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Calyculin A increases voltage-dependent inward current in smooth muscle cells isolated from guinea pig
taenia coli
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Abstract. The effects of a potent phosphatase inhibitor, calyculin A (CL-A), on inward currents in guinea pig taenia
coli smooth muscle cells were examined. CL-A increased the inward current, and this effect of CL-A was inhibited
by a protein kinase C inhibitor, H-7, and by nifedipine. Phorbol 12,13-dibutyrate, an activator of protein kinase C,
also increased the inward current and this effect was antagonized by H-7. These results suggest that in guinea pig
taenia coli smooth muscle cells CL-A may facilitate the opening of the L-type Ca?* channels through the protein
kinase C-dependent phosphorylation system.
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Calyculin A (CL-A) is one of the cytotoxic compounds
isolated from an extract of marine sponges of the genus
Discodermia®. CL-A is a potent phosphoprotein phos-
phatase inhibitor 2. CL-A increased cytosolic free calci-
um concentration ([Ca®*],) in rat aorta 3. This increase in
[Ca?*], was inhibited by verapamil, a Ca’?* channel
blocker, or by removal of extracellular Ca®*, and
was potentiated by Bay K 8644, a 1,4-dihydropyridine
(DHP) Ca%™ channel agonist. These observations led the
authors to conclude that CL-A activated the voltage-de-
pendent Ca2™* channel in smooth muscle.

Recently, direct measurements of Ca?* channel currents
in smooth muscles have been greatly facilitated by the
development of patch-clamp techniques and of prepara-
tions of single smooth muscle cells* ~ 7.

In this study, we investigated the effect of CL-A on the
inward current carried by Ba®>* through the voltage-de-
pendent Ca2* channel in guinea pig taenia coli smooth
muscle cells.

Materials and methods

Single smooth muscle cells were isolated from guinea
pig taenia coli by the method of Obara®. The taenia
coli were incubated with 0.3% collagenase (type 1, Sig-
ma), 0.6 % trypsin inhibitor (type 1s, Sigma) and 1.0%
bovine albumin in Ca?*-free physiological salt solution
(PSS) containing 137 mM NaCl, 2.7 mM KCl, 1 mM
MgCl,, 5.6 mM glucose, and 4.2mM N-2-hydro-
xyethylpiperazine-N'-2-ethanesulfonic acid (HEPES),
pH 7.4, for 30 min at 35 °C. The freshly isolated cells
were then incubated in modified KB medium ® contain-
ing 110 mM KOH, 70 mM glutamic acid, 10 mM tau-
rine, 25mM KCl, 10mM KH,PO,, 5SmM HEPES,
0.5mM ethyleneglycol-bis(f-aminoethylether)-N,N'-te-
traacetic acid (EGTA) and 11 mM glucose, pH 7.4, at
4 °C for 2—6 h before use.

Whole-cell currents were recorded under voltage clamp
conditions similar to those described by Hamill et al. °.
Ca?* channel currents were isolated by the suppression

of potassium currents using patch pipettes filled with
140 mM CsCl, 10 mM glucose, 4 mM EGTA, 5mM
HEPES and 4 mM Na,ATP (pH 7.3). Inactivation of
Ca*" currents in guinea pig taenia coli smooth muscle
cells is partially mediated by Ca%* entry into smooth
muscle cells *!. To decrease Ca?*-mediated inactivation
of the Ca%™* current, we recorded inward currents carried
by Ba®*. The bath solution used for whole-cell record-
ings contained 135 mM NaCl, 5.4 mM KCl, 1.8 mM
BaCl,, 1 mM MgCl, and 5 mM HEPES (pH 7.4). Dur-
ing the experiment cells adhered to the glass bottom of a
small chamber (volume about 0.7 ml) which was contin-
uously perfused with the bath solution (flow rate about
1 ml/min). Drugs were applied by adding them in differ-
ent concentrations to the perfusing solution. Experi-
ments were carried out at room temperature (2228 °C).
CL-A was isolated from Discodermia calyx'. A stock
solution was prepared by dissolving CL-A in ethanol,
and a 1000-fold dilution of this solution was used for the
experiments. Ethanol (0.1%) has no effect on the
voltage-dependent Ca2?* channel currents of single
smooth muscle cells isolated from guinea pig taenia coli.

Results

Figure 1 shows the effect of CL-A on inward currents
carried by Ba?* through voltage-dependent Ca** chan-
nels. Cells were depolarized with test potentials ranging
from —70 mV to +40 mV from a holding potential of
—80 mV. The inward current was resolvable when cells
were depolarized positively to —40 mV and reached a
maximum with a test potential of +10mV. CL-A
(10 nM) increased the peak inward current by an average
of 21.2 +39% (means + SE, n = 3). CL-A did not
appear to affect the threshold for the activation of
the inward current or the reversal potential obtained
by extrapolation (control: +51.9 +2.4mV, CL-A:
+52.2 +2.2mV; mean + SE, n = 4). CL-A also had no
effect on the voltage at which the maximum inward cur-
rent was recorded. The effects of CL-A were dose-depen-
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Figure 1. Effect of CL-A on the voltage-dependent inward currents. The
drugs were applied for 3 min prior to depolarization. 4 Inward current
elicited by a depolarizing step from holding potential of —80 mV to
+10mV in the absence (1) and the presence of 10 nM CL-A (2) or of
10 nM CL-A and 200 nM nifedipine (3). a) effect of CL-A. b) effect of
CL-A and nifedipine. B Peak current-voltage relations for the cell in the
absence (O) and the presence of 10 nM CL-A (@) or of 10 nM CL-A and
200 nM nifedipine (A). Leak currents were subtracted.

dent, and the maximum response was observed at about
10 nM CL-A (fig. 2). Simultaneous application of CL-A
and nifedipine (200 nM), a DHP Ca?* antagonist, de-
creased the inward current by about 90 % of the control
amplitude, which was almost equal to the amplitude de-
crease brought about by nifedipine alone. In the presence
of CL-A, an additional application of 100 uM 1-(5-iso-
quinolinesulfonyl)-2-methylpiperazine (H-7), a protein
kinase C inhibitor, caused a decrease in the inward cur-
rent by 15.0 +£5.0% (mean + SE, n = 3) of the control
amplitude which was almost equal to the amplitude de-
crease due to H-7 alone (fig. 3).

Figure 4 shows the effect of phorbol ester on inward
currents. Phorbol 12, 13-dibutyrate (PDB, 100 nM),
which is an activator of protein kinase C, increased the
inward current by 27.5 4+ 5.4% (mean + SE, n=3). In
the presence of PDB, an additional application of
100 uM H-7 caused a decrease in the inward current to
the control level. On the other hand, 4a-phorbol 12, 13-
didecanoate (4a-PDD, 100 nM), which does not activate
protein kinase C, had no effect on the inward current
(101.1 + 1.5%; mean + SE, n = 3).

ZH

_foom

50ms

Figure 3. Effects of CL-A and H-7 on the voltage-dependent inward
currents. The drugs were applied for 3 min prior to depolarization. In-
ward current was elicited by a depolarizing step from a holding potential
of —80mV to +10mV in the absence (1) and the presence of 10 nM
CL-A (2) or of 10 nM CL-A and 100 uM H-7 (3). 4 Effect of CL-A.
B Effect of CL-A and H-7.

Discussion

The data show that CL-A increases voltage-dependent
inward currents carried by Ba?* through dihydropy-
ridine (DHP)-sensitive Ca?* channels in guinea pig tae-
nia coli smooth muscle cells, in a concentration-depen-
dent manner (fig. 2). The current that was enhanced by
CL-A was blocked by nifedipine, a DHP Ca?" antago-
nist (fig. 1). These results suggest that CL-A may facili-
tate the opening of the DHP-sensitive Ca®* channels in
these cells.

Recent patch clamp studies have provided evidence that
multiple types of voltage-dependent Ca2* channel exist
in many excitable cells, including smooth muscle
cells > ¢ 1213 Yoshino et al. !* reported that guinea pig
taenia coli smooth muscle cells contained at least two
types of voltage-dependent Ca%* channel (T- and L-



Research Articles

A B

Experientia 47 (1991), Birkhduser Verlag, CH-4010 Basel/Switzerland 941

dent regulation of the L-type Ca2?* channels. However,

-
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Figure 4. Effects of phorbol ester and H-7 on the voltage-dependent
inward currents. The drugs were applied for 3 min prior to depolariza-
tion. Inward current was elicited by a depolarizing step from a holding
potential of —80 mV to + 10 mV in the absence (1) and the presence of
100 nM PDB (2) or of 100 nM PDB and 100 uM H-7 (3). A Effect of
PDB. B Effect of PDB and H-7.

types), which have also been identified in other kinds of
cell 1> 13, The inward current in whole-cell recording was
very sensitive to nifedipine (fig. 1). The DHP Ca®* an-
tagonist selectively inhibited the Ca2* channel currents
passing through the L-type voltage-dependent Ca?*
channels (L-current) 1213, Therefore, it is suggested that
the L-current is the predominant current component in
whole-cell recording in guinea pig taenia coli smooth
muscle cells.

In these cells, CL-A increased the inward current passing
through the L-type voltage-dependent Ca2* channel
(figs 1 and 2). The opening of the L-type Ca®* channel is
suggested to be modulated by a phosphorylation of the
L-type Ca®’* channel proteins by cAMP-dependent
protein kinase {A-kinase) or Ca®" /phospholipid-depen-
dent protein kinase (protein kinase C) in cardiac'® and
smooth muscle cells 1® 17, According to the current theo-
ry, the state of phosphorylation of protein is determined
by the activity balance of protein kinase and protein
phosphatase. Ishihara et al. 2 reported that CL-A had a
potent inhibitory action on protein phosphatase activi-
ties. These observations suggest the possibility that CL-A
produces its increasing effect on the inward current
through suppression of the dephosphorylation process,
resulting in an increased phosphorylation of protein (s)
related to the calcium channel, which in turn facilitates
the opening of Ca?* channels.

Recently, Yabu et al. '® suggested that in guinea pig tae-
nia coli smooth muscle cells the effect of CL-A on the
Ca?* channel currents might not involve cAMP-depen-

the CL-A effect on the inward currents was inhibited by
H-7, a protein kinase C inhibitor }° (fig. 3). PDB, which
is an activator of protein kinase C2°, increased the in-
ward currents and this increase in the inward currents
was inhibited by H-7 (fig. 4). Furthermore, 4a-PDD,
which does not activate protein kinase C, had no effect
on the inward currents. Therefore, the present results
suggest that the effect of CL-A on the inward current
does involve protein kinase C-dependent regulation on
the L-type voltage-dependent Ca?* channel.

In conclusion, in guinea pig taenia coli smooth muscle
cells CL-A facilitates the opening of the L-type voltage-
dependent Ca?* channels, and the effect of CL-A on the
inward current may involve protein kinase C activity.
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