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ONFRIEBFERBRICHS T 37EF0) BEBEICDOVTO
IRE

B

WEEOINLFHBIR, SHRCI->THRDIIRERECHEL, AEEMM (inner
hair cell, THC) & & US4 HEHE (outer hair cell, OHC) @ 2BHEOBEEE, 2hb
PEAA,SEZITHARBICLVEBRENATVS,

BETRHEBIE, TORBRERLARZCHBBAIATSESY, RELSERBICOEVHES
hTWw3s., TOHRT, SERICK, IHCBUOHC DMErEETH I, XHHERY
THC B OHC DHELENZH LI THEL, SEFCHMSL TV AHEEITRREIATLS,

ERETIE, EALEy PEBFOINFHBIHMME, HICF 1TV XHE (Deiters’
cell, Bl FDCs) BRUAYE A8 (Hensen’s cell, LI F HEs) ®P&FNaY 2 (Ach)
EH%E /Ny F 95 7i%d conventional whole cell mode VT, BMEROTELT
BN, TOHE, ROBEFHELMICE K.

(1)DCs [LHEWVT Ach[EPED SN N, HEs ICEWVWTIREBEDHShbh o 1.

(DDCs 2BV THRDO N Ach BREIXMEERFETSHY, OHC D Ach GELEET
Hot.

(3)DCs ICH T3 Ach BEICHIET 3 Ach Lt 7% — (AchR) (&, OHC @ AchR & [&#k
CLARADY LV, —OF U BEREORBEHEHI TV AHLL I TOEBETS
BRI TR E N,

DR, S, DCs |3 OHC OB M EIHLTTEL, OHC & DCs DFEICER
HESMLEEENSY, SSBELHTADCGOASHIPOBEEETRTIENEERS,

CERCL0%E 6 B 15H 2 H)

Analysis of the Responses to Acetylcholine in Isolated Supporting Cells
from the Guinea-pig Cochlea

Masaya OKU

The whole cell patch clamp modes were developed to investigate the ionic channels of cellular
membrane and to elucidate the signal transduction pathways from receptor to effector.

The auditory sensory organ of mammals, the organ of Corti, is located on the basilar membrane.
This organ consists of two types of sensory hair cells, cuter and inner hair cells (OHC and IHC),
and a surrounding network of various supporting cells, the largest part of the supporting cells is
made of Deiters’ cells {DCs) and Hensen’s cells (HEs). By using whole cell patch clamp technique,
the Acetylcholine (Ach) -induced current (Ls.,) in dissociated OHC of guinea-pig cochlea has been

NIFERAFE #1051 1E Department of Biochemistry, Kawasaki Medical School © 577
T701-0192 BBHIEE577 Matsushima, Kurashiki, Okayama, 701-0192 Japan
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investigated. The aim of this presented study was to determine whether voltage-dependent currents

exist in the supporting cells which are associated with the hair cells.

Two types of supporting cells, DCs and HEs, were freshly isolated from guinea-pig cochlea.

The current-voltage relations of the DCs was higher than the HEs, and the [y in DCs was

increased, but the Iy, in HEs was not observed.

Ach induced outward currents of DCs was increased by the concentration.

The responses to Ach were suppressed by the muscarinic antagonist, atropine (107°M), and the

nicotinic antagonist, D-tubocrarine (107°M). It suggests that the Ach receptor of DCs was both the

muscarinic and nicotinic receptor. (Accepted on June 15, 1998) Kawasaki Igakkaishi 24(1) 7 25— 33,

1998
Key Words (@) Organ of Corti
(@ Hensen’s cells
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MEER T &4~ OMALIEEHE, 21Er s
BreRBICZ A F CREICHE SR, Ao L
NIBRD L VEMESHEToTW5S, FLE
Y- WREEWH - A7 a4 FeMignEE
T EORMEFO S IMEE T BETa
T, BHTHEBEEZEYU-> TED AL AT 4
(transmembrance control) # $# - T\ 5. ek
MDOVE7 57— (LFEREH) TRHMLRL
Bz, BEoZRIBTHRNNEZLZON
A, ThbOESIIMIBE LICHEET 25088
(27209 -) THEAFF it
i, HRECBCTRAEOEANEE 55
L, EroMEEEsEBsId. hs
MRANEREETH S, MleEL 77 —%T
FIEMEEOS 1 B, 2hllErE2BRpE
ZAT, MiSHEREEEDE L S 1 KEHEE
PE (first messenger), 7=l b7 ¥ —HlE%iz
Lo THESLAZMBNERIZEWEEZE 2 X
HHIZZEWE (second messenger) & IEEZ &
D sHY.

N FERE, HAREINIC Lo TRS O 28I
birbih, T2 1HONEEMIEL (inner hair
cell, BAFIHC) BXU 3~ 45044 EMR
(outer hair cell, LLF OHC) @ 2 IO REE L
ChOEFEA G AR L DK

(@) Acetylcholine

@ Deiters’ cells

ENTWD,

FEHEIIZ, HC RUFOHC DYEHAEET
HAHA, T OHC 2 S FEES LW
R L, S oREay s E ik
LEZLNTEM. LA L, THEIZE-TH]
ERI SN ZEHRENS LR LIRSS
NDZEehs, OHC & LHMBEICER LS
EFEEL, WHlOERNAEEEIED, B
WL TWA I EATRBERTWAY Y,

EE» MY OHC IZB T, Hilasts
5O MEE O EEREE LT T EF LT
¥ (Ach) #ZEZ 5 T3,

AchlZWHIET A7 F L) YL k7T ¥y —
(AchR) X, =2 F > HT7EFLIY VLT
#— (nAchR) LA A yHEEF7EFLaY) »
L7 %— (mAchR) 243 & h, nAchR i3
BIEM O ESES, WL UL
BMLTOWBLF rFr RAVZHFETHY, 50~
60kD T4 fEE OV T2y 5% 5B 5 Bk
(02, B, y, 8) THaA. PRIIfAA LD
BLML, ThbbEFyFLEERLTED,
atr7ar=y MIAchBREEL, BFd rFx
AL Z EICED Y F T A BRI E
MHERI SN EEZ LR TVE.

% 7z mAchR 13, APAHECHEE, BEMEREM
#F, LE, FERHFICERALTHLGF 8
7 EAREZERTH D, THEEEEILOEHD
GHRIZEEN LTI 77 ¥ —lfmEER
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ARIT, —RICHEMEE L 1 EoSEEICHE
DG F N EFEELHEZFOT NS,
Gy 27 BICikaLsEZRICRIEHE LD
Gs, BHEBHRICBRENEE DG, Go, MHE
L LD G, WECESEEEL 0w
G ErmbohnTnag, /2, G 237 HD
7y v —E LTHRENSD DI adenylate
cyclase (AC), phospholipase C (PLC) 2% 9,
2heththr FAyv ey YVvy—2ERELA
HEHERIEEEZIT> T A,

B, R F sy TERHGWTYY, Ml
ArbdH bk, MBEBAICEREDLIRST 2
SriCkh, FoMBoLEEEEREY REY 51
HBABELNB LRV, HEIZBNT
XFEFOHC LT A ESTTobhi, £
OFTHREEWE L COSERICHET ATE
T, BV FRoEMEREERE L L
TOMESIRBREN TS ATPY, Ach!® 1D
HTAY A PWLREOHBNESIIRIET 5
IEFERENRES N TWA, 77, MOEME
D—EADCs 120 LTWB L DHELH 51,

B, WEMAESICHMTE L REMRED
12ThHs 547V AHM (Deiters’ cell, LLTF
DCs) %o ¥ #l8 (Hensen's cell, 2LF HEs)
OEBIBENE L O FIETHRITENR TS
AV HEESTIRAHZALZ V. SEF
Fid, OHC & ZLHMRE IR A B2 B E
WAFET 2% 5, ZFHMAICH OHC kD
ICEZHEEVEES AL E L, ATHITHEHA
ENTW3, EESERDEOL P TRLER
HREERLLTVWEEEDRATEF VI
¥ (LLTF Ach) JEZ 22w T DCs B U HEs |2
BOWTHEH LEZOTHRET 5.

7 &

1. SERENY R OHI N Bk

250~400g DT 5 4 TV EFIEEOHE —
FL—%RENEY bEERALE. HOt U HEE
TR, EFBEMETICPEEREZHEHML.
WAEEEE L, SE LR FICE2, 3

857 & B LIEIZ & ) DCs B USHEs % B
AEL 7.

B HEMEE (Nikon ) O F v X/ —HISHM
Fa# it s, W5Mia% DCs & HEs & L7,
IhHOBREIZLT, RiR24~26CTFTHEZ
ol A
2. BiHlE

7% FERRIT, Inter Medical $- 0 & 5 A £ 4l
& (1.5mm~0.8mm) 756, /NEEIEEEF
(Narishige pp83) % AW THER L 72 R LA
BEBOLRMBEEE 2~3um, EHIZ3~5MQ
Thofz. BENZX D, ML ORICF A A —
AV —=WERERL, BICWE | LAREZED 28
F # 5 »FiEd Conventional whole cell mode &
LTERERZNE LA REEME —80mV
E L, 10mVstep 12T —100mV~+90mV
THEFEE 100mS OBEFI# A~ 5 2, EER
OEbFERTICEEE LA, 7T 71, AXON
Instruments £t © AXOPATCH 1D #f# i L, &
JE 701 88 e OB 7R 3t 1 % 12 [F1 %1 @ pCLAMP % fi

HL7. %k, BEEFHIZ 100mS Bofi cs
L7z
3. EERBIHE

HifaA I NaCl ; 150 mM, KCI ; 5mM, CaCl, ;
2 mM, MgCl, ; 1 mM, HEPES ; 10 mM, Dextrose ;
10mM, pH7.4& L, ¥ v FA#EIE KC; 150
mM, MgCl, ; 5mM, Na,ATP ; 3mM, EGTA ;
1mM, HEPES ; 10mM, pH7.4%ff#flL 7.
s e ERER L L, Achl0™M, 107M, 3
X 107°M, 10°M, 100°M R FAch L2 7% — D
FEHi3E T3 B Atropine10™™, D-tubocrarine108
M FhEFREERIZERL, Fx¥ 21 —H
DOEEERTEZIEIZENHRE L.

B, FER, NIGEHAZEHYERER
SOKBEZ, BRFOBYESIRHED
EHEITS iz,

=E R E R

1. DCs B F HEs O B kT E
EAEME g, EEY <y PR T TDCs
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IR LT, —80mV 2 RFHEM
EL —100mV A5 10mV DA
T TN A TCHASBEEEREE
fte525L, —20mV AT
SRR SN ERE D,
Figure 1 |27 L7252, DCs @
BB BEZEALICHE S Alm &
E|ILIZ, 0mV T 0.75 nA, 30
mV T 2.00 nA, 60 mV T 2,77

(f24% HE1w  1998)

o= B——0—1r g
-100 -84 -80 -70 -89 -50 -40 -30 -20 -10 D 10 20 306 40 50 &0 70 8O 90 100

nA,90 mV T 2,78 nA (n =39)
CRBIZEROEREETRL, &
DAL & Eif L 60mV 450 F

TRREEMD L8 (Fam) 2 Fig. 1.

T T T T T T T T 1

a [mV]

-z

I-V curves of isolated DCs and HEs obtained with normal extracellular

solution and normal pipette solution. Outward currents were generated by

Pho THEMMLENERTICD
#WHT, FhEOEFE TR
mes75 b—fEFR L.
[EI BRI HEs ICB Mt EEELE 5 25 &,
Figure 1 T L 72812, DCs Rl #£1Z —20mV
fHETRBICREIN AN X ER 2 H D7,
ZOEF I 0mV T 0.32nA, 30 mV T 0. 96 nA,
60mV T 1.52nA, 90mV T 2.00nA (n=6) @
xR L, 90mV F THEBLHIZEHF L, DCs
THOLNALI % 60mV U LEDEMTHE
MOT77 b—HOERIIZEO N7 =
DiEFIL DCs & HEs @4} ] & & it OBk i
AeomVAEASREL Y, WMMEICES T3
BRAETRLLIEEFZRLTHA, ZOHKE
ITEARMIFHED LTB Y, HIZEAILCC %
TEA 2 ERfERH LAERIZLY, Zo0dmE
Hifitd, DCs THBMNRTEHEEERH K E
W& Cad A VIEFLL-BHDSOHEER S R,
T 72 HEs T EICEAM KA EERRE K &
MTHEENTVEEREL TV LD,
2. DCs }eUFHEs @ Ach [ & DO H i
HEHFICHEEL Twa OHC (2B W TR =
NTw3, (bLFZERREORPTREES
frEE R LT EBbRA Ach RN,
OHC & BT & 2D BRI
AT A4 6, ZHHARICBVWTS Ach
IEPFETLOTIEI 2w EZ, DCs &
UFHEs @ Ach IR EOFEII DWW THE L 7=,

depolarizing voltage pulses.

R B AL E T @ DCs & UF HEs O EE LK
HFHOEFH % control & L Ach 2k 23584
s L7 (Fig. 2). BREEFHR AL Ach 107°M
PEBL, FrrN—HNOmERBRTAI S
LofgE5E LA BEMBAE TR SR
DCs DEBMEKFMERIZ 60 mV T £ Tid
BEMO LR (o) (SfE- TESN M
FRTICLMS S, Thil Lo cldimne
77 b—MEERT S, KiZ Ach 10°M %
EUMRNEE F v N —PIRET B L, B
MO & AR —20mV i TEE
IZRESNAEHEHED . ZO0BiKiE, 0
mV T 0.77 nA, 30 mV T 2,80 nA, 60 mV T
4,.72nA, 90mV T6.47nA (n=10) OEER
L, EEfsEoE 38R, 79 F—H
BT, ERCAREEROBNERL
7z (Fig. 2a).

— HEs Tid, EH#EMRAETHRE SR
IEEMRGFEERIE, 75 F—HEERETIC
90mV F CTEMRIIC EFT S, KIS, Ach 107
Mz &TflasEEF v o - IcES L
A%, 0mV T 0.38 nA, 30 mV T 1.02 nA, 60
mV T 1.53nA, 90 mV T 2.00nA (n=4) &
HZRL, DCs TROONLHRLEELRNE
EWIOHEINIED b nh o7 (Fig. 2b).
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Arof=h%, Ach 3% 10°M Tid,
0 mV T 0.37 nA, 30 mV T 2,05
nA, 60 mV T 3.70 nA, 90 mV
T4.98nA (n=4) OfE, Ach
10°°M T, 0 mV T (.61 nA,
30mV T2.31nA,60mV T 3.33
nA,90 mV T 4,19 nA(n =4) O
i, EIEKBEIZZDICLID -
T Ach 253 2 KIGAE5 L %
—r— h, Ach 10°°M TlX, 0mV T

[(nA]
10 -
-
%= control
—— Ach 10°M o
Pl
2
—o—r—o—o—0—0—¢ —:”’/ e
100 -80 -8D -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 S0 60 70 B0 9O 100

-2

(mv] 0.51nA, 30mV T 1,55nA, 60
mV T 2.45nA, 90 mV T 3,35

Fig. 2a. I-V curves obtained from isolated DCs before and after perfusion of

the cell with 107*M Ach solution. Qutwad current increased remarkably

after perfusion of the cell with 107*M Ach solution.
[nA]
g
i

-~ control
—— Ach 103*M

nA (n=4) OMEERL, KIE
RiFEAERDLN L BToT.
CORERIDDCIIBIT S
Ach IREXRERFETH AT
AR S hiz.
4. HEs {20 § % Ach IEE D
EiEEEIZoOWT (Fig. 4)
E#Mayacrishs
HEs» BB K GFHER
control £ L, Ach 10°M # #%
5 1L Tb, Figure 2b TR L7z

—— =& v T T T

-100 -80 -BQ -70 -60 -50 -40 -30 -20 -1¢ 0 10 20 30 40 50 60 7O 80 890 100

-1

.2 -

Fig. 2h.

I-V curves obtained from isolated HEs before and after perfusion of

IHicmEERIIER SN G
Vv, FITEERESH LI HE
HEEZ, Ach 10°M 285 L
72743, 0mV T 0. 24 nA, 30 mV

[mV]

the cell with 107*M Ach solution. Outward current did not increase after

perfusion of the cell with 107*M Ach solution.

3. DCs l2#9 % Ach I B DBRIERTFEICD
WT (Fig. 3)

2 o B L TR & b DCs D BER fz 4K
HHEF % control & L, E#EMBANMEIZERE
TAHAhBEZ»EZLZEICLNBRERENE
OHEE <A, Ach 10°M Tld 0mV TO0.77
nA, 30mV T 2.80nA, 60mV T 4.72nA, 90
mV T 6.47nA (n=10) DfE% 7~ L, Ach 10™
M i, 0mV T 1.05nA, 30 mV T 3.14 nA,
60 mV T 4.95 nA, 90mV T 6.24nA (n=19)
OEERL, BEALEFERZELITREDLRE

T0.89 nA, 60 mV T 1.49 nA,
90mV T 2.04nA (n =4) D{H
L, BEZEASZETH
Ach [ZX BIEEFDOEIRIL, FLALRDLR
Lotz
5. DCs 2 BT A Ach B BEDOZBHFRHIZ2WT
DIRE
HHEMIRAS L T DCs DIEEM ARG OEGR
% control &£ L Ach 10°*'M %1%5735 5% & Figure 3
TR LR, —20mV XY BESBEITIR, B
EaNmEBROMMEED S, RICAZAY
vEEWIETH B Atropine 10°M #3259 5%
L EEMEETERIE —20mV fHETEEI
BRIE S BA% 0mV TO0.77 nA, 30mV T 2,19
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—3— control

—& Ach 107IM
—— Ach 107%M
—a— Ach 3%10°5m
-0~ Ach 10°5M
—o— aeh 107°8M

(5524% 15 1998)

4,42 nA, 90 mV T 4,85 nA (n
=4) OfEERL, AchiZ5 I
X ¥ L7z & Wi E
IRl s /- (Fig 6).

& B
EZ75121%, IHC K F OHC

DEEHFEETH LD, HEH
HaiX OHC %5k FERHEH S\

=

Fig. 3. I-V curves obtained from isolated DCs before and after perfusion of the
cell with 1073M, 107M, 33 107°M, 107°M, 10°M Ach sclutions, Qutward

g 10 20 30 40 50 60 VO B0 S0 100

_ EEEICIFFL, ZORER
V] kR L R SNTE
oS, BT CRRRIND b R REE
B LTV B I REEASR I &

currents showed the almost same increase after perfusion of the cell with

10°M and 107'M Ach solutions. These currents decreased to a lower
concentration and outward current increased a little after perfusion of the

cell with 107*M Ach solution.

[nA]

-=- control ]
- Ach10M g
- Ach10*M

S

NTwa,

REBOBMIE, 2VFERE
HHIlaEE, oy 4 7 A8
(DCs) FUF~ ¥ 485 (HEs)

EZFICHAS LTWAL BT,
OHC L ORIZBSAEBEENE
HENREFEEL, FA-OHC L3
FERHRa R (B R TR B
BT 5% 6, ZFMRIIZD
OHC [ #k Db ZZ HFHELSFIE
TALEZ, AEMIETIES
NTVBILFEZRERED LD
TRIEELRIEZRZLTY

------ — =T T T

-100-90 -80 -70 -60 -50 -40 -30 -20 -10 p 10 20 30 40 50 @0 70 &0 80 100

-z =

Fig. 4. I-V curves obtained from isolated HEs before and after perfusion of the

HEBbhEZTEFLaN) ¥
mV] (Ach) & & 129\ T DCs J& OF
HEs i BWTHE L7

cell with 107"M and 107*M Ach solutions, Qutwad currents did not increase

after perfusion of the cell with 10°M and 10™M Ach solutions.

nA, 60mV T 3.17nA, 90mV T3.53nA(n=4)
OfliFRL, Ach#51c X D BEML-4m & E
eI FE R 3 vz (Fig. 5). [F#RLZ DCs
12 Ach 10*M #5522 izt hhm & E
HrpERRe, Ricoad  HERETHD
D-tubocrarine 10°M # 4% 5-4 5 &, REM KA
HERIE —20mV HETRBEICRTEENSL A,
O0mV T 1.52nA, 30mV T3.23nA, 60mV T

AEEBTRLEZDC DA A
YF X AN ERNSEROEM
i3, 60mV A TOEEME
TiE, EHIICHEINT 5, BICKEWEBET
FEROBINIELS, 77 b—MHEREELL.
ENEY FOOHC OEW - EEMMIZ, 80
mV {3 % fg/h & § 5 N-shape 73 ¥ — VA5
B TR B F 7 Dulon 23 DCs @4}
X |ifiid, OHC [A#£? N-shape /3% — » % iR
FTEHREL TS, FEBRTHRD LN S DCs
BITA 7S b—ix, EENELY 0OmV
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[nA]

10 7

* control
—o— Ach 10°4M 6
_a Atropine

P

.

Z P —tHOEEIECaf+ ¥
KHETAEBROESICLBLD
EHEL T A,

B COBREMKSE
o &E i % control & L DCs K&
(FHEs |Z2%} L T Ach 10°M %
¥E4+ 5L, DCslopBWTE
B 2z ) & B OMMATEED &
7245, HEs TUIEHROHEMA
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.2

Fig. 5. -V curves obtained from isolated DCs before and after perfusion of the
cell with 10™*M Ach solution. Ach-induced current was suppressed by the

107M atropine solution.

-=— control
-o— Ach 10-*M &
- D-tub

f

FHbLbNaHh-7. OHCIIH
VT Ach IGEFHREZINTS
U][].I]J.zil.%}, ﬁl%@ Ach L"E—\{g;;
A DCs IZIXFPET A 2%, HEs
CRTFEELEZVWEV)END
Mot ZHIZED, OHC &
DCs DM AT & D ERAEH
R ENBTFET AN,
OHC & HEs OB BER AR
SR AL L 2 Wl REE
ARES R

¥ 7z, OHC {2817 % Ach i
BREERENTHD LEES
h Tl REBOHER
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Fig. 6. I-V curves obtained from isolated DCs before and after perfusion of the
cell with 107*M Ach solution. Ach-induced current was suppressed by the

107%M D-tubocrarine solution.

TLAEFTWHRWEDOKRETH - T,
Dulon 2" FARIZEFEMHE % 140mV £ T
& Nshape /84 — Y 2 ET 5D Tidhwhr e &
bh, 77 b —Hi& Nshape 257 — D —ET
HHLEZTHE.

Zhizxt L, HEs Tid, Ro@EMD LRI
P9 Eiid, EHANCHEML 7. DCs & HEs
DBEHROYMIMOEWIZ2WT, BRI DCs
DBEMARGEES N X B EMETF B IEEER
B KBikE Caf T ITRKELLER» HRK
s, F7/-HEs CREICEMKFEERILER
MK EBRTHEEINTED, DCsIZBITA T

A5 DCs 2 BITAH Ach IRE D
(mv] OHC k F#RICIRIEEREFETH
BT EMNRMBENT. —H,
HEs 2% L TiX Ach iBE % %
ATH Ach InBIEREH LT,
FEEE WA AIZINS T, HEs
LBWTRAchBERFDLRALZVWLDO LM
b s,

Ach 12859 4 AchR |3, nAchR & mAchR
243 s, OHC 281 A AchR |1, Housely
and Ashmore "2 & A = a5 FRIEPE, AR A
U HEEEFH G EREN S, AchRiZ= O
FUHTHLERELTWA., RMG¥RILAK
BENEAAAY CHERE, HBHEOWREH
NAIEIZLEoT, AchRIZAR A ) Y ZH
HoOHEELH->THEY, OHC IZHB1T % AchR
EARH) vk, ZaF UHREEROME & B
BEATnBEELT, WEFTIZEEIhTY
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LBWEH LW I AT THoEHELTA. RE
BATCIL, DCs I35 AchR OME R T57:28,
DCs (2xf LT Ach % ¢ 5 L4bH & i % &k
SE7f, AAN) CEETETS 5 Atropine
G Lot AN mETERITMREII N, 2
DT kiE, DCsiZi5iF5 AchRIZ A 2 A1) “#E
ZEROMEZH > TVWAIEFRLTWVA.
FAEERIC, —aF UV EERETH S D-tbo-
curarine # %5 L C b4 X B HIH S s,
CheDEERAS, DCsIIBITS AchR 1E, A
AA) kR, =aF URZEROTE E LR
TwahI LR ah, v TOHC LA OM
BTRBESATHARVWT LW { 7OSE G
TdHh L fEfEA RS S i,
HEZFIIIOHC O S PEETH LY, X
e 1: OHC % #:E D 5 W I BRI
THL, COMERELEELEZ SR TV,
OHC D@ LR ZEWHE & LT Ach 191058
S LTEL, s, ELEMED
DCs 2 LTwb EDiELH DY, DCs iz
BWTH Ach 885 L Twv B REME SRR &
NTWa, FLARERERLD, LEZERE
EDLTRIBELEIAZRL-LTWEER
b B Ach G ATOHC #1F T4 ¢ DCs 128
WTHFEDH LI, HEsIZBWTIEEH N W
T kbt EiD, DCs 2B S Ach IS
Z13ZOHC L RO REMRTFEFBDO SR, =
@ Ach JEEIZRHET 5 DCs 2817 5 AchR 1,
WEFFTOHCIIBWTOAHE SN TWEH
LWy A 7OSHMICEMLTwL ERIBIR
L. DEo#HRS,G, MO LN TDCs
(X OHC DFH FEM L LR/ TR L, Moh
OEFRERES A L, OHC & DCs oo &S L
HMEMLMERSHLLEZLNS, OHC L O

X

(s524% #H15 1998)

HEMEED HVIZTEREIREITH) EIZE T,
DCs b EZHICHES LT A TREME 2 med
BLDOrEZD.

3 & &

1. IAFaEEREO Ach nE&EE Ny F 2
5 7 (conventional whole cell mode) #
HwTHE L7,

2. DCsiZBWVWT Ach iBE»RBRd LN, F7-
TORBIFREKRE.ETH D, OHC @
Ach [0 L R TH -7z,

3. HEs |[ZBWTIiZ, Ach &S L
=7,

4. DCs {2317 5 AchR {3, OHC t R #iZ A
RAHY) Ak, =aF oREEOEE % RS
o TWwaiiLwe 4 7OZERTH L0
RETEASRIE S fuf.

BLE®DZ EHS, DCsid OHC O H] 20 7
T2 Th(, OHC £ DCs DRI ER LR
FRGMENH D, FZHEICKT S DCs DT
HhOYEERBTLEDEEZ D,

- 32

MEMzdlldioh, ZHREECHKEcHBLIEL
Fo SRR A AL 1 B - BNTEAr 8, NG EE
PR - IFMEE B HEIR ISR ORI L E 5

hd, RmLoOBEEO iR, 80 [ AL SpEs
Mdads (KR, 1997), #8230 H A0 R IHgef 24
MER A EGHES (B, 1097), S7TEOAEHS
SHES (BE, 1997) CBWTRERRLS
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