Cells were stimulated
by the voltage protocol shown in b). C) IV curve if the Nay1.5 channel. Peak current were measured at the beginning of the voltage
pulse (n=11). D) Inactivation curve of the Nay1.4 channel. The current amplitudes were measured at the beginning of the tail current.
Data were fit by a Boltzmann equation. The Vg5 value was -55.19 + 0.83 mV (n=11). No currents were recorded in untransfected cells
(data not shown).

For the IV curve the peak current amplitude of the pulses between -130 mV and +30 mV was plotted versus
the applied voltage. This resulted in a bell shaped curve. The minimum of the IV curve was at -30 mV (Fig 1
0.

For the inactivation curve the peak currents of the tail current (pulse to 0 mV) was plotted versus the
voltage of the prepulse. The resulting inactivation curve was fit with a Boltzmann equation. The Vy s value
was -55.19 = 0.83 mV (n=11), (Fig 1 D). This validation shows the same biophysical characteristics like
described in the literature (Sheets at al. 2006).
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3.2. Pharmacological characterization

For the pharmacological characterization of the Nay1.4 channel Mexiteline was tested at concentrations of
0.1, 1.0, 10, 100 and 1000 uM and TTX at concentrations of 0.1, 1.0, 10, 100 and 1000 nM (n=3 cells). The
stimulation frequency was 0.2 Hz. Both test items were tested at a holding potential of -100 mV and -70 mV.
The dose response curves were generated (see Fig. 2) and the ICs, values calculated.
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Fig. 2: Top: Representative current traces recorded in the steady state in the presence of Mexiletine (left) and TTX (right). The traces
were recorded at a holding potential of -100 mVare shown left, the right traces were recorded at -70 mV. Bottom: Dose response curves
for Mexiletine and TTX at an holding potential of -100 mV and -70 mV.

The results can be summarized as follows.

Application / stimulation frequency ICso value (M) Hill coefficient
Mexiletine -100 mV 315.79 0.94
Mexiletine -70 mV 44.33 0.84
TTX -100 mV 17.31 0.76
TTX-70 mV 7.39 0.68

The observed inhibition of Nayl1.4 inward peak currents by Mexiletine and TTX are in line with its known
pharmacological profile. The effect of Mexiletine is strongly voltage dependent, while the effect of TTX is
only slightly changed by the holding potential. Theses results indicate, that Mexiletine shows an increased
affinity to inactivated Nay1.4 channels.
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3.3. Patch-clamp Success Rates

The patch-clamp properties of the CHO Na,1.4 cell line were elucidated at typical working passage numbers
(passage 5-17). A total of 32 cells were analyzed. Success for establishment of on-cell configuration was
defined as follows: > 1 GQ. The whole-cell configuration was not accepted if the membrane resistance was
below 500 MQ. A successful recording had to be free of rundown effects and variations in series resistance.

e On-cell successful: 100% (n=32)
e Whole-cell successful: 97% (n=32)
e Recording (15 min) successful: 94% (n=32)

4.1. General

CHO Nay1.4 cells are incubated at 37°C in a humidified atmosphere with 5% CO, (rel. humidity > 95%). The
cells are continuously maintained and passaged in sterile culture flasks containing F12 (HAM) medium
supplemented with 9% fetal bovine serum, 0.9% Penicillin/Streptomycin solution and 100 pg/mL
Hygromycin. The CHO Nayl.4 cells are passaged at a confluence of about 80%. For manual
electrophysiological measurements the cells are seeded onto e.g. 35 mm sterile culture dishes containing
complete medium. For automated patch-clamping, cells from confluent T25 flasks are used.

«  All solutions and equipment coming in contact with the cells must be sterile.

« Use proper sterile technique and work in a laminar flow hood.

» Be sure to have frozen cell stocks at hand before starting experiments.

+  Cells should be split every 2-3 days at 70% - 80% confluency at 1:3 to 1:5 ratio.

4.2, Recommended Complete Medium

e F12 (HAM) with GlutaMAX I or Glutamate
e 9% FBS
e 0.9% Penicillin/Streptomycin

4.3. Antibiotics

« CHO Nay1.4 clones were selected under 500 ug/mL Hygromycin antibiotic pressure.
+ To cultivate CHO Nayl.4 cells, also a reduced antibiotic pressure (100 pg/mL) can be used.
+ To separate CHO Nay1.4 cells from untransfected cells, use 500 ug/mL Hygromycin.

Remark: The permanent application of high antibiotic pressure has no effect on current density.

4.4. Thawing Cells

* Remove vial of cells from liquid nitrogen and thaw quickly at 37°C.

« Decontaminate outside of vial with 70% ethanol.

» Transfer cells to a T-75 culture flask containing 10 mL complete medium.

+ Incubate cells at 37°C for 4-6 h to allow the cells to attach to the bottom of flask.
» Aspirate off the medium and replace with 10 mL complete medium & antibiotics.
+ Antibiotics: 100 pg/mL Hygromycin.

» Incubate cells and check them daily until 70% - 80% confluency is reached.
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4.5.

Splitting Cells

When cells are 70% - 80% confluent remove medium.

Wash cells once with 1x PBS to remove excess medium.

Add 1x Trypsin/EDTA and incubate 30 s at room temperature.

Remove Trypsin/EDTA quickly and incubate cells for 2 min at 37°C.

Detach cells, add complete medium and pipet up and down to break clumps of cells.
Passage cells into new flask with complete medium and antibiotics at 1:3 to 1:5 ratio.
Use remaining suspension for counting the cells.

Freezing Medium

Mix 0.9 mL fresh complete medium and 0.1 mL DMSO for every 1 mL freezing medium.
Sterilize freezing medium by means of appropriate micro filter (0.1 ym — 0.2 pm).

Freezing Cells

Prepare fresh freezing medium and keep it on ice.

Cells should have 80% - 90% confluency prior to freezing.

Remove the complete medium.

Wash cells once with 1x PBS to remove excess medium.

Add 1x Trypsin/EDTA and incubate 30 s at room temperature.

Remove Trypsin/EDTA quickly and incubate cells for 2 min at 37°C.

Detach cells, add complete medium and pipet up and down to break clumps of cells.
Pellet cells with centrifuge and carefully aspirate off medium.

Resuspend cells at a density of approximately 2.0 E+06 cells per mL with fresh freezing medium.
Aliquot 0.5 mL of cell suspension into each cryovial.

Overnight incubate cells in a styropor box at —80°C.

The next morning transfer cryovial in liquid nitrogen tank for long-term storage.
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5.1. Human Nayl1.4 Accession Number NP_000325.4

The human sequence of the Nayl1.4 channel gene was codon optimized. The resulting cDNA encodes for
NP_000325.4.:

MARPSL CTLVPLGPECLRPFTRESLAAI EQRAVEEEARL QRNKQVEI EEPERKPRSDLEAGKNLPM YGDPPPEVI G PL
EDLDPYYSNKKTFI VLNKGKAI FRFSATPALYLLSPFSVVRRGAI KVLI HALFSMFI M T1 LTNCVFMT MSDPPPWSKNV
EYTFTG YTFESLI KI LARGFCVDDFTFLRDPVWNW.DFSVI MVAYLTEFVDLGNI SALRTFRVLRALKTI TVI PGLKTI V
GALI QSVKKLSDVM LTVFCLSVFAL VA QL FMGNL ROKCVRWPPPENDTNT TWY SNDTWY GNDTWY GNEMAY GNDSWYA
NDTVWNSHASWATNDTFDWDAY! SDEGNFYFLEGSNDAL L CANSSDAGHCPEGYECI KTGRNPNYGYTSYDTFSWAFLALF
RLMIQDYWENL FQLTLRAAGKTYM FFWVI | FLGSFYLI NLI LAVWAMAYAEQNEAT L AEDKEKEEEFQQVL EKFKKHQE
EL EKAKAAQAL EGGEADGDPAHGKDCNGSL DTSQGEKGAPRQSSSGDSGE SDAMEEL EEAHQKCPPWAYKCAHKVLIT WNC
CAPWLKFKNI | HLI VVDPFVDLA TI ClI VLNTLFMAMVEHYPMIEHFDNVLTVGNLVFTG FTAEMVLKLI AVMDPYEYFQQ
GM\NI FDSI | VTLSLVELGLANVQGALSVLRSFRLLRVFKLAKSWPTLNMLI KI | GNSVGALGNLTLVLAI | VFI FAVWGWQ
LFGKSYKECVCKI AL DCNLPRWHVHDFFHSFLI VFRI LCGEW ETMADCMEVAGQAMCL TVFLM/MVI GNLVVLNLFLAL
LLSSFSADSLAASDEDGEMNNLQl Al GRI KLG GFAKAFLLGLLHGKI LSPKDI M. SL GEADGAGEAGEAGETAPEDEKK
EPPEEDLKKDNHI LNHMGLADGPPSSLELDHLNFI NNPYLTI QVPI ASEESDL EMPTEEETDTFSEPEDSKKPPQPLYDG
NSSVCSTADYKPPEEDPEEQAEENPEGEQPEECFTEACVQRWPCL YVDI SQCRGKKWAM LRRACFKI VEHNWFETFI VFM
| LLSSGALAFEDI YI EQRRVI RTI LEYADKVFTYI FI MEMLLKW/AYGFKVYFTNAWCW.DFLI VDVSI | SLVANW.GYS
ELGPI KSLRTLRALRPLRALSRFEGVRVVVNALLGAI PSI MNVLLVCLI FWLI FSI MGVNLFAGKFYYCI NTTTSERFDI

SEVNNKSECESL VHT GQVRW.NVKVNYDNVGL GYL SLLQVATFKGWDI MYAAVDSREKEEQPQYEVNLYMYLYFVI FI |

FGSFFTLNLFI GVI | DNFNQQKKKLGEKDI FMIEEQKKYYNAMKKL GSKKPQKPI PRPQNKI QGWYDLVTKQAFDI TI M
I LI CLNWTMWETDNQSQLKVDI LYNI NM FI | | FTGECVLKMLALRQYYFTVGWNI FDFVWVI LSI VGLALSDLI CKY
FVSPTLFRVI RLARI GRVLRLI RGAKG RTLLFALMVSLPALFNI GLLLFLVMFI YSI FGVBNFAYVKKESG DDIVFNFE
TFGNSI | CLFEI TTSAGADGLLNPI LNSGPPDCDPNLENPGT SVKGDCGNPSI G CFFCSYI |1 SFLI VWNMYI Al | LEN
FNVATEESSEPL GEDDFEMFYETWEKFDPDATQFI AYSRLSDFVDTLQEPLRI AKPNKI KLI TLDLPMVPGDKI HCLDI L
FALTKEVL GDSGEMDAL KQTMEEKFMAANPSKVSYEPI TTTLKRKHEEVCAI KI QRAYRRHL L QRSMKQASYMYRHSHDG
SGDDAPEKEGL L ANT MSKMYGHENGNSSSPSPEEKGEAGDAGPTMGEL MPI SPSDTAWPPAPPPGOTVRPGVKESL V*

6.1. Contact Address for Technical Support & Ordering Information

« B'SYS GmbH
Technology Center Witterswil
Benkenstrasse 254
4108 Witterswil
Switzerland

Tel: +41 61 721 77 44
Fax: +41 61 721 77 41
Email: info@bsys.ch
Web: www.bsys.ch
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