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i TOMMIESE A F o EEEOZLIC L hER sh 2 EITAOREI
KFEL TS, BB ORLMINN C 1 2 RIEZ ST WAL LW
WETH D, COLDFEICRERBELSTON TS, REENEIXD 3L —{i
BIIDEHICL - T h, SLDELFENPFRICE > TRIh TRIZ, L
L3 v ¥ (SR oML E 5 Lc s BHEIhLVR R 5T,
SLTF DS T NF= RSSO EIERSNTHIC. 2O
T & DSty B R Z i LT ORRD —2 Th 5 EHEE STz,
Ch b OERIF MM & OS5 ERNTFRICL 1D THAD T, L&
2 ORETOMEPBETHS 5 . =205 - USOHER 2HEM LA T
&% sugarphosphate, ATP 0 L7 F AR H 5 L 7 0¥ = L5 EEOIF
ErHEES b > TIOE 20T, BRESIS C'P-NMR) OBALHEL
WEEBAGNA, A7 — ) LRI (FT-NMR) Q@ AL h#l
SENSRIOLIREATIEE & A b, BN ORIE TIRING S L b R8T
i) b Utz Ui L2 hs 6 oD TRl o~ I 113 %5 - TV T &, H0
OO 2ED LT, WEIZB D AM{LEYDMT 27 - 12, MEliliTo
Sp_NMR OEEICKT B, HANTOHRBILAY PEBBROBII%2{T-T
BEERMTOMES, BHIHLAYOREL E 21110, ZIHBHOLFE 7
b & pH OMITE b ATRET H 5 O THITLA pH MIE & PR >120

RO S % = VOABRFHHO—X (1.6 ¢ ) 2Hiz. Y
“H—W(PH T4, b)AEER) &£ & bIEAHTICAD, S5IC(MAFL
R L ERAHA UL EHME 2 AN TSR E RS o 5 2 & LTHE
AUtz BPERMIFRI & TR EITEEAOMRER 2 A2, BO 254 2k
HRIENE 5 b BE 1205, BE 0.5mD § DE2HBEICAN, LT
VTR S L 5 LTI Lo ML+ 0 7 =B AR 2 U
fot, BEDBICI b MR 2B T 2L 5ICLTHS
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NMREEDE D, MEOFAE-—E2RETILDAHED R =20 %1
IENSHE, LOLIBHABICERTE2L 91c LT, HREINFMFPiEs
OFFNOFE % WA L5 AiEE 2 R L1,

Slp NMR @I JOEL-FFT - 100 £HiL), 40, 20MHz THIFE L72, il
HERERIER Ta b, 30°%0 2ds, A 20 FID 2005 LI, 7 —
N 2ZRL T AR P ®idic.

i) #iEA pHoOmlE

T MHEO TE-NMR 22 bV iREOERBR L hAEER A FL =
18 (oxt. rof ), (ref), EMEERE (Pi), »L7F 448 (C~P), ATP
DT, a, PUOWBD s +reigl, EEEERD pH 228(L3 4 0D
L7 beEFIL, B E A 4 L Ak 1 4 243 raprd exchange
%% A& LT Hendarson Hasselbalch OEEEH O 06

Wm — Wy
Wz — Wm

pH = PK: + log
BROI OIS 2 & L ¢ —B L. T it Ky 3RO 2 ROMMT
HT, W, WP 1L 028 A0k 27 b, WmidBEINS
FERBEDILE - 7 1 Ch B, T TIE - 1.79 0.1 ppn DILF 27 b T
HAHDT, 7.82+0.10 DPHHE LA,

HEBEP MR O BBl o T L b § FEMBE L, COREELT
EBAONAHEDAG D% ML C~POERORMEMNL b ¢ KOS
T &5, RICHIEA TO PA O SO REE W 2 OB S1ICd 58 E
WADFRZ RS 201, BB ( T2) OHBE 21T - 1007, FiEfEs L
T80m sec {812, THix 0.1 ppm OFFEMICHE L, #IEPP1 OFHH
0.24 +0.07 ppmé& 3A X { B4 %, ChiZMIRA TR pH OFRE 352
tehEEi b, PEOETHELTO0 24 PH unit /25,

WSS T OB SRS I L AR bR pH oS b
B b, ApH T2 (BI1A)  FER T/ 2 — FREEE (T A A )T
B EMHALBRDLNT, poapl § BT 5. L LEBIAES NS C
~PHA L, ATP § LI S0 SREIE(EY 92 (B1B) o &g,
Lohman Fijt (C~P +ATP== C+ ATP) QAFHITHS DNFBEMAS &
Rt eEY, ATPORDE & § il gt s 23D (1
Clo ZDFMEIEY Y+ ) VU THITDERZRET S LGB L20DT,



SURAPIICAET 5 6 O L HESE L72, (Jap. J. physiol. (1979) 29 211-265)
1 A4 ATOT4AF—(LH
liasME Iod L OERI _émm

Weshtos, Lol dp-

NMR OB i T F 2 Fohciit

BTIEHTIC~Pasasan 0|

172
mole /g, 7Ny b —FX —6 — r ﬁ !

e 1 u mole /g ffET S -20° s
CEURBTE, Livb 108 100 .
[lliEicsoTh o Ths IAA added | on
Wb, 2honIROZET, i) y 470
Lo b ERME ICH T 30 }22
pRtEERTO S, ATPOMR | B}E g

TSNt OBEHLWIS
hepotz, Lioc~per 0
Wy k=X~ 6 —PEEEDRIIE
(EmEhkECRE ShTve @ Y™
FRICHEAZOL, 74274

TNE D poAdf—-LhiVate

O?F! added 460

limiting emzyme &4~ T
WA T LR LTWE,
(3. Biochen. (1980) & o
O -0 " e i
0 4 5
i) 0 =MEERD 3 Fa1 ied thours)
¥—{Ca
10K U 77" =B (P e 4 %
NMR ZMFICAN, BkeiT0>2%P-NUR DML R1T-1 L5, 70
¥=BEL ATP , 26IMBRILAYOBEIHRINT A2, COC L iRES
HEEOER SN TOEMR Y, 34 ¥~RFMIERIT#H< C LemLTL
3, 2% b, MEMEIN TOFD reservoir PPN & SF LTS S
ZifiE 3¢5, (Proc. Japan Acad, (1978) 54 397 - 401)
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BRAGE R

EL DB % 17 » T THRERIIE TIREEEOIG S AN TahiEIER O
AF AR R C 2D 12k, 1% 6 L EBROMED reservoir
WD 2V D TR S L HEE 3B, ATEICIE 00882 0 3P - NUR 2L
1207T, BEMCEATHEOT, ALY ORIENES %2 T iICiz
ELAACERMFELD sl THISMABUER RICEM Xl BRgHA
NMR %2R0 5 & HICHRE/ S E 2B 2L TES EEDbNA,

o5, WA - MEERRICIAEE OIS E S RICTET T 205, BERHBSEATTIR
LSRNl ITIFHE LT a0, L UBETOTFRNIZ & K
WZHIFI T & 30T, OTREOBHE T § I5H Uiz,

FEAELETRBORE
(IR 72 €BLTT7T EVEHIE20T)
HFH OB B #= H ah

ERES IR T AN E -~ L U TIFELA LV, ERIRBY 3 =704
—EEH IXERPRBALRT N TR T 5 B 2 DRIBIAEMTS h . BRMITIX
BOTERLFRIG 2 S « 7 7€ AAFich bBEETRIGICE 1 5
RELTEDTHLY, 770 T2NEBHTROED TEEAEERG
PRRTAFRTAY, THAEOALOBA (VK BREAS ) IRLHIZL
WTHREICA %o $806 77 ¥ o~ EEHEEFHORTE, ZE2HE/clkikEs
Eatiah, cPHUREBTENThR >R 21 TEHICL S, fE-
T79 ¢ o~ BAMAEFRIB LT 7 7 ¢ RO RIGCRIBOR 2 AN EL
BICRIEOFE—IHRCHD O Th H, ChhRa iR AmR & 2T
A,

B HENSIo At ¥ U ESVNAE (TSl - == £ 0 B /) AN
N K70 I 2EREBHLVT I €M% (Quasi D-7 % 7
Rl (LBRAE ) OFFfE S ISR S BUS L1Z, (Medical J. of Osaka Univ.
80, 71(1980),
(i NG L RAHCERS T OMEIZL b 77 & O E Flldiiz o0
T L1z,
(J. Biochem, 85, 981 (1979), J. Biochem. 87, 281(1880),

J, Biochem, in press)



D SN WV IEERER 7 7 e UMEE (2 ) Uit & oL R 7
a — L BEERES: ) OFMEARLONGE £ T CILET 5 727 ¢ L O BRIz
Wi Ltz (I, Biochem, in press),

W F2oAY hADETEICYL h 7 9 ¥ LO5TFiREICSWLWTERL, =G
HHE M 21T >72. (1. Biochem. 84, 925(1978), J. Am. Chem. Soc.
101, 3376 (1979), J. Biochem, 87, 831 (1880),

Flavins and Flavoproteins 295 (1980),)

VM FF-MEOMBPITSHE D -7 &/ BR{BREORICHKN % A -
T/ =D-7 7= BEE LTHWARICE higTILI,

(J. Biochem, 87, 1469 (1980))

W D7 MESEAERD T HERN 77 £ o L ORI VTS TAIRNE

LABMERAGEICE WS L1z, (FEBS Letters. 114, 4(1980))

TIEL (K8 L7 B) IZREFHIRAMI VA hEE B L IINT ALY
BTHAY, TOEMPHNERIBEICHNTE LB TRV, K213 T
DRI 7 7 &3 T0 6 SHE2HR{ENIC IR T 2 FiIcL g Lizw
LEATLS,

AEB L A1)~V E TOEES 4O 22 FARBE LR RIS O/~
BBICEOE (B HERSREDSF LAV TORIFICONT A A - 2 FTTY
HECAHTH D,

RASHYROMBE - WRRUSK
R R%

MO T 2 BROPIRMEBEIC 0T, IO SUEBER A i d 6 iR
ANT A, CAUTLTHE L~bh 6 OWIR 1213 & A L FBEDRBLIC
d B o RWIIZMEO BRI EE (il 2 8, b BIEPEEE
2OTETEN, EREOIEE»ESMIMUT 22BN E LTV 3,
EBHF 7 v — TRBEICOI HYEREHDE O 5 bficEREEDHIC DT
Rigmwra 26 4 L, BIREEHEO G2 EHEZL, ToBEOENR
AT LETRT AL ENTER, THLONERHF 2T, KR ITEL
TIAERGEEY B O M & & O 200E L, BRI &5 7ERE OB ERE
RRR LIS
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B R F & a) HUMHBOER [ 1000/CRAOHE 7 & b (KB 250 7 ) 2AEERK %
fEH L, ERumcE HUNEEIRL, W20 LI, CheEEDTKT
HESFA XU, AT 2F - bRKICH LTEN L, SRR 2HER
L k¥ (Brain Stem Bxtract !BSB)%{§1:. HfEF TH0000LD 2
v MRfER LI,

b) HBRE DY V) =MD tonic LMEZFAL (stretch recep-
tor) OARKEOMHIE £HEEL LTHUL, @DvoR, 75 ORKE
(PR A OF REM [EAR ) B O B omE 2falli & LTH O, il ahis il
EHaE & UTHRE, ROTHIPERCRRIRY 585 L1z,

c) fi%l . BSERMUTE T SP-Sephadex 1A &K s o< hsT 74
— %174y, DT Sephadex G-10 ¥ @@ 07 by 77 « —2 3R
BL, BUERE 07 257 ¢ — (HPLC) THRZIT-12, B LB
D70 —F ¢ — bBRT,

Sleep-Deprived Rats(d) BSE

decapitate lSP-Sephadeu (Hp0-HCOONH,, : linear gradient)
Brain Stems Active Fractions

homegenize lSephudex G-10(1) [HCOONH.)
Homogenate Active Fractions

dialyse lSephadex G-10(1,10) (CH4COOH)
Outer Solution Active Fractions

Iyophilize lprepnrnlive HPLC

Brain Stem Extract(BSE) Active Fractions

R EREEDHOEN

o % & B 2 @®IESP £ 7 77 44 AN 7 ATHH LIZHFE % ¥ ) =D streteh
receptor TAEYIBGE LA TH 5. KHITRLIZEIT %2 % £ BT Sephadex
G- 10 TYNEEE LTV, BEISWTHEE streteh receptor THIE
L1z,
H2BIRTOERTH L, 6L (2B) IR L1257l % Sephadex

G- 10TrVSiEs 5 &, BI3ICRTL 5% 260nm L5\ BIRHN /¢4 — 48
641, KEAVTH L I253@ih streteh receptor RV IR, 74 MZXL
THEYUER (B ) 2R LI, SLRHSODKAITRLIZGEZS
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1]
—40+ Sephadex G-10

B2 ¥yr=ickai

0.02M CH,COOH

0D (260nm)

HPLC ete.

Fraction No,

A8 260 nizk st/ vr -2

a2 o2+ 55 74—~ (HPLC) RPUBZERA4CFT L v =
b7 L0398 60, BeTO@TRLIZ single peak K7D R+ Ty b
OEEMRZE ( RikEEEL O REM R ) 280 AEEO s 5 C &AL I
1z B 5 17 0 ROBE BB OTEEYE (K2 A. RFBEMA ) 2
WEA LT & 20@R T, BHE (¥ 1 H) =9 2073 O & kiR
ORISR T C Lvbh s, HEHHErlcoh, REMEEES & ¥ CHns €
MDA Z Edibin-1,

19764E 2 4 A0 Monnier 12 & id 7 HF OO [k b & Wl % —B 1 ICHE T
75 delta-sleep inducing peptide (DSIP) %EIEL, &K LIz,
ChoBF il LTt RSEOBRYE CRE th b, BIRTIZLO
RoEHMICBE L TESRASES 2 L VWA E, BAD W 2 OBRFEE TO
F# 6 EIRELENICS S, WTNICLABREEDEIIR IR 2R
T BB - TaLw, BEOMEE VA ETHS I,

238-1-4

18 {min)

R4 ks otz ysov by A



(A)

(B)

- é}é’ Fr.Na 30 (8U,/504Z,710 85{2))
£h
i
i
fli
i)
z
1))
fis -
® 7 9 7 ®© 7 9 7 W 7
3 $I} a
i “n
# 30 Fr.Na80 1 B
B0 o ot o B S
(3 *38
3
% 0 e v e - o i mtrado et sl
x 3%
a) al-m Dt sesr  pass  sabsad R e s A T = T TP L
fis -15"

9 7 19 7 9 T ® 7 87
LS 1

[5 5. ERER(EAEVIW (SPS) 23Utk 772 22 2 (Fr.Na80) 27 U720
(RS Iz 100 B EEA L1 & & O%h R
() HIR D5 FIdEiR = o 20 AR! 8 BOSMAIICE T 255 0¥
BEiiL, FREEHNELERT.
(B) : (A) ORTOEALRO AL ERFINGR T,
BER () O FiEeTR L, HERREORE ) XA 650G %
RT e



(MR AKHBEREM )

BIEDSZTF FUEEOFRRICL b, Mifa~<7F Refigah, BERES
s L, B I EEESIKLESEIEERPITbN S, 36zt h
bTF FORMFESIER SN, 7944 L/ 7ot 1RO¥ETICL-T, 8
fid A VRO S v E CAFEVATRRIC /25 & L b, IR LR
ik hdbe AEEMREFL T anD C itk »1,

A LAY DEEL, TRTOHATF FHALEACDUITH, XK
ST ORERYELSHEA TEER I N, HEOREIZL H TOXTF FHEO
FEDMESFE SN, BEMNICEFRO AL E AdERans L0 v
O b E s 0 gV E o FbE COBIE R A WA SRR OHEE
SNBLICE 1z CERFRTDATF Fih e - FrodABEE~XTF
RIS 5 CIEAMIRICE VT L O T AN EEALNE L S
ot TH6TFFRTFOSRER, TOEBRIGZERTIHEL
(EUIERIREIC e 3, F1o, BEVELOIZINTVLAESTF FHLE A OF
274, S evepeiilahictOTH b, thoEYHERXD L0 LHL
OEMEE 2R T E LTHRTL B LII@EELRESLIZVATL, LIhd
> T, RERFF xRS hIF Lrciiiltis 2 0T, @ ofiias 3
WNSERITH D~ 7 F F2RE 45 5E, RR{LRONESA S (Bhd 2L
Ha,

TTITHLE ERICHES 2 A7 F FOFEEDSTI6 A, EB IhTEH,
FTNLDEMTY - & bSO DY substance PThHH, THNMREEDEL
LTHER Lic e &%, RELICL WIZEHEBICHBEIN BTVt FO
(T, W2 pREF, VIP, =577, #Riy, zo—-nFl-is
v, CCK, FNharlsEWR—BENTF FE LTHERSAAICN T,
Fiz, AR L TEFY CREEEORFEEY TELD 5 VIR EE
WTRRH d s, C Ok 5GBS LR mEESR OMie TR — 212 Clo <
TFNFEAE CDFEESTM ST AT,

LTz, ASIEHAE—RE L CEERIER I AHEEE<TF S
FLIESTF FREANLOWT, TR OICBEE S 5 2k <7 F FEHLTH
F OSSN s & CRBCEMIGRER L, < 7'F FOESRERE
LR ELE Fadis A OMFELHAGHICT A CL2EMNE LTV,
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BRANTFF Ko YA E LTF XL, N¥glyeyl- (1-
Glutamine ] —bombesin, N®- tyrosyl - (1-Glutamine)— bombesin,
BOETREARL T35 A2 e LT bombesin (2-14), bombesin (4-14),
bombesin (6-14), bombesin(8-14), bombesin (1-6)-NHNH: &1 f
Des—14-amide —bombesin ZHHIEICL D &ML 12,

RRHUR . N®-glyecyl -(1-Glutamine ) - bombesin Z7K%& 4 L #
42 FOIFATBSA LREG &, BUDAERRY % Sephadex G264 7 AILL
A7V 088 THRB L, ERMIC bombesin- BSA conjugate %131z,

%% | _Lil bombesin-BSA conjugate % complete Fresund's
adjuvant & & HICHAL, che2FRBLTENE » MCREL, HINFEL1E
B, ChLDEDTENE & MEEE LITHUA -~ & (17 GP - 8308 %
FEAALST e MR ULz,

SRR N®— tyrosyl- (1-Glutamine)—bombesin #4035 § >
THTIYHEILL, PI-N®-tyrosyl-(1-Glutamine) -bombesin %
18, Sephadex G-10 1L 24 VBB THEL, 7 v+ A ICHR LI,

FEAAL/T g 4 ERERHWAE LT 0.6%BSAKLT¥0.025M EDTA
A0 0.01M Y AEEEHE N (PET.4) 2L, BAABEIFF AT —K
ETiT-1.

HB DM @ AR LI Z 5 ~ 1005 B0 0. | MMFBEOFTETHED T 41X
L, 20T 5 HAEPMIA LD b, BOL, EAf2HERL, S8E Uiz,

%1 Relative Crossreactivities of Bombesin-relatea Peptiaes in Bombesin Radio-
inumunoassay with Antisernm GP-3303

Compound crog‘r’:::::lt‘::iw
Bombesin accepted as 100
Ne-Tyrosyl-[ |-Glutamine]-bombesin 100
N=.Glyeyl-[ 1-Glutamine]-bombesin 100
Des-14.amide-bombesin 25
Bombesin (2-14) =100
Bombesin (4-14) =100
Bombesin (6-14) =100
Bombaesin (8-14) <0.01
Bombesin (1-6)-NHNHg <0.01
Ranatensin C 26

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Bombesin: pGlu-Gin-Arg-Leu-Gly-Asn-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NHy



ERFFRITHBNTELE o MTEE LI F o~ 2 vl GP-3308 OFELR
IREREREBNIIL 7 9 ¥ 4 - bDAFENIEYED> S bombesin (6 -T) LLICHET 5
ZEDPE BT -T2, (K1) PHERLE LTERF o~ ERARLEL
T 5] -N®- tyrosyl-[1-Glutamine) - bombesin .t IfL 30 4 il %
GP-3303 #H VA ZUA ML/ T o ARILLEN TS, 4R, H2b, T 5}
BLFENE 5 M EHABPTCE HIBUIILY 2 00E Lr-#E, BlPo F
N ARBIEENE L 2O TERE L, FLGRHRALTTH -1z (FE2),

#2 Bombesin-llke Inmunoreactivity in Mam-
malian Tissue Extracts Measured by GP-3303 Bom-

besin Radioimmunoassay

Tissue Bombesin .
immunoreactivity*

Pig (n=2)

Stomuch < 05

Duodenum <05

Jejunum < 0.5
Dog (n=4)

Antrum 0.28

Duodenum 0.25

Jejunum < 0.1
Monkey (n=2)

Stomach < 05

Duodenum < 05

Papilia vateri 2.24

Jejunum 0.56
Ral (n=2)

Stomach < 0.85

Duodenum 12.8

Jejunum 1.51
Guinea pig (n=1)

Stomach < 05

Duodenum < 05

Jejunum < 0.5

#pg bombesin equivalent/mg wet weight

AWRICE ha e~
LCHRME T oA
ALI?T oA Rl
T Ltze L, &7
w ot A TUEFLEN
TR A
H o~ o ARSI
itide A LB AN
fERoWick s
BT HRERVE LN
ok, 75 HEE»6
HARY ST F
Frsdigiaf, TO7
T/ BEASNATE & i
Ineh, 17 ¢ /B
HAY 6 2 B B,
CHEFHATF FR
Fl|#5 bombes in (5-14)

EEDOTHEL, A~ TAGln #HE Bis BTV
CEDAY, HoR P EEBTELECATH1, CORMIIRFROH K
L LM GP-3308 OEBEHIFHRERICHY T2 L 2EA 5L 5, A
KRR, FHBHOR -~ ARREEIE L LTIEBEEALShTOL b D
b, WARIABHASTFFEZRENBIE UL T F Flh 2 & BiRT

HELAIRTH -1z,

=

Lt
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R B H

B® R % &

&R R

REEFHVIPICETAHTR

FOFA LT oA | ARMRICER LI VIP MAHEEK VIP £1214%
D? IV ARG E LT U2 R502, R5508 #5.L FRE05 Th3 . i
MAERBO2FVIPZRY vt Y FoATlE I, TheREELLT
fERLIZtDTHH, VIPAFOT-10 (2 EEMFBEAPL & LTV,
RB508 |2 VIP (7 -28) e R & LTHERILIZ6DTH Y, VIP(7-18)
DRI EENFRRBOISHFAT 5, /ods, Mk, R5602 4L 0 RE50305H
ETRIOHFE-AAERGIZ VIPOIHSESBE LTV AL L TRES h
2o R505 IZRBE LVIP CRM 7?52 A b, VIP(18-28) %2 fiL»
THERL, *ONFZHBLHIVIP O C AR 18 - 28 (iICfFli T %,

HiBOm | 1 ELE (K15 ) 24508 &M, Maco 5T L
s

—J3, £ eI R R N B - 1 (2 UEDAT B R = E  EE
ik hffrantz s THY, COREMN% ) REEER (PH 7.5) THE
UF gL, @, kleICA 14T oAk,

SOV | AR Y O 4 LBk Sephadex GB0 h T ATIT~1z, IAL
e LT MERBR R,

1 MLEEBHEO VIP e&E, YvlEORME, Fid 3 mMoi
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immunoreactivities in extract of human
neurcblastoma cell line NB-1
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BRAIRT, 2WTC CHLFEED CD ARY b BAGE LT,

2 LF 1l His 5% Pyr (8)ala I LB, 8% OiFH 217 HIRRR&ELU
B L, His (84 25T —VOMEPEAEMRBIISE LT N Easie  ® w
WA 5120 4fl Gly HH%

D-Ala (CE#BUIZES, &
S Ui 4 (I L-Ala B85

Relative potency (%)
AL b EEHEERT &N Conpound (pancreatic juice secretion)
biprolte —}j—g 7 ’/Jﬁﬁﬁg

ﬁ 4 Biological Activities of Synthetic Secretin Analogues

. Secretin Accepted as 100

RiBEivs S tana sy [1-Pyr{3)ale}-secretin 88.3 + 16.8
I UEHOETYA L0, £ [1-Tyr]-secretin 4.3+ 30
b ED o hiad -1z, [4-D-Ala]-secretin 3.8 ¢ 1.8
2!:5{3&'{’{%&11?:%55{3#617 [4-D-Trp J-secretin 5.3+ 0.3
[6-p-Phe]-secratin 2% 3.5

vtk RY, TD CD A N '-Triglycyisecretin 18.8 + 3.6
o povid{EREYE 2R (4-D— N -Blycylglutaminy Isecretin 8.4+ 1.3
Trpj -gecretin #M% X, N*-Glycyllysylsecrenin 344 0.2

Wb o LF o LFRD A
Y pBTL, IEL 4 IOEEIZE 2 LF o OTRBEICA S B EEZ TOENC &
dpRahtc (M4, BI5, B6 ).

LT v AT ET T B TR

IMRIREE BRI D S v R BIE 2B L, BITIORY & KRR SR L1z,



Lr=Pyridistai-nesrmiin o HyO. ab ) 04

T Sezeeiin am WO, wH A0

=1
COYaih " Degrnn smis Devimele

F I £ LS FETTTT S MO @My N

(11 LAL] m o

am

4 CD spectra of secretin and its
1-substituted analogues. The
spectra were obtained at 26T
using a JASCO Model J-40A
automatic recording spectrop-
olarimeter.
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46 CD Spectra of secretin and its
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ala)—secretin. [4~-D-Ala)-secre-
tin and(6-D-Phe l-secretin(—)
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matic recording spectropolari-
meter,
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45 CD spectra of N-acylated

secretin analogues. The spectra
were obtained at 26 using a
JASCO Model J-40A automatic
recording spectropolarimeter,
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SothLTwl c EpHEELEDNS,
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BEEMLH 3 VIERES S C BB IO, MEENE— I+ 50nV )
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2L, RE UG i sa B e e R DA A M 2 6 1l 5T
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e (K &) 2 DA LR SNt

SERMAEEIC L 2RBOBE, KICEBIRESECL - TR L, BRI
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DR D 231z, TIREHREN DS 80~ 40 mV LLL B/ s w1256
ICI2 TR~ B REME Atk o AV S R O ESTI L Nz,

L FRTEOTHREE R 2HET 2 CPT(2 mM ) LHBE MR A I
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1)

2)

3)

1)

6)

Kaneko, A. (1970). Physiological and morphological
identification of horigzontal, bipolar and amacrine
cells in goldfish retina. J. Physiol. 207, 623 -683

Famiglietti, E. V. Jr., Kaneko, A. and Tachibana, M. (1977)
Neuronal architecture of ON and OFF pathways to
ganglion cells in carp retina, Science, N. Y, 198, 1267 -1269

Kaneko, A., E. V. Famiglietti, Jr. and Tachibana, M. (1973)
Physiolgical and morphological identification of

signal pathways in the carp retina. in *Neurobiology
of chemical Transmissionv (Bds. Hall. Z. and Otsuka, M),

John Wiley & Sons, Inc. New York.P.235-251

Trifonov, Yu. A. (1968) Study of synaptic transmission
between photoreceptors and horizontal cells by means

of electric stimulation of the retinz(in Russian)

Biofizika 13, 809-817

Kaneko, A.and Shimazaki, H(1975) Effects of external
ions on the synaptic transmission from photorecsptors
to horizontal cells in the carp retina. J. Physiol. 252,
509 -522
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HhH, WEPER =2 0¥—0O3tHITIE, BCEPP LERIND 7o s 5 AZFIH
Liz. ECEPP T3, LEEE =¥ —, HRIVEEIRA, KERKSEHE
DT iy WONEROHEEEHOME LT FREEFEH - 3 0F - %5
Ade TOWIEL T L7 7 ) 2O/ 3 0¥ - OBEIXR ORI L
HEazERAMUE, 1) Tyr' OWSO 0HEDGCLY 0 CO LDMIC KT
B%HTH, 2) Gly -Phe' OWSIC typell' Dbend ik 2 H T o
8) Met® O NHIEIZA FHMICEN T B, 4) Phe, Meot® DRIBIZALEA
E2& TV A, ZHHORBIINMRIC Y 2 BERFR &L BO—B2RL TV



Be —Hy WTARLAAPDT 7 FMPOBEDORII:ETNVRTDI BT,
nFHORELCNFHEC2IL D% SP(n-11) LBET 505, SP(4
=11), SP(5-11) |XSP & AEEOEMES HHLICEMWET, SP(6-

1D REES T LELS 2D, SP ( 7-11), SP(8-11)ZIdiF & A LT
WV, FZTLALDETFTVDFITOVT, 270MHz T7 o b AN
PRIz, TORSE, EHEEEOHZ SP(4-11) E8P(5-11)DWEN
LB ThH, Gln(O)REDNH 7o b PR FHKERE 2K L, Phefil
D Ca-Ca BEICEL TREDOAMEREROEELRVH 83 2 LBH LD
L, ThHoils Lo EMEEORBR LMY 5 L EA NS,

f-Endorphin, substance P, somatostatinitd\TZ U4 4 L/ 7
w4 HILL D IRAORMEAH2RRE LY, chs 0B REKICER
fICENT L 2B LTz, 12, T TICFMB—REESERNIC2 )
NEE=a—0 & substance Pma—o R8O C & §HEDICLIZ, £
L CFMERE, 7 - hOilite—lloREED B- Enborphin % 73 L 12
7, BROFLVNHOBERIhTWAC L 2RE LI, O, B~
Endorphin 7 £ F2 1) 9 gubstance P & [A 8 I Fb— MM
D= 21— CFEETHLEETLTE D, HE= 2 — v U REEO RN
Bl b Lotz ZOMEHBREMA LA FEFDNALSRENL=a—~0
ANFIER 22 L5, (PREEHEE LTHREL TO A AN R <,
SEMIUERENFRL L 2B s h 2,

IR, LT A0 L Of RO ERENRER{T- 12, VIP i
ORI —BH I SO TR 2 T30 iz, @M 3 A DHE S a3 M6, +
A - RIS A 2 R U 1, ORI AT ik LIS ERE iR
LIEBIRTH b, FHMBEMIRTS 3, +—IRIRMGR I Tl 25 2
7z & & PHR~DIHKIZIE VIP P i, 2oL 5 gMlzoitor
Mg, MESWMIEC= 2 — 0 2B L TS, UL, VIP @fo
BEEIEDL 5 SHEA TGO Ca BFEHE 20 5B +OMIZ2
TIREL DTV, VIPHIlEEF=—n0—EEZARE, %
OB I EBR O HPEREN S L T W2 EIEEEY 5 3,

fEGMIlEICE 1 A B AV E (GO Z AR O AR AU TLZOFIVE S
DS & MIEOMR 2L bt 2 L L 2 AL TR 217271,  GHZIEL
MBI (R 3 & 2 & BEM A REIGHMIEE S 5%, MILIC OR 2 MA T-@#KS L
Hiciifa 255 & s e AFRNIR SN 45, Chud GH &NElmieE =
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DEZBEEORGIIMN D TH AL L 2RL TV S, —HlEAGHINE % % D)
%5 phospholipase C T4 2L LiCk b GHODIERIFHKEST 3,
phospholipase D TIRZODL 5 LBARERLGNAL, T XS THE M
1R 0 ) VG, $IC% 0 phosphorylcholine Bisthi GHOZHED—
HTHALLBTRTEDTH 5, MHENEDLIEME DN 6 Lys DN E
AT 220 hydrophobic sites HHEET 5 L LA MHBEEERBICHB LR
W2 b->TVAT LR NI, 4 A, % ©114-115 FBMIED Lys
~Asp DFNEEIRZ DL 5 BREEHITEOTHA L LSRR s N,

RO T 7 FOEMIREICBET AU L 5 LB Z0A HTH S,
& % R i & R DRER ML L, T =2—v 0l
BTH—ANCHIREL 5 ATTRERE $ AEL TUWLVA, G- THEERITH T A8A b
R 2—7, R7F FEFPYHTR b SV B EHD R~ 7 F FIFIC
ZRahkt9,

Isogai, Y. Nemethy, G. Sherage, H.A. (1977)
Enkephalin! Conformational Analysis by Means of Empirical
Energy Calculations. Proc. Natl. Acad. Sci. U.S.A. T41414-418

Yanaihara, C. Sato, H. Hirohashi, M. Sakagami, M.
Yamamoto, K. Hashimoto, T. Yanaihara, N. Abe, K. and
Kaneko, T (1976)

Substance P Radioimmunoassay Using ﬁq-Tyroayl-subatance
p and Demonstration of the Presence of SBubstance P-likse
immunoreactivities in Human Blood and Porcine Tissue
Extractsa.

Endocrinol. Japon. 28! 4567-468

Yanaihara, N. Sakagami, M. Sato, H. Yamamoto, K.
Hashimoto, T. Yanaihara, C. Ito, Z. Yamaguchi, K

and Abe, K. (1977)

Immunological Aspects of Secretin, Substance P, and VIP.
Gastroenterology 72! 803-810
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PRELS@ , A=, 715688 , SAEE , LEs= ,
a0 (REAELR) B 8L (EER)
P (RKE)  FIIESE (RESE )

Hif AEEBIMRET e eV T OB « (LROFETIR SN, %
N6 IS EF AN ST T 2 1z, HOERBORIEL BiE2KNT 2
i 6 ORAMLIELAE L T3, CODRMEET I Vv—THlEL
U, FFLE2OMMREEOHEHORBPHERETSH 5, T TIHERMIIC
HRL-o2b 5 MRS, BEAREEEEE, WEFEHaL2EL, Thbo
RV 20 6 dE L, HRHE & NI & OB ST+ 5 2 & R HME T 5,
R (RMER = — 2 b o PP~ HEAUEREIE I X b EE O FIE

DBE 2 PWMMOLEWRIN  — 2 H1§ 5h, (EREMIL phosphatidilserine

phosphatidylethanolamine , SR0lI2 phosphatidyl choline &

sphingomyelin £k 3 $ 0)1.‘&.6. ca”t s orug?t 1k b ERBRIOT
=22 broadening 1L h RSN 53, Tho@lBLIEYT
hb, )R8 dispersion® *'P - BRISIIER <Y briTiT—HL,
Rt HO mobility X CEMIZSMT 2 7 MHICIEFLOVLEA LN
Bo 77— MM Y MIEIRBmEICE h R 25 Ol e- it 2
~ % hvTid phosphatidylcholine & sphingomyelin® 4} il LDl

#iphosphatidylethanolamine & phosphatidylserine ORINY — ¥

¥, £N hHhDbroadening iC Lt hEEBMOY -2 BRLNLL, ¥
b, M ROT-2A METIR 2OOBR -2 G6IMAM, VT
BN - 2 DABAEBNS, TR VIFHNEEERZ2RTEOTH
3, QMR — 2 i, ¥+ S b S—4, TRaVFYT, dipalmitoyl
phosphatidyl choline IZ ANS T 7 ~uvL, BOEHIE 2170, BOBK
HEAOWED inhalation anaesthetics ICL AZ{L2MYEL Iz, HOK

W R TIR L, P CIEER IR LI, chbidinhalation

anaesthetics IZMOMO AT { BMEMER 22{Ls 5,
(3 M)

1. VIIIth International Conference on Magnetic Resonance
in Biological System, 1978

2. Sixth International Biophysics Congress ABSTRACTS 1978

8. FEBS LETTERS vol. 101, No. 2 1979
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EYEHCEGTISTFHEEREAONR (AERER ISEVERICDNT)

HE O R(EEY)  =wEE, REER, B0,
BAER (BAE)  HRi— ( miklELx)

=il B, LEFEH (RAE)  SHE= (gL -
RATGT) & gA (EEEET)

HAILDER 7 7 e vV RESNTVAD, ZOXBHILEVNT 72
U 7 REAOMSRBIELAMEICL 3, 5 HEREOREICEOTIZE
AL ATV RENHLPICL > TET NS, SEBL BEHAEEEET
HHIVATFO— VRN L 2 ) CEBLBES AL TO AN Y FiEEE
BERI, MBEORAHENIL8a~[N(1)-histidyl]-FADTH h, BB
DWTIE Ba~[N@)-histidyl]-FADTH ~» T, LG RERERI 7T
EUMEORBTH O T
(BFato] 5 S EATIRE-E |
2Ltz
A=A oED
#ESL, MEPELE (ZO
§(L7s b DR TAN T ) .
AR D 1326 L& . .S saic
IZAfEEDEME 2R
DX DIER IFHEL TN
1o XLICEDTATEETF
THMEH 21425 LisE
FLbRedeiF/ D
Wl 22 hovleiR L

(K1), abkzo A 0 Woloml 600 i
WAVE LENGTH

-

(A

ABSORBANCE

ESR 2~ hvid g=2

fHRliC V7 F I BRIz,

Zhb6mE T F7 20CD

ARY PRREREE oy gy T8 S ORIWES & O
I LANCDN K BiRL, JEoBEERRY bUE)

I) Sebmumes
PROZOERITEEE 1 ¥/ CBEEE
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THEEL T, ZNHOEEIL, (O-HEOILEESHN 77 v Bles
WT, 79 ADRI0BEE—A Y b OBERBIZESTIVAY, 7THF
HEHESOFAFEEPLOR FRMEATE DD THLUL TV 2 F2RT(1L

(1) J. Biochem., in press
The Circular Dichroism Studies on Flavoproteins
Containing Covalently Bound Coenzymes
M. Ohta-Fukuyama, Y. Miyake, K. Shiga, Y. Nishina,
H. Watari, T. Yamano
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HRRR R AR % o 1R 00 PhE I IR D TF R

LIFAHERA (lEE « THBCAERSHT )
SR - SLTEBCR (HEgT )

BB D AT MR I ERBEITH LR OREBLL 2710, ZOEEOR
S A b hiz KOl BIEEL, 4BIZR T sh3, b2 ToRE Y
Ui it O ILE 2R L#tE 5 AJ1 2521 % Lply, &b 6 AT1 22 lhsr
EERRE 2 LY, Wik £ 01 T2, BWEMTERBSEETS 248
e CmY, Wi RERTHEMMRLPEOFEEMTRIEST 2 3HEECH TS
%o WINMO 4 4 7OATHIlL L RIERBHmE 2T 2 BICERENERT 2,
COEMyMER K ERMoORENRaIcL bt shTwAZ Lid
Kaneko(1971) OFERICL WL Shicld, 4 HHEOA T Le B O
ATH-12DT, %4 7OREEKFIaEICHS ) 2 BRGSO E 2%
TEANTAESR (T 12, 2 4 IR 250 L smiam s 5 2 @o KPR
2EIFHCRA LTz, Table LHZRT & 5 IO ACHBEICOWTThTho
BERNEZRLUI-E&TO—AICHMBEARES L TREN 22 €, Aok
D ERBRH Uz, TORE, Lp Bk T iciz 8244204 IcRRSAIRS
AN (R0 1 flEFRT ), 248 CEETIE 8 Hlf 1 TR
kSR s NIz, 24 7ORZ 3 1THICI BRI S IR EE b - 12,
i 2 ICHONT RN LERSE S NTHEZRE LI,

Table 1, Number of Horizontal Cell Pairs
Tested for Electrical Coupling

Cell Type Coupling

gﬂ;:i::a recorded detected undetectable Total
Lp Lp 20 12 32
c2 c2 1 1 2
Lp c2. 0 3 3
c2 Lp 0 10 10
Lp Ls 0 3 3
Lp c3 0 1 1
Ls c2 0 1 1

Lp: Luminosity cell with cone inputs
Ls: Luminosity cell with rod inputs
C2: Diphasic chromaticity cell
C3: Triphasic chromaticity cell
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i 1900m ML 7z
2AORERE ( LA
2GS, fuziEsl) »
FBHICA , B 220KE
fmIcWA LT, Al1,B1
1320 2 OOKFiEiRD
# (6), (), R (R) faX
MMIcH T 2108 . KN
iz s i FEN & 1
d—= kel £TH
NHEDOLET, A, B
oOifiEticLpRITH 3
LEBRLTWVWA,

2 MG NBRED K
b =20nAD W % #i
fuAlCimeaE, A2
D X 5 o WEE FHios
ahizds, [FEEFICHiaB
hhHEB 20D 5 BBE
FARPERNY (IR A 2
D14 % ) BRRBEhiz,
HIME A (B840 B A %
WELBAI s R
BEERHREC NS,

#5HhD calibra—
tion:Al,Bl IEHLT
i 2sec, A2,B2ICHL
Ti2 0.4 sec.

MM calibra—
tion! Al,Bl ITHLT
£ 10mV,A2 2L Tid
60mV ,B2 IZH LTI
6mV.

ZORBTCIITREA S TOMEE 2T 5 C LIAHL Oflb = 12120

B b o 1208, AR O/KPARIEE ISR ICREM RS A RN 3 h,
& 4 T O 2 MM RIS o 1o &0 D TR, KRR
M EyRRORMEMICR 6 hTWA Z &, KRR/ L O

MRSICL Db INTWAL L ERETA6DOTH 5,
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SEHBORPLHTE (RFir b TR—TOMT O%E) )
PR A ( SRR A ) 8 gk (AR

AOVTF =y AL Fms—0—Fl ROoLT=o—4FH S o0R0O
B, WEOENMEROEN AT vy v Fuo—T L LTHVSG
nsn, PRAZML, FHICRFEMROEHEUOCENHNER, chbofmi
ORO 5 L HZEAEE) 2L TN S,

1) BUZRE LT, ZOENED 3 O IEEMIGRE L T2kL, Bl
Brafbient 4 2 EEREA DL & 5 1280,

2) WEHZ(LDK X & 13 50nV ORALITE(LICY L THEED 1077 04—
F—=T, 2, LIV —REHPOL s SAE L, MEFET 08N
ZJAN
8) HEMIALOA X 2 EFHIERU 5 H100mV O T, BB L 0Mic
EFRERLIE b T2,

4) A4 UMD B VNI L Y 4 VR EDBRIZEN,

4 WEAMEREZH VT, 2o EMERIRFMICR~o Y, %
DA H=RAXMMCONTRENLFEAAS HTII AL,

ZTT, LOWETIE X o7 =CABRICONWT, intactld HEAM
REGHEORBIZILIZE & 5 5 WoEETIED AR T v e, 4 HEERED S

4 AR S Uit o o=
A FoOBRBNZE(bics 6 25 WEE(bD 2<
Rk tBIEBES LA T = EEFED
WHRRY baby (W2 07 = AEBETHR
£ L1z A Fy B AR BE oD ERE (1 % [ 57 Bk

i~ 50mV O LnieBiEELzE 20
W HE DI LD AR Y hv&R L, RO
T EEOR K et @)K To
WL T = OWRIERST bavFe HERT
MLTHE, ERTRUIESSERD 2
XY bR AR D g R TOTN D
Ll BFREOWN LM LW DTH S,

550 600 650
Wavelength, nm



W SE T LR ER E ARORSITB I ANEARY b v ehl4 2
Ceitd =T, MLk L faEoRiEs £ OBEEGsbic s § /o5 Wkrzs
{ED 2 h =X HIe2VTHI 2 T4 h 2182 B THTbh,

1. A HEKMBESHELT R 5 BRI 50mV O & T A CHERN %
EELIzE X, BIZEE LI X 0 o7 = o BEORNEIE 4507 5 540nm @
EETIMMERL, 550nmp6 600nm TP 35, LT, 520nm M
& 5T0nm iz ¥ — 2 2iRd /bbb, MWRBIICKEL 1-REEDZL
2520461 06T0nm HITTE oL b KA, TOBILOAMIIETH B,

FEREOMICER M2 A LB E L Fsiig@te As L
B A7 bvoERICIELRRANZV, Thid, LOGRDBE, B
KEEDE(LHRATOBEN FORMOZALILE bW L 2RLTVAS,

2. vaBERENECL T, 41 WEXKSE»GH 100~2001m 600D
MEE LTEEZIMES 5 Z L5 E, COBMNIDOY AR 5 chii%
HEXETin vitro THRAE£{T10. 2 0 &7 = AAFRMKICHED
L& 560nmiTllic € — 2 RROBRALMAERAR 2 b BRT, & LAY,
THhICEME%EIFE2E2 & 520~580nme 570nmiZ 22D — 2 22
Ry PRBEET 3, BERE—ECLTRMIORERPEL 5L, CD2D
WE— 7 BIEL, BRANROMIEY NSRS, 530nm TO Y — 2 (X570
nm D ¥ =2k hREND, BRORENEMIOL ~AREENS1:26 LD
WS BT OE— Y HIZIET 5,

DAY L intact L g TOMMBIURALIC L 2B A<
7 bvOMATZRE— 7 DUBIIFBAE—BL TS, TNHEDARY b
&, 7T IR, =8~ PTRLNEARY P LRIB-TED, Y
HFAFDHARLD 3 P TOARY b LR TH B,

L L AT, BEdaggregate LI LA LIBE L TRTOWK
Zeey PATIEA B IROPR 6, X 07— OBE520nmTO ¥~ 1%
4=, 5T0nmdD & — ¥ 13/ v —ORETOWNICHET 5 Lo5bh
2 TWE, ZOT ED D, BEABOH AR D2 L TO580nnHETOY—
VIBROF 1 v—, 570nm TOY — 2 13E/ v —DREIRHIEL TVE L
TR, KF vz S o—TORBEMCUKELIESIZE, -
FAv—REOBHE LTHERETEAALIILEAAS,
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Hirota, A., Fujii,S., Kamino, K., Optical monitoring
of spontaneous electrical activity of 8-somite
embryonic heart. Jap. J. Physiol., 29(1979) 635-639.

. Kamino, K., Optical approaches tc monitoring mesmbrane

potential activity, Topice in gen. Physiol. Biophys.
(1980) 45-51.

.Pujii, 8., Hirota, A., Kamino, K., Optical signals

from early embryonic chick heart stained with potential
sengitive dyes. J. Physiol. (Lond.)(1980). in press.

. Fujii, 8., Hirota, A., Kamino, K., Optical monitoring

of development of electrical activity in embryonie
chick heart during early phases of cardiogenesis.
J. Physiol. (Lond.)(1980) in press.



X FAEHHE D BT T
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SRR | W EER (RN

MRt EI RSO TN, B - FE - REOKM E U TROR b A E
THh b, PIRMBEMILD &+ 7 2O0[@ZE(LIR, MEDIEEO @k icliE
nEBERIILTWALEA LN, MHERIRMEOISEIEICEIT 2 BRUENE
MR, T TIAPRARRE 6ILd - T &h, RIEMEEIRT, AN
feo—M 2t A it b, 6L Y7 RAMEHIN, BELBLL
LRIEML, ¥6icd WVERNRG FTORMMEZUESHAILBVTEH
LLWYH TRNERINS ZEHRENTVE, KRETIE, ThHOEK
HEFERAOREIE & RE— (R OBIGRIC & WL &+ 7 ROERITE 5 TEiEmZ(L
BIERMICHFTTaz Licd b, WRMERBORN2TL L 2AMEL
s

i O BN (L2 E R ICRIF T 2 120 icid, AERIZE 2 @0
B ORALLETH 25, MERIEEAD L 5 o8 MG 2 s i
FAIzDITIE, BB S A7 L BUERIEITTE 5 WEPSH 5, DD
AFRCBOTIE, BRI RF ADN=FY 27 VA7 LOBE - BiE%E
720, SFHEEICEFT A7 L E DA I SOMENHEANT S T LH5WIREL
Ly Ernmshizfiftess=2—7 e Licp U L, /gEmn o
TARCLDAEL -1z, TRE@UMICRLII =2 -2 2ALK,
N=F9 27 VAT ADERLAETTLT, WRILEDIZDDY 7T 7R
7 L OIS RTT2V, HRPAIMPE A & 2 Mg ia e S s o mis iz
HoHit, MEMRE, BIREEOMBLLE2{TL-> iR TOMME 2 -0
BB, RUNEORTOMEMESDOY 7 My =T 2R 12, ¥, BF
ARSI QOW IERSEMTH A1, BERFWNELY 7 boxTIitL 3

WA OIG ICH IA, EEICHAZERL, HENSAF AlCk 208 %

AATIZ,
(x ®)
HAEY RS EITEES TR 1979,
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R OB REF TR

FE W, mULO) (AR ) IR
EERENEK , AREISCK ( LB )

AHREREN Bids & CNIOYT 2 L 65 BRITA s EXMESL O ) # =
BXRMELHARE L, BFHEEICE b, I MERHEOERIRG 2R+ 2
&L biT, BERILFEN, RLCFENIIR2IT>1.

4 % EAMEIETESR 500um ONSIMERETS H, EXMEOREHZ 2
~8AD 2 7 AN Y BNT VB, BRZOMGIIEMMTEMINT
W 3, Ach esteraseififfliCu-ferrocyanide denge O LIGFEHE L
THitH 311445 Chidaxolemma & Schwann cell membranedfEIEiIC
R ED b, WEHEFTRGEETL L, BUM->-28» 5h5 O T
& %o Schwann WIIRRIELATRAZYD bhiz, ATPase iEHEIZDVTIE
fHEE Schwann HIFIREREIRIZAT RASEEM &1z h% Schwann §ifEE O B H
REMIZE » & PR SFHRPED N OPHHMTH S,

F I RRRENE P B LA B S R OO AE I RISIT W T & AR IZ
TLTHREZR LI,

(3  #)

Yamagighi, 8. Furuya, K. & Kukita, F. (1979. 8)
Initiation of the Ca induced spike in intracellularly
perfused squid giant axons.

J. Physiol. Soc. Japan 41, p296

¥4 HERHREBHOT €F Y

TAT T K. RENIMEEM - = o

7 A k OF s 2 7

B0 reaction products®md.
AP:Axoplasm, SC;Schwann cell
SL;Basal lamina
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B)  EHEKRS (HEEMA)  FREEL
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FET)LFRONCAR L h N SHEEICE b T3 @b s 5 RGO
SHREVEBRTS H5, FHHHE) L8500 IS 4 5 1% § #OR
FEoOWR L RBTAELERR 2810, BHOELTSH 5 LR AT
RO WETH 5. $HIEL 2 TEHBEOHRAHOGRLE A2 & SRHE
BRI S0 5,

HRHOIR & L TId LA MEnROBRE L BOMEOIRICLIZSNT
{ B, MEIRERIE T TIco 3 ¥ 2RAOTHRIEERH O = Lo &0
TRAKHO RS W) %2 4347 LB B oM 2 (T~ T 31205, Sllhz0 60 &0l
Mg, THIEESE A 22 MR ORE S EATIH & AT A2 = T,

IR T BN 2 BUHIMRNIEE S b & ic—ReEpsa
FEERTIR & EFHMENC L 2 &+ /20 SINEDIEEF % E 2 PIFERE & L
THFRE LS 2 M UL T ORISR 2100,

1. FESHO QMR & LTk, R, oo 27 A5, B
OFTHMET B4, 7o 7 AGEIET 2 iR R T,
Ok 5 2RO IR Tidhd 2 FlloiRIcER T s C LILAE LI,

2, fREIC A MSEMCENTTEICE 0, EESIMCE Y A ihEEE g o
EF WD GINCIE = 12, 780 LRGN FRO TR~ O 85 5 e %
Th 5= XML h ANITAS, %L THli: FRots & imiEc
& H, ThuWikhEE, FRIEOBEHFROBHER L LTHATFIRE H =X
FEMIH RN D AT) 2B/ 2,

3. HRHEMD & DIEEHBEAD > F 7 Z RO RN EIC I L T 125KV
DWIHAT 2+ S ADEME OB LE A th, EMELMNHTEITIZLY
IEOEEA D RHINGE % 0 6 12T & 2 WS LEDWRHI L2 T L HEIAL, €
hoTavhsBAsBRFINL,

Oral Surgery, Oral Medicine, Oral Pathology
45(No.1)45-50 1978
J. Dent. Res. 56(Special Issue D) D;46-146 1977
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BRARGTT , HRMK (ERAE)  AKREXEK,
HRMUR | (LRH— (R )

VEEILF & 25 %, ) 4 =F—MANMICFET 2EFRERICOVTE
i iT-1e PR ERED S OMER L BINEIRZARD b OMER 25
BEL, &5iciFRAER»LOMERLMMETACLICED, ZLDE-
L F VTR, (BERBERPOON—DO U I F R TERETL Y
Y, GABAFILHE AR 2 HIz,

1z, H—D(LERABRRFMEBEOIIEN S h 2 A 5T1-HICHRPIC
AR ERH A,
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TRRE (R M D AP R MR

M %, WEH R(EHRE) HEEF
Bz |, (LRHE— , = (AR )

HEEEVEOMHRR S, MRS 4R, v+ T S —affisd, vFFRD
faEsd 2 HOTHAN, KDL ) SRR 2E .
1) fOH SR REVER
Catt 4 ) 74 7RO | BOHE F -/ Y LRI AT HIRR
4 A UF PRS- AFSRHAVIER, YARECET 7o rELT
D Tb #HWIERSICL b, FUls
(i) =F¥—tkiFticorace,
(i) HERKRAD Ca™ gD LRICKELBRTH AT L,
(i) v+7RNBIREFELIBETHEC &,
(V) Ca™ oEAREILYF 7R ICHNEICEELTVA L &,
2) fi/MaicownT:
WY hi81:58E (coated vesicles) @St & v 2 (LN
AL ITRE LR, fsuME
(1) EEHE %2 hAE T,
() BERTEEOWEEICOWT S, MO V> FAMEE ZR- TS
(ATPase, F—/93 LKEEBEESE ) C &0 =10
LD Lid, Heuser-Resse LD recycling (Rt 2WMMIZHTIZHI:

EUTIREWATE RN L 2FBL TV,

(3 k)
(1) #HESERT , Hh 58 KO -7 o FR L2 VSO E T O
(= MER L 17% 117-120(1978)

2) BEALF,@P 5, W.T,Hoss:Fluorescent Ca analog &L
T@®Tb & brain synaptic vesicleifist & OWEEER.
MR 17% 121-124 (1978)

(3) WP FEIE/TEMHOERM, RMTRE 5% 187-198(1979)
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EEOBHO 1D ICITERD b ORI & IR B OWROFES BT T
DB, BRIV PRESTICL D 23 DIRRER) ZHIEL, 1498017
= 2 — o CORBREM A ¥ 2UE 2R, FloORERE2E,

1) £TO=a—-0 R UEHEN 2R 20RO R 2 ) — AZRBRLTVS B

D o= FIEIE LTz, TR 6 ORIGERRE & fifso 2 8ickilah

3, BESORIEG ( XA-D) 1}, 107TAR=—e KRNI, ¥l
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SPECIFICITY VERSUS " RANDOMNESS " IN NEURAL CONNECTIVITY

Prof. J.Szenthagothai, Hungarian Acad. Sci.
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RESPONSE PATTERNS OF SINGLE NEURONS IN AUDITORY
CORTEX AI OF CAT

M. Nomoto

Dokkyo University, School of Medicins,
Department of Physiology, Mibu, Tochigi-Ken

Responses of single neurons in the auditory arsa Al
of unanesthetized cats were obtained by means of tungusten
microelectrodes.

Three types of sound stimuli namsly clicks, white
noise bursts and pure tone bursts were applied separately
as fundamental stimuli. The neurons studied were classified
responding to all three, two, one or none of these stimuli
but no neuron was found responding only to clicks. Thes
suggests that the firing of some cortical neurons needs
a special sound spectrum.

Frequency modulated (FM) sounds were generally more
effective in eliciting responses than the thres fundamental
gsounds. Response patterns to FM sounds grouped the cortical
neurons into three categories according to the shape of
their PST histograms. First, a sharp monopeak response in
the PSTs was often observed. The second type of neurans
showed the broad monopeak PSTs. The last type showed the
sharp multipeak PST;. The last response patterns suggest
that the neuron the observed receives the several convergent
inputs from the low level of neurons which presumably have
a narrow tuning curvse.

All neurons mentioned above were classified as a simple
type but the complex type of neurons was frequently found
responding only to sounds with complex temporal and spatial

patterns.
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POTENTIALS OF THE SUPRA-AND SUB-RETICULAR REGIONS
IN THE ORGAN OF CORTI

Yasuo Tanaka and Keiji Yanagisawa

Department of Physiology,
Tsurumi University School of Dental Medicine,
Yokohama

Sources of potentials encountered during electrode
penetrations from the round window to the scala medla
were investigated in the guinea pig cochlea. Recording
sites of potentials were identified by a new marking
technique of Alcian Blue. DC potentials recorded in the
subtectorial space to which the upper side of the
reticular membrane faced, were mostly 60-70 mV. The
cochlear microphonics of the space wers phase-reversed
to those in the scala tympani. These facts indicate that
the potential of the supra-reticular region is the same
as in the scala media. Therefore, it is obvious that the
subtectorial space communicates with the scala media and
so the sensory hairs of hair cells are bathed in the
endolymph of high potassium concentration.

Both intracellular and extracellular de potentials
of the sub-reticular region were unstable and tended to
move toward positive polarity. The phase of microphonics
was similar to that of the scala tympani. Problems that
arise in understanding the unstableness of the potentials

ars still under examination.
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ASYMMETRY OF OLFACTION, EMOTION AND AUTONOMIC SYSTEM

Tadanobu Tsunoda

Medical Research Institute, Tokyo Medical
& Dental University, Tokyo

In 1974, Tsunoda found that in the Japanese, human
voices except speech, cries of animale and chirps of
insects as well as steady-state vowels are dealt in the
verbal hemisphere dominance, but that in the Westerner,
those are in the non-verbal hemisphere. In the Westerner,
the verbal hemisphere deals with verbal sounds in the
syllable units containing consonants which are expressed
by logos and deals with calculation, while emotional
voices expressed by pathos and cries in the natural world
are in the non-verbal hemisphere. In the Westerner, the
dominant hemisphere deals with logos and the non-dominant
hemisphere deals with pathos and nature. On the other
hand, in the Japanese, the dominant hemisphere deals with
logos, pathoe and nature, and the non-dominant hemisphere
deals with materials, In short, in both the Japanese and
Westerner, logos is localized in the verbal hemisphere.
However, there is a difference in the localization of
pathos and emotion in the brain between them. The
difference in the mode of recognizing sounds in the
natural world (that is, the difference in the localization
of pathos and emotion) is presumed to be closely related
to the difference in ths mental structure and culture
between the Japanese and the Westerner (the theory of
mental structure and vowels). In the present study the

author tried to confirm the above hypothesis by emotional
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stimulation of human olfaction.

Material and Methods

The subjects consisted of 85 Japaness, 2 white
Americans brought up in Japan, and 7 Westerners having
Buropean languages as their mother tongus, all of whom
indicated the normal type in the dominance test (Tsunoda),
and had normal sensation of smell. For all of olfactory
stimulation alcohol for disinfection was used, and partly
employing perfume, rose fragrance, syclotol, iscvalerianic
acid and gamma-andecalactone, it was confirmed that there
was no difference of effect existed. A naris was closed
tightly with an wet cotton to let a subject inhale a
whiff of alcohol gently once from another naris avoiding
direct contact with the naris. Immediately after loading,
dominance of 1 KHz pure tone was examined. Whenever a
dominance changed from that before loading, changes with
the lapse of time are followed by every 10 minutes. After
sufficient time of interval, or even on some other day,
the same test is carried with exchanged side of nares
having an wet cotton swab in the naris where to stimulation
was given before. Such loading test was carried more than

8 times with the same subject on different days.

Results

Results with Japanese! The dominance of 1 KHz pure
tone with 85 Japanese before loading the olfactory
stimulation was 187 dB in non-verbal hemisphere, and that
of vowel "& " was 18.4 dB in verbal hemisphere being in a
symmetrical relation with each other. After giving an

olfactory stimulation to the naris on the same side as
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non-verbal hemisphere (right naris: B80,1left naris. 5),
dominance of pure tonse hardly changed indicating the
result of 16,8 dB in non-verbal hemisphere, in which
however no significant difference was observed stochas—
tically (0.06(p). After giving an olfactory stimulation
to the naris on the same side as verbal hemisphere

(left naris! 80, right naris. 5) marked reversal of pure
tone to verbal hemisphere appeared, and soon after that

the dominance became 19.4 dB in verbal hemisphere (p{0.001).
It was also stochastically identified that among the
results of pure tone dominance before and after giving
olfactory loading, there was a mirror-liks reversal (0.06{p).
It was confirmed that the Americans brought up in Japan

not only indicated the Japanese iype dominance pattern

buti also showed the same reaction as Japaness against

olfactory stimulation.
Results with Westerners. As to 7 Westerners against

any olfactory stimulation either left or right, change of

pure tone dominance was hardly observed.

Discussion

Generally in sensory-motor nerve contralateral nerve
fiber shows dominance, however, in case of olfaction, being
different from other ecranial nerves, unilateral nerve is
supposed to show dominance having a close relationship
with higher emotional brain. Gordon and Sperry (1969)
confirmed by olfactory test with both sides of human nares
after cnmmisurotomy that olfactory perception is responsible
only to stimulation of the naris on the same side as far
as one hemisphere is concerned. A scent given to right
naris cannot be expressed by language in the non-verbal
hemisphers, but the subject could correctly select a

corrasponding substance with his left hand. Gordon et al.
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confirmed that a stimulation from right naris to non-
verbal hemisphere causes emotional reaction too. The case
of Gordon et al. is considered to have more apparent
independence of both left and right brains dus to

commisurotomy however, in the author's olfactory stimulation
of both sides, too, Japanese having left brain dominance
reacted only to stimulations on left naris and not
responded with right naris stimulation, which identified

a strong independence. The phenomenon that dominance of
non-verbal sound is reversed from non-verbal to verbal
hemisphere can be found specifically under language
activities, such as reading, hearing and speaking (1969,
Tsunoda). The appearance of the same phenomenon by
olfactory stimulations indicates that via emotional brain
and autonomiec nerve system, verbal hemisphere is stimulated
and thus the automatic switch mechanism works to switch
over the verbal hemisphere side. As explained above the
phenomenon that among Japanese emotional stimulation by
olfactory sense acts selectively to verbal hemisphere

only well endorse the hypothesis of Tsunoda stating that
the brain in relation to emotion of Japaness corresponds
with verbal hemisphere. As to Westerners there was no
reversal phenomenon of dominance in non-verbal sound
against either side of olfactory stimulation, which can

be explained that when listening to the instrumental music
there is no reversal in dominance of pure tone (1969),
thus cerebral hemisphere involved to emotion being dominant
on the same side as non-verbal hemisphere, the awitch
mechanism does not work by emotional stimulation. Since
white Americans brought up in Japan showed the same
dominance pattern as Japanese and reaction against olfactory
stimulations as Japanese, it was clarified that difference

between Japaness and Westerner is not based on the genetic
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factor but some postnatal environmental factor, i.e.,

difference in languages.
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ELECTRICAL IMPEDANCE MEASUREMENTS IN THE COCHLEA

J. B. Hind

University of Wisconsin Medical School.
Department of Neurophysiology,
Wisconsin, U. 8. A

This report summarizes the work of Allyn Hubbard (3)
and David Mountain (4) who carried out their Ph. D. thesis
research in our laboratory under the supervision of
Professor C. D. Geislsr. These investigators developed
an improved technique for measuring the impedance between
a2 shielded micropipette electrede in the scala media of
the guinea pig cochlea and a remots reference electrode
(2). The method involves recording of the a.c. potential
produced in scala media by the injection of from 0.5 to
7.5 microamperes of a.c. current through a second pipstte
electrode also located in scala media. If wl is the
angular frequency of the injected current and w2 is the
angular frequency of a pure tone acoustic stimulus. the
recorded potential in ganeral contains many frequencies
and may be analyzed in several ways.

Strelioff, et., (§) were the first workers to show a
sinusoidally-varying resistance change which is synchronizad
with the acoustic stimulus. In their method, w2 is viewed
as modulating wl, for which reason w2 must be small in
comparison with wl and wl cannot excesd about 1 kHz.
These limitations are removed in the method of Hubbard (3)
in which the spectrum of the recordsd potential is analyzed,
gither with a wave analyzer or by means of a digital
computer, and components identified which correspond to

the changing resistance, the static value of resistance,
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and the cochlear microphonic. A further modification was
introduced by Mountain (4) in which the recorded potential
is multiplied by a signal representing the injected
currant. The new method permits measurement of much
smaller changes in resistance than were previously
possible.

Mountain has used this method to study the effect

on impedance and cochlear potentials of varying the dec
potential of scala media (EP, endcochlear potential)by
the injection of de current into scala media and by
electrical stimulation of the efferent system, thereby
increasing the current flow through the outer hair cells.
The results of these studies are not consistent with a
linear, time-varying model of hair cell resistance (1).
Instead, a model whiech incorporates a nonlinear voltage

element produces rssults similar to the experimental data.
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EFFECTS OF DIMETHYLDIETHANOLAMMONIUM ON THE IONIC PERMEABILITY OF

CHEMICALLY MODULATED CHANNELS IN THE FROG ENDPLATE AND THE ONCHIDIUM
NEURON. Takashi Maeno, Masashi Sawada and Koichi Enomoto. Dept.

Physiol., Shimane Med, Univ., Izumo, Japan.

While studying effects of certain chemicals on the endplate
membrane, we noticed that 10 mM dimethyldiethanolammonium [bis(2-
hydroxyethyl)dimethylammonium, DMDEA] shifted the Y intercept of the
double reciprocal plot of ACh potential versus ACh concentration
relation obtained with a classical moving electrode technique (Fatt,
1950) . Theoretically, this suggested that DMDEA modified the
electromotive force of an ACh induced conductance change. Such a
possible alteration in the equilibrium potential of ionic channels
in the endplate membrane was investigated with the voltage clamp
technique. Obtained results that 2 mM DMDEA shifted the reversal
potential of the EPC by about 40 mV towards positive strongly
implied that this compound blocked rather specifically the movement
through the ionic channels in the endplate membrane of particular
ions such as potassium.

To confirm the specific effect of DMDEA on the ionic select-
ivity of chemically activated conducting pathways, we applied this

compound on the neurons of a mollusc, Onchidium verruculatum. It

was found in the present experiments that DMDEA potentiated sodium
dependent depolarizing reaction induced by ACh, that potassium
dependent hyperpolarizing response elicited by glutamate was sup-
pressed inversely with this agent, and that these effects were
associated with alterations in the reversal potential and the ionic

conductance change.
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KINETIC ANALYSIS OF BLOCK OF ENDPLATE CHANNELS BY A FLUORESCENT
PROBE. P. B. Adams & A. Feltz, Dept. of Physiology, UTMB, Galveston,
TX 77550, U.S.A., & Lab Neurobiologie, ENS, Paris, France.

Quinacrine appears to produce a voltage dependent block of open
endplate channels according to the scheme (Nature, 269, 609):

¢ £1Q]
closed ———— open ;-_b-—;" blocked
a

We have now evaluated the 2 time constants predicted by the model as
a function of quinacrine and agonist concentration and of membrane
potential, using mepc decays, iontophoretic double pulses and voltage
Jjump relaxations. The data demonstrate the very high affinity of
agonist for the receptor when the channel is open. The blocking rate

constants are f = 108H'13"1

3-1 at =140 mV. The very high forward rate may reflect a negative

s bz 5 g1 at =60 mV and b = 1

surface charge. Variation of the block with pH shows that the
blocking species is charged both in the ring and on the side chain,
Evaluation of the slow relaxation time permitted calculation of the
fraction of channels open in the absence of quinacrine, B/(f + a) as
a function of agonist concentration. The data for ACh and earbachol

could be fitted to the activation scheme (J. Physiol. 268, 271):

K/2 2K L,
A+ R & AR § ‘AZR F= A R¥

with K = 19 uM and 200 ¢M, L, = 1.64 and 0.44 for ACh and carbachol
respectively. Comparison of L2 for ACh and carbachol with the
single channel conductances for these two compounds shows that the

isomerization step is rate limiting.



TRANSPORT OF Ba AND Sr IONS BY THE Ca CONDUCTANCE OF NEURONS. Norio Akaike,

Syozo Yasui, Kal S. Lee, and Arthur M. Brown. Department of Physiology &

Biophysics, University of Texas Medical Branch, Galveston, Texas 77550, U.S.A.
Ba and Sr ions are transported more readily than Ca ion across the

membrane of Balanus muscle (Hagiwara, Eaton & Fukuda, 1974) and Helix neurons

(Akaike, Lee & Brown, 1978). Mg and Be ions are not conductive. Ba and Sr
transport through the Ca conductance was compared with Ca transport in more
detail in Helix neurons uging the suction pipette method (Lee, Akaike & Brown,
1977); this method combines voltage clamp and internal perfusion. In general,
results for Ba and Sr were similar. B8mall fluctuations in current (Ba noise)
were measured and their spectral shapes determined. Spectral shapes have a
Lorentzian configuration and are consistent with channel and not carrier-
mediated transport (Kolb & Laiiger, 1978). We found that Ba noise was much
greater than Ca noise and calculations of unit conductance,y, gave values for
Ba that were 5-10X larger than those reported for Ca (Akaike, Fishman, Lee,
Moore & Brown, 1978). Corner frequencies were also much smaller (1-5 Hz).
These values are consistent with the slower turn off kinetica for dBa)'
Results have been interpreted using Eyring rate theory and a two barrier model
with a single saturable site between the barriers. The linear ascending limb

of the I-V curves and their concentration dependence are accounted for

satisfactorily by this model. Supported by U.S.P.H.8., N8-11453 and NS-13778.
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INTERCHANGEABLE ASSOCIATTION OF NEUROTRANSMITTER RECEPTORS WITH SEVERAL IONOPHORES.
David 0. Carpenter. Neurobiology Dept., AFRRI, Bethesda, Maryland USA.

Aplysia neurons have specific receptors for a number of neurotransmitters,
including acetylcholine, dopamine, octopamine, phenylethanolamine, histamine,
glutamate, aspartate, serotonin and GABA. For each of these substances three kinds
of response are found, due to conductance increases to Na+, C1™ and K+, respectively.
Not all neurons respond to all of these substances, and the freguency of occurrence
of a particular ionic response to a particular transmitter varies greatly. However,
a given fidentified neuron always has the same profile of responses from one
preparation to the next. The following kinds of evidence support the view that each
of these nine specific receptors can be associated in different cells with any of
three distinct ionophores passing Na*, €17 or k*. 1) A11 combinations of transmitter
elicited ionic response have been found. 2) The time course of a given ionic response
is independent of which transmitter caused it. 3) Na* and C1° responses are
relatively temperature insensitive, while all k" responses are blocked by cooling. 4)
A11 C17 responses but not Na* or k* responses are blocked by bicuculline, picrotoxin
and penicillin. 5) ATl Na+ and C17 responses are blocked by curare, but Kt responses
are unaffected. 6) The jonic selectivity of the C1 channel is similar in responses
activated by different transmitters.

In addition to these three common types of ionic responses there are three less
usual responses which have been found for some but not all transmitters. These
include a slower and curare-insensitive Na' conductance increase response to GABA,
serotonin and dopamine, a depolarizing conductance decrease response to GABA,
acetylcholine and serotonin and a hyperpolarizing conductance decrease response to
serotonin reported by others. In addition serotonin, dopamine and octopamine act at
specific receptors to stimulate an adenylate cyclase. The simplest explanation for
these observations is that each of the nine specific receptors may on different

neurons be associated with each of up to seven different jonophores or effectors.
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PORE SIZE ANALYSIS OF ELECTRICALLY INEXCITABLE (CHEMICAL) MEMBRANE.

Charles Edwards. Dept. Blol. Sei., State Univ. New York at Albany,

New York, U.S.A.

The membrane voltage response of the frog sartorius muscle to
bath applied acetylcholine (ACh) was measured. Both normal and
denervated muscles were studied. The abllity of various organic
catlions to depolarize the muscles in the absence of sodium was
examined to estimate the size of the channel through which sodium
moves to 1nitiate the endplate potential. The magnitude of the
maximum voltage response was used to estimate the permeabllity of
the channel to the organic cation. The ACh-activated endplate was
very permeable to ammonium and its methyl and hydroxy derivatives,
and moderately permeable to guanldine derivatives and tris (hydroxy-
methyl) aminomethane., The permeability of alkyol derivatives of
ammonium diminished progressively with inecrease in mclecular size.
The results suggest that the endplate ionic channel can be represen-
ted by a pore of about 6.4 A in diameter. 1In denervated muscles,
which have a large increase in the number of extrajunctilonal ACh
receptors, the channel size seemed to be about the same.

The data of Lassignol and Martin (J. Gen. Physiol. 70:23, 1977)
suggest the size of the ACh activated channel in eel electroplaques
to be quite similar.

Supported by a grant from the USPHS (NS07681).
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MULTI-SITE, MULTI-BARRIER, MULTI-OCCUPANCY MODELS FOR THE ELECTRICAL BEHAVIOR OF
SINGLE FILING CHANNELS LIKE THOSE OF GRAMICIDIN. Jarl Hagglund, Bruce Enos and
George Eisenman. Dept. Physiol., UCLA Medical School, Los Angeles, Ca. 90024.

The theoretical expectations for concentration dependences of a number of
electrically measurable properties of channels are examined for models of increas-
ing degrees of complexity, with the aim of establishing experimental criteria for
distinguishing between these and finding the simplest one appropriate to ionic
channels, such as gramicidin A. Only symmetrical channels permeable solely to
cations in the presence of a single electrolyte are considered, Solely cation~
binding models having 2, 3, and 4 cation binding sites and 3, 4, and 3 rate de-
termining barriers, respectively, are examined, as well as a model with 2 cation
binding sites, and 2 (modulatory) anion binding sites. The models take into ac-
count the voltage dependence of the rate constants across all barriers; and the
"shape" of the central barrier has been modeled as a reglon of symmetrically
spaced equilibrium sites of low occupancy. All models are compared for the con-
centration dependent behavior of three sets of electrical properties: the channel
conductance at zero current (Go)' the shape of the conductance-voltage (G-V)
characteristic, and the flux ratio exponent. The behavior of each of these pro-
perties is compared and related to the occupancy and to the rate constants. After
the common, as well as distinguishing, features of the models have been compared
generally, a specific comparison is made for gramicidin A utilizing relatively com-
plete data now existing for RbCl, as well as other alkali cation salts. The G-V
characteristic is especially emphasized since, contrary to the present view of a
simple monotonic change from "saturating' to "hyperbolie" G-V shape with increas-
ing concentration, models with more than two cation sites exhibit not only dif-
ferent levels of saturation for different occupancies but also can show an addi-
tional saturating-hyperbolic transition at lower concentrations. For comparison
with theory we will present the results of our studies in progress on single-
channel G-V characteristics of gramicidin A at ultra-low concentrations (e.g.
.02mM) deduced from many-channel measurements as well as unpublished single channel
conductance-voltage measurements for RbCl at conventional concentrations made
available to us by Andersen. For comparison in the ultra low concentration region
the concentration dependence of G, of single channels will be cited from the un-
published noise measurements of Neher, Sandblom and Eisenman, where conductances

-15

as low as 8x10 siemens per channel have been measured.

Supported by NSF (PCM 7620605) and by USPHS (GM 24749 and Fogarty International
Research Fellowship TW 2468).
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PROPERTTES OF MEMBRANE CHANNELS FOR THE ANOMALOUS RECTIFICATION IN STARFISH EGG.
Susumy Hagiwara. Dept. Physiol., U.C.L.A. Medical School, Los Angeles, Calif.,
U.S.A.

The resting membrane of a starfish egg is predominantly permeable to K+ and
this X conductance shows anomalous or inward rectification (2,3) similar to that
originally found in frog twitch fiber by Katz (1). Voltage clamp analysis shows
the rectification has instantaneous and time dependent components. When the
external ion composition is altered: (A) The rectification depends on V-V, rather
than V alone (4). (B) The X conductance at a given V-V, 1s roughly proportional
to the square root of the external K concentration (2). (C) External Na' ama 1a*
and organie monovalent lons such as NH,', Choline®, Tris®, Arginine’, ete. nave
no effect on the rectification (2). (D) os’ is impermeant but shows a strong
menbrane potential dependent blocking effect (2,4). (E) Rb' 1s slightly permeant
but it also shows a blocking effect (2). (F) T1' 1s more permeant than K when
the total K is replaced with Tl but a small amount of T1 in K solution shows a
blocking efféet, thereby resulting in so called "mole fraction" dependent perme-
ability (2,5). (@) Ba™ at low concentrations shows a membrane potential depen-
dent blocking effect. A simllar but much smaller blocking effect 1s seen for
Sr'T (6). The result is different in & number of points when the internal ion
composition is altered by iIntracellular diaylsls and this will be discussed in
detall (7).

(1) Katz, B,, 1947, Avch. Sci. Physiol. 3:285. (2) Hagiwara, S. & Takahashi,
K., 1974, J. Gen. Physiol. 18:61. (3) Miyazaki, S., Ommori, H, & Sasaki, I.,
1975, J. Physiol. 246:55, (U) Hagiwara, S., Miyazaki, S. & Rosenthal, P., 1975,
J. Gen. Physiol. 67:621. (5) Haglwara, S., Miyazaki, S., Krasne, S. & Ciani, S.,
1977, J. Gen. Physiol. 70:269. (6) Hagiwara, S., Miyazaki, S., Moody, W. & Patlak,
J., 1978, J. Physiol. Vol. 279 (in press). (7) Hagiwara, S. & Yoshii, M., 1978,

(in preparation).
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THE SURPRISING PROPERTIES OF LONG PORE, SINGLE-FILE IONIC CHANNELS. Bertil Hille

and Wolfgang Schwarz. Dept. Physiol. and Biophys., Univ. Washington, Seattle,

Washington, U.S5.A. and Physiol. Inst., Univ. Saarland, Homburg, Germany.

A theoretical study was made of a pore with multiple internal binding sites in
which ions move in single File by a vacancy-diffusion mechanism. Such multi-ion
models were first proposed by Heckmamy(1965) to explain the observations of Hodgkin
and Keynes (1955) on uni-directional fluxes of potassium ions in Sepia axons de-
viacing from the Ussing (1949) ratio. These models also have the following proper-
ties found in a variety of delayed rectifier and inward rectifier K channels:

(1) Tonic conductance can depend upon the 0.5 (or other) power of [K]. (2) The
block with swmall blocking ions, e.g., Cs, can vary as the Cs concentration raised
to a power higher than 1 and can depend upon membranz potential more steeply than
a one electron process. (3) Block by an impermeant ion placed on one side may be
strongly antagonized by a permeant ion placed on the other side. As proposed by
ammstrong (1969), these first three properties make such models with blocking ions
well suited for explaining the properties of inward rectification. The steepness
of the rectification and its dependence on E-EK are well explained. (4) The ionic
selectivity (P./P,) measured by reversal potential depends not only upon the bar-
riers inside the channel, but also on the coancentration of ions on the two sides
of the membrane. Selectivities may even reverse in going from low concentrations
to high concentrations, and in mixtures of the ions, so-called "anomalous mole
fraction dependence" of reversal potentials and conductances can be observed.
These effects arise because the apparent permeability of the channel depends upon
the number and type of occupying ions. The similarity of our calculations with
the properties of K channels studied in axons, muscle, and a variety of eggs
provides new evidence that inward rectifier and delayed rectifier K channels are

multi-ion, single-file pores.
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TEA AND 4-AP AFFECT SEPARATE POTASSIUM AND CALCIUM CHANNELS DIFFER-
ENTLY IN APLYSIA S~ AND F- NEURONS, Manfred R, Klee, MPI Brain
Research, Dept. Neurobiology, Frankfurt-M,, Federal Republic Germany

In the visceral ganglion of Aplysia californica two types of
neurons exist: Cells with slowly repolarizing action potentials (8
cells) and those with fast repolarization (F cells). Their differ-
ences are: In low Ca'' solution the slope of rising and falling
phases of APs of 8 cells is reduced, but enhanced in F cells., In
O-INlar-.\l-+ solution inward current of both types is strongly reduced but
more in F cells, In voltage clamp F cells display a linear I/V re-
lationship for the outward current which is N-shaped in 8 cells due
to a Ca** dependent K* current Ix(ca)+ Double pulses with short in-
terval or short hyperpolarizing pulses during depolarization can ac-
tivate additional outward current in S8 cells within the range of
maximum and even minimum IK(Ca)‘ I: Extracellular tetraethylammonium
(TEA, 5-50 mM) induces Ca'‘ dependent plateau spikes in S cells but
not F cells, TEA extensively reduces the outward current in the volt-
age range up to +100 mV, in S more than in F cells, In contrast, in
the range up to 4250 mV the reduction is minimal and the remaining
current is resistant to cobalt., TEA blocks the Ca®* and frequency
activated component of the K* current in S cells, The fast outward
current IA’ only observable in S cells, is unchanged. I1: 4-amino-
pyridine (4-AP, 5-25 mM) slows repolarization and increases spike
duration in F cells more than in S cells. The outward current is re-
duced in both types in the lower voltage range but, as in TEA, is
unchanged in the higher range. Maximum and minimum IK(Ca) in 8 cells
is shifted to lower voltages, by as much as 150 mV, IA is blocked.

F cells exposed to TEA after 4-AP generate plateau spikes.
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PHYSTCOCHEMICAL ASPECTS IN FUNCTIONAL MEMBRANES. Yonosuke Kobatake

Faculty of Phamaceutical Sciences, Hokkaido Univ. Sapporo, Japan

Chemtactic responses of lower organisms are considered to be a
prototype of chemoreception and its transducing systems in higher
vertebrates. Stimulus-response relations were ‘examined with ciliate
protozoan Tetrahymena, plasmodia of Physarum polycephalum and excitable
alga Witella. The threshold concentration (C¢p) to various chemicals
were determined by measuring the membrane potential (Ay), extrinsic
fluorescence, zeta-potential (¢), motive force of taxis (AP) and
chemotactic response.

(1) The Cyy determined from 4y, t, AP, etc. agreed well each other

in all cases examined. (2) The cth for salt reception followed the
Schulze-Hardy rule. (3) The Cin for 1:1 salts decreased with the
lyotropic number of anions, N, and followed the equation: log Cin =
- aN + const. o represents the cation selectivity of the membrane, and

> rpt > st NH4+ for Phyearum.

follows the sequence: Li*> k' > Na
(4) Reception of a chemical stimulus induced a remarkable change in
the sequence of cation selectivity, (5) Interference between sugar
and salt receptions was correclated intimately with the lyotropic
number of anions, suggesting that the interactions are coupled through
the water structure around the membrane. (6) An increase in the
number of -CHy-, m, in a homologus compounds, e.g. n-alcohols,
decreased the cth systematically, and expressed as log Cth =-8n +
const. B represents the difference in chemical potential of a -CH,-
group between aqueous medium and membrane phase, and affords a measure
of the hydrophobicity of biosurfaces.

These results are compared with those of vertebrates, and

physicochemical mechanism of chemoreception is discussed,
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KTNETICS OF CALCIUM INWARD CURRENT ACTIVATION. P,G.Kostyuk,
0.A,Krishtal, V,I,Pidoplichko, Yu,d,Shakhovalov, Bogomoletz Inst.

Physiol,, Acad, Sci. Ukrainisn S8R, Fiev, USSR,

A further modificstion of the method of intracellular dialy-
gis has been developed which allows to agchieve resclution bimes
about 70-I50 usec. In such experiments bie isolated cell is loca—
ted between two dislyzing pores. (ne of them is used for the po-
tential measurement, and the feed-boek current is injected through
the other one, Thils Geghnique of experiments allows to eliminate
gbout 957 of the series resistance and simultaneously males the
substitution of the intrscellular medinm very rapid and effective,

Using this techaigque, precise rmeaswremeénts of the Ca inward
wnd eeorresponding gzting currents were made in newrones enzymati-
cally lsolated from Sue Goauglia of $he snell Telix pouetia. Yeape-
ratures bebween 2 and 2:9C vere used, Gatine and ionic currents
were digitally sepsrated in order to obtain reliable inlormation
on the initigl period of the Ca current develonment, A delinite
delay in the develoepment of the Ca ionic current is debected af-
ter the substraction of the gating current, The residual net ionic
surrent can ve perfectly approximated by tue 52 nodel, Z“m for the
ioniec current and ?.’Uan for the corresponding gafing current are
oractically tue sawne, 4 pood fit of the Ca current to n° kinetics
is well supporbted by the voltage derendence of the gating charge
digtrioution curve, vhich cnincides with the m_, voltage depend-
ence, The especially slow insctivaetion of Ca current which does
not interfere in practice with the activation process may be one
of the reazsons helping to obbain more precise data about the acti-

vation kinetics of this current,
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A MODEL FOR SYNAPTIC TRANSMISSION. Rodolfo Llinas, Izchak Z. Steinberg and

Kerry Walton. Dept. of Physiology & Biophysics, New York Univ. Med. Ctr., 550
First Ave., New York 10016, U.S.A.

A microelectrode voltage clamp study was performed in the presynaptic ter-
minal of the squid giant synapse in order to determine the magnitude and kinetics
of the inward calcium current which triggers transmitter release. Sodium and
potassium voltage-dependent conductances were blocked with tetrodotoxin and tetra-
ethylammonium respectively. The results obtained were utilized to develop a
model for synaptic transmission. Basically, the calcium conductance was found
to follow a fifth order kinetic dependence on time and voltage, while the tail
current seemed to obey a first order scheme. The model includes a calcium=
dependent release process and many of the functional properties of the postsynaptic
element and reproduces many of the properties of chemical synaptic transmission.

{Supported provided by USPHS grants NS-13742 and NS-14014)
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EFFECTS OF 4-AMINOPYRIDINE ON THE MYONEURAL SYSTEM. Takashi Maeno,

Mitsuo Anraku and Saburo Hashimura. Dept. Physiol., Shimane Med.

Univ., Izumo, Japan and Dept. Physiol., Fac. Med., Kagoshima Univ.,
Kagoshima, Japan.

4-Aminopyridine (4AP) has been shown to block the increment in
potassium conductance of the excitable membrane. Recently, it was
found that 4AP enhanced the twitch contraction of normal as well as
dantrolene treated muscle preparations. Since such a potentiating
effect of 4AP on the muscle contraction was not observable on the
glycerol treated muscle preparations, one of highly possible sites
of action of 4AP was thought to be the transverse tubular system of
the muscle fiber,

While studying the effects of 4AP on the neuromuscular trans-
mission, we found that 4AP potentiated the EPP by increasing the
probability of release of an ACh quantum from the nerve terminal
by an impulse. The facilitatory effect of 4AP on the myoneural
junction was so remarkable that in the presence of 1 mM 4AP about
90% of readily available ACh quanta were released by a single nerve
activity; thus resulting in transmission block due to depletion of
the transmitter. TEA has been known to possess similar effect, but
its effectiveness was about 40 times weaker than that of 4AP.

Since calcium ions play very important role in both muscle
contraction and transmitter release, the effects of 4AP described
above might be explained that it opens up the gate of particular
calcium channels in the membrane, majority of which remains in the

closed state under normal conditions.
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MEMBRANES, CHANNELS AND GATES. Paul Mueller. Dept. Mol. Biol., Eastern
Pennsylvania Psychiatric Institute, Philadelphia, Pennsylvania, U, S.A.

Many of our current ideas about membrane channels and gating mechanics have been
derived from bilayer studies. By now about a dozen molecules forming channels in bi-
layers have been analyzed in detail and prototypes of several molecular channel structures
and possible gating mechanisms have been identified. They can be classified according to
their structural aspects. In the simplest case, e.g., a covalently linked gramicidin dimer,
a single peptide chain forms a beta helix spanning the entire bilayer in which the polar
groups face inward toward a central pore, while the outer non-polar groups interact with
the hydrocarbon chains. In other cases, e.g., the polyenes, alamethicin, and perhaps
EIM, the channel is formed by the aggregation of several individual molecules or subunits,
each spanning part or all of the hydrocarbon region, forming a central pore between the
subunits. In cases where a single large protein forms a chammel, e.g., colicin K, it is not
known if the chammel itself is a single helix or an aggregate of beta chains or alpha helixes,
In several cases (nystatin, amphotericin, gramicidin A) the channels extend only through
one half of the bilayer, a complete channel being formed through the link up of such half
channels. Just as there are several structural principles governing channel structure,
there also seem to be different gating mechanisms. Insertion of the channel former into
the hydrocarbon region followed by aggregation seems to be operative for alamethicin,
monazomycin and certain polyenes. Even the simple gramicidin helix shows electrical
gating, but the mechanism is not yet understood. A field induced change of membrane
thickness, a configurational change of the helix or a voltage induced lateral phase sepera-
tion between lipids and channel former are the three possibilities currently being con-
sidered. Kinetic measurements alone cannot determine which one of these different
mechanisms is operative in the channels of nerve or muscle but current evidence seems
to favor models involving changes of subunit interactions or configurational changes
rather than the aggregation of freely diffusing subunits.



189

GABA RECEPTOR AND IONIC CHANNELS ON THE ONCHIDIUM NEURON, Yutaka

Oomura, Juro Maruhashi*, and Nobuaki Shimizu., Dept. Physiocl., Fac.

Med., Kyushu Univ., Fukuoka 812 Japan and *Dept. Biol., Daiichi Col.

Pharmaceu. Sci., Fukuoka 815 Japan.

In the ganglia of onchidium verruculatum, there are a few GABA

responding neurons which have two different membrane potential
changes: one is an early transient hyperpolarization caused by de-
sensitization; the other is a later continuous hyperpeolarization.
The membrane cenductance increases about 5 fold in the first phase
(phase I) and two fold in the second (phase II). Phase I is produced
by an increase in Cl~ permeability, and phase II by K+ permeability
increase. Chemical modification of :—NH3* of lysine residues by

2, 4, 6-trinitrobenzene sulfonic acid or pyridoxal 5 - phosphate
block phase I. N-acetylimidazole, a tyrosine-specific reagent, and
tyrosinase always block phase II almost completely, and partially
block phase 1. These results indicate that GABA opens Cl channels
which contain c-I~IH3+ groups of lysine residues and k" channels
which contain OH groups of tyrosine residues. Other possible amino

acid side chain residue interactions on GABA receptor sites and

ionic channels are discussed.
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SODIUM CHANNELS IN MUSCLE AND NERVE. J. Murdoch Ritchie, Depart-

ment of Pharmacology, Yale University School of Medicine, New
Haven, CT 06510.

The two toxins, saxitoxin and tetrodotoxin, which specifically
block the sodium channels in excitable tissue, have been used as
specific chemical markers for this important component of ex-
citable membranes. Experiments with exchange-labelled saxitoxin
confirm the conclusion from electrophysiological experiments that
these toxins have a high affinity for the sodium channel, having an
equilibrium dissociation constant of the order of a few nanomolar.
They bind to a metal cation binding site in the sodium channel to
which a variety of trivalent, divalent and monovalent cations (in-
cluding hydrogen ions) also bind. Local anesthetics do not inter-
fere with this binding and clearly bind to some other site(s) in
the channel. The maximal saturable binding capacity binding of the
toxins to excitable membrane, which provides a measure of the
density of sodium channels, indicates that in most tissues (mamma-
lian and amphibian muscle; mammalian, fish and squid non-myelinated
nerve) the channel density lies between 35-500/um?*. In mammalian
myelinated nerve, however, the internodal axonal membrane seems to
be devoid of sodium channels: on the other hand, the channel den-
sity in the nodal region is extremely high, being about 10,000/um?.
The latter calculation is based on a nodal area (for a 15 um
diameter fiber) of 60 uym®. There is, however, a good deal of un-
certainty about this latter value; and the nodal density may be

smaller by a factor of 2-3.
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COMPARATIVE PHARMACOCHEMICAL STUDY ON THE ACETYLCHOLINE-RECEPTORS OF THE
EXCTTATORY AND INHIBITORY TYPES. Makoto Sato, Juro Maruhashi, and Hideko Yai.

Dept, Physiol., Sch. Med., Iwate Med. Univ., Morioka, JAPAN.

Using the abdominal ganglion cells of Aplysia, we analyzed the effects of
various enzymes and chemical modification reagents on the ACh-induced responses of
the excitatory (Na' dependent) and inhibitory (C1~ dependent) types. ACh-induced
responses were evaluated from the conductance increase (AG) of the receptor mem-
brane. (1) Phospholipase A: ACh-induced responses of either type were not greatly
altered. (2) Phospholipase C: Both types of ACh-responses were markedly depressed
after a 20-minute exposure to this enzyme (2mg/ml), suggesting that the phosphoryl
group of the phospholipid is an important site common to both types of receptors.
(3) Carboxypeptidase A: ACh-responses of either type were not altered by this

enzyme, (4) Carboxypeptidase B: ACh-responses of the inhibitory type were signifi-

cantly depressed by a 60-minute exposure to this enzyme (0.1%) whereas those of
the excitatory type were not altered appreciably. (5) Pyridoxal-5'-phosphate (PLP)

A 10-20 minute exposure to 1.0 mM PLP irreversibly depressed the ACh-responses of
the inhibitory type, whereas one hour exposure did not alter the ACh-responses of
the excitatory type. These findings (4,5) suggested that the inhibitory ACh-recep-
tor includes a C-terminal lysine which may play an active role in the movement of

C1™ across the receptor membrane. (6) L-leucine aminopeptidase: ACh-responses of

the excitatory type were significantly depressed after a 30-minute exposure to
this enzyme (Img/ml), whereas those of the inhibitory type were not appreciably
altered even after a 3-hour exposure. (7) p-Nitrothiophenol (NIP): ACh-responses

of the excitatory type were significantly depressed after a S-minute exposure to

1 mM NTP, whereas those of the inhibitory type were not affected even after one
hour exposure. These findings (6,7) suggested the presence of a certain N-terminal
amino acid related to L-leucine near a glutamate or aspartate residue within a

molecular moiety of the excitatory ACh-receptor.
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SOME PROPERTIES OF IONIC CHANNELS IN THE EGG CELL MEMBRANE. Kunitaro
Takahashi. Dept. Neurophysiol., Inst. Brain Res., Fac. Medicine,
Univ. of Tokyo, Tokyo, Japan.

Recent studies on the egg cell membranes of the tunicate, the ech-
inoderm and the mammal have demonstrated the existence of the electr-
ical excitability which is characteristic for the differentiated ex-
citable membranes of nerve and muscle cells. Ionic channels found
in the egg membrane showed identical properties with those of other
excitable membranes. The selectivity ratios for Na channels in the
tunicate egg were estimated as Li:Na:K:Rb:Cs =1.0:1.0:0.14:0.05:0.04
and the kinetics of the current was described by Hodgkin & Huxley
typed parameters. The egg Na channels had permeability to divalent
cations as the Na channels in the squid axons, having the selectivity
sequences of Ca*Sr>Ba. The Ca channels which are known to be charac-
teristic for the erustacean muscle or the nerve terminal were also
found in the tunicate egg. Those densities of ionic channels in the
egg membrane were specifically modified by intracellular fluoride ions
or Ca ions during intracellular perfusion applied upon the tunicate
egg cell. The effects of fluoride ionswere to enhance the Na channel
densities and to abolish the Ca current, being similar to those in
case of intracellular perfusion of the squid giant axons or the moll-
uscan giant nerve cells. The intracellular Ca ions showed also a
reciprocal effect on the egg Ma and Ca channels, with Ca ion concent-

6M Na current being doubled while Ca current be-

ration more than 10~
coming less than half. The effects seems very specific for egg cell
membrane. It is suggested that the Ca effect may be closely relat-
ed to the dynamic changes of the egg membrane during activation by

the fertilization or the Ca ionophore.
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PHYSIOLOGICAL ROLE OF HISTIDINE RESIDUES IN THE
INNER SURFACE MEMBRANE OF THE SQUID GIANT AXON,
Toshifumi Takenaka, Tohru Yoshioka, Hidenori Horie, Hiroko

Inoue and Kimie Inomata, Dept. Physiol, , Yokohama City Univ.,
Urafune-cho, Minamiku, Yokohama, JATPAN,

The phenomenon of the membrane excitability was studied
by modifying imidazole group through the exposure of the interior
of squid axons to potent photo-oxidizing agents, The giant axon
of squid, Doryteuthis bleekeri, were intracellularly perfused with
KF solution and voltage-clamped with an axial wire system,

After 1- 2 uM rose bengal was introduced into the perfusion
solution, the axon was illuminated with a 100 quarz-iedine lamp,
The resting potential was depolarized about 4 - 6§ mV, but the
excitability was completely maintained. Then the rose bengal
was washed out with the dye free perfusion solution before
conducting a voltage-clamp experiments, After photo-oxidation
the amplitude of the late outward current was strongly depressed,
while the early inward current had little effect. Radio-labelled
iodosulfanic acid was used as a membrane labelling agent. The
perfusate and the membrane material were counted and analyzed
by the SDS gel electrophoresis, During the photo-oxidation, the
radio-activity of the perfusate was increased, These results
indicate that the histidine residue is mainly associated with the
membrane components involved in the control of the late outward

current,
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INHIBITORY POSTSYNAPTIC CURRENT IN THE CRAYFISH MUSCLE.

Akira Takeuchi. Dept, Physiol., Juntendo Univ. Schol. Med. Hongo,

Tokyo, Japan.
The inhibitory postsynaptic currents (i.p.s.c.) were recorded

from the neuromuscular junction of the crayfish (Cambarus clarkii).

For this purpose the opener muscle of the claw in the crayfish was
cannulated with a longitudinal metal electrode and the voltage clamp
method was employed. The i.p.s.c. reversed its sign at about =70 mV
and the time course of i.p.s.c. was several times longer than that

of excitatory postsynaptic current (e.p.s.c.) recorded from the same
muscle fiber. The effects of membrane potential, temperature, foreign
anions and repetitive stimulation on the time course of i.p.s.c. were
investigated. The declining phase of the i.p.s.c. was approximately
exponential and the decay time constant was decreased by hyper-
polarization and increased by depolarization of the membrane
potential. Thus the voltage dependence was opposite in direction to
that seen at frog end-plates, but in the same direction with that of
e.p.s.c. in crayfish muscle. Q10 for the decay time constant was

2.4,
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CHEMICAL AND ELECTRICAL RECEPTOR SITES ON THE SURFACE OF THE SQUID AXON MEMBRANE.
Ichiji Tasaki. Lab of Neurobiology, National Institute of Mental Health, Bethesda,
Md. 20014 U.S.A.

Using various chemical stimulants combined with real-time spectrum-analyzer,
periodic electric signals of 1 to 30 uwV (peak-to-peak) across the squid axon membrane
were recorded. The chemical stimulants used include reagents which alter the primary
structure of proteins (such as N-bromosuccinimide, glutaraldehyde, rose-bengal combined
with light, ete.), nerve poisons (scorpion venoms, veratridine, etc.) as well as low
Ca. The frequency spectra of these responses were always broad extending usually
from 100 to 200 Hz at room temperature (19° C). The frequency of response maximum
(usually about 150 Hz) was decreased by lowering of the temperature, as well as by
intracellular injection of tetraethylammonium (TEA). Tetrodotoxin (TTX) was found to
suppress the miniature responses completely.

The spectra of the minlature responses evoked by scorpion venoms were found to
be very irregular. There is little doubt that this irregularity is caused by the
difference in the frequency of periodic responses at different membrane sites. As
the effect of the chemical stimulant advanced, there was a gradual enhancement of the
response amplitude, indicating that the number of membrane sites involved In production
of miniature responses was increased. When the response amplitude exceeded about
100 uV, there was a strong tendency toward synchronization of periodic responses.

The resting membrane potential was measured during the course of the development
of miniature responses, With scorpion venoms, 4-dimethylaminopyridine, low calefium,
etc,, the production of miniature responses was not preceded by a fall in the membrane
potential, This finding strongly suggests that these responses are not produced by
potential-dependent changes in the membrane conductance, The origin of these responses

is discussed,
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MULTILAYERED STRUCTURE OF THE SQUID AXON MEMBRANE REVEALED

BY CONDUCTANCE MEASUREMENTS . Akira Watanabe and Misako Nagano, Dept.

Physiol., Tokyo Med. Dent, Univ., Bunkyo-ku, Tokyo, 113 Japan.

When a uniform membrane separates two solutions of an identical electrolyte at
different concentrations, the mobility u of the counterion is correlated with the
membrane conductance g by a simple formula: g = Fz-f' u/ A, where F is
Faraday, X the fixed charge density, and A the membrane thickness. We attempted
to obtain relative values of u from squid giant axons under these mono=-ionic
conditions., However, the squid axon, immersed in 100 mM NaCl solution with no Ca
and intracellularly perfused with 30 mM NaF, gave very small membrane potentials
(several millivalts) although the theory predicts about 30 mV, This shows that the
squid axon membrane does not behave as an ideal cation-exchange membrane without
external Ca. When Ca was added to the external medium, the excitability was
maintained, and the membrane potential at the peak of impedance loss agreed with the
ideal value within several millivolts. With the use of the voltage-clamp we measured
the membrane conductance at this time. The conductance of (Na/Na) system (left of
the bar: cation in external medium; right: cation in internal medium), was almost the
same with that of the (K/K) system. The (Rb/Rb) system gave lower conductances,
In a homogeneous membrane the theory predicts that the conductance under the

bi-jonic conditions is given by the formula

= Na/Na) » g (K/K Na /Na
g (Na/K) = g (Na/Na) —g (K/K) @ g(K/K

where g's represent conductances under ionic environments indicated, With (Na Rb)
and (K /Na) the observed values were close to the prediction, but with (Na/K) the
observed values were about twice as large as the calculated values. The expriment
shows that the membrane is asymmetric in its properties toward the univalent catjons,
Conceivably the solubilities of Na and K are different between external and internal

layers,
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Cai PRODUCED SPIKE IN INTRACELLULARLY PERFUSED SQUID GIANT AXONS.

Shunichi Yamagishi. Laboratory of Membrane Bioclogy, National

Institute for Physiological Sciences, Myodaiji, Okazaki, Japan.

Squid giant axons obtained from Doryteuthis bleekeri were

immersed in artificial sea water and were perfused intracellularly
with 25mM KF solution. The tonicity of the sclution was adjusted

to about 1.2 Osmoles by adding glycerol. 1In this condition, the
resting and action potentials were -35mV and 120mV respectively.
When the 25mM KF solution was replaced with a CaCl2 solution at the
concentration between 10 and 30mM, a gradual small hyperpolarization
was observed. Then the membrane potential abruptly turned to a
large depolarization, or a spike which reached to about 100mV.
During this event no electrical stimuli were applied. When the
membrane potential was clamped at the resting level, an inward
current suddenly appeared during the intracellular perfusion of Ca
ions. Therefore, this phenomenon is considered to be a chemically
stimulated excitation caused by an action of Ca ions to the internal

surface of the membrane of the axon.
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CHEMICAL MODIFICATION OF MEMBRANE PROTEINS IN THE SQUID GIANT
AXON. Tohru Yoshioka, Toshifumi Takenaka, Hidenori Horie, Hiroko Inoue,
Kimie Inomata and Hideaki Hori, Dept. Physiol. Yokohama City Univ,
Urafune-cho Minami-ku Yokohama JAPAN,

The membrane labelling techniques currently in use are derived from the chem-
ical modification methodology developed for studying structure-function relation-
ships in protein, Since it was rarely possible to determin which protein was cruci-
al to maintain excitability, several independent labelling methods were examined,

The major breakthrough in the analysis of membrane proteins occurred with the
application of SDS polyacrylamide electrophoresis to the (ractionation of the mem-
brane proteins,

Visualization of the proteins in SDS polyacrylamide gels can be achieved by
staining with Coomassie Blue. Radioactive labels have been used in our study,
and radioactivity of sliced gels was counted by gamma counter and liquid scintil-
lation counter, The obtained results are summarized as follows,
125]]-301!.0:1-
Hunter reagent. Isolation of nerve membrane fraction was carried out accord-
ing to Villegas's method, Major peaks of iodinated protein were 180, 70, 63, 47
and l'l’xllJ3 daltons,

2) lodination of inner surface of perfused squid giant axon membrane by enzymat-

1) Iodination of isolated nerve fiber membrane was performed by (

ic iodination procedure yielded a major peak of 1'!-12:11(13 daltons,

3) Todination of inner and outer surface of squid giant axon membrane by[lzsﬂ-—
diazotized iodosulfanilic acid determined transmembrane proteins, whose
molecular weight were 150, 63, 55 and 17-12;103 daltons,

4) Protein phosphorylation of the intact axon showed a major peak at the molecu-
lar weight of 1?-12::103 daltons,

5) Photoaffinity labelling of intact axon by (SH]~Ary1azido-ﬂ-alanin-’]?’l"x made a
dominant peak at 250x10° daltons.

6) Incorporation of(HC‘]-Tmamin into membrane protein was found at 250, 180,
150 and 70::103 daltons,

7) Distribution of tublin [55:103 daltons) were visualized in a perfused axon and

intact axon by immunofluorescent anti- tublin staining technique.
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FXCITABLE ION CHASNELS IN A CALCIUM TYPE MUSCLE MEMBRANE OF THE
CRAYFISH, Jozef Zacher, Hichal Hendek.Inst.Normel snd Pathological
fhyeiology, Slovak Academy of Sciences, 3ratislava, Czechoslovekis,
A circuler membrene patch (d = 60 wm) was isclated reversibly'
by meens of an ennular sucrose gap method (1) in striated muscle
fibres of the crayfish, The total icnic current recorded under vol=-
tage clemp conditions (2) was found to consist from st least four
ionic components, The early inward current is carried by calcium
ions; the remaining outward currents by potassium ions. The indivi-
dual current components were seperated from esch other by means of
pharmacologicel eagents and using the differences in the reversal
potentiels, Quantitative anelysis cof the individual ionie chord
conductances as functions of time and membrene potential showed,
thet the ion conductences can be described by Hodgkin-Huxley egue-
tions (3) of the following type. The calcium conductance (g,,) by
Boa = Eca mbh; the early (gK1} and the lete (gg,) by gyq = EK1 w2k
and ges = By ot respectively, where ECB' By, &nd EKE are constante,
m, n, u represent the activation and h, k the inactivation veria-
bles, which obey differentisl equations of the following type
dy/dt =ady( 1 =-y) =Ay+ ¥y Where y stands for m, n, u, h end k res-
pectively. The rate constants (a&y,aéy) were determined by fitting
the solutions of the above equations to the experimentel velues of
corresponding ion conductances, The data obtained by the fitting
procedure enabled to stimulate the membrane behaviour under the
current a voltege clemp conditions,
(1) HenZek M,, Nonner W,, Stdmpfli R.(1969): Pflilgers Arch,313,71-79
(2) Henlek li,, Zachar J.(1977): J.Physiol.268: 51-T1
(3) Hodgkin A.L., Huxley A.F.(1952): J.Phyiol.117: 500-544
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HE3EHA BT M IR E 1EA

RO RILEZLETS—
Fl  F HRAE-H

ERakcsy 2 2 EAMEE EEo fvE Vit hRECEB s h TV
%o HIRSVHICIIR 3 A (RBISHEIC DT S B L THIN Tid s\, — 7
ORI E RO & FiEgh, svE L EEYLORKSEALN S,

PLEDRMIZIE - T, FxofboMikiiaofMzlEd s80mshTY
A8HpaNvEY, HIEF0R255000 B, (PGEy), ¥4 7Y (Bpi)
BLOEFvaarFad FiIZonT, TOEMBEICERES S VE L2
Th—, FF=NLII—4, WEDH 9 T AT CBABERRT L LTOCTP
OFER, Zofc>WTHIEOIFMAE2HAVT, sAEEBEHOHHIER
i X Ofb & HBR L 225 6 MR 2 1T/8 = 1o, TS, KABRT 20 X5
e,

(1) PGEyiCH UIERIF e 13 M 2R iIcd 2 2oL+ 72— 2HL,
ZONGBPCE ILL 37 F= 27— OIS T3, —F
HKHFRIBRANICIE, PG E, ICH¥ 2R RN 21, zo7
Ty - HEBRZ I o1,

(2) EpiictLERF@IEEIZa- & B- OO L £ 7% —2HT 5,
Bpiltk 37 F=ni 5 —¥OEHALICME T2 013, TOHB-
T -OAETH S, —JIIFRHIBEM & B0YI< S B 2L EERLm Yy
T4 - HT AT LU, 1T bbb THEHBERD 7 7= v
LY I-HRTERT ) AL UFERETH - 12, CORRZRITLI
W, LT e—29 70N o) A VICHEZGTIPICNT 28
VDT REIIRER TIERIFSIIRBLRICH LiEMIET L T A T & 450
bacE g,

(3) WMEERO VI LF a4 Fledd 3 e 74 — [ QEMICERT
(¥, Fub) & JEMEFHE (AH-180, AH-T974) T2V H RTINS
HHBROLABHEZHD DL DBV, EhsVEC L2 T2 -BEED
EHAL 2B LI, ISR SR OO BT 2N+ 2 MIEHER T
FIFRHERID ST B RONCS b= 12, 202 300F D 4 FOIER I3 RE
ICIHKICA D, ZOBEFSHOEBLMITACcLLdELEALLN
ADT, FNELELF - bBIZER2DUERICAS s EY
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% Hg U - RIS R i 0 A5 L ) CaRB P12, UL b
OREROZESRLUT, FFEFubs FHERKIFH@EMNICALNIZDNA
SRR FO LTS I AT 2 7—EEYICOVWTD all or none
MABEHOHBRZRVL 5 2hELILOVTIIMEENIHZ, SEEAD
WEAEABUORITELTLI> TETH 5.

—F, FFRRICANT 2 5 AT DD S N1ohs, KR
EoavFa4 FREEBUIEFSCREOICFLIETLTW ., ot
REEALS e 2 EBEHICEE T 2 b DA BROPIRICE TS,



Onset of ionic coupling between mammalian cells
demonstrated with homocaryons of BT5C2 tumor cells

Prof. Dieter F. Hulser

Universitat Stuttgart
D-1000 Stuttgart-60

Cultures of permanently growing cells may be
geparated by their ability to form low resistance
Junctions between each other. This different ionic
coupling ie not neccessarily correlated to their
different growth after retransplantation in vivo
(malignancy). The mambrane junctions allowing the passage
of ions from one cell to an adjacent one are the so
called gap junctions. It appears as if the total number
of gap junctions per unit area is of the same order in
both coupled and uncoupled types of membranes.

The lateral mobility, however, may be changed and, therefore,
no protein aggregation can take place in the membranes

of noncoupled cells. Experiments to change the fluidity
in these cells by addition of lipophilic and fatty acids
were until now not successful. Since in many cases
microfusions occured, the effect of gap junctions was
mimiced.

For an indirect determination of a different membrane
fluidity in these two celle clones, we chose the membrane-
bound Na'-K'-ATPase, which was inhibited by ouabain. The
investigation of 9 different csll lines clearly subdivided
the cells lines into two groups (10 °M ouabain and 107" M
ouabain for depolarization). The first group consists of
non-coupled cells, the second one of coupled cells.

Fusion of the cells with 45% polyethylene glycol led

to homocaryons which enables long term experiments with
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microelectrodes. The electrical properties of the
homecaryons were always similar to that of their parental
cells and thus, we were able to follow the onsst of
intercellular coupling between homocaryons of BT5C2 tumor
cells. The mean time after which coupling appeared about
20 min.(80 exp.):

“ T During long term experiments sometimes spontanous

hyperpolarizing oscillation of the membrans potential

occured.
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MEEEHEO T — MRE=BA

LXAYZy D - ZEFLAVY - ETH—
HH OB KBRS R

[ 2w b+ 7 2EEBE~ND B-Ach ( F£FA3a Y ) B L "H-atropine

OREZRF L TROL 5 SRR 281,

a) ver%ﬁmmwbﬁ%&QWEM?ﬁﬁmﬁmHéﬁm%éo,m)
({14 Ach 2X107"M, atropine 10" M. B ARSHR : Ach. 08~1.2
pinoles/mg #I, atropine 1l5pmoles /mMgEHTH =1, LD J
Ach®saturable Z#i&125iA £ LT atropine THFE 3 1, HFHA
ST, ARBN = 2 )T —~DEEEZLLNE,

b) ¥+ FAHEE% DINBTHILET 5 & AchORAFSE 24 |.5pmoles
g HERICHIM S ®72h%, atropinefiFiCi MBS A i -1
AR RIRE NEMILEIC L - TH 1§ 6h, agonist¥Giiz=aF=
sV eSy—EERIZS - S D TEELEY 215205 antagonist i
BIRBAETV,

¢) muscarinic agonist |t *H-atropined 5\ I QNBO G2
H4 555, ZOERE RO Kpliids & 0RO RS E 5 6 Tl
ENA LD HEMITHN,

d) Nat, Ca" Dfiliid agonist, antagonist OB ETH-
1zs

a) 7o ML HELEGMEREMA S & TOMBD AchIREHEIZET Y 5,
C D, /WD muscarinic receptor fitiy *H-QNBOMATEICE W ¥
e LTz,

b) 7 v MCDFP&IEH L T b /MED Ach RUGHEDE T L« A IC/NMETO
muscarinie receptor O LH AL, T b OE(LIL FIRThl
Re3ED papaverin Z2MBFIZEIS A LIzt ), HAFMIAZT &M
ke

ZhHDREDE V77—t FERICRAERES N, RIFICEHIRTZ S

DT, PO muscarinic receptor BAMM L TWA—R2 GO MITHA
AE& b s,
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TEF-AAVVOEREITL— YA 2 L—XDEMIL

A B_E WRTEEEDT

FTaF-a) 23, RUFZRCOHELOBBTDY12Y 27 GNPOS
REMMEE 512 hbsT, HROAES 2— FOWBLEST =1 |
HA4 2 L= X BiEHILT 2 L3V ZOFHRRIZMRSNTOEVER
NS TH 12, WA 12T » MROMIRAB2{T-12L L5, ¥T=L -}
H4 2 = ZTER, TOXRBABLF T b —rilBETaE2RBLE,
COH4 s v—XiEIR v TR~ LB (ERIMET ST LIt b, HHILA]
Wlbahtz, £, 442 0=XE L bic, REMEHLRT & TRESAT
KB WAL ELT, COEEILAT2RBaMNLELS, Thuds it
300~600 ¢ HVDIAFTH BT LY =120 COBIEALEFORILICE D,
W4 o L—XEKIR S ~ 0B OB 2R 5, 12, CORTFICE 3L
i3, AF—WEFOFIATIENTLUFALL->THEShEZ L b1
a1,

—fi, BEMREFMENIELLS Tk, 72F—12 ) P T0REST
prick b, @B OY4 2 ) 52 GUP MOMPLNMBR S bh 305, T
OHIBROPIC & REMEHLR FUFET A LV~ 12, CORTFEF TR
ONIVHETHZ, 12, TOMBRPOYA 2L —GEEIZMNCL: EMgCL TR
BOMEMRRINT AT EA3BES, Thud, EHELEFICE b MgCLs K TF kA3
HRULLDEZALLGND, A F—EFoFxon7i ) JLiFiqt. £
D% & [FBICBHY T 50

ZOMBICT F = ) 2T aRI T O pERlERIIE &ILAHG
NEH42Y 9 2 GMPOHIIME A F—vk Ko ¥ o7 § »ORMICE - TH
Waha, COWER, THhLWREEVTICLS91 2 2 20MP OHINA
HEEE LR FICL - THEA I TVWAZ L 2RBTAEOTH A,



MREEA LT VT H—

BN — i EB  EBEXFECE

PN TR SISO EH R (oplate agonist)®H B M X ORI
(antagoniat) HH§RANCHINEZ R TROEDENAA FE R Shi#i¥receptor
& LT®opiate receptor BIREINIIDIZ19T2HEDLETHE, TDOR
endogenous opioid ®F It opiate receptor b5 FFEPERIME, +74&
D5 exogenoue opioidit¥ ¥ % receptor £ 15 L b b el AR EE

W L LTDendogerous opioidHiCHid 5 receptord LTHAZLE
A TT X1z, TOopiate WHTARRMNICKEAT A0 (opiate
receptor) IXFEFHEEIY TRV 3 hd, FHEYOPRMESRS L U6
Aicerey FERE 7 ABHBIREVHIN TV S, £OFHEHOIM
WATHY, #o80— ) VIRAEEKEBEALNTNA,

opiate agonist & antagonist Al —m sitelliE&T 20 L 5 DM
HEENT OB, B2 32 ORBERL HEA—TIRENEZEA TS, 2
opiateHid receptor 58It negative co-operativity®iRkl,
i@ receptor¥E 0.28 pnol/mg protein® 3 LIRS TRALLALB &
Bbhiz, Thboffild agonistd 5LNE antagonist TIHITME 2733 H
Na™1 A UbSFE U 12BS, % receptor MEICIZZ LS & 12 A LN TGS
{L24EL, agonist TIIEATENB L MRALHEDET, antagonist T
IEEEEME SEEOBASEY b, TOREFITagonist THWICHEL
Izo Na© 4% > hiallosteric effectorfEfEM 2L T4 S 3.,
LU OMEZE(LITINA T opiate Hidi receptoritfi@ T3 LiL-T
SoICHEGEET 2 L Y bh, HABUORHIREDDTHETH
FE—VEDBKELREL>T WD, ElipiddSreceptor site D ETAHM
L S IR TV AN Liposome 2 H WIEFMUNE, ADCREIERHNES
EpL&IEM S 29T 5, HMit/i-Topiate receptorMitd i 2H
THhOLHLAR2HTE L, IERICEERENLHbh2,

1) H.Fujimura et al;Amalgesic activity and opiate
receptor binding of l-cyclohexyl-4-(12-diphenylethyl)
piperazine Japan.J.Pharmacol., 28(4)505~606 1978

2) R —, BPHGIERS ;AT — R )72 - MRIFTEDHES: 22(6)1128~1189 1978

207



208

AET—F » U279 —&ED endogenous ligand
mA fEE G #

A= f s VT4 —DERDPLAZ— LT, ZOendogenous
1@mmm%M$Ua#Eﬁ$§$n-wﬁmﬁﬁﬁﬁﬁén.5E®&f%
RFOSRER NIz, THDBATF A= e 207,00 04 YR e VG 7
iy @y By Y= ZVFNT 4 o THB. COMITEFIBED RN
PEPHRERHSN TV, ThEDI bl sr 7 Y yhRETIEYE . L
TENTNS T & Rt BEORIR 2T Ui,



T/ BNECEUEETOVETI—LGABAETH#—%h( & LT

Bl RRR UBHZEERAT

PIRENICTFET 2887 2 /B0 5 SMREEVE L L ToREE %A
THDLELTIE, 7-7 3 /88 (GABA), (-rne i@, 7)oy,
B=77=% #0VYy, LY REPAIGATVA, Zh6MD5 5 GABALN
MR R E LT - L8 FNRINTVEEOO—2ThH Y, =T
Ve 7# - 20T 7 ¢/ BRMEEEDEOPTIE b - & & F L  UHY
BINTWVWE,

FSTRUEMSENIC PRS2 OIS S , ) 7 =0 MRS
TIRMEHEMEMORICIFET 2012+ T ABOGABA V7% — &, THEICHF
T2+ 72O CABAN TS — LRSI EHSA T L3NS,

GABA {FH3EL LTI GABA ®Hic B- (p-chlorophenyl )-GABA
(baclofen), imidagole-4- acetic acid®J Fmuscimol HHIGH,
—H GABASIEEL LT bicucullime & picrotoxim AHILENTINS,
LHGOPTEHE ) 72 - ORHEPIRT 2 DICANLGATVADIR
GABA, muscimol® k¥ bicucullime Tdh b, picrotoxim®GABALE

3L UTOFRIZGABA VT2 =283 2484 L b & V74— iomophore

@ coupling #EHiT A= D THHLEAGNTHED, >TGABA V74
—@ligand & LTIEAEN E IS,

—fRIC o FAREAD [PH)-GABAFSBITIE Na (KTERE & FEETFHED b D3
& H AE PR RNORE, BBV TSR Ve Ty -~DERNES S
WkTALINTWS, COGABAYET4—~OKiAsaturable Xt @
Tihh, Kp=28uM, Bmax=0.199mol g protein®ffio& dN3, 2O
GABARY ALK bicucullineltt b competitive ZAIHHE#F,
7z (*Bl-bicuculline Btk F 7R+ Lt T2 — BERMES LM, ©
O E Kp=880nH, Bmax=0.0045pmol g protim Th %, RIEEAHIZ
12 GABAEMIHE (P H)-muscimol 2T TN TED, B2 (*H)GABA
ORI ES L BRI HARA 2 E 3, TO nuscinol DESIFRFRIEESY
BAERL, VeT s —¢affinitypiilid, L EEEMREKETGABA Y
ETE-DEFEH L - & HEVE INBRPIE (, BEL Y ) TRIGHE
D=L EFHNTELY, GABAYL T4 —Dligand s LTEESHEZR
HWLTWASDEEAbNA, GABAY S % —(FTriton X-100 @i Xk
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L uF SR LBESIC solubilige 3G S lipoprotein D—HTH 5
Lanay, %OHEEE EREE « REFOREORBIC OV TIRG ROBIS
R rREZ S50,

1) BUURE | o+ F2AREEOEFE, EOHEMEMNE
22(6) 572~579(1977)

2) BLUMES @ GABA L+ 7% —, MEHR O
22(6) 1149~1157(1978)



Dopamine receptor & dopamine-sensitive
adenylate cyclase

WS AR WMZAREE - R REFRERT

EFLEYIOHEFRICE31) 2 dopamine receptor |35 HEHE TRERRSENY R Of
WREMPENICP & b 2BMHRET 2 L L PBIL IS hTO S, (LM
iCit, adenylats cyclase tMSHZEKL, CAMPARALTHMizRs
{19 #& adenylate cyclase & EBFRARL ICAM S h A, BtOTNE
Tlt, RO Dopamine-sensitive adenylate cyclase 27+ 72
ML b Lubrol PXTHJi§{k L, Sephadex G-200D% 7 L2 uw h¥T7

¢=T("H) dopamine binding protein & dopamine IZHEF %% -
fzadenylate oyclaselC/tML1:, Z® adenylate cyclaseld (*H)
dopamine binding protein®{E FT dopamine izify 5 M52 H: &)
4 50DT, dopamine sensitive adenylate cyclase® dopamine
ZEBIE (PH) dopamine®iSHELIA—LBA N3,
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W FChD (CH-Ye Foxgs ) 772 (LIFDHE L8R ) LV +72
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DHE Of§&IZ, 80C O 30# TEEAILH L, LI 4 2 & 05 it ensn
AR LE, COHEE, —BHORHES . BT 2800 &, Kk 3
PHOUTEE . B 2RO 5 4 L MRS Tz, BN - L S
Ly 1uM 722 b7 2 THEISNADHERARL a-V & 72 —EER
bid, TORANN % FaEa0 BB ICHEHT LTz, Scatchard 7o
vy b Y, BREEESILR 1oM, BRAREGRIE 1 prol/mgBEHBE LI E NI,
E5& L1z DHE OMEHERE OBIED 6, MMEDEETEE (ko 1120.08min™" L5
HEN, HEMEORITLHS, ka2 008Tmin™', EAOMIEEE K, 12 5 X
107 min™" M EHHE N, Thd DHRENS k/k (38 04~0TnM &
ih, Scatchard vy k& HiFShHiz InMIZEWMiCH B, TODEBRS
Wi, ERIENTE—T, RICHE R-DREOHOWMIMALT 5L
#AbNb, DHEDISSIHT ARMET KLt ) o) % FOEBEHE LN
X TOpKL Y HLFEN T2 -DRAORBIORBEER RN LE,
Bid, =2279 2 (48nMI{/ 2570 (120nM) 72 =27 )
(3.5iM) {4 s FaFL/an (11, 72 b5 3 (3aM){Fa TSI/
o)L (500nM) £/ h, KEMEROaFHOM2 DBIc—RLTIZ, Thiz
1M 22 > b 7 T THE I NS DHEDORSIL, a- )& 72 —-~DET
HECLEBERTHEDOTHALEZAON2, a- €74 —id, anbaz £1V3
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HFTA=NTFT I A UDLEIER 2y, JAX@HT Y BLOF—-NE
RENEABS FHRRNESYEE UTERNTEEZ@E 2 LTV A,
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AT I OERERTE, 7= s 3 -YOEHEEE, SHEEDMEEN
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L. HFa—n7 i »ONRIEL X GO WELMELIZ, ¥27
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1) A. Miwa, M. Yoshioka, A. Shirahata, Z. Tamura, Preparation

of specific antibodies to catecholamines and L-3, 4-
dihydroxyphenylalanine.
Chem. Pharm. Bull. 25 1904 1977
2) M. Yoshioka, A. Miwa, Z. Tamura, Radicimmunocassay of
catecholamines.
4th Int. Catecholamine Symp., Pacific Grovs, CA 1978
8) 1. Takayanagi, M. Yoshioka, K. Takagi, Z., Tamura,
Photoaffinity labeling of the f—adrenergic receptors
and receptor reserve for isoprenaline.
Burop. J. Pharmacol. 35 121 1976
4) M. Yoshioka, Z. Tamura, Pluorimetric determination of
adenins, adenosine and its nucleotides by high-
performance liquid chromatography.
J. Chromatogr. 128,220 1976

213



214



215

MEREL(LPRTAMOES HR&HES
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#1 = VRO RABMIOBKNE TR T A 4 82Tz, TRITi
7 %/ =)V (Rana catesbeiana) %/ Uiz, # 7 AR % EIFRH
W O BRI ICRA L T, SRHRTHERE I N2 ML eWE L1,
MG ED U 4~ WS F Tl P8 -24nV Th - 12, NaCl, FFfE,
F=—F P20 o— AWM THFHE SN 3B GEEZHFRBOIBRMBA T, 0
o LR &GRS IR L 72, SREBORIEHIE NaC1 Rl Tk b /28 h D
LS, BifP+=—3TIRIEALTELZVD, BitbY hiciikL,
BRIk - TN 2 2L S € 4h85, KM THER XI5 2EBWL O
B ZRYi, HURICHT 2@ aVEMICH- 120, BPF=—F1CH
TAHEIMIEMAL LA L hFIZAMICHE L5 Tho1

RO R A MM DA 4 BIR2W<3 2oic, k@iEnneilic0
1A THBUI. (K)o % 10fFNA X5 LB aVRRD L1,
(Nalo=0 O &, WHRAIZHWI0mVIBAKL Tz (Cale=0 Xit(Clly=0T
b BURALIRZHE L s 120 O, BEREIEK & Na ' OEMBLITSHZ
EWAS, (Nalog=0D& &, NaCl, fFff R Of +=— 2 RBUTH 4 5155
MBOLOA X S350 WD LTz, TTX(10 " °g/mf) WA, 3 FiFokim
ek ZRIGIRMD UL, (Calp=0D& XL, BOBRIGIRI~TRI UL,
(Cl)o B+ NTALF44— b 4 TIELTH 8 FHIRICH T 3 RUGIFE
LU=tz LEDOKRD L, R, BECF=-+0ZHBRMOREIC
iENaqf & Cad AUHWMELTVEEVR S, UL, BlPF=—3T
R RGO RER, BEROZTEY A 603 PR & LB E H
WEZABRBAPHELEEDS, K442k OMESOhoMMSHAELE 2 »
=X LICEBINEZRETH S,



216

AIOEFEAHECKBEB= 2 — 0 v ORIk
A HRE  BEAYE

RIS EE 218 4 foni, —@HIeY ¥ omEMICESEEMRS
BRI 5, &L 8 R FT, KB, ZOTRICY=2—1%
AN, WEEFRELE 5, BREF2NLICHLZH S, artificial
eniffing(AS) 2175, MERL h A SHIZ—HL TRERNMINICIGE T 2eingle
unit % 277TM@EECHL 2. AHREORKRNMICE h28Midnitral call T,
23{it granule cell TH -z, 2260t mitral cell@L hHE CICH
Tz, BHERNT (E0G ) R CXMEREREZ N (IW) O Iy [HREH & BER= 5 — &
UBEOMR e g 5 &, BOG, INOMEESICATERESRNT 2 60
&, BOG, IWORTRICEESNMTA30DL0H2, MEILRERCREL,
PERBITINEl 2R L TWA L ICis B, BB ZOMDIEE BR L 1Z, BFE~
DEFOMNRENTS L, NEOREEERINET S OHB L, BETIA
BRIEY & OGRS 2 RENEVERRESESH 2, =31 252500
1T, A SHlic—8+ % BNSIEE 27Tl mitral cell) h&EE
KEL b Y, COBGHEFRAREDSOBMOEANICEZDTIREL, B
HEADTETHEANTHE S BIEREIC & 220, WEO{LERREIC Y 5, RiTAS
X HEWHRE S 2B TR = 2 — o D PSThistogram®{F5 &, peakhi—
20tDE, BEOLDESH D, WEROEMOMIEFOWEE L peakdi—
Db DOWHZ VD, mitral cellBITE-IL LD peak 2526 OHHEA,
T peakh3—20  DIZMDT %, MEROXFEOMBUIRMMINTET 5 24L
B HIBFITZ - TWASS, BICABICHEL, fir ke ITEMy
patternZM1 2 &L BIIFIC, mitral cellTi, =+ 1 BEALNEN
Wi 2RI TN DOHE LB, sniffingllfy) RER=a—v 2D Impulse
SR A MBS #2230 £ F 5 (E I ELE SIS O T /x
Fisrh &l s,



NIWBRGROREEEFLER(CHT SRERN
&#E dE AuMRE-H

NEEFMTEMRCREELA (088 DOC, S/ UELETAL, B
Livinjury discharge % R4 18, Wil & 2 IEESTLICHET 2
b UIES 32 S BIcH T 216D L iz U, 0EE6e0sT 6 122413
IR DIEE 2R3 ETIKEIGE T 5, LTAD 1 ST eF U THLEBLT
BL, DOCMEEOEEPELLAEINE ( | 8 2veF VINBOATIE
WEIEMOBILEBED oNEN) , EXTIAFNHEHTERRTHS, XL
THRUMEICL 2 " BIEET " OWRL2EEL, A8 S "EEET " 2L Te
hif, 20 eF CAEOWE § DOCUREBOEED E 1L 5D TIREN
EEAL. BREAED G~ bOZIMOEEEEESH~TA, 5L, P
HE(ZBEREATHEVHLEATVWAa - V3 vy —€ 235 ) ©
ACHAMAEREDS S T L 2RI, COABOEEEEEI AL ED
EAFHUHECEVC &3, BELEED PATEICIIEINEEED LN Eh 56,

BITHPTHA (LIEY-T, EHEDL 5 LM FYHTH 2 0THEFED EVY ) o

Wiz, 1%aEFL e 0,8 % D0OCHUM O E B % BrsEEwnL
TaD &, W8 ~1005EEH 6, W< b LIAEERSIEE D, 16H5H
fricid, EHEMICBZERTIEERRT T CICAET AL Losbh 12, T
THRUNED 8 ~1085 TR ICHMR 3 N, " EEHRTF "B EFEBRICHGE S
AOTREVIEZZ, e F NG| BEH, 5, 1585EEICENE,
TS CRUNEDR T 2I 1 Pl D EEEENA T LIEEA LW
%, 1665 #O § OIXHE ( #BAHO L O ) IKR~HESR 6 DI
WL, 1R, 5RHEEO b O TIIMIICE LWERSR S I ( Mk e
OWES BIERICHET I L IIRAT ) o & 5ITAPERHITL TRAME
ROEF 2R LTSI,

217



218

BERECHEIBIMGICO0T

R KR BURBSPHERIRS - (R

BHOWHIERILICHT 5 & lNT, BESIDITH L/1006IET ¥ 5
ICH VY, TORSMITBEOE Tt b FEEEoR LizBiiic@ms
NBECLTHA. Witk 3 & COEEDEBERABRMBB TEL S L &
NTVBIOT, FRRITBNWTIRF o+ s OEB2HOTERL, TOMERE
OF D 6 MIBAEESIEIC Y - THICH T 3IEE 2R, Thick HiIFGOR
ERMML L S Ealatz, ZOIWTTX2RTCENL, 2/84 2 Bi%H
HUREHEA/ 4 2B (BEPSP) DARRFHES & 5 1L, TFHEE
FOYRZFSB12HICEOMEY H#7100msec #ICFHME 2 27 » TRIC
HELIRD S 1,

HOMBILIEE ¥ 2 BEPSPORBLSHREICH LT vy b5 & 8FHRD
h—7H@ b3, —/i EPSPORBIIFMGETAShITNE 2 h, EHIR
ETOERBIRMANL DBFL LS, LTAHRE X 28ME 2 &l
fICEPSPOEMEMS AL LY, Fiolziam e/ 35 LERBREL bR
AL —BEIE Y » &S L B3 L WD LN, TOROEHBE—IREME
ESFREEL, HHAEIFOEEEEMIHTPITBRELIIBICLS C Ehibh
512e TOL HIIAIGIC L - TR — R T8 277 T T & B
DETFICbH 6, FHEORILICIBBITEL AL L 2R T EOTH S, T
DREBSOEL 2B TH 24, HFEMIRICESOTRZFRRNLICIINES &
RoNEVE IR THA 6, SIS S NIEGER I THIRE & ROMEE
LOMD v FRARBNWTELARRTHE LEALNS,



B D = Ayl K (R & ARG — i R Rt

Am = bR gk TEAF-E

g — R R R, EBBMOFRERICZNThATEL, T OB
T 1ALz, W1 a s 23, MEEFKIZ 5 EARICHIE 2D
BTN S, lad w2 OVA Y € ORFBUDHEELICE D FET 3012, #&
KeE 22w 5 EATREOYENEEIESHTHA LBbhs, BRR
iz, Tad v 2 BIEREARIZENT, 100H2318 TR & /> & LR CIG
ET 5, BRE Y, Rk 2HHEIOESITSE, Tlaf 0 ARHMEAN
VETIHET 2, BN -~ EEMROBEALY D4 1V ZTHIELT,
lad Y780 ZDFBET 5. THRBY < WEMEED 1 /¢ RITEREL
THBBHEGIUEL, —RERSFI EMFah, Tad vV APRE shi
L), ZOZ L RESIBHEOMIEOIRESMSEWC St - TED O
TV,

%7 > 7RI L IZESE, BN < EEHEORIM T Tad » /2
(FAEENE (R EBRHTIR L, $094  ~ MEEEERR T IR IR IC Ta A
OV AIEMT %, BRMKEIISEICE A, EEEE{EEER T 2 @0
EENTVA, izt HBHEIEIREICE 2, S04 < @B IR
Bxnhasz lizk b, RRINBOMERHIZIEISE 3N TWVA,

o =MEiME I —XRROMMIZEHTH H, =AREOILED, SLTFH
L bdmsec NTHS, =Ml RIKROE TIREST L X, B2 T hicit
LTHIEEL, Tad XXV ABPRBBTESLEEALNL, COFMERE T
b L=k EIC L b, FRERBZHOBRIL» b 5hTVa,

SABURO HONMA and YOSHIO NAKAJIMA
AVERAGE MUSCLE TENSION TRIGGERED BY STIMULATION OF
GAMMA FUOSIMOTOR FIBERS

Neuroscience Letters 6, 35-39 1977

219



220

YU H-—RREREOZEAN
AHE XE kY8

) A = EHIRERICAH L, EHENCH L TORBMOBRIN 2{7/2 - TV
5 PRNBRES £ ORAMUOK IS Bt S Rl PHRBNE
—HROBREZES L LTORMIZ, DNEBREOMRIBZIERDTH, H#
B¥+FHEDETHAC L, DEBMRILEED 6 1004niE 1 THHEL,
X OM %+ F Ak & B 51 A chorda HEMMIGIESL TWA & &, 8B
EaGkIME L~ PR CEE LS4, ChicEMmizh s Mo e, 4%
AR R TS b, MIRET PRI EE 2 h, BHRRERDS
chordalZo%hi- T, WHEDORMITE h(HEDS IR L TR 2R
HADEREBT T &, 5) A4 2 RMHIR O EABNMOMRRER TH
Ch, ChiHiRESE~TEERI 2L, ANELE, HETHS,

L 6O VHEE T REREERNIC 100 ELESES| L OER IROWES 2
ERL, BREOH WEEREL, CoBIMrsETI2BEAAMICL-T,
Dtk b E O RITEF L icdhd, A84 2 #ENe Ry BEEORMICL
S TR ENABEBLZERL TV, TLEZAAROREFICHET 2L245
NAaMGEoRL 3 —HoZAFEESEHN 3h, tonick b ®IZ, BRI,
LA ORHICR L > TVWA L A BN, —7 phasic /s b DB
WoyEE #E, BRBHORMIBELTVWELELLN,

X HICPIENT, Thb6OEEMIEL 6DAN 2% 2 rEME2REL,
TOMMEE 2RIz L C 5, VNS 4RI £ 12 PR TN T & o R
1IN E — SEMERE 6, BoF TR, B U S ARMMOBER 2 - T
1o CTHUIZMIRY, RMWHO codingd’, E& L THRRAOBIEEDNRMIZ
EaTVEBEWS RHORSHETT O THB,



MESTFHOMMME, SCAXERRVCHIIHSHRMEERCOVT

i BEE e E=  EEXRR

ST O MBZRY Y & HHESBOTEICO: 3 2 Colums Lo
HT B R 2 A TRz, ZOBME T3/, (VSBYHIEY
LNAAWBRRDOHU 2 LVWRENLERD FOBRTRHRREICES{ DT
HBre (QEMICEY 6N BHEENEROBT, HEZAERL LTOEX
e, Lpbitliomiifsr, =35 WHEHRICT2LLTHE,

4EOWE T, WOBTHEZAR, )7 =OWMHEZHER, & N
b 247 Bo OF 2. 8 ONGPLIHYANG 58RO WM 2415 LS8, Th 6 OHIBE
e L b L HAHBLERICOWTORESTL > TRIZV, BELLZT
~ATOMPICENT, T ( ENTR#ESIL receptor muscle fiber)
PERTAHMKER, BEAERICY 27 R idgliat OB W AR UO
MEZRETH H, - TERIZAZEALOWEMMICRE S TEY, Th’
W5 AR R, TEEABOBESINT 5 ETEELRM 2R
LTWaz Latiflisnz,

IR TERNARI e 7 ve ESZRELZ EHXASNTVEY, @
HFT/RO2 757 LIRS HIEEARICREINI0ATH S, —
A b h etk Tz, MUEBEARSHNCR N B 27 -5 Rl
- THit-S1r bing, OB, FiEHoMTEERBICENTHMLRE
£ 25 OMEATHHETRHIES ) 6N A5, T OMOIIIER, IC 0L Rl
Bick > THICERN TV S XA USHI 7R3 MY,
intramuscular tendon & Fi & N2 MiMlaORERL 285>, ) 7 =0
YHCEROIRR, Mo MEZAEROFREBICEVTEREANA,

N5 ORGP B RO OEWRIZH 6 HTid s, (1)ZEH TR X
DB 25 5 MORER KRB OMFE T 5 B0 MR R
(2)receptor potential B4EMFICERINZ A 4 ONMEL LTOWMN
(3)EE P BRAED (DI — B RO T ICEE L TO MK MR E DB MG
by Eh 3,

221



222

BRMRESHEAROMAINS, SCREERLIUCLFTTRD
HHMECONT

it H R - BRI

IR L O HEMINRAIE L @I RIEL | KOWHE (1§
B2V FBOFEMRTREELRL ) 2 62, AEFERICIEENE FTIC
AT 2 AIERIE 2 & » TV 5. FEEERUIEHERE M L O RUmEHE & Julap
OFIZHMEYEHD T ) » SILE - THEIhTVA, NE—A e v/ F VL
FRIC X - THRUMAE L IEIETT 19 1@ 5 RER 21TV, 72 F /TS 3L
Ebirahz,

BEMIAORIN: o F FRFUF FTABICE - TFAHKF 41— (DB) &
b2 TWB, FUYAHET 4 —ILEET 5 2+ T AMREE D 2R L T3,
ZOMITIEEIRD >+ S RFIF AT a¥y &y » (PSD) & T OTEENZEY)
TEYF SRR E > TWD, 2N —Z T HBTIITOPSDHIZ—H
LT Pl LICEN BRI 0%, BERmLcY s bOREZALDE, iy
7 ANEAORANBAC—H LT, v+ TRPMNEAOMOBEALDAT LHT
L

1) K. Hama and K. Saito Gap junctions between the
supporting cells in some acoustico-vestibular receptors.
J. of Neurocytology 6, 1-12, 1977

2) K. Hama apnd K. Saito Fine structure of the afferent
synapse of the hair cells in the saccular macula of
the goldfish, with special reference to the anastomosing
tubules. J. of Neurocytology 6, 861-378, 1977



Bhi (3513 SMRBE RN

g @ EHBAFECE

H = AGEEOZARBICENT, CaRx/i4 2 BHTHATZ LW LEDIC
otz EMVH—HATE, LOCaR/S4 sh3NaR/ 4 & (EHRVES
A ) DI EBICE>TWSAREMED H 2 T & 2WET 3,

k2 W= 4 =BT £ 1 (R A &5 kGRS Bi— ML, ®OROM
TR A S AN A, TR 2 OROHEREE 20Oz U Tilsicid -
THRY 5, Chick hEeE ToMmgEREOERON L, Thick 2 A THE
(rBALDRERY LT 5, Y o —BRIEL 40 A VIBE %A L TR o
Y o — IO 2 HI5E « 28R L 12, T OB TIZAAGRIFENEDS
400mil#E LHVOT, WEHAEIEGTH 20~30MQ (B, Naz/$4 2 D
WS ¥ 26mV LN B DTH T,

FhoFr3orTNaA L 2 28067 5 &, BB THHED MRS
Il 5, COMREELRH B E, 254 SIRGOERELIEE 5, B2, (R
ORMHOE, UROZ A INBEES, CORRL 230®T boF b+
LURMETH 05 a2 b eABICENTACLICE Y BREN 3, E12C
D A4 2 ORMIZABA CalB OB ICITITHAL TRAT 3, Theo
BRI 5, TORAL 25 CaDRBANDHAILL - THEEINS b
D EMEENTZ,

L OCaRs¢4 & OFAEMA IR CHE: MR F5H O SHBERHESE T & 2 AJHENEL S
Vo NaR/$4 7 IZREHAEET 2 HPEIZIZI &N A A5, CaAssq 2 2MICIUE
HTHS. TEABADICCaE 2T, 105780 EE B TH) THNILIE
OWORKMICES 5, B 6 WM MEERIE 2B L TO A AMYE ( 40
ZWME M SO TOS ) PIZCap AL IR A 60, ThiCk » TIERE
THNaRA 4 2 DF| @ILlk-TWEEELS,

223



224



225

HEMOF o YRR+ U7 0RTE (LR CMT ITRS MR MHA

[EFEMOMEEROEMYRLHER | MROZREERCOOTOESR

S M KRERAE

HEFLIT W TR OWXEE 2 ERANCET A T L I3 DY TEETH
% WRBEHSFELTUDTTOYEBERICL S 6O, L2860
by EABEESICL 2 b OLOMHSEREL S5, L LIS
SHRREE L TIIE S 5 T L Id—RICT RV, Lichd- THICHES 5 008 —
b2 2 b TORSROZALHE dni At 2 § > Tk E T3,

¥ CHliii s hTVARERTIE, W, MEAR IR, HikRo4-03
W= b X BEL, HABOMEEZATNLLPBTES, HIT 8- F
2 pEREREEZLZCTORGORMBAED 6, WEIREESHLER S
i AR R HERE 5 LT E B, Atk C iRk 2 Lok
THIERT Vs VOBETRENE 6, HEIRKRKTRINS,

Te= dﬂi - d.ﬂi dui - dui
ST duy dt dt

MAtnihs a S — kX v OB THG 0y &R n: ALTHEET
AE &, mEEmAicie s,

d(ny +nz) dleV + e2V) duy
WS T T T g "t

- 2 dav doz de;
=(1+ Cl) C1— +(1+—dct ) Vv At

u+§%h=aa;uu+§34:amgkzmﬁﬂﬁﬁmsxw@ﬁe
AREHCH-T, Bl e, &RIEHE o ©BI(E % i i K5 %ill L THIS b
T AT EHTEA,

MR BN DDA — AL MIEDINTHEA, BRDI 8=
v MERITOWTORRES A SL OB &, o, MEDILdC1 At, 7H
VEERZHEAVAL 2HES 52 € LIzt h U Ttk K ¥ 2 T LHTATREIC
7%, WK EIEET 3RS ORBEMET 2 1200, %38 2V b

DHEBER 2§ - TRD B 1IMIC, 1 4 CMHETIC L 3 IEMIRERNE & i



226
RIS L 2 AERIES DAL L%,

1) Imai, Mori, Murakami, Yoshida,!Flow analysis in a

biological system adopting the buffer capacitor
concept J. Theor. Biol. Bubmitted 1978

2) Sk« & - HL o B ARESOEER~OEH
AALEMRE 40 (7) 169 1978

8) GF« # o Bk o S0 AR 2 B oY G RS N G
2 @A A & MY OME M L FEEE (5140) p80-83 1978



BIF@B/NROSRFS &/NROMIER
KRR —®  EHEHKEE

HEHIREREOH T carrier AT OEEHIHIRE LTWEY, TOEED—
2iF, BEETOLLS, carrierDT oMl TE TV LiLds,
carrier 4} FOH{k % homogeneous |TilittiT AL &idcarrier 41 F 25
T2 LB L THE, COFRIGET L oottt EEDEOME T
BLALTIRAGV, TLTEERTFOULNRSEHI1:DRN T ALY =X
vav hg37 ¢ BERALIZ, 77 ANTHE > TOAEIFHELIVDY
OFYEIL, #TRNTFICH ZMILUIMICHAET 2 FRERICE 52 T
BUERICHAFS B0 B000 A HITLE § - =477 ABITICRIT&/1ME 800 A
() 2t >PE%Z—M51LMT, size separation chromatography
2D, NERRLTHOICHENREERLSVO RELHRELS1Z,

# 7 L5EE, BEEEN, 14C-glucase ¥ mannitol uptake, ¥
itk 2IESE B, glucose uptake®Ed FHO %R T fraction &,
il rich 25 & MR- L1z, BIFBUMI~ND glucose uptakeDis
EE L, fEREG A hziiL b S EESLESE LM,

T DR BIRAEIEIC intact cell THM~ b N - FREE L HI
LTiRE Az, RIFiM/N %2l L T flux$ 5 glucoseltid Na® 14>
PBUBETHAC L, Cat HREZfIFALIRCMBES ALV L, Thb
~ flux 2 facilitated diffusion IZHES T &HHMED bz BNFER
i Nat & glucose @ influx of flux DMRIHMENH 6, D time
course 2HEHE LT, /MRICTERT 5 carrierl@ifi 2HER L1,

carrier OME 2T 2 AL S TWELY, HFIRE-X /o
v RTT 74— DIEAICE 2T, ZORMBRIZBRROESHSHZ D LD
s,

1. K. Ohsawa et al. Preparation of ultra-pure eynaptic
vesicles from the electric organ of Torpedo marmorata
by porous glass bead chromatography and estimation
of their acetylcholine content.

Exp. Brain Res., 24,9 1976

227



228

BNREDA F 2 BBEETF » RN
B EE KRR BET

Wi/ MRAIRO 4 7 B i MBI 297 5 ETHELHETSH 2
b Kt CI7 B EoBEBIERICEL, MO - —ETIEHT X
Ve FCTOhOIREETESSAL L SOUYWMEILE, A by TE70—
ERZHOTEEAELELL UGBS 2 HE2ER U, B/MElk~o 70
BEEOEREPSRIc LR S €A L, KNG IR CO2BTEmL, -
DNTHDT 5, BRIMEREEEICL - T, KOFHL, &2 Vsl
Ltz ek 3, COMEEDLKOBERERD 6h %, BOBDIZEE /I
RITHEA L, ZHUTh->TKRBHALIZZ LItk 5, ZOHEEDNSBHEDSEH
tEdssko b s, SO BE S LT, HELEEE 101 /2 B 1 H) 2 B b
& BEY e THb T,

ZHOEP PR FILOWTEBE2RY 2 &, WTIRA A RN PiE
PR-TEBL, BN A OBBPRENTHSC PO 12, KC1DH
ARCT OBBLI AL L, KTOBBSPHNTHE. THhITNY) /=4 v
PMATRK T OBmBEAERL{T5L, HLLTOEBNYKEL LS, ZDLH
24 F - OF#Iz Nernst OXE2AOTHINT & 5. TDNIFHOIEHTEENE
1% o OIMEROBEBMFEEICEZ L05 bD, T T Sl HEEGESIC
HAL, SBSEZEERNTELEZA6NE, TOME, &1 A 2E0R
BREIAROL 5 1e/s- Tz BELE#,

&k 0.1, Li*36, Nat26 , K*20, Rb*t16, 2Y+720, €17 0.4,
R RNECHE 20, V105, v avEE40, CZORE, Tk
7 =4 VBREELEL, T, WFFLOF ¢ ANVOFELTET B, B
FALF» AR 4 A ERICL > TA A2 EBSEHLELLN S,
T oA F » FVERMERD 7 =4 »F + FVOHEEFSITSIC L - THE X
nr,



HEERORm, CmRECH DT B0 o DfEA
B O—/  KERASE - 83

Wit L BERZOU CEREER & LTS L E—F 2 Ab3h Y, ERNTZEN
IR G o — A S SR T 2 5, WO L 3 403 L 4 2T
TRNERT L EFEFICALNS LS LBENTZT4 L 5 0IoAE
B2 A& Ehid, 20r53BBETLRENRA v e—4 2kl
>—2OEES) (enf) DF & EHTE 5 (Thevenin OFEF ) , MBI A HHE
BEBWTEDA v €= 4 ZIER L BH O THEETE S ( Bode @
W) , —J7 Hodgkin-Huxley ORI L g, NatoiEtHbizagETs
h, Nat OAFEHALE KT OFEH(SEEOBRETH h, £dbH0ZE{LILR
BUOHEBTH AT A -2 TEE D, W0 TREEASECTNISER Y
T3, emf LT 22 21242, EROERRD 2122 2D enfOZEL
DOHIENLHEDOFRY ThH b
et afilin s, 77 b —ROBEWNEEORIR 2 RET 2 &4 2 #A
T FOEBMOBIEN, A&, emfOB{LeMliELI, Thick 2 L HE
O EFINCE DOEIEROBRDUSNCER S enf MBS H H, T7+-0
1Tl A B A A0 OEFUIEA (FESOEK ) oBfics, Bikio
BROEHC—BIEOEROFEY LAROBA enfOPRKZEATVWEC LY
blpotze 2EhEHED LR E FREMTIL L § IWBIEROMD &, BiEEL enf
D ER R BN OERBRE TS 5 C L2%EHD Sl

229



230

1 bhav KU 7 OMBE & FRER
tE % BEERXE

T havFYTIZE 2 B ORBILER 7 ¥ » LGN electrogenic
B+ pump ICE > THIRENB LG, 14 H TOBRBLFATP B
DHENPLEAT, ATP EROYRIRNSBEICLE155,L25T, B
SHROTRTFERERDS h, THHSRECICMT %M 5 (L, EAOMEE
DOEMHHEINS T FNF 126 - 2L { ATP SMOMI N I Eikxh
LUIREME DS B o ARLRITR, BFEERBLEEY pathway b X3 20
&5 ER O B Y pathway I ATP &AL h, Chpic OMERDEZ
fiicahld, SHEOBILPERIMEhS =4 0¥ - EHhAE 1005 BV 0
WAEER T oy FIER SO, BROBAOL S KEDENS,

ExBy- (BSuh-BE%)+ -‘2-‘1:',—1n__L
[sH] Py, ¥

LG i, ATPARASBTEERPIENEL, Chd ZOMER
OLLANTH 2B ICIETAORIEL SMHMEN I AV F-IRA LR
TRTFOR & ITHd 2B NICER SO, BRIBROL I ICLS,
E=Ey
T FIFY 7 IREBWTHRINCE > TV ATPARKIGIZEY £lux Off-

TOBZFAF -2 LTHELmd The b electron flux®=FF—%FH
LTWahit, & ha K 7AND pH 35 & BN 20ET S C L itk - T
HEENAH %, 6L 3, PONMRO chemical shift #fffie LT, T b2
Y FYPHOpE ZRDEIT.4 LR ST & 2T 2,



HEBAL MBA(CMT S Nernst-Planck FEXOMEBBOMEICHOWT

aalll @th  FHRE - E

1 F v OFSEBROREA S K1 Nernat - Planck-Poisson 9712 R
Tdh 3 HROIMED T T E THREMSH 6N TWAFIIERD TLE 0,
Rz ATIdNernst D & 2D vonLane DN H 5 H3, Thuz4 F+
—HBEOADHETH Y, WEMITLERTEZL, /42O L %12
Verwey & Niessen®ifh’ & 3 43 CHIFRMBHNOAITHT 2 L DTH 5.
bl Donnan FilD & & OB ORI ZRM Iz, COROEER,
OIS TOENERED - L & eHOMMSTFET S, —2I3H 6 HICEN
HIA LSO T tanh ™' sinh KE(&i4 Debye B CHll » 1M DA
HifE, KidDebye ol ) NoR@almerRy, tho—iigoh 6 &
BT BRI %R L—T: AT R L 12D 5 coth sinh KEW OB 2757,
EHEOROEHHL RS 05 Verwey & Niessen 2 i {if 0 M7 IS L T
8, BN BEEAHE—IICTERT S 2, BORBHHHICHEOFEERA
WEET A EFAbN, BEELOWEV2F 605 (M1 ).

RO & FIIHEHO Taylor BHICE hiEMIRD bhiz, T/4bb
IER O « 24 4 U ME LRSI PETEDL Poisson TN 2 HAFEMC L
h BN T Nernst—Planck FREZUCUA LTS8 o0tz o SO R
IFFRDTEN( 2,8 ) o ERERRL, O L X ERVERIC—HT A, & B
1 - DRSS LAER TR 9 5 B TIEEEMOA S & chivMEsBbin
bo

R % W TEAN D% (constant field DRIE) #Uz5 L
LA TlidMiduniformly charged membrane, PHERETIIHHEM Y 0 L
7% trivial TR LG 6417500, Constant field & i H Zifid i1,
M6 % B ) < ST i A F Ui T 3 L BB h, Thidd
EHRHIEBETH S 5(3)e

1) Y. Shinagawa, Analytieal solution of the Poisson -
Boltzmann squation J.theor Biol. 72 608~610 1978

2) Y. Shinagawa & Yasuko Shinagawa. Solution of the
Nernst-Planck-Poisson equations 6th Int.Biophys.Cong. 1978

3) ¥. Shinagawa, Solution of the Nernst-Planck-Poisson
equations in non-esquilibrium states by the power series
expansion. J.theor Biol.to be published 1978

231



232

SR OMEBAIC & ZSMEIHRMIZONT

W - BBERKRTE

%ﬁ&uﬁﬁ&mﬁ,m%&%ﬂﬁﬁmﬁﬂuﬁﬂmﬁoﬂ%%%wmmw
BB TRATV A, COZMOVPOREY, RMROREENILL -T2 b
o= ENTNBLZ Lhibhr oz, BHFHICEE LORTFHIIIC@A L LN
O, ( ZWIESIEE ) BL UL 6, BoXBERONE L 7
ORI s1ow /i BIHESWIBORB 2R TH, —T fast L HiESHE
i, ZHEICRCE T A EEA  ORE 2ixtz T, IHORENHH 5 L
N D ZATHRABT 2L, HTRBATELY, E-T—REBOWFICE
S TAESRHAFERIS2REL, OB AL E, —RHALEONFIZE
ATELL, b FFIOZHIL, HORABRETIIWARTIRLS,
h%stage TIHITL AL OHMBEL/LY, H5 stageTIHIFE A E¥OIIN
FWiczs, b stage TOMEBEA 2 HMRL T, 1 L ICRHERAID %D
BSOS HMICBE L TWA T EAGE S iz, BMEAA L 5 LTHIFORA
BBEEIABDN, TDAH=XLZAWTHLY, HIEEOHARL A2
12e



233

MRREE (X 2MBAN 2 @4 # >~ ORE

WhE f—  EMYRIRER

HEMRIIE N RE L NEfi & T, FUWERNEHDROERLTVS,
e A 4 HEXMBEOBON KIS AMENEOMRKRE LTI, Eo
HERFICL-T, CaZofitd 24 #4 > ZLBELRAIRTCH 245, Na, K2
E LA A b U A8 & Lz, — 0, BRI ICHET 2 MRkic>
WTHE, KA A RS 100mMIC AT & BEBEEIZHER & LT U35,

0.8 mM LLED Ca ZDMD 2 4 F L3 EET 2 & 1053 AP AL i 58
BtEDS YT 5 -

ARETIE, WA HEAWEIZONT, @lENCas 4 O 125 T R
St 5, Meech(1972), Krnjevic(1972) OMEEMILM Ca O iF AE
BT, KSLBSBRIGPRE S h, #F’Ca 4 & Lok 5 KSEAERX
BREBRUI UL, 1 HEAMEIZBOTIE oMK 7ES 1mM~80mM
Cad A DHOBEHICHIBTZCLICE D, Cad +MEITIEL B HER
BB o, Cad A BEOFBIETRBIC L 5 BN EBSEETLIC L
DHEIBL I, 35612, 10mMELED CaZsi L Mn4 4 L OMlifIIC L b, @5
FRPIC—BEEO R4 2FEMS R Shiz, ThIXBXRIRICE 620Hi
HCad AL HDSEZINTRBTH %,



234
HMRERERCHIT ST FER

] € WORA¥E

ﬂﬁmﬁnﬂmﬁﬂas.7i/ntuna@#ﬁﬁxmxam!nﬂmﬁ
MUt 310, HREREMo LS 2 o AOMEK HREXOBMENE
Tet, Bulix o9 AR 2 BN S SBE L IEER, ROFR2
B1z.

1w 7§/ BOWHAEARICRET 2 Mok i FEORIERE(L
EPEDEV, ZOHIZMMIE L-alanine T 60mV ELEDBS & #4

IELBHICEBAALZLT, E-THHMICRONa 2242 5 LR ERIC
&> TR LBV,

2) ML LA SERGEEIC S - THLZEATROET, W, 72 /8ck
5 UEFENLSTEE (4PD) Z2HIES 5 &, R APDIZ+10~-110mV OREHL
(Vm) OWEHAT, VmERMICEAL TEELIZ, EL & Wit
APCERETORE TR ERUKFH LT ELVBEE H- 12,

8) MBI %252 L~VITETHDPEEE LUMEENE(BIHNLSIC
5, #D¥ 0 BHBEEIZE { DBE +20~20aVORMICH - 12, %
OREN LAV 2 T ATHEICHMIRAZEICLTHMREAT 2 L BFHRIE
MR GNhz. Zo+¥ oBifREAIEV DY A LR PERA TI2HAH
¥7, GLAROT CHMORTT Na &I Na D MO Na FRREL L
EAXHPBYEEDNS, W, 71/ MOBMNGIEHRE%HELTONa
OMBIZH LTS — b2 @l 2045 D Elbhs, MATZEEZR
HIZpET 3 E—iBEOF ==Y = P ARSI RET AH, -
MTIZEIZ ef flux 270 o 2 TARHRLBIREMATHIC EHES
s,



BRMECRBRROT RS

TEMEOL TR DT

R mT AR - RPN

HBBOLHE P MAEREMFRICE b 2N I SRS I &R
MEELTF—r$3 %4 o /RO MEMIELGEEL, NME=a—-0EL
TSR I BT VA Z EPBRAEN TN, COME K- r=
a =0 Y TRMRMIC—RICTFETI20THAD, ElF-Rir=a—
o ORI 2 A1) F = Y BHYF AR L hOESEHERIE
+ 7 2ME & HRFHMBEOCBN T 2FSBH 0 20212017 5 FOMPE
MR O & + 7 2 OREINE 2P OICEEL,

IR D L+ S 2 % 2+ FANEBDEEBICE - THET 2 & 2 NI
B3, B 1 0% 1 7 2HE 5004 FEOPELF 7 2ME(VDYE T+
FAAY)LAFLF SRR DBEE 12T TR, B2OZ 1 72
500 A HiE@H® &+ 7 2/ & [ 12004 HlSTHICERE T00A MO
MrEset - 1ER/MNEL 2E8DE -T2 TRATHE, MEOHEIZA |
6 TREBD U+ TADHHFV, NME= 2 — 0 XOFESR 6N TOEWE]
KB REMO—2T & 5 ER A RSN T3P & [ U 2 Mo v+ S A
DFET B, WID24TOFTRADHEHBT T%EE N,

—fHcER AR F -0 T R B H YT RNEE FhbhTway, W
BM@EMo &+ 7 APeE L B BRI T T MDD THEDES
BB IMIL, F—r AUNIEROH 2 LEL L RELTYHTA
DR Az, AT 1Bz 1 0 MO LENLE L TIE LT 7 ARORENE
iz b M  Z{ERRR 6 NY, CoORREH/MULF -/ L BHMET
RaVEBbhz, 7 9 FOZBHERNNO K -3 = 2 — o OYILNM
i 400080 E BN TV AL, ThP»EHEOBMNSGETE LA SDIEME
TS H ERCFAEPIOCHRE L OGP LETH S,

235

RESHESE



236

TRMETR 2K 5 ERMPETR

AREB +HB8 HWEAEE

DB TS LET 2 ARHEOUIROBE, MEOEHENSZMET
A HEEMTHENNT X — a4 —2HES %ﬁ?éiii#tit—-&*ﬁﬁib Bo fillE
OFADKAIZRED OFEREAF R L ORI F i 6 b hEdd
59, W Riex 5 ThHAICHIZNsOBICEDHFFTELNS LT 6
BWZETha.

HEFE ool OBRZILNEOAORE TRIESGShLNL H L HE
BERPE5 A5, 7 o MZEAMEDHRICRL, N6 ¥3EBEHYITHH, T
DBP B THFRONETMRLMET 2 LIS FEOMRTH- 20T
BB, BELHPL 7 o hOXMIRMOFOBESTREL 220, Wiz %% Dt
FIHROEM IS & S i1,

79 k% thiamylal sodium 508¢%¢ i.p TH# L THTBEUBiCL b
ATIFR 2700, MEPIEA I 2172 » T ETARIR 28N L, Biotronex
BRiEEt 7o — 7 28EN4 5, WEE2EHL, MlH7—7rvict - THEL
BRAFFRICREL, WEVNR2HET 5, To—Th bOEBIIE F il LT
BicE s, cCied 2 rREET R, To-THDHALODL 3 H 12 TIE
7o MIUMTIEW L2 L RWTE 2T ICE S,

MEDILEFIIMNFE Y 27 L B2 ARBIRY» SHAL, BEBDIRDENL
AU EOBEKEIRICEESIES L 5 lcL, BOMRIRLR OB T2 L.
FEICEE LTI 5 o ASbIRM AR & (UE2RMICES L, O, &8
RIFIER, O, BL CKBIRMEDRST 28knic@Ed 5,

7 v bEHLWVEIZB UL & 2 ORRORIESFORIG, Maitds
ARG, 4 RICEIT 2 e Mok ARG L a@iEn | >0 L ¥~
RIS E LT, BT akiiT st 0eBbhs, CORGIREDT » b
THBEL THRFICREITZ &M MES, CDresponse to new boxidils
G OEtE, ASKOAOMEoRMEZEC T, MEERBLLAY,
WARMHEIEMDT 2. L L propranolel 1mAgDIEKICE b
P-adrenoreceptor 270 v # LIz@® G new box DHRELET 5L, L
o, CEFEEMROEB IR AR IRTIECS 2 254, MiE
HEEITEMT 2L 51T/ %, O FERMIEMAMES FREMT 20T,



C DI RS R i UG D BB 1T L 4 a-adrenoreceptor #

NTH6DEELLNS,
Z D a-receptor ®HMAS propranolol S LINIIC  FFEE L1z & $7hud,

COE sRERERSELTADTHEH 6, LHEETLTIEERRAOED
bip-receptorOHEEHICL - TR SAUFL LUV, FIEL L= 12T 3
&, propranolol(FHURMERICIER LT, new box responselCTf L il
TERECBER T2 L 5 RLIZEZAREN L LVTHE S,

237



238

RN & R

A¥ IEF  RHEEEAN

T TR X P G L AT & S R I AR & B . R e T
e, T UCRBMOEINS A, (hREL DN, E, i, kR
& ABBESEET 5. WS, B8 - ST E b &S SIS BRI & B
WU OZ i YEE S h, BME GEWLERIcES sha, —HRO4 X
NAENBOEL b, BOME SN2 FENEE~OROBEIL, EE2ED
ARMOEETIZEL, iR "TabbMiict 2MOBSEL 25, T4
O LB OB OMEIITIE, EHEMIMTEICE 3B08 L WA EE~OOBE) &,
B ICd VEGEINARERL ) OROBKEHELERE & 25, (LN
EAWMTIE, EELTEERDBHMIM SN 505, BERKETIBELEOLE
Y%l A0IME TH O, MithkizCOM T b ARRMICES LToa,

PLEDL S KEFRRAGERBNBBOEELYRBO—TH Y, MEE
I ENRIC L b O & S h s oM R EES SHETH S, B b6
W, Tl SR FEA L ORERARBORENRICE hEEShakNmL
HEBOBREMBERIG, B TZOMBERIGOMEE L 25 (AR & kRl
B % 3T B AR DS FUE R RIS IC O W TR L I 2l TRz,
Y, FHEMENYV, CORIBIZBY 2HEMEROUHIZOVT R
HUt, 36 ICFRETIMMEZESITH T 5 BEBMEDILED, HERE, EHE
Bi7s & CNCHRBICE WBHET B T L 2w, COEED G & b ICHRIIIE
& G RR SN OHEMEIE YW T AR 2 D025 5,

AADE T F—Tik, CHAEZLDHEADOFN S, BINZEMEED N M
HEICBEL T, " WZCEMEEE, DRIRYE L ERnTOVWThEERLT
WAL " DOMMILONT T eRBHE 2RO L LTHRET 2,

Sl pentobarbitone filf L I AEI{EXE 2 ALy, EMIME duitikiL 16 4
@D microsphere2fWVTHIELTZ, ZDXX XD microsphere®AHiHE
BBRYS2NET 50T, MO countiit, TMMEMARICEHT 5,

BHE ., ERBMNETIE, HEMZHMERDEED L, Hildy E5 U,
TSR b BB 24, B2KPicAhHRO ER2W05 &, £
il T iR LI, BRIRES MmO A0®-MBALNS,

i LR, HoEENRIZE b, BE§ORTEO LF¥ A 60 A58103,



H W e i g is @it o i), (R 1z G e E=dh g dif i 5,

ELEORRE b, BlIRMES IS m o8 22 sl Fict h
HEhahd, BRI BN 2RSS L b & U SRR
I FRIcEE 20 A, BiFogmicit, Esim it myahnsgliec &
G, CORBGIREENNTS S EVAL 5. ELINT MmgRE ML BRRE
ERICE W BEISh BRIV TREBEOR P LEL T2,

239



240

ERHCHTSHROBA
AR E EREET

ERPHCHAT 5 L L iR - RO ZRSICEFONRL T LHT, $ROT
RICETBE & & Utze PROHRICHTHS » 125 LIERE & Mo
BEOELL, & 5KKE¥%ETDr. Rushmer & OFFRUIE2EML, Sy
Tl keylt LA L 5 BHERTEZ LODERBUTVWE L L 2O~

EMPTIE, TOLBHROMRELHEET AL 2ATFT-TVAN, L0
VESED b ROWIR DA A RERUIZNEB LTS, B | OFF%IZRERIC
o B REMECTEMEDIEA T, Th b O ARMNIZE T 2 B O/E
MEMRICL 6=TOLHHTHE, & 615, COTREEGHTL THERRES
H 6 WHBHEMAOMER T, BERZOLICELT 20, FBIOE
REDOL S RZEET 2 PILO2LTL 65120, i 2 OB HRIZTRBI I~
OURAIEICHOVT S 5P LOMBEEL TAIZV, T OFFFR b HBEHL O
BEEPFELOOT, REMSZVEOZMBLAVENZLTALS LE
ATV3, BIOWRIR, ERFOZ{ORAKEOIAMRTH 2. SHEEL
ERWEH T E L1208, FERICIZRUIMEILL 2XHOXBHRS | -
2HRSTARY: LOL S LERMAEHEDL 5 LB L & ODIL20T,
ERHFORAMTEE LS5 BB NELTHIZNV,



24

TR M DR 1 A

VR M8 WEAE-E

MG HEICSH 2 —EWHA ICEF ST 20X DRV EFEEST 2120 TH
hy 422V TRLFV L, Fha o EOEH4VE B TR
LM EE LW PR TWAZ ERELHLATVWS, Mo L7
FRCIERO B DA v ) YRHTUEL THRIZBI 27 ) a5 A ERe,
fMics 27 Ko iR 200 205, [ENESHICEEEE» 507 Furr
0 AR & O Y I B RESNT, RO S OMOER 2§
Te CHEDRNELDH LT KLt ) 30 IRIBHE % AT 228
DEMITEFLTOA L LRI LHGATVAY, BE, 1 >valy Yo
#13  fg ERERR A v DS AN b BRMES KU GM BRI 5 LHEAL
NaL5IKEatz,

Db R B i & O R EEE s (IERREL ) & ) SOHoM
BEDLERLTOWED R, H3 0 TRBICZALTNEREDL 5
REETRTH2BEL, OWERMICRIENLEATALZ, 1) 7FOW
EAICE b lnthifios ER4 2 &, WRMETIRROEBERIOET, 2HE e
EETIIMEEBHOMESALNI (9F), 2) 1y )V RE5KRE
AMEMHOE T TIz, NFMEEIHONE, HEMERIEROMRFEDHOET
BaHLNI(vHE),

Ch b O ik OFSR 2 WM 4 2 MO 5, WK FRICEETS T F oWl
B =2 -0 THSI,

BR2OWETIZEL, ELE - bICL 2RETHE—MIR M EO
=5 b IRP O M WEIRIEIZIE U CREE 2 b, AR T Tl g
BT ARSI - TWAZ & 2B EMITLIZ, ATEOBRORICHREL TRIE
LTOWALDTHAD.

&5, RWRMOBRIHEICA o2 ) 3B FPBCTRBICOVTOEK
EMENF =4, EIZDF 0T« TTIAF o V ERPIRERICOOT W
&L, PRI E S ICERMREEY —HEEROEEREORHO ML
OHHCLERELATRRZ D X MV,



242

EHE - BRTDTOERAMESTHONNEROMRL ZOICAICHTS
s

ZE Gt EVERGHEE & — U

R SR L OISR, 1R LR 28 5 ¢ &8
AlfiEL 2. FHMIMNIES LIFA.  FHUMGM 2T 2.  ORELSE
5T, BFOTHS, Kk HAH, ZHTHEMEMCH LWIFES2EAC L
walesEEERs R EELE2oNE,

Esieo B @RS O LR HTIZ E & LTHE F « FEbiRETribhts
hy FUEROTNS & IR EESOERILEHOERILESSEMrhTH
72e LU, & USER® - BT F CEMmMEGEE) 2308 « e s &8
OREL mtug, SEREMICH L ORGSR 27 29 2 B REEmN I
BNy 3, xc TLAOHRBATFTALESBS 12,

DACERAEMRONTE © [ EETHRETS 2. $PHE)T § llgEANERN RS 12
IR NA AR C S 2 N8N S b, (758D X TR S HIRE R AR
L 2ME2BET AT LHPERINI, cheBRT 510w, BAKX4ED
7= ARRE ML, W OREOBEMRE IR, W0
LRI ER DACFITIEH L TV A,

2)F L X —2EMOMFE | LICEERE CBEES Y - FETERG R0
O s Ick - TEHRICHES LELEPH 305, ZOHITNEIO A e
WIS NIDE T » L ANT LA =2 2R, BETOIMIGH
KL TORREZRML T3,

B)oiT 7 — & FARAE | ERIEE(L S h s B RSB R R M b - 12,
T CCHICIERA L OBIR %2 25 12008 - (T EEMEREEHA DT « &
TEBEZHELOTHE L, TOEMAMI>OTES L,



243
LR — A, VRTRIMID MEE R

=il XZE O BRAEE

L A2 2H0T, LREICRET 3 ZEMEOTHN FITRIC>OTIRE LI,

(1) TEMREORICED D ORBEE LT, EEOER FR ER,
IMES TR, SSiRMB(CEIAEBEL2EAL, ThTho®
RMBICH L, DRSS 5 S0EESMEET, (HIZR2HLLT
ARRENIEESIRTE I,

(2) Til (Ce ) DEMFELNML, RAOFRENEE 2R H2HELT
b, TORSREEREICE VEREL, BilE, Lo BhEsid
(IGEDRD, MELBEL,

(3 FihsiL, MREWERICI L, MABLTORWZ Ldbh-T, £
1z, HMOMEORMEH, BREMOFESMERICLETH -1z, ZEE
BOFEICESL, FITEH TOREE XS L b - 12

2. 79 b2ROT, CEEEMEOZBHEEIN = 2 — 0 S ICiif$ 3 ik

g% HRP T L 12,

(1) ECGEREUCT 2 LXOHREENMELRIML T, OREIEEE R
KEZEL, YZMICHR P REALIL,

(2 HRPBM=2:-—v2%, BEFHOEHZLONIE, Ho N,
WERA D FIEPHERIE L « KERRES « S QURBERIEE: « IGO0 » B AT
nEREDI,

(3) ARREHPIEOMEEILISHE, THHE, EHELoDHENHO AL L
%, SEOMROMERMICKSLTELSAT.



244

EH—ERHMERBICO0NT

G X EGHEEAL

A — B R PR Al s B HEFESEM R 25 - TWA D125 3 s

ERMBORRETITRIEL T, h— RRBRIGLTOAY, ChETOHE
L5, LOPRD F— RROBRBFICOWTOW L LRI ZINTNG
Ve (k- BERMBRIPOREHCTI 2L, RERESL S GEREMES N
L THIFFRMERICLEA S NLAMHY, &6 (RO h—R2E2#FT 20
ICHERICEBE LU LR L TOAICHB VW EELA LGNS,

INE Ty ¥ -2 LDRES, BiRE, S50RBROL S LB EHER
IEQMFIEERNICL CHILNTVWAIRZ DD LT, TOWEGANOE
MO EINT &1z, HERTEOBOSMAEROMERRIIZ S, WIMETE O
BY & DTS &y ABITHVEL TG % RAHEICER L, ZORE, R 25 DY
ITHHIR I W EE R ONE, LIchi-T, 0L 5 5B St — BRI
BHRDETARMEFOUIHL S FTWREL T ZEHTEBETH S, 15ICE
OB, sk 12 R 2 H O TERREOHRE2EEL b OIKT 50
DETHAHLHICB S, RNT, ZORERBIEBRMOIFHEHDYH 5012
FDIGH 2MAE<ETHS 9,

& HICHBMEROEOEREICIE, NBOROIEMEOFERICE 2462 F
24T 4 9 Y BBEHBRT « — Foxy RS EELQR 2R LTLE,
LML 5 SHEEROMEMEEERNIIC L D B R REOMERS ) 2 R 3 5 g,
PRE — B ARTE & A LI — B MR RS & b IFIEh S, £ T THED SO
FIMEAR &, FEEROEANSPEMERATTELEY, eahT, %
ORERED GO B IRIEO R B IcfTbh T3 L ELLN %,
SETOITHITE L % A ST 2 17 5 BEIES K X0,



HEHPICE T IMPMSE

HEMELAF R

i B HEAE-#

iR OYFEDOIEB 4+ EFEO—Iz" Chaos " b 5,
zhud, MEZRERNLZEET o+ 23, FERICZ A AT 4 o 2 50FEN
TRRATHALEWHIRI FFLANVELDTHS,
Z L Tlt, Li-Yorke(1974), Lasota(1977), |UO—{28F (1979)®D
HH % 2 >OAEVPENZFICH TR TEIEL LIV,
EDLOKRDEDTH S,
i) 1 i EYIBE ($51C non-overlapping generation®& & ) O]
Sl 7w
) iz 2RMKEEDE TV
WFholg s, cheoBRE LG 27 OAREAGTETHEY, 1
DDIRT A= =B &AK, TOWMMTL 205> THROREIN 2L,
LI P&, FINE, 2 [ DRIARE, -ooenoeeeee
&, EHRORERITV, & AT X —4 —OlfLIETIL, " Chaos "& LiFh
AEMLRESRT D,
BHOWEFIX DobIRUHT, BR, DEVWINIcET s,
i) 1 EOEYEER D REE
| FoAY BB O A HicowvTI3, &<, w42, Verhulst-
Pearl D ifisi® %, u% population&¥ %L,

(1) —:‘ti= eu (Malthus) Tdhh

1870 e>0
(2) :—u= u(e-hu) (Verhulst-Pearl) Téhh e,h>0
8 1920

MBS 7 IFEE, BHERL a0 s INzDHEHOMAAICLL S
TIE 2Tz, BlaltOnd, R TRITT, TORORTIL, SFRIL
LiENSHBTH D,

245

MRSHESE



246

CLOEINBEELTVE, FRBITSY, hidAEWE density effect
& Lighe,
LT AH, 19404E(C, RBERADEIES U LHXTWAERES L, Coih
BFLE I HTRELSLNCEEZRRLE,

Bl AL, FIAMES, WHEMKIE 19416, <2/ oho 1l ( 2hizg
iz X 545, non-overlapping generationTh 5, ) DI ZBWEL,

KD —T2W/<5 L, BEICET 20T, BMEREUSBLICE2REL
TWa,

R, HHEDOHNIR, CoEOEMIAREAORBILICELT Nz R
HTiIHE I L INET VG Falltflo population® Xnd it d

= Xn
(3) Xn+1 =
THaT) b=o % C=(l-o L 222, WO Exact
gol. LD ThI, THTiE, Z&iEdETEHC Hhil,

ZDIWIE, T modify LT

—eAL

1
b+CXn =) (0< e < 1)

4) Xn+1=Xn (

L&f, b, C, oRENICESL, REICHMERDHIBCEE, ThL
1, BIOMD7 2T 98T BNIRN 20 X2 REEE TRETES
z Etibratze (1958)

LT A ZFOLMNES-T, R. May id, RICRDZ L%, 22—



247

SAERITL - ThEDWIZ, E70IL, ERCLR)D Buler EMETH B,

oy = Un (e-hun)

-cc-ezﬁ--;v&b-i-c,%m Xn &H13E, a=1+eat

(6) Xn+1=a Xn(1-Xn)
R. May DSEEDSDIZDIX, KD &THB,
OO HFEADOMICHONT, I =2—a (T4bb1+eat) Offie
0<a<4THREL, 0<Xn< 1 26ESRIC0<Xn+1 <1THE,
a0 bd 2TRILS UL, MoMBICIZAELZTIENELS,

() 0<a<1,Xo (ERT Xn| 0 (n—o0)

@ 1<a<2, 7 ol 1-1 (n>o)

(Utida)ey) 2<a<3y , Xo fERT XM 1-L (no +oo) zemm

( # )G 8<a<1+VE =844, Xo=1-L1LBD X0 lE21VT, B
W2 ORWER 1+vg < a, UL 40, 8RN, 168,
LV HRONEFER, AT /97 £ — ¥ — a DI 859 1M
Hita,

(1) 859 < a2 Tk, HMETIRBLZONE S H-THTHLYL
H, &Lk, BHOBMORZ2HUIMER, EbHTFIr—Hk
{CXoidepend LT, MXn®D n =+ 0 TOEFHEH-TLADT
BB, LO (), DBBICHONTHEOMBHTE TS,

Nicholson @ EIzh AW =ONMOBRFIE (B OBEHHTIEE
HEbihg,

O Mi&
—RHT £0x) R OB UM T L T3, 2O P(x) ITEHEHD
) {xn} %
(7 Xn+1 =f(Xn) n=0,1,2, =
TED 3,

AWLLT, fP)=X, »2, PPx)+=X 1<s<p
B hizoE R XIH)O p-periocdic point & L4,
© Sarkouski(1964) OiEM

TRTOEDBBERD L 5 1L 53,
BB T oo 208 < 205 < oerennl 2808 200 5 venne



248

------ <2Megc2ep 2 e r oo QN 2 e 2 <1
COFFNDOBYFET, Sp<q&Ts&L, & LN p-periodic sol. #&T
i, ¥NTDq-perisdic gol. BAMHFEET S, OIRP=2 THhH, BT
IR RRO—FOFNTE 5, (@845 a =882 Tk @)D IZ2W1T
8 - periodic point DFEMIEHINE. T b 105,
© Li-Yorke (1974) OigH .

ENHRANCENC, £ IREHE T (HRTH L) 26 T DR LR
ThiHel, ROL5B4R3BHHLTS

d<a<b<e, d,a,b,c €1, P>

f f(a)=b, f(b)=C, f(c)=d
UEDEEDS LI, (Generalised period 8 condition & J.4¢)

(1) §NTOHBMKICoNT, k-periodic pt. BH 3,

(2) uncountable set S<IT

1im
p.qes LTS

(3) peS, q%2fEOk-periodic pt. £LT,
14 -
nco | £1(P)=27(q) [=8>0 b,
© o~ (REF (1979) OEH
PO TR & ERE~DEG LR TH H, o, AT
du _
(9) at = £(u)
BEHEAILE, F(W)=0L45, Ll Ld 220(Me H, TDO— 2N
TEThDETH., | RERICE H, RENITIR, ROCZLeAatlzshTNA

£ %,

| #%p)- £%q) | >8, M =0

n—Cco

f(o)=f(u)=0, 20>0
@ £(u)>0 (0<u<u)
f(u)<0 (u<u<k)

LDk=+oDEEtH2, (R. May OFI1))
ZODL %, (9D Buler #4ME :
() Xn+1 =Xn+Atf£(Xn)
REIBL, RONRHRLT S,
A) GODEDS &L, HBCi1HH-T, A>Cp L HIE, (X Li-
Yorke DMK T Chaotic IL/E 3,
B) WOME+ k =+0oD & &3, H5Caddd-T, WOEMIEIH M
Xl [o,altnh [0 ,a WOER (A<CaGIE) 12D, C&DOCITHE,
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i) RiMERD'E% Production of red cells!:

FE ol 1L bone marrow B TH I abh s, i, MEREDOE
{BIEC T ToEERBSEM T AbNIOT, ThThOMRREN
THEREDTHZIL b5 T, HE HBLA L TMERUMRIAS L LL
b5, iR ROWA I, FRMERO LSV TOBNMRBSRENS. COE
Fok LT, 19684FD0rr, Kirk, Gray, Anderson @F 2o ERL
HB,

ThabL, BEVIZHEDRIC, incompatible red cell iso-antibody
2IEH L (2days), Zhitd - TATMICHEMOPERIN Baemolytic anaemia
RELIVALLTHS, HRIZNIEDOES haemoglobin & reticulocyte
(18R ) DiE- 5 b LIZEiRE R b, ZoBEMIEEHORBIE hHv
HAKTHB, (20 days) W, HHEORTIE, ORIEEHODH TR
bOT, iR E21 6LV, reticulocyte & hasmoglobin Dfififlid

1 B h TV 5, ERICHENLEF v e LTRMERD @ % x(®) & LIAHS
MICRMBRSRR S haitd i x IKERPIT 2 L L,

=a’x
d \L//\n
a?a.&&3n5ru

== (k x)%" (Wazewska-Czyzewska)
12 —d—t‘-= -d+p=[ax+(kx)sa q*:T.. 83T 0‘.q>0
5%4 5, illid Yamaguti—Matano OR{F L2 AIZFOT, ZOBuler #
DEEST, HlEIABALELT,
Xn+1 -Xn=At[-0Xn+(kXn)S%e %]

, 1-8 EY
TIT Ot0'=0, qXn=Un, q 8 ,,8 ,._q &80

(3 Un1 -Un=-oUn+ (Cun)Se U0 0<a< |
LW EFADBLENL, ThiIZ2WTH, LOEMTAL NS 5 B
& & Chaos E6NAHZ ERERIE L Thr 5,
COAESIKENRDT L Lasotall f~ TREIN T A,
(8 @=0.1 (Normal) €=0.47 , §=8
un=24 Un| 0 (n— +o0)
un=2.5 un /' u= 154 u'tly 154 ----—-
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(b) a=0.4 (Diseass)

1o <383 un | 0

do =84 un NVV\ 2 periodie pt. {195
g = 1
e kiﬂ Uk=5(15.5+10.7)=13.1

(e) ¢=0.8 (Severe disease)

S(u)=(1-a)u+(Cu)®e™"

452 S(u): XE[4.2,151] — [4.2 ,151] map
Uo=4.2 Chaos iZih
lo<4.1 un—0 (h—w)

Ly Lasata djl@EF

Qe out (ku) % T BB E LTV,

ur Fuor-Hs{hThs,

1) T.Y.Li=J. Yorke, Period 3 implies chaos
Amer. Math. Monthly B82(1975) 985-992
2) Ain, Sarkoski, Co-existence of ths cyols of continous
mapping of the line into itself.
Ukrain. Math. 2.16(1964) 61-71
3) M. Yamaguti-H. Matano, Bulers finite difference schems
and chaos.
Proe. Jap. Acad.(1979)to appear.
4) J.8.0rr, J. Kirk,K.G.Gray and J.R.Anderson
‘ A study of the inter dependence of red
cell and bone marrow stem cell populations
Brit. J. Haemotology 15(1968) 23-84



Skinned fiber MEMICHFE, =  ZOMEICOWT

R et g K EIERFEE

HIRED T FRISIGEEN S h DRIEE THLpIcEhTIREZ DD, &
= ZHAIEICBOTIRNOREDS ¥ O L 5 55 FRINICL - TERZ 5 00
BELBEALD-TWVIV, LZATskinned fiber®FET AL
fii% DERITL > THKE UL EEDT 5, BOMDOWRME SR 5 DIXEH
THAH BIRALOBEIZIZHEEY §7-0, TOERIZNOTFAEHEMNRY]

D6 pDFESp I ANENEELIL6NS, HXldskinned fiber

DIRNMAREFIc20T, =, =WF2MAL,

T2 N 2N AL 6 TR &£ DL, B T skinned
fiber ZlE-1z, WHRA L= =D h T RAF 2 —H—THEL, T
DORAKRGHEE TR S SRR ICEl 2 —EOR 3 3@ICHED, ¥o
ICELISRAOPHO ERLIZ 0 2 F TORIM A 6HIE L1z,

RIVPADOERE LT, 14 EOWL, KoFEKRILL 2ER, PVP
(polyvinylpyrrolidone) DEMD 8 flic DLV TEITHE Iz, 1 A 480
20.2550.1 3IIEFT 4L, $CIKAIGATVSI Y Ca BEME Y 26
#{/ch, Ca iGMETF CORAIRINLS 0% ERMML 1285, WEGITOR
KETEEE T LA EBILL s 12, KETKTRIRT 2 &, MO
HBIL TRARIEKE o, £RBTIHL 0% ML I05, XK
IR 4 0 %00 Uiz, PVP 2/08HINA S & Cali®ZiEns i icim g
3 ESHICIRAIRNI S 1 5~ 8 0 %REERML 1243, COWE b KR

Wi 8 0% L1z, PVE AR TIZEMIC CafiSiE 6 ARERN ML

2o PVPIAZOAFRITY X 503, BSICHREBHA ICALZNWEEL LN,
fids iz skinned fiber DEMIPVE P THAL TS, LhL, KSHFAL

VAN OS2 IMA I L & § RARERIGENT 20T, HETADELZ

1 722 MEROMLH CORNBAOFRTHAhEPEIAHTH 5, 126,
Zoffictz & At halothane ® L 5 L3HEWIC L - T b RAFRER AT
Bo

LLEDBNARFIE, Wi d Tz 2. 0pm Ll LM THiE i< MBEH%
IR IR 2R L1,

PVPIXE/KEIIZEA 5 2300 F TIBNMARIERNIZ S B s /eh - 123,
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AP TS 4 M T 5 LRNIT26ITRALI. LLEORRIR, DL
b K EEA A4 ABEORDMA(EBBEENTNI 2 OBTICLS6DTH
ACLeTMT A,

S8, RWPICT 2 FOBEBREETE 2 0 27 ) o 2OUMRNNKILA
FICL > TRADENE XBHEIET, E12. 2027 Y 5 SORFRTHE
A & SR OBERMOZL THET 2 2 L2 Ltk hilhk(bo
MexbILERT 2 FETH S,



FEOMRLMNEENH

fiEEEoFTRNMAICONT

M| R FREXEE

A Ao LELEMENZ, M2 OREF, (U8 - EEANSS
AitrKrebs WP IC il L, X M HEERHECIRTRIM A MA 2, WM 11T
W o 2kl CEIBE ) Wl e sz R B0, MHERELEO S RN
HEOELL2E RT3,

ik AWM EETENEN 208, sva—Z (10aM) 280
Krebs fHiCiEd L, 0.C0: BEX(95%/56%) 2+ 4 5, 3TCE 1
1210C FOHARB %A (20V, 10He, Imseci§i¥, 80min), [{HIZMHD
Hiklck b, —EEEL, =80t oiIEETAC L2, Hix O (0~
37C) F T, KDL 3 2 (RBMEE - BHERG 2MAI Krebsilith T, 0-3073
HIE & Wi @iciihE Lz ; #ova—2 ) 10, BIET F—48 ! 10aM, €
73— FREgE; 500pM, 2,4 = 2= b8 7 52— 4004M, KCN, 4001M),
ez RS ATMOUIT 2 MWL, WRITMEEL 1,

i (D WMIED] 87C FTId, &+ F2/IOE, K]
DHLA « FEMESI S Ntz, 10C FTOHMLI: A OTIR, &+ 7 ZPfuicH
Tz, fFRMas AL NIz, FERAHOKRIMEIZINETH- 12,

M EiEE DHEOHE 30min#ics??, 10C FT, RFEeLEIEY
Abhhtch, 0CTIREb-1, 875 10CTF, SminTik DD SFF 2/
fal, Fi i, MBS AN, BAEEBOIA « HiihhHb - 12,
DA —-ARRL &, BRICIEEGHB ANz, EIET F—8 (10aM)
PMA S L, EENEHLNIZ, 8) (=20 — ) (RBIWHR i 8 MiofUH
PSR 2MA BT, 87TC, 15minB WG, TERLH 6 ML A
b, R MEMEREL TV, 87C, dminBWIEDOTIE, 3 bo—ab
T, EEOBAL AL N,

Bl B8 WEUMEMATTES, v+ 7 ANEUOE(L, ¥RBEE
@l (HEA « ML) ITIREEEFEELSSH b, (KR FTi v 7 7 20 E0
MEEIR D70 & F M 2 B A, PMEOHEO IR IZIE ST F
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k=2, HRUNAOKESEER TS, BILERIZEEKEFENTS Y,
TANF—-RBKEN (LI i FY 7 RRET 5 R08IC) TH B,
CNLEOHRRLBIE LA G, MERKILEY 2 o+ TR EDHE, The
R b=v2LOMRPEELIL



AEEVERRO LS O—D07 7 a—F

HE ®z2 EWERAE

R FE 4V E 2k 5 FEEGTEEREDY Harris ik - TIRIBEIQTH
5, FRICOERICHEDT, TRHE, LE-REOWMESHEV X hiz, EHTHED
HEEEESET A TO 6T F F A E IR Iic i i % & - T
¥, EBILFEMSEOSTTbh, ZNb0HES FHhH, WAL EFEREKIC
FLWERMSENL,

DX 3T, —oOEMFEHYE O, WERE, SWLHLOBRITS
ATHALEpODLY, WHRICBNT, B2 LTEZADL- DR, %
DFERLEBRER( 77 574 /L) CHRCEDBRERELEFHRATHY, £
BlEMEDRMBEIER, MRICEMTEOMBEL - T, BRiE, WiEELED
EEWVWA s,

Substance P(1871), somatostatin(1973), neurotensin(1975)
DN T Met 5. & Lou-enkephalin(1975) LA D7 o ~FILL - T,
ARG~ 7 FOREDIH L I3 h 3 L3R, Zh 6 OEMFEN B,
ST, o, EBRE~OIEMLZHAh~OBRMBEsh2255,

NG DRI LW 6 L 5 12, NRICIEET 3 BRROVE S RTET 2
IZid, —2OFEDAMENE 2GRS LT, MEE, U b FROVIEENE
HEeRWT, WAHEZERL TITL OVRETHS, UL, TOHRKIZIT
i, MROBRIZBWT LT A2THAS KAMHLRELTLESC
EHBLIELETH S, — 7, LEAMERCHOE 2, 2L OVAONY, WS
REZ{THDIF, BUWLHETIE®HE T,

bnbhid, #FEO LE-RETROREERZHRIC, WA OBRQITI: > THIM
EUEYEHOBRELRA, FUWENLERAR<LTF I (@-nec—~endorphin) %
R, TOMERmORE, BEDNERO—2Td 5 Leu~-enkephalinfi

BEOFEAEICMELS A 202812, i, bhbhbifT-7za-neo-
endorphin fR2HIC L - T, WRNEHDEBED— D7 v —F 2Hif
9% ad M
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REBMOLF T RNBICONT
ANTE O FER BRI BSEE ThiBEERRRE

U T ANBIE R ARTICFEEL, MR/ EHE S E ORI
mﬁ%ﬁ%&ﬁf%t%ien,%mﬁﬁm%f&ﬁﬂ&ﬁ%ﬁ@&&?mﬁ
oMl EManta, KNRTRAABHO L+ FAMEONFL LT
OIEANFEER 2N T2 LI Y, BFLitsids o+ 720
OHE L EOMMCH G L LS5 LT3 0OT, TOUBRHIZET 5RE 2H
=

MM EHE D v S ANEERNE Y VKIRRE DS, S —Fro—a—L R
170 —4 -2 Uk IER RSO EICE HhHMLI, ~ i
I 0.3M 5% 0.4 MBilD S RMVID D 150 o F RN 2181, €
NHDORMIZONWTHE FEMSEE « BEODHT « SR « 7 LRkl 5
T« B 0w b T 25 BT 12

FRLWE | 247 « THARICL 2WHEME TIL 0.8M 43I L O 04M 5
i 6/ btz o 7 ZNREEHCRELERIZRY 5 N h - 128, D
P> 5 R I FEUITA S ITRL B, 0.8M 400l > & 18 7230 F DL
BIET0~808 TH h, 0.4M3ED 6 GIHHOZNIL 160~180STh -1,
gEFHER L= ORBREP LHBHNS 27 7 A/NROREFRR 1808 1213
EEWVETH H, ThiICHET2HFTHEEEALNAY, MFICONTIE
2RO FTH A0, HAVRAHAWRICHETO L+ T7AMETHE»H
LB 2ES D, 727 4 T4 L EMEAVEIEEORSEIITOMRET
&, 03MAEH, 04MABEOMEIICHEBRMLpE 4 TRIFLERRLI,
S FANBIEREND S R BEDT T/ BHENT, BT I ERESE
U-THEWC & BERTIUL, OF P 2/NBOERITIZEM: 2 ¢ 2 QH T
THOPEHNED, DXL, 03MAMISL T 08M Sl % 2 % SDS, 5%
WhT hxh ) =V RIT a1z, 125%7 2 Vb7 T FAVRKKE)
TS 20 O RITE-12L T 5, BEZOKIFEDNY FHRD S
Ny SRR T A2 2 S 2 EHOA Y FRRIla NIz, Thbds b,
HrRy2HE, 35T 38K9F 458F, 68T, T8 TMH e
YEIF VYV A DU T RPNFRES R BTN 5O TH S, LB
KellySic & - T hr L ek + 72 cb 4 & 1 FELF



DERYWBEELALNL I THS, SDSUES {742 - RFIZRARICH
FALBOEDS LTSK-8000SWERAIWTEERE 2 0= 73 703 814
2128, FARKKBONFMRICHCT IBELB1, Sl oy
MBTAG TS TRFERS LE 205, B S CREZ TS
ABLL®, U TANEEED GRS s BX OB L, TiLHF
LA TOFRLED TITL LTORGELAROFNLRBELIDTIRE
Wit BRAHNE,
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ST 2ANBOELEHTAR
M e ZHBMAkEE - B

M&ﬁ#ﬁﬂ%ﬁﬁf@lﬁ&ﬂﬁmib&@sn%md.iﬁ%ﬁmmb
DL PITLE - TV, (ERYEARHOBIBDETBORME, DLt
EARICIREIRZ 6 O LIRELTERZEY, HRL2HNTIFNES T,
IhF CRHESNIBIHIRIBOERIEI<TT 5 LITHEIZESWT S,
MAT, 2202 LEATING, a)/|flidin vivo TEIT T2 LBAT,
BRABEHPEBZREAETRTLEFICHPTELIOT, TOL I IhiliEeE
{o D)EEWE N o+ F RS HEBEIC L > T AMBARH A3 051
FOAEBEATRELWET 5, THhPERE LTIFEMIIET, RAEIER
LZOMRBHEDT 51z, L TCIRFICZOFREPOE LT, EEMTURH
G5 o+ TADRBERORPNCOVTEATVELNER S,

v FRNESEEY TR BN 20, o 7 Z[IEIC—EMITEE Ui
DAL L Ma L oI HOBRESLZVWETENZON, 500
MRS S S Ui & ek 0— M & AR h BITEIR I h 2 Db &0 5
Wi,

F SV LOMRS ML, TOMBE WL 0TS
SDSHE U 7 & N7 ¥ FIRAKEICSL Y HB L TAS, TOMH TizHM
BAHERMICAL PITWADT, v+ FR/NEED >+ FAMBEICHE T2 &
BATAVS LV, $10MED Y44 2 9 0 hE s 203 2 H~Omlof
LBERIOVFMANTVAEBATERVLL S 15,

e Ca® " MBETH 2 HIES  OMMOKED bH» LN TVEY, (F
MBI oV TIREROE B2V, BEDA A 7 4 7 2l 1288, o+
FAMIRS 5 ATPase & /8 7 E Mt UBERE L TOMEHE 28188
hId, MBRRICHAT7T 2 F 34T BOY 3D b RICEES LTV
LFHAT, FEHEREVSE LY, THHSATP RIVKIMT 25 Mg 2ER
Ly o cd TR LD S 6 ODL 51,

vFF2NEB Y4 2 ) TR 6E, T LTZOEENINBEO %
nd hEL g, BB+ 72 — AROMEEIRE - TRV, 8
FHRB2HEOHATAZ LM B2 B TRIFFTRBELICRS,

DX 3 ITNEL o+ AL SHHE R LI HSREEMES R 3 h 3



B LW INEE o7 by — AMEST E ORI RED, IMab boEEME
D PRRTHB, YTFTRA S U9 o s VHRUBIERABREEL, V7
FhY—ALE, w42 0V-LLEEE, T ZERICEV. it
ATP, Mgt Ca’t Bm DR & 3 RRNTICT 3 LA b, Lithis
THICHBELERTZ, et 521255985 KL hoDbOTHB L
BEATEWE 1
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Y EREREES + T R\ O Stoichiometry
AR —% HHAY K

o M MAMBIT Torped marmorata ® 77 A/l

RMBITHAIC 2+ 7 2 % § MRS D 6 AR 2+ 7 2/ ( FE
#1880~9504 ) 212 b I SR AIEY, BOWE ¥ I 2ANTFHS L0
b5 7 ¢ —RRE > TR NI MBS o+ F RN 2 AEALER)
5T U IR R IR DD & i i - 124

WA 28.5pg/me FIEASH

I ® 1eopgmer #

Ach  128.6nmoles/mé 7 HRERAAN

ATP 154nmoles/mf » »#

L2 38X10" B/ mé SIRARN

Thp 63 ) AFEEARED & F FRIRITIE 7T £ F 03 ) 55 19.9 X
107 A Fa=u FRELUTHFET AL LHBBD A,

oigLEMID o+ RN
Guinea pig OXKWEEMN 6 ¥+ 7 Z/pa%RLT, MFICE 3HE
Ti3 homogeous & 2 & 11 % NVEIMER/IMA ( K 850~500A) D Ach &
fi2W~<2 L 30053 F/ v+ FRANBOERYE b1, MAEMENIC
Mtsshicor FRMESHERD Achk b b/havilie -1z,
contamination 43 & 3 @b, FEPD L F 7 2|EH B AN 2 M L
TLESEODDOYGEILHETH 5,

o S 2NEO R RFEZ R
L S ZNMED electrophoresis®fT-T, RMMiMEE e 2 RknA1:
¥, ¢ -\i28EL:,
OGS 4 M 0.15, 4 4 BEHAK = 1.269 X107, WLrkR) ST
ME=~-079uM.sec” ' .v '.om®i§, {=-10.858mV 2712,
HBORR 0 =95X10"C.cm* 21z
53l & 112 o+ F Z/AMEICIZ 1685A°IC | B negative charge® b -T
WAHTZ EDHEMICL T,
4 4 RO pH, &IIIRBO ¢ - MUOBIER28ET 3,



SELIABMEBEOAY YL FTRNRE
B BF #HEAE-E

¥ x4 (Torpedo marmorata)BHABEHLEHEO Y AL+
ZNE ML, TOLERRRCEARMARSS LI, RO « g
e RTACLICE WREAESIOOT2F 3 Y (Ach) HIRES
10(5EH A Z LM TEL, THLTHLN L FFRNEIEHE 1 wh2h,
Ach 6.9u%), ATP LOpEANBR%, IHASRIHEAWDS.6ME(%) &
Uil 2R,

i & 3 2/ SDSH NV IRAKE) T—EDEA ¥ 2 — Y BIRL, %
D5 Fhikik 20,000~160,000 IZH 125, MO 7TYH RN T 5L ELS
T EREDFREEEANE (V2 0%2 92 (FR10,000) RS
N, 212, 2Dy Fa=TVy [23R)V ) E—BTBFE
FELEV, LbL, 2Oy T AMARIR LA BRT 2 F o 2—BT
MR EYBARENE, —RTARAS TEICFL{HRLIZELS, L0
HAHRGAT 2 F - 2 Y b hIEREMOSRALTRL, FHANET Y+
vicBTatoLtBbhs,

ULoBBIRre v Ly SRNEVBEAKDO 2 T 2EIIAVT L 2L
TELTED, [Vxi¥a) ] OIFNAROFHRMPLRE L1, £
O/, [T2o¥a) ] BERAATIRAL, 207 T/ BO0%LLEIRS
FFFESERRLTWIWGE7 2 /M THE L LBHLEMICE-12, HiL,
[Yzo¥al)r) itid, vorfe7 I 2@8RT1I0 1 OELETETH
TEH, YVIW ) hO—MTHs T L¥Ren, M¥NMEDY Y
aH IV HZRIBEAE I MBI 0.2W TH S, BED LTS,

[ 2 %2l ] BUNROAMIZS S D, HITHEL TV DDA
ThaH, PIEHAEThiE, wA b LD~ L EOHLBEL LN
Be

DELZABABEIREL, 2V ML F TR -LOMHE LTHIRET,
MEDOHWLOPB6N S (EAWUSH: HD Ach B RIZMILEBPIRED &+ 7 b
S=LD500~1000{51CRT 5 ) LDLIBLFT b S—adbLF+T b
S~ LTCENE (SPM ) ML, ¥F 7 R/NEL DRI ZRAT, Na=-K .

ATPase, 5'- nucleotidase, 7 FNW3 Y X7 7—+ (AchE) %
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BRICL TR L1z SPMOEHENK 2 SDS Y VESHE THR~ % L, FTR
100,000 75,000 1 FE s Fhig b, L7 RIJED S & — o LidR %
{B%,



Sodium pump OFMEMEEICMI SR

HOo #gE  ROOERAE - B

B L bR L 1 A OV R E Bl O Na-K-ATPase » M FEitME N ICBE 2
o, SR A3,

AEHE, Jorgensen ST TICRE L COARMNOKRER WIZH, 7EH
ENAMBOFEDF A b6 22 oy — 2 Hl2E0#L, THiZ ATPH
fED b & IC K7 LoVl — # TRIGL, BEQRESEgEicTe szt
HTHH, IWHERBLIZITHBINTOAY, AP ORFRTGH (#1285
MELLEI ERLUT WA, £V 7 2 907 3 FERREREIETES2 &, IREAUN
i ic 2 KOBERRHESAGNIDATH 5, BEFERHLHT259F
100,000 & @iEHD 40,000 T, ZO220EAD T 161 OENLETEE
HFHLT506, 140,00055% (B0 & LTl ahs, ZoBo8n
UIH 8z, 3BIEERZ LS OATAN I - TWALZ Edibhrd, 474
FTRETIERZARRLEL, HEEOTEIC, BFHEOEV/NMITFRY
LLTEDBND, THbONIFIZEL TEELE b HHROME h %R L,
KWFO & 6 L & i OBETEEL TV S, KEBAOBFIZENTS,
Fizivhuh b MO 2R LTOWA LBbh2 BB T S, JIFSDo
feTTI LI, ZoMITFHEOMEmL VAT AN FTCHET L 2R
T3, COMRRMKT 22 20HETREIZAELE. B1IL, FHILAL
NAWTORBREENTT 2L &, B2, BEFOPO&AE PSR
R BHET, METH2TA, EETE-50A L ORTOEENSHT &
B4t = e BEEOERRZBRHBOANE LTWAC L8347 « TiBED
B & HERT Y, BETHEE SNz § O, KEOERICEVEBOIL,
X7V —Z7T v F o —HTCORK 2RET 5 & 2 HEORNEHE Y
b, ESEARTRODVE O LMETEVWEOT, MEOKAMICAL
N3 bDLINIALRTS . T OWAKTEIE100A 2L, Riih+o
2ET VAR RULTVS, 2RO FOLBETE, 12500/4°, BA
HT 13 TR 2 S TH8,800/1° Th3, Lo TREININTIREAR
FEREEREMICEI I B3 004 2oL LIE &, CORHT
MENTOVAIRER, SEERE2HV, EE, HREELHNT 2L, COBE
DRNEEINMT %A 615D T 140,000 T2, 514, 18,7002 21
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(k> 280,000, 78A, 6,800/%%, 560000T102A, 3,400/7° %8f:,
KinhiFid, 140,000 DM E—BL TV 5. —HBAN T2, SIKDORE,
HOEBOBMSIEIBAC &, HECOWTLRMOBTHL THEDIZL-T
WAL EREMT S L 560,000% harFhk 280,000 Wi icESL z &ic
B, TOTEIXFM280,0000HEY, ATPIAFE Y 754 L 10F
EARATAC LD, COREORMUENITHSELSLIT 5,
UEDsds, 220%EE, BEFTOR-2RELTEH, Na-K-
ATPase XD DR ATWAZ EHM{TBENS,



) UEREONa-channel ADFES
A (HIE BRI - [E

iR Rl 2 R 2 LRI oM, H6EHEM/RTS S
FAERBOICL W EFTIh TV, WFROBRE REEICE T 54 4 V5B
HEoBRMARIZL D RET 2, REBRICREEO A 4 o U@ <
HEEE (A AL F 4 AN ) BTEEL, 12 BBERRET 5 FPTRS
nTwa,

T, AeOalifi ( 72Fn ) Lied 3 o+ 7 AEER SH5 RIS
THRTFRT0000ieD 7 F F ) OS2ERE LT, =aF T £FN
2 CRERDTFORE, MWSKRY LT, —OiESEIEEICS S Na, &
K F v 23NV TIRAFHIRSENTE D, TOF 1 ORI, F+
v AT U Ta BRI 2 RRI0 ) 7 FOREBEATOZWE
DTHb, APEOBMIENaF » > 2 e 2 COMOHRM V- F %
L, ZOEE2EECNaF » > 2 A5 TF2RE, WRTIHICH2,

B2 Y, SHENPZEETAEROH 29 VL, HFR7400
DEYED LHEEL T, TOERBT 2RI U, TORSE, MR
BT (B4 4 0L VR TIIRREEERE 10mM ZHT 205 ) RN
IZNaF & » FWIFH2BITTH, E-TxOv—H—- L LTHHATHZH
MU,

RITRA & Na F v A NOIEFMREOR—HFLELT, ¥V )V HRDONa
F o 2 NDRE 2B O VSV TRE L TUTORR 2812,

(1) Y 0 % Pricd HEEMEL, €2 3 FHEEH (P19
W) BUMEL T, P T- 4 v ) BEOLREE, REREEOTHE
Flbbati,

@ MEAYFFORMBETL HOEIBELBUL, °1-9v ) BEOWA
it 2Tl 2 OO REMEELETICHE Lz, Scatchard 72 » b
DT 6. EHIE ( BESER MO ) O =2 O RESIA RN 2 hi,
AEOREMOEIL 42 pmole G Kk (6.8pmole A HE ) LW S h, fE
¥7 bo F RS EEBUEE LTHEESNTEIZNaF » > A ADHIT
PLf Lz, YRILEBHETE NaF » X 2 EZELV VLA OHME
i, ERMESSOAT, SOOI Sk 1z,
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(@) v ) EROMRIMEBE~OKEIE 11 1 OBXTHY, Na’y M
La't Ltz o4 A ek Y BPICEE SNz, ThdY Y ) EED
Na F 4 ¥ A NADREBILONT, HEROEMENREL hVEohitaR s
—WT 5,
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AR e R E HES

AL UEMOTRER N CEEE{LOBEH

A ¥ W\EXEAEE

WHEROE = 257 TR 2 —o0ilil, T4~ ORT ATPase (B,
T o 7R, BRUKNWT 4 742 MERBEOHMODEH Y 236 hIcd 3
LETHEHS, TAVOYTa=y MBERTH L O E LERFE- T
A1255 LWSTHO G LICEMEEN L BOBOMNML, B2 OE%Y5
MELI ETRHBRL & 5 E WA AP ST &b, BIIL TV, Ei
A EMST IS TIFRICRIE T, REICRALSEE2E T2 L
Bbhzd, £ T4 0BG ERD NS £ 2 BEOEERETH
HHAXROBHL2MA TR, SEHEOBRAEANEZ DEELIL, LD
B N SMABBBICZ LI RUDFVET VS UTEIE, BREE
HORAROBEEILP, BEOLORELT T/ BRI T 4 ¥ OB
BRT 2 o065, ZCTIR=7 PV IBO5 FRID T 4 & izon
THER2R~E,

=2 MWD S VN A o3 FROGFOEME 2 H R 1LTTO=H
DEHPEZENTOL DR TVS, OS5 N YT =2 AAGRHILIET
EHLOIEEL, Y AT VHERITONHABEANMT 7 Nz, ZoaE
IRSHEICRIG L TIR UHTHOHNHEL LD, TORRY PVIIBIRILL ST
RELET 500, BEELO)H=2 -85, FOKIVEHRED
P2MRFEGFEFTICIA YU EA vFan— b URBRE2BINICE - THRYE
& BOAETXVUEBHRENDS b, 717750 G 8 25 Bk
MUtz A vopl@ohic, Zot4 v RO ZNE, ATPase il
T Y F o EDRBICOVTEDEP =120 SDSATTEKKBKRI M ¥ 7
= 2 VR TO OGS, TAYCORG O 5 B8 AT
HGa LML 72T LdRENTI,

LOIAVDANMFNKZ Free DB T h L hRERMICHAZ E T &
b, FRNMITA L OHFTE Y polar SESICHES 2 LEBDNA, 3
4 O ANM O ERE A 4 > T2 b L wds, Mg #EeE Fic ATP
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PMASEFNEREPRL, BASHFABNTS, CORLIZATEAADP
AMULRENA L b LI Ealle ADPTIRITWERRY ML LA
WS, DRy LA F KT hABTIRE{LLIz. ADP,CTP 2T, flad
Ry LA F FOYRIE Y F 2 7 2FOEORAHRE L HIEL .
freed FULETZ VR T E A & DRBPIOTVHARY bavid, ATP
ek > TR Lo 12 ELEORNSIESENT G 2 8i4° ATPase i1 A LD
CIEHFET B L BT, ZOBRGUCRALIORSTHESHN T 2 7 L OMEF
Mith-T 2 &9 5, Weeds OHE LHDETEAL L, COBBULT
A OEBLBERO_DICRIBEBICFEET 2 LHEES NS,
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S H L wd 2 DOHEOME & BAE
#E B\E  KEAE-H

$A4 s ATPase [UGEDX # = X 2OF LW S, 1202020
DEREEP RIS ATPaseLIGA2 (TS5 ¢ L2HEMICLIZ, T4 HLATPase
[Zi5% 1) Transient kineticsiClk ? RIGEBEORT, 2)ERINE
£ 5 ATPase RICOEEORT, 3) ATPMKIHER ICE (75 RICHE
RO, O3 DHETRITLII, WINOGEILEBWTS ATP BRAD
TS (B) TIATEHE S 4 o ) o8- ADPHAH, WY, 28T, toma®
TR A v~ ATP HAHK, MATP, 28 TIKABIhTVAZ EMREN
8

M+ ATP—— My ATP — M, ATP.—_-H“;?"—-'*u+AnP+m—-u+mp+m
(gfisgh B)
M+ATP — MATP—= M-+ ADP+Pi (Fs A)

Lﬁmxn:xauiivumﬁﬁt&q)%M%wémﬁfaﬁm
(S-1B) & MATP 2T 2D (S-1AICATAZ LIZE->TLHH
éicahiz, S-1 OAMIRVThE 7 2 F - LOSEOHARFIM LI 1)
BEOAEE, 2774 =F4—=HT7LV02 T T74 - 8)S-10/L%
(85, ©8->OHIETHDN, S-11k MY 2L HBELHRTBATEEL Y
Wiz TR AT S tze & HIRAMLIS-1 2HOT, Mg -
ATPase KIGIXTSH A, BOW T, Ca* ' -ATPage, BDTA(K')-ATPase /£
U7 7 b 4 2B ATPase RIGIZTAKE B DA TiThh 5 C L3 & iC
ahi,

GHELA & BOIMEDRVR R F 220D TNBS IZ1 2 (L Es» SR LI,
A E e ) VEOFETFTIRERB DAY, o) YBOHGEETTIE
M A , BOmMABTNENIMELSIZY | TLEHENT, TNBSICL-
THEMIhZS -1 LERSNTUVEWLS - 1 I2DEAE-cellulose # 7 4
IRTI I 4 —REaTHEESNI, TNBSITLAfEMICLE » T2
L0 ) AEOTHRH (WD DR ) 25 CEDTA(K ) ~AT Pase itk
RELULFEDP LI, BHMA RS UL TNPER Yo ) U BORMICE > T
HETANITH G N3 C EBENARNDOE(E»SRINT, LIzh-T,
ADWED Y U HAG Yo Y CILE > TEHANEICE N, o &b
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vo Y AREOFETFTIRESADEMR S hIOREL LGS T EPEBRIN,
TMP ORESIIIZ 2 512 2 & &> O heavy chain LO4} it 25,000 @ b
VA7 72 b ERTEET B ENTREN,

JifBIXT 7 T~ ATPase G 2175 OTHO = 0¥ ~ZiRIT
RELTWA6DLEbNE, 72 b3 F V- ATPase RIED X H=X 4
BREGRTIF-H-X0 AV OATPICE 2 MM FEESHLE~I,
ZOME, 757 LAY OFEARIMICEL, ATPIRT 2 b~ HMM
OS2 BETICMAIMENS T LPRINI, E6ICATPase IEHD 7
2F L HMMOREIEATPase ITIFITHFIL TRz 2 L3 b it ahtz,
fiufs, GEabA koat" icd B IREOHIEICEIS L TUWS T & 65T - TNEEE
F@O7 2 b+~ AMM =~ ATPase [TIGOME & TEA MHEDROBIEY 6708 X
s,



FHF 4 TEBTREIF L 3T ORE

BiE E bR - R

HAT OIRERRT, K7 4 72 > bE@ICH 22160 E D & 5 B
BFBECLILL-T, MW7 4 724 b2 LHEZ0OE NS MEIZRERE
MBS TOEY, Thid, T o0TFRICRBRERL THWAEROE L
AESHUERZHENATOIEVZ EREZLEALNG, T4V DL HILE
Wik o A Mol G, MEEENTRICE > TREORV /ST X —4
—%218%5DiRE/2OT, WFHERENICT TFR2EERET 3T LT HIER
RSO W RHF LI, i AT v—iCiEATEL 3h
TWIEANT « TREBELWAL, 2 F2EEBRELT, BROERELFH
FAREKMEOREIMET 2R 281,

O ERE S | T4 L VEHRERD 3\ VIIEEZAE TR, AR
Thr, BIE208+178 THh, SEICEEABOTEERI 510 A
T, FHHRMEOHER 65+8A Th s, 27 OWHHVSh b EEN 2104
ORIZEZEINS § O 2 sORBTHE T 205, 0 b I3RH LRI
LCERIAELTWVWS & R, @RS THELELLNE, L
NEDRRY G, EROAE FEEEZLLNTVEME AL HREVED
ThHZ EHH-1,

ATFHFRMEORE © 4 o9 Ficid, DEE REOESHL S 0T
2)REHNED 2 7 ICRIKIBGED S 5 L LHRES N, FH—RTEGTO
TR, 2 OMBORMIZRTHEDOTERCHZL LHTES, 1%
DFFEAHHANCLL T 1L 80°~ 27T0°DMICEL BB L TV 5 05, £HOKS0
B1X90°THL, 1z, 1 Y OHFHREE LT AIZ45°~270° OBILH S
By, EAOK 80512 185° Th D, - T, 27 OFHRWH Y FEICABELIZY
OOMBARENRR G F L, AL R coRBEOBICEERECHELF
Abhi, LOTLRIRBOFERRN2ZA 5 LTHEHETH S, 1AV /RER
DI 31249 1,400A , E{ES0ATHAHS, TKMGILTHB—RBIEARD b
555+ 150 A DREAICIE S RIELTH D, 800 Alebi= 2 C OBNES 2 D
DT 077 —ERGRINGVEDE—HTHLHLON 5, HR—EBES
Wb 5 4804 O & T 3 IBROTMMAHS B 5 &+ 5B 5 LT 5T
Lo,
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KNT ¢ 54 FEETIE, 1488 DRNIT 4 &2 | AFHO 2 7 O
BENTNEZMNT ¢+ 742 PLRBTCRHLTEY, 1| YOI 1
ORI EIRL TS LTS 4, (UREISICIE, B 210A0 b5 1504
ISR Lo B D % L THIN T « 5 X > PRI HEA LIETS E, |
(B0 R b MBS b 1M T ¢ T4 2 b Bl bt B IEREE 140A & 225,



Ix v ATPaseRIGPMBREOT Y ¥ E—B (L HAOMRYE

HE ##  EXEAEE

WILRE AP = 2 v FHi = A L FICER S N5 BRTH D, ZOBEE
M4 5 ETOTFAFROIMITIIFAIRTH 5, BAN SRRV LD L
LT, IUhES 82 WOMS+ 5 HIEORIGE (AH) ORCMERIHC L 2 HE
WS %, OB R FREROREETFED 6, MERZIL (ACp=0) L{E
LT WEMICHE SN TS (Van’t Hoff AH), LidL, 22 53F0D
KELMSEEL2 AT LT E2REDACP BLIELIFREWT LHHEDT,
Van t Hoff AH ORI/ EFRERTH2,

HRENRINTO2HPRBEHISEETH H HoEREEHLS L OODT,
WS LW ARTAE, SHICROMEATEICIZREATSH 2, Woledge LW
MEREELSTED L S LB LIZLKB /N » FRIMRS 2HVT, THV
BLUXZOVT 77522 b~DADP HEAZHMICRITL, &8 TRHOmE
i, AB, ACp®HE % T - 12 FEATHIE Trontham 6 H5HEERN ICH7:
e XL —RT5H, COMERIGIIME ) OFEMBRTSH H, HARTILEK
X (ACp=-14kImol™ "' K™ '), COIEIXT Y ATPase RIGD R
RS, MeADP(M! R # o ikl ) DMMOMRIETSH 51 b, E
RIS TH Y, ACp>0THB. ATP IMAKMEDIERDACD 12X DB T
&b, T ATPase GDMOHBBERD 3 6TPLEEDED
FACP<OTHHLT LIC/D,

M OMRERNRT 2175 ETORML ML, Bk, BEHO5A5R
B—mHdhB—RT, IEEES A TRV L LARBRERYAKEVL L
ek h, RE{ODFATVEZL, Boitp L Y ARORAESLHEE NAEL
ETHEH, bivbhid, ThETOMRIEHMLT, B—OHATT N
MEtZEFELTVA, RIGERIZ10m1T, Ind B8 E COM L REIHE
FHEM 1 STREITE 3, COREEHNT, T4 - HTI7F75A b
LATPHEFHIOBMELEEB LB LTz, 1856 NRE—I5MihRe A V.
Hill OREEBIMEGRICL - TRIFLIRRS G, UTFOX 54T 4 /ATP
asefZilemergy profile®AHL ZEHTES,

DATPOMADRSRELORMBETH S (AH=-90kJmol ', 0IM
KC1, pHT.8, 20C). 2)MIZHBLI-ATP ONKITERIE, IKIGHH DS
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B (AH=-28kImol ' ) ZWEIC, BEARIETH b5 (AH=+88kImol™"),
Bl b o C—BMS AR 2 £ (ACT) 2h¥MIcAIL TN,
B) EMBIE DS TH 5 M.ADP. Pif & Pi A B4 2 AT ¥ L BB

% (AH=-88kImol ') %% Ti boL—DOAXLMPITE b ACTIDEL,

) RAERE D ADPRESEIIIAA T H A (AH=4T2kImol™ '),

L0 5 CHEBELIARORRTIEME b T £ K& RGBS T
3Tk EMIUEITE Y 23 = 3 v ¥ -EAROME 2 -0 5 L L 5 EDORE
Tha,



BRBOCHELICEIERMEEOR(L

W FE R EREAFE

AT 5 & &, FRIENEEIFL b BVETHEELET 2. CORTO
BAIE LA L L iEh B, T OEIENER L, RIZY > TRIIEUER
BIELA6DTHAI EZEALNE, Rall bickBe, DL EEHBRHT
Tit, ERBIZATP R L7 F U lBONRICL 2 6O TLL, LD M4
BRI | IRV EICIZ ATPIR L A L TNET 5, C DL Sk
BRIGHS  12H5HICEHR L TS OIS E 2 DE@BEL 2 &, TOB2D
RfRIC L ABEE T 1 0T E ERTEA LTV AT EDNIFE T A,

LD L 5 LREDHKAIL Dickinson & Woledge Tk » Tirhhizds, Th
1Lk % & —oDIEEITIs I 2 R0 b OMBTIThhiz £ &, $ 2 DIUIZ
B 2 EESEE IR | O IZI ) 2 5REEDTE S 1L L 12,

AEBTIE, LILeDL S afllEicsywTELATLOTHMENAET—F
4772 MCGEBLT, RMOMERT- 12, &4, BEHL HBORTGS2
2AEMWEERETI, EEMEd DELIZE DAL, Dickinson hDHER
LI EMCE L 5T, Dickisonb it 1| KO LAYV, Z0OE
SEMEHEL DL, oBOIIIEEERL VIIER(L2EH LTS (A
BRI A 5EBICHY ) . ZOL 5 BHROHRIIE L b rOMRRT -7
41779 MEL BT ~BHEETELLZRL TV, ZOBDT—71 77
7 kg, INFHITE - TIREO LR LIclissEL, SRBEORm2EET 5
LILL-TELBEDTHESEEALNS,

DL [BEDT—F ¢ 7> 2 b 2HIOMGL 25 THGE U I RER,
ARBTHWIZAE (HHA ) 1Lt 260HMOIEICIE, #BsictsoT—ik
M= TWRNZ EMHE ML I NI, —F Dickinson 5D J5Hk (A Rk
B AHEB ) et 2 LGRAMEEIZC DBLICE hEUNT 205, DL ED
[BEICLa7—7¢ 777 ] 2BEL, Thuct AHHIER{T-12RH, W
FRSAEELE IR, ALBICBAREE—HL, { hELILL > ThIhicfikL
o TOX5E [WOBMELET —7 4 7 72 b] 2EFVIESOTRYD
5 &, ERMIC, ERERL—NT s LMRENTE.

ZOLHiL, HEMEER, IWRER < hiRT L XK A0, AEBTRY,
EREHOEMEERIT(LES—ETH B L WL Icant, CORRIY,
HEMEEE ORI A — 2 T 4 > & LTOB RGN OMELD, (UEn <
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DBLILL > TH/HALTWAZ EB#RLTWVWA, COTERY, FRIFIEIC
#l1% labile heat@ids, IKEiZ WiBT L EWIT R LEL—HLTY
o LOKRUL, FRIGRUEIFOBEEMSRFERIC  Z{E L2V TRHERL TY
BEDHEADBB->TVB T LARELTWA,
MORRMELEOEF 20 6 pIT A 12DIL, & (IEE &N OGIENME
EDEFMCESNT, DL I LFRPLETH ADICONVTHIRETT- 12,
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BEGPOU VBIEEYMONMRICKETE

HE W AR
= B £ H W

Sy (NMR ) Hi 2 v 2 & FERSM I oL IIE TS 5,
Eieh = A KBSl * P-NMR (40MHz, JBOL) CRIEL 18554
T 5,

B4 = VHRG P B- 2 2 ML ISREBMS 5 ATP DB, a , Tl
O, 7 VT FAERRE L CIRBIRE L0 OB TRILT & 12, 61
RH T IVTIERLZEEREE 2 « 2 2 27 )WOMEERIC 2 2D 4 F B L,

5 5 | 2itglycerol—- 8- phosphoryl-choline &EE S TL é’iﬁ.
K22 OBIEIZ Db TV, RIZATPO BRI O DS &7 S
froe DATPABROBAICH L TIERBMICH h, MEWATRH Mg &
complex 2L TWV5, & bICHEIRBREDILES 7 b5 MIlEA pH 2
RHALE T8 LTz, EIZIERD > F vOEMNIR free DIHED
BAREUTILL, ZoORAEL L THESHOFAE—IEP FHllhFick 268
mgMiched 2 § 0T, TARN pEORE—: (ApH, 0.2 pH) 2RL
TW3,

Rz e DI WEOREOFE 2 HOEL OZM FTo o h b oS0 ZE
(L2 L 1ze B TRIBEMAISRN T T L7 7 AABBOBIDED, U
BRIFITT 3 LIt 2 OIS E LTz, COMATPIHIZIE—ETH D
Lohmann RIS R { IV TLVA, £O LohmannFiG%e2 = b o 7 0
Ao~ (DNFB) Tl 3 LIRMBRLE T2 LT F o HREORD «
Seh3BW bhiz, @ Lohmann RIGOHEEIZATPOT(iOEE 2y v 7 F
CUEONFE LT b E S5 10ms & hiL, WIS (S0 2 Eoid
BT ANF—EER2AOHT 2 & | SEloBRERRICE hATP, 21
T F RGO B05, WEAMBRE TSN aEE S E L, A
LAV 239 & TOD L~ v TR LTz, 72 5T & —itEo -
FF—EEQTHEN A SN ALTED LA Einids 64, 12805 LI
KxDLERET T 5,

KICHIRA pHO BB 2iEEF 4 5 &, WM FTIRREEICE 2
FLEEEE T L D HEREPN pHODEBRPE(LAEL 205, MR 2MRT2L L7
FUOBBONRICE h ETO7 v n U{ERELZ, DNFBT Lohmann IS
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2N 5 & GELBEESED, 36ICATPOMDITH OH L WOEEEDS
DM E A, COFHLOFEOHBIL T-tubules £glycerine L il T
BHLHRTIRAF SNz, ZODNFBICE 5M@E{Eid Lohmann K G OM)
Hlick 2 ATPOMAITS ORSEE S NIzh LKL 60, SHICHLL
BEVEDS}EOHTUL DNFB A5 T- tubules #4 L T SRBI® creatine
Kinase 24I#iL, SRBUHIO pHORTLMIEILSE L0 EER 603,

1) Burt et al,(1976), Biochemistry, 15, 4850
2) Burt et al.(1976), J.Biol.Chem., 251, 2584



BEHTE P R O @ KU O MS RAE X B

g WK WRAFEE

. HEGHAMEE RS

WERBIC LT Y4 ¥® psoas muscle fiberd ¥ ) £ Y L EF N2
B¥ak, H7¢ 72y loE%)BOORIORSBENEY, 1#HBL
CHMOR S HELL MET 23, ZERFIIDIDIMRE 205 TOEAR
M=HICH UL 2BETh 5, LLEOKFEIL, 1747220, A7«
S 2w hlige & AP EnxleyOBBIZ{TEIHTVAL 5 LAKTREL,
(MBS T SOTHEL L E2RLTEH, BEHOEFIMEROWH
7472 bDATFAT o ARL BT LEZRET S,

2. HARUTHILRESS O S AREE X SRETT

# = R (sartorius ) OFRERH (1,061 51, 1) OMAFH: (11,07
IL 1SR OHOMRICE Y BORNBRET I »HDET, RO
ATETRELZV, CORBRMBICE 3R EABBBEOI RS 5 20
RETIRNOMMCE L L T L 2TRET 3,

1o, HFREEHPOGOT 1,01 1,1 offiz, HESBOHEHTREEME
L D QWS LICMLT S, ZOZLIMERFILFEET ARB I 02T »
OO BREMNFEIEEL b DN E S A F Haxley Dl & 8T 5,
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PRR=Y, PARIF L OFFIREE Ca I

A BH  WUNKE-E

Calc & % HNKAOHIEOREICE S5 ¥ 2 M EH— b oK = > =585,
hof A OERP LS FARICBL TREZ TR N KR 2E<S,
(1) boR=ZRNORE, REMIAEICE-T bof=2T084 (T,1,0)

HOFhe Mg ¢ 72 2 hRBEICHII - TBmE THH T 54, ke

F =T ORET 28iEhhK16mm 3 & b RS OFik oL VD &1

HEMIT& % (Ohtsukd, 1976),

@ baf=UTHTI7ITAL PORE. FE L) FOAEILEL-TEA
N3 bof=-TOZHEOHT 7752 b (T RIT: ) DRTESRE
BHMICEE T 5 &, DTRINH b of = HEBTERT 3 MEWEO
56 ZHEHEHORR 2T REHSZLTZ 1« 72 2 MEMRH b OS2
ToffilA D% 2 R RONCEDFT AL LD S E LTz, ibul=1T,
DN b o =2 - C RO~ 1 DOHEI—HL TV,

(@) b= THT 75X OWE T 74 =F4 2070774
BPHWACLIRL-Traf=0Ty R bof=20C ( ROT ) EBMMES S
S EMHIBLEL, COMREBQOREDETNE—BLTWE, boF="
T & bhoR=- COMHAEFHIE CalBBIZKGFT 2 &L tHOo LT,
chuc LT hof=2- g bofli=-C1 LESETREY, bo
FIFA D LBOBIMERTR LI, bof=T b bo I3
BT AREFBLNTVE, BIRO CaBZHR, o f=Tis-
TEES 2, hof=21 BRALOMEE 5L -1,

() PoF=-T—poito e NTy ) XL VOIEE. BEICHENRIT
H3f778bN TS Cohen-LongleyBI ( T8V )¢ 7 2 Y R # v & OBITH
DR EWRAC ERL>THLOEDSF 2 ) 240 (18 o ko
H=TLboF G ORFEIADVHLDET T, ZOBRICE LT
WT hef=r-TORTREST-Inm TH2 LOMMEGI, a6l
T 0 ) A AHRBHTTEERY V240 F 5 b EIREBOTH—O bo A §
Ao e buF=2- THFHERT A MEOMESIHES C L E2RL
126

PLEDRRICE £DWT, 7474 MHTO FoK=C=50E o
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U F D UPEEE AN TERR & 2o Callil @ & @ BRICOWTHER
T4, FIEHO—KIiEED b SXRIBEL2THT 2T ( BY) Ikt -TEHH
NIFRESWTEERT S,
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BROHNT 15X~ bOWRE
E @z BGTRE-d

L 07 4 74 DI o0

Hanson & Lowy('68)NBMsAEIZ L AWM HLDT 2 Fo 74 72 Y
N AT S5ADT 7 F A FH =B I & L C>TVWAE L, Depus & Rice
(" 66) LRI IC £ h 18604 BN 5+ L A THA L Lite 20K
X BEHTSR DS RN TZ ¢ FA TR 2 MM S h TV
5 (Elliott et al., '67;Huxley&Brown, "67)

Hanson( 68, "78) 3%+ oM O MgClale & 2 WREGIEAR% WL L, BEE
e A MIEMERTTO1H OB 2z, WRSOHRTIRT 2 F 2Tk 6@
5, 180T F 12121804, 283 F 07 witE%2E > ( 0'Brien et al.
"T5)s EELMHNTRAETULIOL S ZMEIBUMFICH 2 & I12R G
7 {AN

2. W74 722 b 2REYTAEAOT TR

{L#& €7 (Ebashi & Endo, '68) TR72F ! huKfiFd ! bo
H=ONFHIIRT 1 1 1 1 THEH, ERR[ROWMRBONEHRRITE 2%
5% % (Ohtsuki & Wakabayashi, '72;Spudich et al. '72), T
VLRTRTOT 2 F 2 L INIASICHERRT 5 L ShTLaH, 20HB48,
1 BFOreH=B T3 FO7 2 F 2RI 2 WM HEEE 25, @Y
t ZAMICE, a-, B-TrF= o EDOEA S H B, STFRERAHT
Hh,

8. hudide 0Bl

X@EYTRD 5 b7 2 F U BHROBERL L EFVHANE bo AUy
W7 2 FoORBMBOPTE L & &HWIRF SN (Huxley, 1971, '72;
Haselgrove, '72;Parry & Squire, '73), MTEMEBEY 50O =0T
FMERIEICL V72 F - boHIALLETIF - bufid - bo
=2 (T+1) LTI b oK T ALV OMBHBION, 72 F b bOTIA
TH0° 1Y 27 PLTWAZ LR SN (Wakabayashi et al. '75),
LU bofid o oofifizuxley 5MRLIZES LT 2 F o LEGL
EMATL7 bEARTIRAL, LLATZF L ERABLTVWRVLHTY 2 b
LTEH, SVRFY o2« oo 2 EFNIEESLETH 5, T30S



DhoEEFLOM@EBIA L ETay ) TEANETH S & OB
i EIZmn,

4. 7HFoOREHRYE

T FATFORICER GG Y, c32BTHL, TOHVIATOR
TOHMTETREIN TG, 1244 NOHOMNT 4 222 bD
AR T O T RERIL £ 3 T OEiH M RO A2V TNA Z & ZREL
Twa,
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07«54~ FORKED Ca REERFYE, BERFHETOEBER

al

-1 EnE & EHRIE DG

3
1

? (deg)

N

"
w

50

Y
\\ \\
o o W
iR “;I;o . l‘l

[ 1l
o FIR{T]

2+

K- 2 SHitis 05100 #MCal A 0.1aMCa

L] Ty at zo°C

’ } 0 ; Rabbit:[&"]
- \ oA Fre : CCQ,"J
"; , 4 ®: Frog : (8]
\

v F "1{0‘] = - 'é

M- 3 BiEEOEEA + AWEIKFEH

Gt BEBAY M
B =B

i i
i H
HERG LT DR 5 Al L T HOBMO
L HELDEEKD, B 2~10pm 20D CH]
Sty LTEiTi & 25, A - #ilii 7 ¢
FAbDERLYHBIENHMEDS~Bum £ T
HETHOMEHE > DL LT A 2l 7 7 4
TRV EICZEERES 20 5 L 2D
FHOeZTEITEREORMEEDT S (1),
WE I B 1 ~5 Vp-p/aTh b, [l
FHHE DRI DI { & & 2 DORIBRE
LIRADTY o2 4 27 b T CHRITONHE
SR LA SM 5. bhbhudd Tics
it Ml L7 T 2 OMIESR esSRE
B L& BT L1z YY) (a5 46° OAOMY
B &3 L €=8.1%10"(p+,7208) % 27w,
[dyn-ol] CHA LGNS, T2 TKTDOKROE
BTHB,
B 212t cat’ CONMEBOBE 2T b
DTHA,
(9384 Ca-EGTA & 5 L M2 Sr—EGTA #HKIC
£ hERM 1 A4 N 2 A THIE e 2
rtDOTHE, WiEZ20C THHD 1am fiiik
@ Catt S TR/ & DEHEHEY Do @
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