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1 BACKGROUND 
 
1.1 B’SYS’s HEK CaV3.2 Cells 

B’SYS has designed a HEK CaV3.2 cell line. The human CaV3.2 cDNA was cloned and transfected into HEK cells and then the functional 
properties of the CaV3.2 channels validated by means of the patch-clamp technique. Results are outlined in section 3. 
 
 

2 VALIDATION OF HEK CaV3.2 CELLS 

HEK CaV3.2 cells were tested by manual and automated patch-clamping (Q-Patch) at B’SYS, and by high-throughput automated patch-
clamping (SyncroPatch 384) at Axxam 
 
2.1 Biophysical characterization 

2.1.1 MANUAL PATCH AND QPATCH 

CaV3.2 currents were measured by means of the patch-clamp technique in the whole-cell configuration. The bath solution contained 
(in mM) NaCl 137, KCl 4, CaCl2 1.8, MgCl2 1, D-glucose 10, HEPES 10, pH (NaOH) 7.40. The pipette solution consisted of (in mM) CsF 
135, NaCl 10, HEPES 10, EGTA 5, pH (KOH) 7.30. After formation of a GΩ seal between the patch electrodes and individual CaV3.2 stably 
transfected HEK 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 inward 
calcium currents were measured upon depolarization of the cell membrane from -80 mV or -100 mV to +60 mV or +10 mV in 10 mV 
increments (Fig. 1).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: Representative current recording and IV curve of CaV3.2 

Top line: manual patch-clamping: Holding current: -80 mV, duration of depolarization: 50 ms, pulse interval: 10 s. 

Bottom line: automated patch-clamping (Q-Patch): Holding current: -110 mV, duration of depolarization: 250 ms, pulse interval: 15 s. 

No inward calcium currents were recorded in untransfected cells (data not shown). 
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Based on the IV curves the activation curves were generated. Inactivation curves were derived from tail currents (-35 mV) after 
depolarizations between -100 mV and +10 mV: 

V0.5 values, mean ± SEM Manual-patch clamping Automated patch-clamping 

Activation -45.00 ± 1.65 mV (n=4) -54.90 ± 0.55 mV (n=56) 

Inactivation -60.78 ± 0.28 mV (n=4) -62.25 ± 0.32 mV (n=56) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

2.1.2 SYNCROPATCH 384 

 
Axxam evaluated HEK cells stably expressing CaV3.2 channels using a high-throughput automated patch-clamp platform (SyncroPatch 
384, Nanion). CaV3.2-mediated currents were reliably recorded with a high success rate. As shown in Fig. 3, a representative screenshot 
of the DataControl software (Nanion) illustrates data acquisition and analysis during a current-voltage (IV) protocol. In this experiment, 
90.4% of recorded cells achieved a seal resistance >1 GΩ, with an additional 3.1% exhibiting seal resistance >500 MΩ.  
 

Fig.2: Representative current recording (left) and activation / inactivation curves of CaV3.2 currents (right) 

Top: manual patch-clamping (normalized curves) 

Bottom: automated patch-clamping (absolute current amplitudes of 56 cells were averaged and analyzed) 

Col 95 vs Col 96 
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Fig. 3 Representative screenshot of the DataControl software 

A total of 384 recordings is displayed as an array of color-coded wells (A1–P24) in the upper-left panel. Wells are classified based on seal resistance: green indicates 
Rmemb > 1 GΩ, blue indicates Rmemb between 0.5 and 1 GΩ, and light blue or grey indicates Rmemb < 500 MΩ or excluded/disabled wells. A representative trace 
from a selected well is shown in the lower panel, while 16 selected recordings are displayed on the right. 

 
 

Biophysical properties of CaV3.2 channels were characterized using the whole-cell patch-clamp configuration. The extracellular (bath) 
solution contained (in mM): 80 NaCl, 60 NMDG, 4 KCl, 1 MgCl2, 6 CaCl2, 10 HEPES, and 5 glucose (pH 7.4). The intracellular (pipette) 
solution consisted of (in mM): 110 CsF, 10 CsCl, 10 NaCl, 10 HEPES, and 10 EGTA (pH 7.2). 
Recordings were performed using medium-resistance single-hole Nanion chips, with data sampled at 10 kHz. Following seal formation 
and establishment of the whole-cell configuration, CaV3.2 currents were elicited by depolarizing voltage steps from −130 mV to +50 
mV in 10 mV increments (Fig. 4). 
 

 
 
Fig. 4 Current-voltage (IV) relationship and representative CaV3.2 current recordings obtained using the SyncroPatch 384 

CaV3.2 currents were elicited by 800 ms depolarizing voltage steps from −130 mV to +50 mV, applied in 10 mV increments from a holding 
potential of −100 mV. IV curve and representative current traces are shown. 
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Activation curves were generated from IV relationships, while steady-state inactivation curves were derived from tail currents recorded 
at −20 mV following conditioning pulses ranging from −120 mV to 0 mV (Fig. 5). 
 

 
 

Fig. 5 Activation and inactivation curves of CaV3.2 recorded using the SyncroPatch 384 
CaV3.2 currents were elicited using the voltage protocols described to assess channel biophysical properties. Steady-state activation and 
inactivation curves were derived from the recorded data. The half-maximal voltage (V½) values were −44.5 mV (n = 245) for activation and −61.1 
mV (n = 256) for inactivation. 

 
To assess stability across passages, experiments were conducted at passages 5 (p5), 10 (p10), and 20 (p20). Consistent biophysical 
properties were observed across all passages (Fig. 6). Peak current amplitudes measured at −30 mV were −1113 ± 21.9 pA (n = 287), 
−1162 ± 29.9 pA (n = 253), and −1014 ± 26.9 pA (n = 252) at p5, p10, and p20, respectively. 
Activation curves showed V½ values of −44.5 mV (n = 245) at p5, −40.3 mV (n = 243) at p10, and −40.8 mV (n = 230) at p20. 
Inactivation curves yielded V½ values of −61.1 mV (n = 256) at p5, −57.3 mV (n = 253) at p10, and −58.1 mV (n = 253) at p20.  
 

 
 
Fig. 6 Biophysical properties of CaV3.2 channels evaluated across cell culture passages 

CaV3.2 functional properties were assessed at three different passages in culture (p5, p10, and p20) to evaluate stability over time. Peak 
current amplitude, current-voltage (IV) relationships, and voltage-dependent activation and inactivation curves were systematically 
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characterized at each passage. Comparable electrophysiological profiles were observed across all conditions, indicating consistent 
channel expression and functional stability. 

 

 

 
2.2 Pharmacology 

2.2.1 MANUAL PATCH AND QPATCH 

Mibefradil and Flunarizine, which are known as a T-Type CaV blockers, were used to validate the pharmacological profile of the HEK 
CaV3.2 cells. Both test items are state dependent with an increased affinity to inactivated states. CaV3.2 channels were inactivated at -
35 mV for 2 s. To recover fast inactivated channels the cells were clamped to -110 mV for 1 s before recording the current at -35 mV 
(second peak).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.2.2 SYNCROPATCH 384 

 
The pharmacological profile of HEK CaV3.2 cells was validated using known T-type calcium channel blockers, including Z944, mibefradil, 
and ML-218 (Fig. 8). 
To evaluate state-dependent inhibition, a tailored voltage protocol (Fig.5) was applied consisting of: (i) a 100 ms test pulse at −20 mV, 
(ii) a 1200 ms conditioning pulse, and (iii) a second 100 ms test pulse at −20 mV. The conditioning pulse was designed to maintain 
approximately 50% of channels in the inactivated state. The system initially performs an inactivation IV protocol, followed by an online 
Boltzmann fit for each individual cell to determine its specific V½ value. These values are automatically fed back into the system to 

Time (ms)

40 60 80 100

C
u

rr
e

n
t 

(p
A

)

-1400

-1200

-1000

-800

-600

-400

-200

0

Time (ms)

40 60 80 100

C
u

rr
e

n
t 

(p
A

)

-2000

-1500

-1000

-500

0

Fig.7: Concentration response curved for Mibefradil and Flunarizine (automated patch-clamping). 

Top: representative current recordings for resting state (VH: -110 mV) and inactivated state. 

Bottom: concentration-response curves for Mibefradil and Flunarizine in resting and inactivated state 
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generate a customized conditioning voltage for each well. This fully automated procedure enables precise control of channel state, 
ensuring consistent and reproducible partial inactivation (~50%) across all recordings (Fig. 5). 
CaV3.2 currents were recorded using an intraplate approach (i.e., one compound concentration per cell), under control conditions 
(vehicle), in the presence of test compounds, and under full block conditions (2.5 mM Ni²⁺). These reference conditions were used to 
perform min-max normalization of the current amplitude. 
 

 
 

Fig. 8 Pharmacological characterization using the SyncroPatch 384 

Voltage and application protocol (top panel), representative current traces (middle panel) and corresponding dose-response curves 
(bottom panel) are shown for CaV3.2 inhibition in the presence of Z944, mibefradil, and ML-218. 

 

Pharmacological properties were evaluated across passages (p5, p10, p20). 
• Z944 IC₅₀ values were: 0.20 µM (resting state) and 0.07 µM (inactivated state) at p5; 0.13 µM and 0.07 µM at p10; 0.17 µM 

and 0.09 µM at p20. 
• Mibefradil IC₅₀ values were: 1.47 µM (resting state) and 0.61 µM (inactivated state) at p5; 1.20 µM and 0.60 µM at p10; 1.34 

µM and 0.72 µM at p20. 
• ML-218 IC₅₀ values were: 0.08 µM (resting state) and 0.04 µM (inactivated state) at p5; 0.06 µM and 0.04 µM at p10; 0.08 µM 

and 0.05 µM at p20. 
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3 CaV3.2 SEQUENCE 
 
 
3.1 CaV3.2 

Cloned cDNA sequence of CaV3.2 (CACNA1H) subunit was error-free and is encoding for NP_066921: 
 

MTEGARAADEVRVPLGAPPPGPAALVGASPESPGAPGREAERGSELGVSPSESPAAERGAELGADEEQRVPYPAL

AATVFFCLGQTTRPRSWCLRLVCNPWFEHVSMLVIMLNCVTLGMFRPCEDVECGSERCNILEAFDAFIFAFFAVE

MVIKMVALGLFGQKCYLGDTWNRLDFFIVVAGMMEYSLDGHNVSLSAIRTVRVLRPLRAINRVPSMRILVTLLLD

TLPMLGNVLLLCFFVFFIFGIVGVQLWAGLLRNRCFLDSAFVRNNNLTFLRPYYQTEEGEENPFICSSRRDNGMQ

KCSHIPGRRELRMPCTLGWEAYTQPQAEGVGAARNACINWNQYYNVCRSGDSNPHNGAINFDNIGYAWIAIFQVI

TLEGWVDIMYYVMDAHSFYNFIYFILLIIVGSFFMINLCLVVIATQFSETKQRESQLMREQRARHLSNDSTLASF

SEPGSCYEELLKYVGHIFRKVKRRSLRLYARWQSRWRKKVDPSAVQGQGPGHRQRRAGRHTASVHHLVYHHHHHH

HHHYHFSHGSPRRPGPEPGACDTRLVRAGAPPSPPSPGRGPPDAESVHSIYHADCHIEGPQERARVAHAAATAAA

SLRLATGLGTMNYPTILPSGVGSGKGSTSPGPKGKWAGGPPGTGGHGPLSLNSPDPYEKIPHVVGEHGLGQAPGH

LSGLSVPCPLPSPPAGTLTCELKSCPYCTRALEDPEGELSGSESGDSDGRGVYEFTQDVRHGDRWDPTRPPRATD

TPGPGPGSPQRRAQQRAAPGEPGWMGRLWVTFSGKLRRIVDSKYFSRGIMMAILVNTLSMGVEYHEQPEELTNAL

EISNIVFTSMFALEMLLKLLACGPLGYIRNPYNIFDGIIVVISVWEIVGQADGGLSVLRTFRLLRVLKLVRFLPA

LRRQLVVLVKTMDNVATFCTLLMLFIFIFSILGMHLFGCKFSLKTDTGDTVPDRKNFDSLLWAIVTVFQILTQED

WNVVLYNGMASTSSWAALYFVALMTFGNYVLFNLLVAILVEGFQAEGDANRSDTDEDKTSVHFEEDFHKLRELQT

TELKMCSLAVTPNGHLEGRGSLSPPLIMCTAATPMPTPKSSPFLDAAPSLPDSRRGSSSSGDPPLGDQKPPASLR

SSPCAPWGPSGAWSSRRSSWSSLGRAPSLKRRGQCGERESLLSGEGKGSTDDEAEDGRAAPGPRATPLRRAESLD

PRPLRPAALPPTKCRDRDGQVVALPSDFFLRIDSHREDAAELDDDSEDSCCLRLHKVLEPYKPQWCRSREAWALY

LFSPQNRFRVSCQKVITHKMFDHVVLVFIFLNCVTIALERPDIDPGSTERVFLSVSNYIFTAIFVAEMMVKVVAL

GLLSGEHAYLQSSWNLLDGLLVLVSLVDIVVAMASAGGAKILGVLRVLRLLRTLRPLRVISRAPGLKLVVETLIS

SLRPIGNIVLICCAFFIIFGILGVQLFKGKFYYCEGPDTRNISTKAQCRAAHYRWVRRKYNFDNLGQALMSLFVL

SSKDGWVNIMYDGLDAVGVDQQPVQNHNPWMLLYFISFLLIVSFFVLNMFVGVVVENFHKCRQHQEAEEARRREE

KRLRRLERRRRSTFPSPEAQRRPYYADYSPTRRSIHSLCTSHYLDLFITFIICVNVITMSMEHYNQPKSLDEALK

YCNYVFTIVFVFEAALKLVAFGFRRFFKDRWNQLDLAIVLLSLMGITLEEIEMSAALPINPTIIRIMRVLRIARV

LKLLKMATGMRALLDTVVQALPQVGNLGLLFMLLFFIYAALGVELFGRLECSEDNPCEGLSRHATFSNFGMAFLT

LFRVSTGDNWNGIMKDTLRECSREDKHCLSYLPALSPVYFVTFVLVAQFVLVNVVVAVLMKHLEESNKEAREDAE

LDAEIELEMAQGPGSARRVDADRPPLPQESPGARDAPNLVARKVSVSRMLSLPNDSYMFRPVVPASAPHPRPLQE

VEMETYGAGTPLGSVASVHSPPAESCASLQIPLAVSSPARSGEPLHALSPRGTARSPSLSRLLCRQEAVHTDSLE

GKIDSPRDTLDPAEPGEKTPVRPVTQGGSLQSPPRSPRPASVRTRKHTFGQRCVSSRPAAPGGEEAEASDPADEE

VSHITSSACPWQPTAEPHGPEASPVAGGERDLRRLYSVDAQGFLDKPGRADEQWRPSAELGSGEPGEAKAWGPEA

EPALGARRKKKMSPPCISVEPPAEDEGSARPSAAEGGSTTLRRRTPSCEATPHRDSLEPTEGSGAGGDPAAKGER

WGQASCRAEHLTVPSFAFEPLDLGVPSGDPFLDGSHSVTPESRASSSGAIVPLEPPESEPPMPVGDPPEKRRGLY

LTVPQCPLEKPGSPSATPAPGGGADDPV 

 
 
3.2 Cloning information 

HEK293 (ATCC CRL-1573) cells were stably transfected with codon optimized DNA encoding for the human isoform of CaV3.2 (CACNA1H, 
NP_066921) by non-viral lipofection.  

The expression of CaV3.2 is under the control of a CMV promoter, the Hygromycin resistance gene is controlled by a SV40 promoter, the 
Blasticidin resistance is controlled by an EM-7 promoter, the Puromycin resistance gene is controlled by a CMV promoter. For 
amplification in e-coli, an Ampicillin resistance gene is located on the complementary strand under the control of a bla promoter.  
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4 CONTACT INFORMATION 
 
 
4.1 Contact Address for Technical Support & Ordering Information 
 

• B’SYS GmbH 
Technology Center Witterswil 
Benkenstrasse 254B 
4108 Witterswil 
Switzerland 
 
Tel: +41 61 721 77 44 
Fax: +41 61 721 77 41 
Email: info@bsys.ch 
Web: www.bsys.ch 

 
• Axxam S.p.A. 

Openzone – Via Meucci, 3 
20091 Bresso – Milan, Italy 
 
Tel: + 39 02 210561 
Fax: + 39 02 21056 02 
Email: info@axxam.com  
Web: www.axxam.com  
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