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Endogenous calcium channels in human embryonic kidney
(HEK293) cells
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1 We have identified endogenous calcium channel currents in HEK293 cells. Whole cell endogenous
currents (ISr-HEK) were studied in single HEK293 cells with 10 mM strontium as the charge carrier by the
patch clamp technique. The kinetic properties and pharmacological features of ISr-HEK were characterized
and compared with the properties of a heterologously expressed chimeric L-type calcium channel
construct.
2 Isr-HEK activated on depolarization to voltages positive of -40 mV. It had transient current kinetics
with a time to peak of 16 + 1.4 ms (n = 7) and an inactivation times constant of 52 + 5 ms (n = 7) at a test
potential of 0 mV. The voltage for half maximal activation was - 19.0 + 1.5 mV (n = 7) and the voltage
for half maximal steady-state inactivation was -39.7 + 2.3 mV (n = 7).
3 Block of ISrHEK by the dihydropyridine isradipine was not stereoselective; 1 gM (+) and (-

isradipine inhibited the current by 30+4% (n=3) and 29+2% (n=4) respectively. (+)-Isradipine and
(-)-isradipine (10 giM) inhibited ISr-HEK by 89 +4% (n =5) and 88 + 8% (n = 3) respectively. The 7-bromo
substituted (±)-isradipine (V02605, 10 giM) which is almost inactive on L-type calcium channels also
inhibited ISr-HEK (83+9%, n=3) as was observed for 10 kIM (-)-nimodipine (78+6%, n=5).
Interestingly, 10 gIM (±)-Bay K 8644 (n =5) had no effect on the current. ISr-HEK was only slightly
inhibited by the cone snail toxins wo-CTx GVIA (1 gM, inhibition by 17 + 3%, n = 4) and Cw-CTx MVIIC
(1 gM, inhibition by 20 + 3%, n = 4). The funnel web spider toxin w-Aga IVA (200 nM) inhibited ISr-HEK
by 19+2%, n=4).
4 In cells expressing ISr-HEK, maximum inward current densities of 0.24 + 0.03 pA/pF and 0.39 + 0.7 pA/
pF (at a test potential of - 10 mV) were estimated in two different batches of HEK293 cells. The current
density increased to 0.88 + 0.18 pA/pF or 1.11 +0.2 pA/pF respectively, if the cells were cultured for 4
days in serum-free medium.
5 Co-expression of a chimeric L-type calcium channel construct revealed that ISr-HEK and L-type
calcium channel currents could be distinguished by their different voltage-dependencies and current
kinetics. The current density after heterologous expression of the L-type oa, subunit chimera was

estimated to be about ten times higher in serum containing medium (2.14 + 0.45 pA/pF) than that of ISr
HEK under the same conditions.

Keywords: Ca2 + channels; HEK293 cells; expression system; class E calcium channels; T-type calcium channels; 1,4-
dihydropyridines

Introduction

The human embryonic kidney cell line HEK293 serves as an

efficient test system for functional and biochemical studies of
ionic channel proteins. This cell line can be used as a transient
or stable heterologous expression system and recently became
widely used for expression of voltage-dependent calcium
channels (Williams et al., 1994; de Leon et al., 1995; Bangalore
et al., 1995; Kamp et al., 1995; Schreieck et al., 1995; Perez-
Garcia et al., 1995).
Many of the mammalian cell lines that are currently used

for expression of voltage-dependent calcium channels, as well
as Xenopus laevis oocytes, have been shown to express en-

dogenous calcium channels (Adams & Beam 1989; Bourinet et
al., 1992; Skryma et al., 1994; Lacerda et al., 1994). However,
it is still uncertain whether HEK293 cells express endogenous
calcium channels. Precise knowledge about the current density,
voltage-dependence, kinetic properties and pharmacological
features of endogenous currents is a necessary precondition for
studies of calcium channel al subunits or subunit compositions
expressed in these cells.

In the present study we demonstrated that the cell line
HEK293 does express endogenous calcium channels. We de-
scribe their basic properties and suggest, that endogenous

1 Author for correspondence at: Institut fur Biochemische
Pharmakologie, A-6020 Innsbruck, Peter Mayr StraBe 1, Austria.

calcium channels in HEK293 cells have some kinetic and
pharmacological similarities with class E or T-type calcium
channels (Soong et al., 1993). The endogenous calcium chan-
nels in HEK293 cells cannot, however, be attributed to a
particular class of calcium channels (Birnbaumer et al., 1994)
because the currents are inhibited by 1,4-dihydropyridine
compounds with a profile that suggest an unusual non-specific
interaction in comparison to L-type calcium channels. We
demonstrate that the density of endogenous calcium channel
currents in HEK293 cells is increased if the cells are grown in
serum-free culture medium.

By transfecting HEK293 cells with cDNA of a chimeric L-
type calcium channel al subunit, we illustrate that the currents
of endogenous and heterologously expressed L-type calcium
channels can be separated by their voltage-dependence as well
as by pharmacological and kinetic properties.

Methods

Cell culture and transfection

HEK293 cells were grown at 370C in Dulbecco's modified
Eagles medium (GIBCO, Grand Island, NY, U.S.A.) con-
taining 10% foetal bovine serum (FBS, Sebak, Suben, Austria)
at 8% CO2. For differentiation HEK293 cells were cultured in
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serum free (FBS-free) Optimem Medium (GIBCO) at 40- 50%
confluency for 4 days. Two different batches of HEK293 cells
were used in the present study. Experiments with the first
batch (No. F-10626) of HEK293 cells were performed between
passage numbers P34 to P42. The second batch of HEK293
cells (No. F-1 1987) was studied between passage numbers P32
to P39.

HEK293 cells were transfected with a chimera between rabbit
heart axCca (H) (Mikami et al., 1989) and carp skeletal muscle Ots
(s) (Grabner et al., 1991) sH (amino acid numbers in par-
entheses): s(l-60), H(145-2171). As described previously sub-
stitution ofthe amino terminus ofthe aIC-a subunit by a sequence
of the carp skeletal muscle al subunit resulted in a significantly
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higher expression rate of the resulting chimera without affecting
current kinetics (Wang et al., 1995). Heterologous expression
experiments were routinely done with co-transfection of the fla
calcium channel subunit (Ruth et al., 1989).

Calcium channel subunit cDNAs were inserted into the
mammalian expression vector pcDNA3 (Invitrogen) and
therefore expressed under the control of a CMV promoter.
HEK293 transfections were mediated by Lipofectamin (GIB-
CO) following the manufacturer's instructions. A standard
transfection (in 35 mm Petri dishes) was done with 1 ug of
each expression plasmid, 9 yil Lipofectamin at a cell density of
about 70% confluency. Patch clamp experiments were per-
formed between 36 to 48 h after transfection.
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Figure 1 Strontium inward currents and current voltage relationship of 1Sr-HEK and ISr-sH in HEK293 cells: (a, b) Families of Isr
HEK (cultured with 10% FBS) and ISr-sH in HEK293 cells. (a) Inward currents (ISr-HEK) of a HEK293 cell grown for 4 days in
DMEM supplemented with 10% FBS at voltages from -60mV to 40mV, in 20mV voltage steps, holding potential -70mV. (b)
Inward currents (ISr-sH) of a HEK293 cell (cultured in DMEM supplemented with 10% FBS) which was transfected with cDNA
encoding for the al chimera sH (see Methods) at voltages from -20mV to 60mV, in 20mV voltage steps, holding potential
-50mV (for partial inactivation of 1Sr-HEK, see Figure 2). Test potentials are indicated. (c) Peak-current-voltage relationships of
calcium channel currents in HEK293 cells for ISr-HEK (same experiment as shown in a), ISr-HEK (cell was cultured in FBS-free
medium) and ISr-sH (same experiment as shown in b). Smooth lines represent the best-fit curves to the function ISr-HEK/sH = Gmax*(V-
Vrev)/(l + exp[(V-Vo.5, act)/kact] 1sr-HEK/sH, values of the peak ISr-sH or 1sr-HEK of typical cells at a given test potential V; Gmax,
maximal conductance value; Vrev, reversal potential; VO.5,act, voltage of half-maximal current activation; kact, slope factor. The
estimated values for katt and VO.5,aCC are: '5r-HEK (10% FB5) (A) (kact= 7.53mV, V0*5, act=-24.5 mV, Vrev =62 mV, G = 0.84 pS);
isr-HEK (FBS-free) (El) (kact =-6.7mV, V0.5, act =-16.9mV, Vrev=46.5mV, Gmra,= 3.37pS); ISr-sH (O)(k =-5.84mV, V0.5
act = 8.02 mV, Vrev = 68 mV, Gmax = 4.73 pS). The estimated current densities were 0.28 pA/pF (A\), 0.99 pA/pF (El) and 1.5 pA/pF
(0). (d) Current-voltage relationship obtained by a 300 ms ramp depolarization from - 70mV to 80mV in a HEK293 cell 36 h after
transfection with cDNA encoding for chimera sH. Note that the two peaks of the inward current correspond to the peak values of
the curves obtained in (c). This protocol enables the observation of the expression of ISrHEK and ISr-sH in the same cell.
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Ionic current recordings and data acquisition

Inward strontium-currents were recorded in HEK293 cells at
22-250C by the whole cell configuration of the patch-clamp
technique (Hamill et al., 1981) with a patch clamp amplifier
(EPC 7, List electronic, Germany). Patch pipettes with re-
sistance of 1 to 4 Mohm were made from borosilicate glass
(Clark Electromedical Instruments, UK GC150-7.5) and filled
with pipjette solution containing (in mM): CsCl 60, CsOH 60,
aspartate 60, MgCl2 2, HEPES 10, EGTA 10 titrated to pH
7.25 with CsOH. Is, were measured in external strontium so-
lution containing (in mM): SrCl2 10, N-methyl-D-glucamine
190, HEPES 10, glucose 20, 4-aminopyridine 4, tetra-
ethylammonium chloride 27, MgCl2 3, buffered to pH 7.3 with
methanesulphonic acid.

Data were digitized using a DIGIDATA 1200 interface
(Axon Instruments, Foster City, U.S.A.) and stored on the
computer hard disc. Data were filtered at 1 kHz (four-pole
Bessel filter) and digitized at a sampling rate of 5 kHz. Leak
currents were subtracted digitally (using average values of
scaled leakage currents elicited by a 10 mV hyperpolarizing
pulse) or electronically by means of an analogue circuit.

Exchange of the bath solution (i.e. extracellular drug ap-
plication) was achieved by means of a microperfusion chamber
(MPC 50, List Electronic, Germany) enabling repeated fast
solution exchange in single cells without contamination of the
entire bath (see Savchenko et al., 1995 for details). This tech-
nique was highly suitable for application of small amounts of
the peptide toxins as 50 pl test solution were sufficient for a 20
fold exchange of the chamber volume. Before drug application
cells were monitored for run-down during a period of 10 min.
Only cells with a run down of less than 5% were used to study
toxin or drug effects. Data are given as ranges or means
+ s.e.mean. Statistical significance was calculated according to
Student's unpaired t test for two populations.

Materials

Human embryonic kidney (HEK293) cells were obtained from
the American Type Culture Collection (Rockville, MD,
U.S.A.). The 1,4-dihydropyridines (+)- and (-)-isradipine
and VO 2605 (isopropyl 4-(2,3,1 (7-bromo) benzoxadiazol-4-
yl)- 1,4-dihydro-2,6-dimethyl-5-methoxycarbonylpyridine 3-
car-boxylate) were kindly provided by Sandoz AG (Basle,
Switzerland) and (±)-Bay K 8644 and (-)-nimodipine were
from Bayer AG (Wuppertal, Germany). co-Agatoxin IVA
(Funnel Web Spider toxin, co-Aga IVA) was obtained from
BIO TREND (Germany) and w-conotoxin GVIA (marine
snail toxin, co-CTx GVIA) was from Peninsula Laboratories
(U.S.A.). co-Conotoxin MVIIC was from Saxon Biochemicals
(Germany).

Results

Endogenous calcium channel currents were observed in 160
(76%) out of 210 non-transfected HEK293 cells with 10 mM
strontium as the charge carrier. Depolarizing the cell mem-
brane from a holding potential of -70 mV above a threshold
of -40 mV evoked transient voltage-dependent inward cur-
rents.

Figure la shows a family of whole cell ISr-HEK from a
nontransfected HEK293 cell. The currents reached maximal
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Figure 2 Comparison of activation and inactivation kinetics of Isr
HEK and ASr-sH in HEK293 cells. (a) Inactivation time constants of Is,
HEK in non transfected and ISr-sH in transfected HEK293 cells are
plotted as a function of the membrane potential. 1sr-HEK were elicited
by 400ms depolarizing voltage steps from -7OmV to the indicated
membrane potentials (ISr-HEK, (A) cells cultured in 10% FBS and ISr
HEK, ([J) recorded after culturing the cells for 4 days in FBS-free
medium). Alternatively ISr-sH (0) were recorded during 400ms
depolarizations from -50 mV. The inactivation time course was
fitted by a single exponential function. Data from three representative
cells. (b,c) Solid lines represent best fit to the function ISr-HEK/sH
(t) = A*exp(- t/Tinact) + C. For 1Sr-HEK (b) Tinact= 60 ms (at 0mV) and
for 'Sr-sH (c) Tinact = 132 ms (at 20mV) were estimated.

Table 1 Properties of ISr-HEK and ISr-sH in HEK293 cells

Current Current
type density (pA/pF)

ISr-HEK-
(10% FBS)
ISr-HEK*
(FBS-free)
ISr-sH*
(10% FBS)

VO.5,act
(mV)

kact
(mV)

VO.5,inact kinact.
(mV) (mV)

G(,S
(pS)

tpeak
(ms)

0.24 + 0.03** -19.0 ± 1.5 5.7 + 0.35 -39.7 ± 2.3 -3.6 + 0.3 0.82 0.12 16.8 ±1.4

0.88±0.18** -18.5± 1.7 5.6±0.1 -41.2± 1.5 -3.7±0.27 3.1 ±0.2 17.0± 1.2

2.14 ± 0.45** 9.2± 1.1 5.2±0.8 -10.1 ± 1.3 -5.7±0.36 4.85 ±0.93 34.0± 1.1

Tinact
(ms)

52± 5

57 + 5

209 ± 20

Current kinetics of ISr-HEK and Isr-sH were studied at test potentials of 0mV and 20mV respectively. For Isr-HEK measurements the
holding potential was -70 mV. To minimize contamination of ISrsH by Isr-HEK transfected cells were held at -50mV if current kinetics
of ISr-sH were studied. Abbreviations: kact/inac, slope factor of corresponding steady-state activation or inactivation curves; VO.5,act/inact
potentials of half-maximal current activation and inactivation; ;inact, inactivation time constant, tp1, , time to peak of the inward
current. Values are the mean ± s.e.mean from 5 to 7 HEK293 cells. *Cells from batch No.F-10626, passage numbers P34 to P42. **The
observed differences in current densities were highly significant: ISr-HEK (10% FBS) versus ISrHEK (FBS free) P<0.01.
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values at -6+ 1.0 mV (n = 7) and reversed at 55 + 6.1 mV
(n = 7). Voltages for half maximal activation were estimated as
described in Figure Ic (see Table 1). ISTHEK recorded by voltage
ramp protocols in nontransfected HEK293 cells had a single
peak with no evidence for more than one calcium channel type
expressed and a similar current-voltage relationship to that
observed in Figure lc (data not shown).

The time course of current inactivation during a 400 ms test
depolarization was approximated by a single exponential
function (Figure 2b). The calculated inactivation time constant
was voltage-dependent, declining in the cell shown in Figure 2b
from 117 ms at -20 mV to 34 ms at 30 mV (Figure 2a). ISr-
HEK activated rapidly reaching a time to peak between 14.8 ms
and 18.8 ms at 0 mV (Figure 2b, see Table 1 for mean values of
time to peak at a test potential of 0 mV). The voltage-depen-
dence of calcium channel availability was determined by
measuring the peak ISrHEK during a test pulse to 0 mV after a
10 s conditioning prepulse (see Figure 3). The voltage for half
maximal inactivation of ISr-HEK is indicated in Table 1.

Reduction or complete removal of growth factors from the
culture medium induces in many cell lines a morphological
differentiation and accumulation of specific gene products like
calcium channel proteins (see Biel et al., 1991). We have grown
HEK293 cells for 4 days in FBS-free culture medium and
observed a significant increase in Isr-HEK-density whereas the
voltage-dependence and kinetics of calcium channel currents
remained unchanged (Figure ic, see Table 1 for data from cell
batch No. F-10626). In a second batch of HEK293 cells (see
Methods) the current density increased from 0.39 + 0.7 pA/pF
(n = 26) to 1.11 + 0.2 pA/pF (n = 15) after removal of FBS from
the culture medium. In previous studies L-type al subunits
have been expressed in the HEK293 cells but no endogenous
calcium channel currents have been reported (i.e. Perez-Garcia
1993; Schreieck et al., 1995). We have considered the possibi-
lity that endogenous calcium channels may appear only in
certain cell batches and therefore performed experiments on
two different batches of HEK293 cells with different passage
numbers (see Methods). Voltage-dependence and current ki-
netics of ISr-HEK were found to be similar in both HEK293
batches tested.

To compare voltage-dependence and kinetic properties of
ISr-HEK with L-type calcium channels we transfected HEK293
cells with cDNA encoding for the chimeric al subunit sH (see
also Wang et al., 1995; Grabner et al., 1996; for kinetic and

pharmacological properties of construct sH). Figure lb shows
ISr-sH of a HEK293 cell recorded 48 h after transfection with
the corresponding cDNA. ISrH activated and inactivated with
slower current kinetics compared to ISr-HEK (Figure la). I'r-sH
activated during depolarizing steps from -50 mV above a
threshold of -20 mV and reached maximal current values at
20 + 2 mV (n = 7). The current voltage relationship of ISr-sH is
shown in Figure Ic (same cell as in Figure lb, superimposed
with the ISrHEK current voltage relationships of nontransfected
HEK293 cells). The fact that two channel types (ISr-HEK and
Isr-sH) with different voltage-dependence are expressed in a
single HEK293 cells was also evidence from the current-vol-
tage relationship. When ramp depolarizations were applied
from a holding potential of -70 mV to + 80 mV (see Figure
Id) two peaks were distinguishable. Similar observations were
made in 26 (71%) out of 37 cells expressing the L-type chimera
sH. The first peak on the current-voltage relationship (Figure
ld, related to activation of ISrHEK) could be reduced by
holding the cells at more depolarized potentials (data not
shown). At later stages after transfection (>48 h) a separate
peak of ISr-HEK on the current-voltage relationship was less
prominent and presumably superimposed by threshold
ISr-sH because this channel type was expressed at a much higher
density (see Table 1).

The voltage-dependence of steady state inactivation and
kinetic properties of ISr-sH and ISr-HEK are shown in Figure 3.
Compared to 'Sr-HEK, the voltage for half maximal inactivation
of ISr-sH was found to be about 30 mV more positive (Table 1,
see also Figure la, b, c for the different thresholds of ISr-sH and
ISrHEK activation). Inactivation kinetics of I5r-sH were described
by a voltage-dependent time constant decaying from 276 ms at
-20 mV to about 45 ms at 40 mV (Figure 2a, c; see Table 1
for mean values, of time to peak and inactivation time con-
stants at 20 mV test potential).

The maximal current density of ISr-sH in transfected cells was
estimated from the peak current values obtained upon depo-
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Figure 3 Steady state inactivation curves of iSr-HEK and Ir-sH: the
peak currents during a 300ms test pulse to OmV (ISr-HEK, 0) or
20mV (ISr-sH, 0) were plotted versus the voltage of a lOs
conditioning prepulse. Interpulse interval was 2ms. Solid lines are

drawn according to the equation: ISr-HEK/ISr-HEK max = 1/1(1 + exp[(V-
V0.5, inact)/kinacJ; ISr-HEK: Vo.5, inact=- 37.5mV; kinact = -3.67 mV;
Isr-sH: VO.5inact= - 12.5 mV, kinact = -5.95 mV. Inset: 1sr-HEK, (0)
recorded after conditioning prepulses to -85, -70, -55, -40, -25,
-10 and 5mV, calibration bars 5OpA and lOOms. ISr-sH, (0)
recorded after condition prepulses to -60, -50, -40, -30, -20,
-10, 0, 10 and 20mV, calibration bars 50 pA, lOOms.

Figure 4 Stereoselectivity of isradipine action on ASr-HEK and ISr-sH*
HEK293 cells were depolarized every lO s from a holding potential of
-70mV to a test potential of 0mV (for observation of IAr-HEK) and
to 20mV (for observation of ISr-sH). Currents in the absence (1) and
presence of drug (2), indicating Isrinhibition in steady state, are

superimposed. Experiments were performed on cells cultured in the
presence of 10% FBS. (a) Inhibition of ISr-sH (1-control) by 1FM
(+)-isradipine (2) and (b) block of ISrsH (1-control) by 1 IM (-)-
isradipine (2). (c) Inhibition of ISHEK (1) by 1 yM (+)-isradipine (2)
and (d) 1sr-HEK (1) inhibition by 1 Mm (-)-isradipine (2).
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larization of the cell membrane from a holding potential of
-50 mV to a test potential of 20 mV. The estimated values of
the current density ranged from 1.0 up to 3.5 pA/pF (see also
Table 1 for mean values).

ISr-sH were sensitive to 1,4-dihydropyridines and increased
more than 3 fold (mean of 3 experiments) at a test potential of
20 mV upon application of 1 gM )(±)-Bay K 8644, whereas
application of (± )-Bay K 8644 (up to 10 uM) did not affect ISr
HEK- ISr-sH were stereoselectively inhibited by the antagonist
isradipine (Figure 4a, b). (+)-Isradipine (1 guM) blocked ISr-sH
by 87 +2% (n = 3) whereas the (-)-enantiomer was sig-
nificantly less effective (with P<0.01) and induced only
61 + 3% (n = 3) block.

Pharmacological features of ISr-HEK were studied at a
holding potential of -70 mV during depolarizing steps to
0 mV in HEK293 cells cultured in the presence of 10% FBS.
Isradipine inhibited ISr-HEK but the block was not stereo-
selective (Figure 4c, d). (+)-Isradipine (1 jiM) induced a
30 +4% (n = 3) block whereas (-)-isradipine inhibited ISr-HEK
by 29 +2% (n = 4). A higher concentration (10 jgM) of (+ )-
and (-)-isradipine blocked ISr-HEK by 89 +4% (n = 5) and
88 + 8% (n = 3) respectively. (-)-Nimodipine (10 jgM) induced
a similar amount of peak current inhibition (92 + 3% (n = 5)).
The block by isradipine was reversible (washout after 10 min
79+16% (n=6)), whereas block by (-) nimodipine was
nearly irreversible (after 10 min washout less than 20% re-
covery). The 7-bromo substituted (±)-isradipine (VO 2605,
10 giM) that is almost inactive on L-type calcium channels
(Glossmann & Ferry, 1985) also inhibited ISr-HEK (block by

a
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LO)
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83+9%, n=3). Endogenous calcium channel currents were
inhibited by Ni2+ with half maximal block occurring at
48+19 giM (n=4) (Figure 5a). The cone snail toxin co-CTx
MVIIC (1 gM) induced 20 + 3% (n = 4) block Of ISr-HEK (Figure
5b) whereas co-CTx GVIA (1 guM) induced 17+3% (n=4)
current inhibition (Figure 5c). The funnel web spider toxin co-
Aga-IVA (200 nM) induced only weak inhibition (19 + 2%,
n = 4) of the endogenous calcium channel current (Figure 5d).

Discussion

The main purpose of the present study was to characterize the
HEK293 cell line as an expression system for voltage-depen-
dent calcium channels. We established that HEK293 cells, as
previously shown for other expression systems, possess en-
dogenous voltage-dependent calcium channel currents. The
percentage of HEK293 cells expressing ISr-HEK was even higher
(76%) compared to CHO cells where only 24% of the cells
were found to express endogenous calcium channels (Skryma
et al., 1994). The studied ISr-HEK have a transient time course
and are insensitive to the L-type calcium channel agonist (± )-
Bay K 8644 (10 jiM). Similar pharmacological features, in-
cluding the weak inhibition of co-Aga-IVA (Soong et al., 1993,
but see Ellinor et al., 1993), co-CTx GVIA (Soong et al,. 1993,
but see Ellinor et al., 1993) and co-CTx MVIIC (Ellinor et al.,
1993) have been previously described for class E calcium
channels (Williams et al., 1994). In addition to its common
pharmacological properties, the fast inactivation time course
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Figure 5 Pharmacological features of ISr-HEK (a) Inhibition of 1sr-HEK (1) by subsequent application of 3Mm (2), 30Mm (3) and
100 Mm (4) nickel. (b) Inhibition of ISr-HEK (1) by 1 MM co-CTx MVIIC (2); (c) Inhibition of 1Sr-HEK (1) by 1 MM Cw-CTx GVIA (2); (d)
inhibition of ISr-HEK (1) by 200 nM co-Aga-IVA (2). 1Sr-HEK were evoked by depolarizations from - 70mV to 0 mV applied at a
frequency of 0.1 Hz.
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Of ISr-HEK is also typical for class E calcium channels (Soong et
al., 1993; Ellinor et al., 1993). Class E calcium channels in-
activate with a time constant of about 70 ms (15 mm barium as
charge carrier, Williams et al., 1994) compared to ISr-HEK in-
activating with 10 mM strontium as charge carrier with a time
constant of about 60 ms in the voltage range of -10 to 30 mV
(see Figure 2a, b). The concentration for half maximal in-
hibition of ISr-HEK (see Table 1) by Ni2+ (IC50=48 giM) also
corresponds to the reported half maximal inhibition of class E
calcium channels (IC50 for current block by Ni2+ 30 gM,
Soong et al., 1993; Ellinor et al., 1993; Williams et al., 1994).

Taken together, with respect to the established degree of
identity in the pharmacology and kinetic properties, en-
dogenous calcium channels in HEK293 cells share some
properties with class E calcium channels (Soong et al., 1993;
Birnbaumer et al., 1994).

In previous studies class E calcium channels have been re-
ported to be insensitive to the 1,4-dihydropyridines, nifedipine
(10 pM, Soong et al., 1993) and nimodipine (10 gM, Ellinor et
al., 1993). The inhibition by isradipine and (-)-nimodipine
distinguishes ISr-HEK from class E channels. Inhibition of ISr
HEK by isradipine was, however, not stereoselective and oc-
curred at higher concentrations compared to the stereoselective
block of ISr-sH by the same drug (Figure 4). Additionally the 7-
bromo-ester-substituted (± )-isradipine (V02605) also in-
hibited ISr-HEK. This 7-bromo-ester-substitution (as in V02605)
is detrimental for L-type calcium channel binding (Glossmann
& Ferry, 1985; Janis et al., 1987). Thus, 1,4-dihydropyridine
inhibition of ISr-HEK clearly differs from that observed for L-
type calcium channels.

Taken together, the endogenous calcium channel in
HEK293 cells shares many characteristics with a low voltage-
activated class E calcium channel or T-type channel described
by Soong et al. (1993). However, this channel type does not fit
precisely into any class of voltage-dependent calcium channels
as defined by Birnbaumer et al. (1994), because of the fol-
lowing pharmacological properties: (i) non-stereoselective (but
reversible) inhibition by isradipine and inhibition by (-)-ni-
modipine; (ii) no effect of (± )-Bay K 8644 and (iii) inhibition
of ISr HEK by (±)-V02605 with similar potency to that of is-
radipine. Clearly, this pharmacological profile for dihy-
dropyridine compounds differs from that known for L-type
calcium channels and further studies will show if endogenous
calcium channels in HEK293 represent a new class of voltage-
dependent calcium channels.

The important finding of this study is that whole cell cal-
cium channel currents of expressed exogenous al subunits in
HEK293 cells can be contaminated by endogenous currents.
The degree of contamination is dependent on the relation be-
tween the current densities of ISr-HEK and the expressed L-type
channel.

Schreieck et al. (1995) report L-type current densities in
HEK293 cells (IBa measured with 30 mM barium as charge
carrier) of more than 20 pA/pF if L-type al subunits are ex-
pressed alone, and up to 200 pA/pF when other calcium
channel subunits are co-expressed (compare with the current
densities summarised in Table 1). However, as most studies
were performed under different experimental conditions with
respect to the chosen charge carrier (divalent cation), its con-
centration, and the time interval after transfection when cur-
rents were studied, it appears to be difficult to compare the
observed current densities obtained in different laboratories.

Our data indicate, however, that it is possible to study
functional properties of L-type al calcium channel proteins in
HEK293 cells: (i) First of all, the current density of L-type
currents recorded 48 h after transfection ranged about one
order of magnitude above the current density observed in non-
transfected HEK293 cells which were cultured in a medium
supplemented with 10% FBS. It has, nevertheless, to be em-
phasised that the density of endogenous calcium channels in
HEK293 cells is dependent on the cell culture conditions and
substantially increased if the cells are cultured in FBS-free
culture medium (see Table 1). (ii) Because 'Sr-HEK have a lower
voltage for current activation, a possible contamination of
expressed L-type calcium channels by 1Sr-HEK can be sub-
stantially reduced if the membrane potential is held in the
range -40 to -35 mV (see Figure 3) or corresponding pre-
pulses are applied. Under these conditions more than 50% of
the ISrHEK are in an inactivated non available state whereas
L-type, calcium channel currents (ISr-sH) are completely
available (Table 1, Figure 3). Furthermore, a contamination
with 'Sr-HEK can be observed at early stages after transfection if
ramp depolarizations are applied (Figure ld) and cells with a
high density of 1SrHEK can be excluded from analysis. (iii).
Finally, the 'contamination' of whole cell L-type calcium
channel currents by 'Sr-HEK is dependent on the test pulse po-
tential and will be small in the range of 10 to 30 mV because
ISr-HEK reach peak current values at more negative voltages (see
Figure 1). Consequently, a contamination of L-type currents
by endogenous calcium channel currents in HEK293 cells can
be minimised if the experimental conditions (i.e. voltage pro-
tocols, cell culture conditions) are optimised and L-type cal-
cium channels are expressed at high enough density.
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