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Tonic currents in avian granulosa cells
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Transmembrane ionic currents have been recorded in single granulosa cells from the laying hen using the whole-cell paich-

clamp techmque. Under voltage-clamp conditions, depolarizing voltage steps evoked currents composed of a fast inacti~

vating inward component and a delayed outward component. The former was activated at voltages more positive than

- 50 mV and was fully inactivated within 500 ms. It was blocked by D600 (methoxyverapamil) and by cobalt, suggesting

that it is a calcium current. The latter displayed inward rectification and did not inactivate during long duration pulses.

It was blocked by tetraethylammonium indicating that it is a potassium current. This is the first evidence of the existence
of potassium and calcium transmembrane currents in granulosa cells.

K" current; Ca** current; Whole-cell patch-clamp; (Granulosa cell)

1. INTRODUCTION

Extracellular ions play important roles in
granulosa cell steroidogenesis. In particular,
removing calcium from the incubation medium
significantly reduces basal and gonadotropin-
induced progestin synthesis in swine [1}, rat [2] and
chicken [3] granulosa cells. However, the routes by
which extracellular ions enter granulosa cells to
trigger biochemical processes are unknown.
Moreover, very little is known about the electrical
properties of this type of cell. The present work
was initiated to study transmembrane ionic cur-
rents in granulosa cells using the whole-cell patch-
clamp technique [4].

2. MATERIALS AND METHODS

Granulosa cells were isolated from the largest preovulatory
follicles of one-year-old, actively laying, white leghorn hens us-
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ing a collagenase digestion technique [5]. They were plated on
35 mm plastic Petri dishes (Nunc, Rokskilde, Denmark) and
cultured in a humidified air incubator at 37°C for 4—72 h in
medium consisting of 90% (v/v) RPMI 1640 (Gibco, Grand
Island, NY) and 10% (v/v) fetal calf serum buffered with
10 mM Hepes (pH 7.4).

Patch-clamp experiments were performed at room
temperature (23°C) on single cells or on cells in small clusters
(3—5 cells) in the whole-cell recording configuration using a
Dagan 8900 amplifier (Dagan Corp, Minneapolis, MN). Paich
pipettes (Pyrex 7740, 1.5 mm 0.D., Corning Glass, Corning,
NY) had tip diameters of approx. 2 mm and resistances of
2-5 M in a high potassium pipette solution. The seal
resistances were in excess of 2 Gf2.

Voltage-clamp pulses were generaied by a custom made
stimulation unit. Transmcmbrane currents were stored on FM
magnetic tape {TEAC SR30, 5 kHz bandwidth, Teac Corp of
America, Montebello, CA). Data were played back for analysis
on a DP&000 (Analogic Corp., Danvers, MA) digital waveform
analyzer.

The cells were perfused at approx. 1.5 ml/min. Switching
from one solution to another took less than | min. For ex-
periments in which potassium jons were present, the bath solu-
tion (solution BI) contained 130 mM NaCl, 5.4 mM KCl,
2.2 mM CaCls, 0.4 mM MgCl,, 5.6 mM glucose, 5 mM Hepes
(pH 7.4) and the pipette solution (solution PI) contained
130 mM KClI, 20 mM NaCl, § mM EGTA, 5 mM Hepes (pH
7.3). For experiments in which potassium ions were excluded,
the bath solution (solution B2) contained 130 mM NaCl,
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5.4 mM CsCl, 10 mM CaCls, 0.4 mM MgCls, 5.6 mM glucose,
5 mM Hepes (pH 7.4) and the pipetze solution (solution P2)
contained 130 mM CsCl, 20 mM NaCl, 3 mM ATP-Na, 5 mM
EGTA (pH 7.3). In some experiments, CoCl; (5 mM) or D600
(50100 xM) was added to the Bl and B2 bath solutions and
tetraethylammonium (TEA, 3 mM) was added to solutions B
and P1,

3. RESULTS

Single granulosa cells were first patch-clamped
in the cell-attached configuration. They displayed
single-channel electrical activity and a null-current
membrane potential around - 50 mV with solu-
tions Bl and P1. With the pipette voltage set at this
value, a brief suction pulse was applied to establish
the whole-cell configuration. A holding potential
between — 60 and — 80 mV was then applied to the
cell in the voltage-clamp mode and sequences of
hyperpolarizing pulses (— 10, —20, and —30 mV)
and depolarizing pulses (10—100 mV) were applied
at various repetition rates (0.067-0.2 Hz) and for
various durations (500 ms to 4 s}).

Under quasi-physiological conditions (solutions
Bl and P1), small hyperpolarizing and depolariz-
ing pulses of short duration evoked a small linear
leakage current. For larger depolarizing pulses, a
larger current was recorded rhat displayed an in-
ward component and a delayed outward compo-
nent. Fig.lA shows typical recordings from a
granulosa ceil maintained at — 70 mV between the
test pulses. Transient inward currents were ac-
tivated when the membrane was made more
positive than — 50 mV (fig.1B). They reached their
maximum amplitude at voltages around —20 mV.
The time to the peak of the transient current
decreased with increasing depolarizing voltages:
from 50 ms at a membrane voltage of —30 mV to
12 ms at 10 mV. The inactivation of the current
could be fitted by a single exponential with a time
constant of 185 ms. Negative (hyperpolarizing)
pulses did not evoke any appreciable currents.
Delayed outward currents were also observed for
depolarizing test pulses. They activated at voltages
above —40 mV and displayed sirong outward rec-
tification. They did not show signs of inactivation,
even for depolarizing pulses up to 4 s in length.

To establish which ionic species were carrying
the transient inward current and the delayed out-
ward current, experiments were performed using
ion substitution and channel blockers in the media.
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Fig.1. Characteristics of transmembranc currents in granulosa
cells. (A) Current recordings under voltage-clamp conditions in
the whole-cell patch-clamp configuration. The membrane
holding potential was set at —70 mV. The voltages of the
applied membrane pulses are indicated above the traces.
Horizontal bar: 50 ms. Vertical bar: 200 pA. (B) Current-
voltage relations of peak inward currents (f,, ©) and
maximum outward currents (fou, ®) taken from the records in
A. Data were corrected for leakage current.

When cesium was substituted for porassium {solu-
tions B2 and P2), no voltage-dependent outward
current was observed. This was also the case when
TEA (3 mM} was added to solutions B1 and P1,
which indicated that the outward current was car-
ried mainly by potassium ions,
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The transient inward current was completely
abolished when cobalt (3 mM CoCl;) was added to
the Bl or B2 bath solution (fig.2A). However,
when potassium was present in the pipette, the out-
ward current was also reduced by cobalt. D600, a
specific Ca®’-channel blocker, significantly re-
duced the transient inward current when added to
the Bl solution at a dose of 50 xM, and at a dose
of 100 M maximally reduced it to a small residual
current (fig.2B). The effects of cobalt or D600
were reversible within minutes following removal
of the blocker. Therefore, it appeared that this in-
ward current was carried mainly by calcium ions.
This was further supported by the fact that raising
the extracellular calcium concentration from
2,2 mM (solution Bl) to 10 mM (solution B2) in-
creased significantly the maximum amplitude of
the peak inward current (fig.2C).

FEBS LETTERS

December 1988

8
- DBOO
__| < .
i el
\ w/ CONTAOL

50 pA

100 ms

Fig.2. Effect of Ca®*-channel blockers and extracellular
calcium concentration on the transient inward current in
granulosa cells. (A and B) Superimposed traces of current
recorded in solutions Bl and P1 with 3 mM TEA (controls) and
in the same solutions with CoCl; (5 mM) added to the bath (A)
or D600 (100 zM)} added to the bath (B}). The membrane
holding potential was —80 mV and thc membrane pulse was
— 50 mV. Horizontal bar: 100 ms. Vertical bars: 200 pA (A)
and 50 pA (B). (C) Superimposed traces of current recorded in
solutions Bl (2.2 mM Ca?*) and P1 (note the presence of an
outward current), and in solutions B2 (10 mM Ca®*) and P2,
both containing cesium instead of potassium. The membrane
holding potential was — 70 mV and the membrane pulse was
—40 mV. Horizontal bar: 50 ms. Vertical bar: 100 pA.

4. DISCUSSION

In the present study, we have investigated the
transmembrane currents of chicken granulosa cells
under voltage-clamp conditions using the whole-
cell patch-clamp recording technique. This is the
first direct demenstration of rthe existence of
potassium and calcium currents crossing the
depolarized granulosa cell membrane, implying
that these granulosa cells possess porassium and
calcium channels. In fact, we have recorded two
types of potassium channels [6] in these cells at
single-channel level using both the cell-attached
and the inside-out configurations of the patch-
clamp technique [7].

Calcium from both intracellular and ex-
tracellular sources is necessary for granulosa cell
function. Indeed, exposure of granulosa cells to lu-
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teinizing hormone (LH) promptly triggers a tran-
sient calcium surge as observed in fura-2-loaded
cells (unpublished). The intracellular source is a
non-mitochondrial pool [8] and is presumably
released by Ins(1,4,5)Ps, a product of polyphos-
phoinositide hydrolysis [9,10].

Papaverin derivatives (D600 and verapamil),
benzothiazepine derivatives {diltiazem), dihydro-
pyridines (nifedipine), as well as cobalt suppress
steroidogenesis and progesterone synthesis in
granulosa cells [1-3]. The inhibition of granulosa-
cell steroidogenesis by these Ca®*-channel blockers
seems likely to be due to the inhibition of the in-
ward calcium current that we have described here
and which is blocked by cobalt and D600. How-
ever, in an earlier study [11] it was shown that
BAY-K8644 and CGP-28392, dihydropyridine ac-
tivators of a specific type of calcium channel
(referred as L-type calcium channel [12,13]), did
not enhance basal or hormone-stimulated proges-
terone production in granulosa cells. Thus, it ap-
pears that the inward calcium current reported in
this study crosses the plasma membrane through
calcium channels that are not influenced by BAY-
K8644 and CGP-28392, although their activation
threshold and inactivation kinetics seem to indicate
that they belong to the L-type family. Our findings
provide the first evidence of the existence of these
voltage-dependent calcium channels in membranes
of ovarian cells. These channels may play a key
role in steroidogenesis. It remains to be determined
whether these channels are involved in the genera-
tion of the LH-induced calcium transient in
granulosa cells.
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