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We have cloned a cDNA inducing a cation-permeable
current (MNSC1) from pancreatic B-cells, which shows
niflumate-sensitive current in Xenopus oocytes. To
elucidate the expression in mammalian cells, mMNSC1
was expressed in CHO cells. The reversal potential by
mMNSC1 was shifted toward positive which was signif-
icantly reversed by flufenamic acid. Single-channel
analysis showed a characteristic of a Ca-activated
nonselective cation channel. Therefore, we ma
clude that mMNSC1 expresses a fenamates-sensiti
ion channel, inducing membrane depolarization
mammalian cell. © 1999 Academic Press
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We have recently cloned a encoding cat-
ion but not anion perme SC1) from
pancreatic B-cell line (M xpressign cloning [1].

ievgd in Xenopus o0o-
sti nonselective cat-
ion channels.
Three types
quently obser
intracellular Ca
drostatic pressure
affected by either Ca® ®r hydrostatic pressure. Nonse-
lective cation channels are not selective for cations and
exhibit linear current—voltage (I-V). The single chan-
nel conductance of these channels range about 10-100
pS with the most common range being 20—40 pS, when
they are determined in symmetrical K* solutions at
physiological ionic strength. Nonselective cation chan-
nels often have long open-time with a complicated ki-
netics, which cannot be fitted to a simple first-order
process. Therefore, nonselective cation channels, being
distinct molecules, have quite different electrical prop-
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nels. Ca-activated nonse-
els were observed in a num-
as salivary ground, lacrimal
follicular cells, pancreatic duct cells,
nd renal tubule cells [2-5, 8]. The
so studied in nonepithelial cells, in-
roblastoma cells, neutrophil, adipose tissue
neuron, mast cells, macrophage, root gan-
and insulin secreting cell line [2]. Although
r from specific, CAN channels are blocked by a group
nsteroidal anti-inflammatory drugs, the fena-
mates. Fenamates blocked CAN channels among non-
selective cation families, but also blocked Ca-activated
Cl channels [4, 5].

In the present studies, mMNSC1-induced channels
were expressed in mammalian cultured cells. The re-
sults suggests that mMNSC1 encode at least a subunit of
CAN channel.

erties fro

MATERIALS AND METHODS

Functional expression of mMNSC1 in Chinese hamster ovary cells
(CHO cells) and patch clamp experiments. mNSC1 cDNA was li-
gated to an expression vector pPCMV-SPORT (Liftech, U.S.A)) in
Sall-Notl site. To search a successful expression, a plasmid express-
ing green fluorescence protein (pEGFP-N1, Clontech, U.S.A.) was
coinjected. CHO cells were thus each injected with the mixture of two
plasmids (0.1 mg/ml) by microinjector (Eppendolf, 5243) and micro-
manipulator (Eppendolf, 5170). After a 2-day incubation, fluorescent
signal of the cells was determined (excitation at 490 nm) and then
patch clamp was performed in the bright cells. The bath solution
contained (in mM) 125 NaCl, 25 NaHCO;, 5 KCI, 1.2 MgSO,, 1
Na,HPO,, 0.913 CaCl, and 3 Hepes. Patch pipette for whole cell is a
filtered solution of 20 KCI, 70 K—gluconate, 3 Hepes, 1 EGTA and 20
NaCl (pH 7.2). Maintaining the intracellular calcium higher, the
solution was supplied with 1 mM CacCl, ([Ca®*'] 1 uM). For a single
channel study, pipette contained 125 NaCl and 3 Hepes. Bath con-
tained 20 KCI, 70 K—gluconate, 3 Hepes, 1 EGTA and 20 NaCl (pH
7.2) with variable CaCl,. The resultant Ca®" concentration was mea-
sured using fura-2 fluorescence.

Electrophysiology. Patch clamp recordings were carried out ac-
cording to the method described in previous paper [9]. Patch clamp
was performed at room temperature (23-27°C). Records were sam-
pled at 10 Hz, and a filter (cutoff 1 kHz) was used for analysis.
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TABLE 1

Inhibitions of Reagents on mMNSC1-Induced Currents
in Xenopus Oocytes

% Inhibition Mean SD *p < 0.01
La (1 mM) 100

La (0.1 mM) 19 +15

Gd (1 mM) 90 *5 *
Gd (0.1 mM) 1 +2

Amiloride -2 +11

Nifedipine —-15 +22

Niflumate 88 +3 *
Indomethacin 5 +12

SITS -21 +25

4AP (1 mM) -12 +10

Reagents and statistics. Fenamates, amiloride, nifedipine, 4-amino-
pyridine, quinine, 3'5’-dichlorodiphenylamine-2-carboxylic acid
(DCDPC) and GdCl; were purchased from Sigma, Co. (St. Louis,
MO) and dissolved in DMSO or water as appropriate and stored at
—20°C before use. These reagents were dissolved in bath solutions.
LaCl; was directly added to the chamber to give a final concentration
of 1 mM.

Data are expressed as means = SE and were analyzed by Student’s
t test. A p value of <0.01 was considered statistically significant.

RESULTS

Before the experiments with CHO cells, reag

ited significant blockades. F
blockers; 1Csy; 309 uM niflu

ells. Coin-
FP was useful of the

-encoded current was
FP positive cells. The
(el was expressed in mammalian
cells; CHO, COS7, EK cells. However, the latter
two exhibited variable®€hannels having a similar con-
ductance, with incidence of about 50% of patches. By
contrast, CHO cells showed channels less frequently.
Tight seal whole cellular currents were thus measured
in CHO cells. When pipette contained nominally free
calcium, the currents between control and mNSC1-
expressed were not significantly different. While exag-
gerated currents were observed in mNSC1-expressed
cells, no increment of currents was observed in the
control CHO cells by pipette containing one uM Ca**.
Current-voltage relation in untransfected cells pos-
sessed reversal potential of around —20 mV. In con-
trast, reversal potential was shifted toward positive in
MNSC1-expressed cells and it was repolarized by an

<1/20 patches,
observed 45/4¢
MNSC1 encoded ®
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addition of 100 uM flufenamate (Fig. 1). Reversal po-
tential was summarized; mNSC1 transfected CHO
cells were significantly affected by flufenamate in com-
pared with control, the GFP transfected cells (Fig. 1).
Thus mMNSC1 at least encoded a fenamates sensi-
tive cation current, which depolarized the membrane
potential.

MNSC1 single channel. In inside-out membrane
patches of CHO cells, tracings of the single mNSC1
channel in equimolar K (pipette/bath) solutions
with cell-free membra n in Fig. 2a. In this
trace, two channels e opening was com-
posed of long lasti
tribution was
1-V relations

channel being open was re-
. 2¢, n = 6), though not remark-
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FIG. 1. Whole cell currents of mNSC1-expressed CHO cells. (Up-
per panel) Representative currents of CHO cells were obtained by
tight-sealed whole cell patches by ramp voltage. Control was ob-
tained in a pipet solution of lower Ca*' concentration (100 nM).
mNSC1 induced currents in a pipette solution of 1 uM and effect of
flufenamic acids are shown. (Lower panel) Reversal potential of
control cells with or without 100 uM flufenamic acid are shown on
the left. Effect of 100 uM flufenamic acid perfused on the mNSC1
expressed cell is shown on the right, showing a significant decrease
(p < 0.01).
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mode in symmetrical KCI sol
state (1, 2, .. .) of the chann

an endogenous nonselec-
tive cation channe the mMNSC1 activity were ob-
served with a single cl¥&nnel analysis. Both possessed
similar conductance. To discriminate these channels,
flufenamate was added or the activity was observed
with an increase in cytosolic Ca** concentration (Fig.
3). Flufenamate at 10 uM completely blocked the single
channel and an increase in cytosolic Ca®" concentra-
tion activated the open probability of the mNSC1-
induced channel. Whereas, an endogenous channel did
not respond to either flufenamate or Ca®".

DISCUSSION

The previous report for cloning [1] has suggested
that mMNSC1 induced nonselective cation current in
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Xenopus oocytes, which is inhibited by niflumic acids.
These results supposed that mMNSC1 might induce a
CAN channel. This study is designed to elucidate elec-
trophysiologic characterization of this channel further
in mammalian cells.

Characteristics of the mNSC1-induced channel were
similar to that of CAN channel, involving Kinetics,
conductance, blocker and activation by Ca*". The in-
hibitory effects of the fenamates on CAN channel have
been reported [4, 5] in rat exocrine pancreatic cells [6]
the basolateral membrane of the guinea-pig cochlea
[10], rat cerebral capillary endothelial cells rat distal
colonic crypt cells [7] and mouse mandibular cells [11].
While the nonselective cation channel with similar con-
ductance was found in untreated CHO cells, though
not frequently. The endogenous channel was neither
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channel are plotted to the

blocked by flufenamate nor activated by cytosolic Ca*".
Thus, though not exactly discriminate them, we con-
cluded that the mNSC1 at least could induce a new
CAN channel in CHO cells. We did not neglect the
possibility that mNSC1 is a supportive subunit rather
than construct an a-subunit of CAN channel molecule.

There is two class of CAN channels reported, Ca-
permeable and Ca-impermeable. La®*" and high concen-
tration of nifedipine appear to be a blocker of nonse-
lective cation channels [2]. These class of CAN might
be a Ca permeable channels different from mNSC1. A
Ca-permeable CAN is probably encoded by TRP/TRPL-

16

after addition). Endogenous cation channel at the same voltage is shown on the right. Trace 10 s after
own below. (Lower panel) Open probabilities of the mNSC1 induced (closed circles) and endogenous (open circles)
n Ca’" concentration, a value of which was measured by fluorescence with fura-2.

related protein [12, 13]. While mNSC1 channel has
been hard to conduct Ca** ion, and thereby mNSC1 is
involved in CAN channel for monovalent cation. This
latter type is reported in pancreatic acinar cells with a
similar conductance [6].

CAN channel in CRI-GI insulinoma cells is blocked
by 4-aminopyridine and amiloride [2, 8]. Amiloride or
4-aminopyridineis reported as blockers for certain
class of CAN channels. CAN channel in lung epithelia
is blockable by amiloride [2]. However, we did not find
blockage effects of both reagents on the mNSC1 chan-
nel, though mMRNA of mMNSC1 was detected in lung and
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in insulin secreting cell line MIN6 [1]. We observed
that addition of LaCl; after 4-aminopyridine did not
completely restore the control current. Thus, 4-amino-
pyridine at mM concentration might be toxic.

Based on the present studies, mMNSC1 may encode a
CAN channel sensitive to fenamates in several tissues.
When activated, mNSC1 induced the depolarization
lasting a few seconds, which may play a role in en-
hancement of Ca®" influx through voltage-dependent
channels.
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