9432 A5 AMENBEREBTRAEEMBICH T 5BMRHMBRENa, CaFrRIILOER
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A=Y

B, ENSEEOLHICLIMEMERECESZEZEL. OPNGRE L GERE
ETEEEICRES TN B, BAREKERERPDONaDBRNE (L, @F7&MH (renin-angiotensin-
aldosterone 0 L EMNaFIFRAILE » OFED E B O BEFAEBIB(ME R, SRIkE-KR
MmEEOBEHENTBILYRBEENTINS, BRMAEDES T2 8BFEEREC
2. BED Fng HORET BT YUIEH (shear-stress) &JEF (pressure) DT
MEBLEZOND, COBMRIRICINT 276, EAIHREEOZHESMIDEE
fE1L. ZHMERAEREREEDEEECLEEELTNS (BEME) . BAED
[l DSREE MBS MECHIBICKERERIEZEL TS LHEMEND
M. FOHBEL )VICBIT2ERBFICETHOINE N,

Fe L, BED MRn PREASHERICRETREDPT, HITEELEDNDLEL
FTo2EHICD0T, EREBEBEMNEEE Ny FoH5 07 BLURERL—T—
BESEE(E > THRIR LTS,

(1) ASRAMENIZEEZDOEIL EHES L —F—RHIRRK.

(2) BRAIHBESET v+ 2L EHEEE S DREE,

PSTiER

1 HSAMEARNTOAGHIIEE
HMENIBEL. BEDTSRFYIT4va®hn—=H5XL (v—VRA) T
DIEFT(CEEA, EBEMUCHBIZah >0, HIROBIREIIPPEN > /.
2 AN—HSRNELETEESNES Y FBEHERBESEMIRA ORI
EEEESEMBREIC/S Yy FEBRERTERRIHEMZAD . ROELNEBRES
Nize 1) BMRIEHE, BOSMBLELICEFICEB U, 2) HIRRE KUBRCa
MBI L=, ShoDZElE, MIENEDOCaZREL THREBICREZ N,
3 YA bhSL B EMBER
HSRMWFLISIEBEUZAGHERIC. YA A5 B(6 pyml) ZERTDHE. 5-
10904218, BE—Miad LUa0 - —ERfpRE ChESaBe<Unn28 MR
Lize £/, a0Z—hROMBREFESENYMRREDEL NS NEELE, 20
YL UN, MBRBEROBKEYA FHSyBERNRT E10-200TiE.RL, T
DFESMEHRERREIZR - /=
4 HA bHhS5T 2 BERPD stretch-activated F v R JVIEME
YA bHSLUBERPOMIRIE. HBEOTEANENSREBLER LS /Z>TW
BDT, F¥HL—IORhERIIH0BICET LE. LU, NSy FEBBNIZEIC
RIEVTEEELT3F v RIIVOBIEBZNEE Q090 FR1T 40K,
;#Vﬁmﬁ)E@‘ﬁ4hh5978ﬁ5ﬁtﬁb\%bUQMWEBnEﬁD






9432 HIAMERBEEBRMEMBICE T OBBRBEZENa, CaFrrILnRE
Biptses - IR R (FIRRY E2H)
JERIBFZESE - AR (TIEKRE ERE)

1. HIREM

FTROFFUD A (Na) (BB ICHEABRPICHTE L. EDREEES D KEBH
(B4 A>D90%) % HHTIVD, HIRRNEDEZERZZIEFEF-—FBIZRENTWS D
5. IR REIROEBNINIBIEE(CEAIN D, BlE. EREIEEDTH (L
SHRNABEEDEBMERIEL. MFPNABELFRELEZEICR > TIVD, BRIk
FETRBEN/ZBATONalL, FREEEETICKES (99%) BRIREINS, Nad
BRXE(E. FROEEHMHFCHESO TEELZ@EZ L TV Srenin-angiotensin-
aldosterone R W L EMENaFIFRAFIEICEVAGSN TN, THICRIE. MB
R, REKE-FREER (CEE2OEHFHRELZIEL. BROFBRIEPCREEE % FAEH
LTW3, BREEOREET 2 88HEEEL. BRD Hihl HDERET 284129
BEENH., PTHT U (shear-stress) EET (pressure) ZEDEHAONEE L
EZbnd, BRlE. REESHREREIC. BEEBSOBEDMMEEFR(CLA TS
shear-stress ZR4E L. BROERNE(IRMEEMIREERL S EHMRERCREHERE
T35, GlZIE. RMERKEL. /A FEBICKYREDH., 1ZIXFRIRE(CT
gL (1) . &9 Sshear-stress (. REERNEZF(FTHNDOT. EBNIRAIZHELE T Sshear-
stress (CPEET 5. SO DOERPIRCINT 2728, BRIHREE OZHIBARDE
ERE(T, ZHEAAICEMERMBEDEER(CLENIEEL TS (EFHEMBRE)
(2) o ZDELSIC. BAED TN MNEMEMIROIE S - BEEDHIFICKE R1RE
ZELUTWSEHRAENDD,. TOHBEL NIVICBT2ERBFICIETBEDOSNS
(A

Fe(L, BAED TNl BEREEMRICRIZITHEDPT. KICEELEbNh3LU
TD2RICDODNWT, BREBZENRGEE Ny FI507F) BLUHES L —H—
BAMSEZ (> TR L 7=,

(1) ASZAMERNBREDHEIL EHES L —H —BEHE K.

(2) BREPIHEZIET v+ IV EMIEEISEDBE,

EH(C. FRMEDRITHBMPIZE. T U (shear-stress) EERNE (pressure) (C
K DHRRER(TIRE T D 1858 F1(membrane tension) [CHFE LEE L /=,

2. MiIRA*

21 HSRAMERIZE

I8/)—=)L (995%) ITRLIEASAME (F1.5mm, £§325mm) %,
Ty FTREFTDROPICHRAL THET 5. BRE 7 SRATHAKL TS A641
(Xenopus BFRHIEHERK) (3) #2FY T /EDTATHIET 5, MAEFEAEER (
15% 4Bk NN Z/=DMEMIR. 10%FBSEEL) P2 H/-A6kR (#9103
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W/ m) ZEENICHSAHEICDODD, ISAMEEZRE v— L N TKFEIZE
BL., CO,MrFanX—9—DhTHERMET D, AN HS AWMENEI(ZE
BULECEEERL, Dr—VRAICERARESET., CORRETHAESEL, A5
HMEANEICEBOAGHREOIO-_—2FE/KEE5,

AGKRIRRDIERER ELTERALEHSAMEIX., BE YAV Fa—7. EEZ
REWEHEETIZLICLY., BERNIAHEEREELZENTES, DY
Fa—THOEBREEETRERRTTERTAEICLY., IBERICBREES -
EMTED, HORAMEDENERBRNBEBLICHETFTT A LICLY ., WEHRD
shear-stress® 3> bO— TR ENTES,

22 AWN—HSRE (+—LA) TOEE

I8/ =)L (995%) [CRULEZAN=HSRNME (9mmA) 2Pty FTEHL
(F. NRDFIRALTHEET 5. COHSRNE%E, BESvy—LOEICEBL, &
RSy MBHEABHEZERL. 0.5% 254 F—tEERTH209 (33 C)BEMNE
L. WA ITIHRIZHT, ERATHEY > &, B<&EOL (800rpm.) . &
HESELESUHBRORL Y F2E2., ChEEER (DMEMAE. 10%FBSAES
L) PICRBEEE. HIRDFDOL (v —LR) (CBIET S, CO A vFa~—
Y—DPRTEBEERL (6-248/]) . AWK EXAICTESSYIEZEMBO
J0=— (20-40#ifa. BE) == H 3,

2.3 Ca®)tisRE Mluo-3 DHIRAE T A

Fluo3-AM (2.5 uM) & SUMHELER HEPES £RH#/% (in mM) (140 NaCl, 5KCl, 1 CaCl,, 1
MgCl,, 10 HEPES, 5.5 D-glucose, 1 Na-pyruvate, pH=7.4)[Z, EEBESETMaE (H
SRAMWFEMHID) BL., Z2IRTHIONAETT 5. Muo3-AM % 5 £ 77 | \HEPESIZ#E
T3EY AL, HRAC alkFHORHAEBELTLEZNET 5. L EE488nm.
A E B /KS530nm,

2.4 )Xy TFEEIIRIC KD BRI

Ny FBEB(CKDEWPME. S1BIEL (stretching) . % (prodding) . Y
(rubbing) (Z5H¥END (4) . BHEESEMIETICMA Sh3BHPHDOE
BLIXRENTER 220, MIREBICE B/0y FEBIBROT(LE . H40%FHD
(CEEDH (5) o COBMBIRICLVMEBBEASIEZL TWEWNI &, WICaE
IN/zfluo-3 DENXBTHERT I ENTE /-, MBABEHKITRL-IE2S. WiaRNE
CREHEL. NY SISOV RERULAIIZES =,

25 HESL—Y—FEHE

HZZAMEB L UFHSRNE LITIEE U-BRASHEBOM S FHed LfCat
HRIE, HESL—Y—FAME (LSMA10B L U Axiovert13SM) (2L UTTFo 7=, Hi2
YL X (x63) DESIERRTEDD /DT (300 umblTF) . AEDHSRE
EERERELUTER L, BIREFICIE. ASRMENISEEE MAEHEPES =
A& (in mM) (120 NaCl, 3 KCI, 0.5 CaCl,, 1 MgCl,, 10 HEPES, 5.5 D-glucose, 1 Na-

pyruvate, pH=7.6)([Z&# L /=,
26 NyFLSUT&

Ny FBEIE. AYEI Uy FEME (FILE) £2EAL. NeherbDBIR-AB L
IE—RAITEICHE > TED 72 (6) o FHL—ILFERTE. strelch-activated A 7 > F +
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FINDOBTERPNBMYE, GIZAEE—FrRIIAVI IR, A4 ZIRME. EH-
FrRI)VEEFE. ILH BT Lz (BEFHXECEZ2300) o stretch-activated F+ R JLE
%E, A4 A5 UBRER (O bO=)) LBEETHE L,

3. MIRER

3.1 HSAMERTODAGHIRILE

MENBRT. BEOTSRAFVITF4 v aPhN—H5RLE (v—LH) T
DIFF(CEEA, EBEHEICRRBEE D o 7205, MIADEREIZPPEN > /=, Fig.l (1.
HEOZAMERICEMENZE/BOIO—%, RHEADNESVRETEELEDD
ThHd., AGHIRRDS R BRBICE > THERES N I 0 —PRISERFEES L
M, Z<OMBRIIHERETH /=, HSAMEMEIZHGIOT, hRhHSBNDI(C
LIEMOWESEPSDTNOREBEANS ATEOHEICL U NRBNENIEE K=
<Y, BOFBEJICEADBHONT,
SEOMRIBEPIC. ACHIRRNHS AMERNTERET A LEEILE, =25
(2. HELTLBEBRRIC Tih) 2228, EBEERTE£CO, A+
R=F—DPIZEALE, LHL. BEBRABR SIERICFEULOBERE 24
(BH<E—9—DR) | IBEERIBE26-28 °C (R DI EIERATEEIZ/E - 1=,

32 AN—HSRANRLETERIN-EHRESTHBA OB T ‘
BERTESEMERREIC/NN Yy FEELE THRINENZZ E. XDZDDOLE(LHS
BEan/z, 1) BERIRE ZSBLERLICEAICEBLE (MIBEEMER
(RDEFREL) EHESL—F—BEMEMD THE& (Fig. 2, upper)) o ZHOINHEE
LIAZEBREORIZIE, BoDRERMOTNNSEEL. AEDORGICIZERZDMEATR A
NZZALDBBNOTNSDEZZ 5N, 2) BRARS LUZRCansEMLUE (HES
L—H—RaWsE(C BT D Cad il (Fig 2, lower)) . HMEAEAN-BERC ald. FHEIT
HIZES ., MRR-ZOBEREIFTHEBTH > /=, PIFE. BERNCanEmiz. @R
DCaigmz @Y. AFEOBWZOBEEMBES Mmoo, SNSDOE(IE. s
HNBRDCaZxbrEL THREBICBHERI N,

BRIHEOMBEAN %A C a DERZBE Fig.3 (CRLA,

33 YA bhSL B EHER

Y4 bhS52 2 BIlE. HIEEi&(microfilamentZ B[S [CBRES) £ MIET 5 = & 08
HMENTWD, AHSRNELICERUZAGHIC, Y4 A5V BG pgml) &8
METBD & 5-1098B %, E—MRESLUI0-—A:IMBER C/hERER< U
NAZEHER Uz, £/, IO —PROMBRBENEN U MBETDE S HE /5y
kU, OB <N, MBRBEOEKIEY A FhSS Y BEEVNTT E10-20%
THKL., TOBOSHILBMIREICIZ >/~ (Figda) « DI EF. A hASLY
BASAI S AYICHIR BIR £ FAE LHIREH 20E B L= & BB LSS O
RB(CT SERR U EETET 3,

3.4 HA bHh3S 2 BEMYF Dstreich-activated F v R IVEM

YA FHSUBIlE, MRBEREBIET S0 T, BEH%E BT Sstretch-activated
FrRIBEICKBTDIEEZIONS (7). YA MHS LU BERDOMBEIL.
MR ROTERNMEN BB LERELB<Z>TWEDT, F¥HL —ILOBRINEE (I
B0BICET L. LHL. NyFEEBREFEICRE L TERILTE3F + RIDOES
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SEZNR/MYE (VIR FRTFALR, AAZERY) 2L, A RhSS
YBIRSRIZIEEL., EBULWERERSNEM o7 (Figdb) , LHL. /Sy FEERH
BREER (ORE) LZETH. FrRIEENBEL DT, MIEE (MaSiE
[CERITEEN/MREIE) OB DETHNEE L., /Ny FEBBEN TOMBELTTNRE
U7z (stretch-activated F v+ RIVEBBRD/Sy FEIZIEANE S 1=) EEZ DN,

4, EE

41 HSRMERCEA I N/AGHRIT. MENTEICIEEL. #E LA, 2-3A0D
BRUBITE, (THSREORBARICERSRES N, HEABOBRESTLE %2
(331 L5ABER, RBEI AL /2, F=, $B30=— (2R LT, AEOHAE

(RHE) (2H3O0Z—MHFEL. (EEBND. SHOARMSERETICHLTHT
LHSRETED 2 ZICHMDET) TORIRICKEMBVNSBESNAN>/=, CD
ElF, —EASIARBEICESL 2RI, EEETOHS AE-HREEETERN
TDERDODDH BMICKESHEULIEZLETRET S,

MEMEHRE. HNOREREGETE—FEOHRERZNTHE ET 3
n(8) . FNDHIEREETIERNOFEICHD EWMMSH D CENMmSATL
% (8.9) . TOI&I(E, MEAREICH Z SN/ ERFIHNE S H OMEIRN IEET%
ZELT, HBRBEOBEETENICHEZ TWBRZEETRT S,

HMRRCMA SNIBEFI. HIBEOREGEF (c-iunZ) 2RHICRBTS-E
MHSNTWS, UL, BEMDstretch-activated F+ R PMBEEZ. D56
ERBELTBYUTHDIEMNLHEBTRENE (10) , A2BTIX. @RED
WIS R C a (CIHMEREMICKANC a £ M8 THE Y. —BEOEAC a
MR FRIRODGERD—SBTHIOEELESTET S,

4.2 Shear-stress &fERADE

RIKERRE., HORBEDOTERNDZDT, LRWICTEREORENS . U
IENEENERMEMBAICRIZT, BEFEBMSKEL, BFLTO BEMSRES
(ClE, BENCTYULHOREN, BEPFETERROFNSEL 11> T 3R
EBNOLRICIEENOLZENKRE VEEZ 5N D, REEBERD BN (CL3
FTYUEH (T) (X, XORXTHEZNS,

T = 4uQ/mr3

pRIKEBBEDNY, Q BARR, r RMEDEE., v MEMRASOEENE
#=0.0085 dyn-s/cm2, Q=0.5 nl/s, r= 8 ym Z{ AT S ET'=11 dyn/cm? 2725, D
B3, KEIIRAER(CFLE T Bshear-stress (TIEEIL . IRFZ(2-6 dyn/cm2)&k U K&E (0,

5. S&DKRA

5.0. HASZAMERNBREE. Thl OBENRESNRERET3EMICE T,

VM- RBRERDIZENTEEDT, AT v BBICHB(TE XY Ja—%x&k
YENTWS, LHL., EEERRTORBIFHELU LT, BAROEELR
F.HRICANEREL TMADZEMNTER DS /=, AGHIRIDIE BIZIE 526-28
CIRRDIEHICIE, ARBEERE > TOW A EBIEREENUETH -/,
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52 HE[/LV—Y—RBMEOSINEBEORT IEEL. Ny FEBELEEHES
HIRRR ZBIR S Bz, D/, BIOBEHET TEIB(C L 28T HETI\, &
RU—Y—BRMETHRT 2L VD FIEEREE2£BED o=, BHFRTIL.
TRl CERER) 2R —BHWBETTESLTITAT. MHERORSE 1ESGE DET
DITENTERLRM =

53 YA MASUBEZERUIMARIE, MIANERL, FHL—ILER#ICL
7Zo streich-activaledF + RIVICHT B H A b AS L U BOBMESHRE £, BR(CHAN
DICE. FAL—NEREICYHA AT VBEBFHICERL. B —Dsireich-
aclivatedF ¥ RV CEVOMRELLER T AL OB TERXBVLETH> 1.
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Fig. 1 Photomicrograph of A6 cells cultured in a glass
micropipette, viewed by laser scanning differential-
interference-contrast microscopy. The shining corner is due
to a curved surface of the tube. A bar indicates 10 ym.
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Fig. 2 Nuclear changes in neonatal rat IMCD cells after
mechanical stress by a tip of the patch-pipette. Upper panels
(differential-interference-contrast microscopy): the upper
shift of nucleus at 8 min (arrows and double arrows). Lower
panels (fluo3 fluorescence viewed by confocal laser scanning
microscopy): the same colony. Increase in nuclear calcium
(white) after mechanical stimulation.
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Fig. 3 Nuclear and cytosolic calcium changes in rat IMCD
cells after mechanical stimulation. Note that nuclear calcium
was higher than cytosolic calcium during stimulation. The
same symbols indicate the same cells.

-110-


SSRF020
スタンプ


Wash out

a Cytochalasin B 5 ug/mi

=64 IV W W T W W
10 pA l

100 ms

Fig. 4 Effects of cytochalasin B. a: Phase-difference
microscopy of A6 cells before and after cytochalasin B. The
narrow part of the single cell (arrow) and increase in
intercellular space of the colony at 10 min (left panels).
Recovery (right panels). b: Single channel currents at cell-
attached patch (opening downward): Numerical values (left
side) indicate pressure in the patch-pipette (cm-H2O).
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Mechanosensitive Na and Ca permeable ion channels in renal tubule cells
cultured in a glass micropipette.

Katsumasa Kawahara and Yasuichiro Fukuda
Department of Physiology, Chiba University School of Medicine

Summary

Cells from the A6 line derived from Xenopus kidney were cultured in a
glass micropipette. The cells suspended in a culture medium (about 103/ml)
were seeded in a glass micropipette (1.5 mm in diameter, 25 mm in length).
Photograph of a monolayer colony of the A6 cells could be taken by laser
scanning differential-interference-contrast microscopy. Second, neonatal rat
kidney inner medullary collecting duct (IMCD) cells were cultured on a glass
cover slip in a DMEM/F12 medium containing 10% FBS for a short period (6-
24 hrs). In order to study a role of the mechanosensitive ion channels for the
spread of intracellular calcium, we measured fluorescence intensity (fluo3) of
the cells with the confocal laser scanning microscope, before and after
mechanical stimulation. IMCD cells were incubated in a standard solution
containing 2.5 uM fluo3-AM for 40 min at 24-26 °C. The surface membranes
of the IMCD cells were gently prodded and rubbed by a tip of a patch-pipette
under another phase difference microscope to avoid cell membrane damage due
to vibration from a laser cooling system. At the resting condition, cytosolic and
nuclear calcium was low. Therefore, a boundary between the cytoplasm and the
nucleus was obscure under both the phase-difference and the fluorescence
microscope. After mechanical stimulation the nucleus shrank by 50% in area
and its density increased within a minute; then, it slowly moved up toward the
apical surface. The fluorescence intensity (index for Ca concentration) of the
shrunken nucleus was always increased and was higher than that of the
- cytoplasm. The ratios of the intensities between in the nucleoplasm and
cytoplasm were increased from 1.1 to 1.5. Similar results were also obtained in
a zero calcium solution containing 100 pM EGTA. These results indicate that
nuclear calcium may be independent of the cytoplasm calcium, and suggest that
the nuclear envelope may be a source of calcium for the nucleoplasm.
Activation of the Ca-permeable mechanosensitive ion channels may not be
required to control gene expression.
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