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ZEAHUT. FARBLUEIEIE bORICBVWTITh i ThiERz bk, Tk
S HEERIC BV T, Z OFERNIRIZAI G020 A 1= XAT@iéﬂ&Tﬂiﬁ%&W
SEOFEIZLY ., SEEOX FLAIZEV LTI T 2T IVREREFL, O
ﬁ?ﬁiiyhi@ AR EiE FRZ T (alveolar type II: ATID MAZIZRIT ST R
D?%%ﬁﬁﬁf%)7A4ﬁ/%%(ﬁ&&)mﬁﬁéﬂ\:®4i/%%®%
. FHlER& iﬁu*’:ﬁﬂf\&ﬁ%ﬂéhé ENB LMo TER, £/, TDT
SmS4 REREET FY T AL A UERINT, FARBOMFREERROAZRZO
4, FEEH BRI 1TV B EEEIC RE LT FiKIED S O EEBRICHFES LT
B LBEHLMNERDDDHB, LBLREE, £DO AL = ALTONVTIERER
BCThbB, foT. ZDHTaATIVILETIaTA RS Y U bA A
BRINO A 7 =X AEEETAZ LT, 1) FEROHPREEDER, 2) 1LY
B9 B FE AN T B R FE L 72 K IED> b DEIE A U =2 52 553 T ok
VWD RIZBWT, EE#-F%EE%%;EET@BVEi%%#f%éo:@t
Bic. AT MBI 20725300 cAMP 24 LaERIC L2 EZET NV U
A F T RV (epIthehal Na* channel: ENaC) 38X 0 R U o7 SESETEHE(LAS,
Fui V) B EESR (protein tyrosine kinase: PTK) Y&EME(LZT L THRHEIND T
EEHBNCTHIEEERE LT,

-123-



2. WERGE

2.1 MifEkEE  MRERT ClRAE20HE - ﬁé@i@&%7/%i0%z%ﬁb
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A. Na* channel

Base\ B agonist

B. NSC channel
Base 3 agonist

I 0.5 pA

1s

Fig. 1. Two types of channels in rat fetal distal lung epithelium (FDLE)
obtained from the fetus of 20-day gestation in cell-attached patches. Actual
traces of single channel currents through two types of channels. Downward
deflection indicates inward currents across the patch membrane. The
horizontal bar and “C” beside each current trace indicate the closed level of the
channel. A: Na" channel with a single channel conductance of 12 pS. B:
Nonselective cation (NSC) channel with a single channel conductance of 28 ~
30 pS.
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Fig. 2. The effects of B agonist on the Po (A) and number (B) of the NSC and
Na" channels. When the B agonist action on the Po was studied, a B agonist,
terbutaline, was applied, while keeping the cell attached patch which had been
made before application of the B agonist. On' the other hand, when the B
agonist action on the channel number was studied, a 8 agonist had been applied
before the cell attached patch was made. ‘The NSC channel was responded to
a BB agonist in Po and number of the channel, while the Na" cahnnel did not
respond to a 3 agonist.
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Fig. 3. Effects of B agonist on the cytosolic Ca®* concentration ([Ca**],). A:
A B agonist increased [Ca ", ; transient and sustained increases. The
sustained increase disappeared when the extracellular Ca”" was removed, while
the trasient increase was still observed under the codnition. B: These
observation suggest that a 3 agonist increases [Ca ] by stimulating Ca influx
from the extracellular space via a cAMP-dependent pathway and Ca’" release
from the cytosolic Ca*" store in the cytosolic Ca** store via a cAMP-
independent pathway.
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B, agonist

{ Cell Volume ¥

Fig. 4. Relationship between B agonist-induced increases in cAMP and
[Ca®"], and cell volume. cAMP activated a CI” channel, while Ca*" activated a
K" channel, resulting in stimulation of KCI efflux. The KClI efflux caused a
decrease in osmolality of cytosolic solution, leading to water release to the
extracellular space. As results, cell shrinkage occurred.
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Fig. 5. Effects of B agonist on the cytosolic CI" concentration ([CI].).

Change in cell volume under an iso-osmotic condition

Cell volume = 1 Cell volume = 0.8

25 mmoles K*
25 mmoles CI’

100 mmoles K+

125 mmoles K*
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20 % water

[K*] =125 mM . [K*] =125 mM (10070.8)

[Cl_] = 45 miM b— [Cl‘] = 25 mM -’r (20/0.3)

Fig. 6. Relationship between cell volume and [CI]..
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Fig. 7. The effect of KT5720 (an inhibitor of cAMP-dependent protein kinase
(PKA)) on unstimulated and forskolin-stimulated Isc. = A) Treatment with
KT5720 (0.5 pM, 2 h pretreatment and presence during the Isc measurement,
bilateral application; closed circles) decreased the basal Isc. However, even in
the KT5720-treated cell forskolin increased Isc. Amiloride (10 pM, apical
application) blocked most of the forskolin-stimulated Isc to an identical level
irrespective of KTS5720 treatment. B) Amiloride (10 pM, apical application)
was added before application of forskolin. Amiloride diminished the basal Isc
to an identical level irrespective of KT5720 treatment (KT5720, closed circles).
In the presence of amiloride, forskolin failed to increase Isc irrespective of
KT5720 treatment. Treatment with KT5720 had no significant effects on the
amiloride insensitive Isc irrespective of forskolin stimulation. C) The basal
and forskolin stimulated amiloride-sensitive Isc. KT5720 decreased the
basal and forskolin stimulated amiloride-sensitive Isc (KT5720 (-), dotted bars;
KT5720 (+), solid bars). However, the amount of the KT5720-induced
decrease in the basal and forskolin-stimulated amiloride-sensitive Isc was
identical (compare the control values (dotted bars in the absence of KT5720)
with those with KT5720 treatment (solid bars). Namely, the forskolin-induced
increase in the amiloride-sensitive Isc was not affected by KT5720 treatment.
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Fig. 8. Effects of forskolin on phosphorylation of tyrosine. A typical result
of forskolin action on phosphorylation of tyrosine. —Forskolin (5 pM)
increased phosphorylation of tyrosine residues of ~70-80 kDa, ~97 kDa and
~110-120 kDa proteins.
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Roles of ion transport in clearance of lung fluid in fetal lung

Yoshinori Marunaka, Naomi Niisato
Department of Cellular and Molecular Physiology
Kyoto Prefectural University of Medicine

Summary

To study a cAMP-mediated signaling pathway in regulation of
amiloride-sensitive Na' transport in rat fetal distal lung epithelial (FDLE) cells,
we measured an amiloride sensitive short-circuit current (Na' transport).
FDLE had two types of amiloride-sensitive Na'-permeable cation channels:
nonselelctive cation (NSC) and Na' channels. Only the NSC channel
responded to cAMP, but the Na” channel did not.  This indicates that the NSC
channel is responsible to cAMP-stimulation of amiloride-sensitive Na"
transport in FDLE.  Forskolin, which increases the cytosolic cAMP
concentration, stimulated the Na' transport. Forskolin also activated cAMP
dependent protein kinase (PKA). A B-adrenergic agonist and cAMP mimicked
the forskolin action. KT5720, a PKA inhibitor, did not influence the forskolin
action, suggesting that forskolin stimulates the Na" transport through a PKA-
independent pathway. Moreover, tyrosine phosphorylation of ~70-80, ~97
and ~110-120 kDa proteins was increased by forskolin. A protein tyrosine
kinase (PTK) inhibitor, tyrphostin A23 abolished the forskolin action. Further,
5-nitro-2-(3-phenylpropylamino)-benzoate (NPPB, a CI channel blocker)
prevented the stimulatory action of forskolin on the Na" transport by abolishing
the forskolin-induced cell shrinkage and tyrosiné phosphorylation. Based on
these results, we conclude that forskolin (and cAMP) stimulates the Na*
transport in a PTK-dependent but not a PKA-dependent pathway by causing
cell shrinkége that activates PTK in rat FDLE cells.
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