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The neural organization of the olfactory pathways. Fumiaki
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College Kashihara, Nara 634, Japan)
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FMRFamide receptor Q83 EFERBICHA5T S
| A FTF v X LEAMKE

O oM FeHAR T BE-BARKE
(BFEMRFELME—EEERE)

The gating mechanism of K*-channels coupled to the FMRFamide
receptor in the ganglion cells of Aplysia. Junko TakauASHI, Kazuhiko
SasAk1 and Mitsuhiko. MATSUMOTO (Department of Phy siology, School of medicine,
Twata Medical University, 19-1, Uchimaru, Morioka, Iwate-ken 020, Japan)

1. Neurons with a receptor responded to FMRFamide(Phe-Met-Arg-Phe-NH,)were
identified in the ganglion of Aplysia kurodai. Jonic mechanism and channel gating system
of the FMRFamide-induced responses were investigated by current clamp and voltage
clamp methods,

2. The reversal potential of FMRFamide-induced response exactly coincided with the
equilibrium potential for K+, This proved that the response was produced by a specific
increase in membrane permeability toward K*, exclusively. )

3. The FMRFamide-induced response was not affected by the inhibitors for Ca%*-
activated K*-current, i. e,, TEA, apamin, and EGTA, This excluded a possibility that
FMRFamide-activated K*-channel is a Ca?*-activated K*-channel.

4. Intracellular injection of pertussis-toxin(PTX)caused no change in either resting
potential or conductance, but it irreversibly blocked the FMRFamide-induced outward
current within 30 min. Similarly applied cholera toxin (CTX) showed no effect on the
FMRF-amide response.

5. Intracellular application of guanosine 5-0-(2-thiodiphosphate)(GDPpgS)caused no
effect on either resting potential or conductance, but it blocked the FMRFamide-induced
K*-current within 3 min. ’ :

6, Intracellular application of guanosine 5-0-(3-thiotriphosphate)(GTPyS)alone in.
duced a slowly developing, irreversible outward current associated with an increase in
membrane conductance. However, repetitive applications of FMRFamide immediately
after the start of GTPyS application markedly facilitated the effect of GTPyS on the
resting membrane,

7. Intracellular application of either adenylate cyclase inhibitor(3’-deoxyadenosine)or
A-kinase inhibitor(H-8)did not affect the FMRFamide-induced response.

8, It was concluded that the FMRFamide-induced K*-current is mediated by PTX-
sensitive GTP-binding protein G, G, or Gi. It was also suggested that the FMRFamide-
.induced response is produced independently of the changes in intracellular Ca?* or cyclic
AMP.

key words : Pertussis toxin, GTPTS, GDPBS, GTP-binding protein, K*-channel
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ORI ESET 5 L Th Thofilan o
FMRFamide v+ 7 % —0fEEI X b, HilEc
X o CRBESE, BOE, FldTHEoWT
hﬁ‘@[ﬁ;%‘:ﬁi%ﬁi?68’13’14’26’35’39)- et :h’ 6@
BB TREDELEBTHIORXK = v
B 72y ABRC I HBTBINETHD. Bx
DHREEYHESL ALV E VvEETE VLT X —
AR LR, Mg KY 54 2 A2 S
FRitve 7z —REERYEOERE B R e
B0 GER (GTP FAER) MHiEHEESh
BoiiMEAK, EECI-TRETE S h
723, kprgeciz FMRFamide v+ 7% —®
FIBCRETHKY 2 v &7 2 v AHKOBE
Thittc LCABRZ EMREDILONE 5Dy,
¥, TOMRARBEC OWTE LA,
ARRO—IPTF LA T FEHXES, AER
FEMESVT R WTHRE L.

I. 5 &

A. BEXRLERE

Aplysia kurodai OEREREE » FH L, ¥
T EE L. MRS AE > TV 5/E
HB P REERET TEER{REL, fiflax
ERE T E R X ¥, Aplysia kurodai o i
WeAAVEARMMITWBATHE CER
Li-. 4 A v#E i Nat 587, K+ 12, CI~ 671,
Caz+ 14, Mg? 52mM © b, pH % Tris &
HCl #B\C 74 c38% Lic. EREOTER
S5ml/min &, ¥®iEIL20+ 1 CRBERMET.
EHEEORET 02ml Ch . HEDA + VB
BEAT 2 5OREWE Nat-free Bz NaCl
#% Tris hydrochloride CE#: UTER L.
K* BEXE 2 ICERKE Aplysia ALK D
KCl &% UCfER L. Cat-free 3K
CaCl, #&=1r0 MgCl, CE#H L TfEoTe.

B. EXMAIEER

SREME T, 1.8M K-citrate %o
ZARDH I ARNER (EREH 2~5MQ) &
MEHSADOMRER Re 72— "0 dho—@F
OHRCIA Lic. —A0BBRIIEENE (LY
spa2-+ %4723 Dagan 8500 clamp 3 ® pre-

amplifier © A ik Lic. b 5—77 i filg
B AR ) CEM AT/ dR CEED oper-
ational amplifier » H 7w sk Lic. EAHY)
- TN B EFRIT, Flo operational amplifier
o virtual ground # 4 U CHIE L.
C. FMRFamide FZDRI%E
=Ry e ¢t FMRFamide ©H44 5 [
BB REE L. ¥ %, duration 800
msec, repetition rate 0.2Hz o—ERNAZE
WEEwR (] ) ok T HERAZE{L RI drop)
2P0, ThXhEEH(R)ERD.
EEMNERCI, EECEET, —ERED
FMRFamide #fiic X v 5[ & Sh 3RS
EOIEE % RE & L. %i duration 800
msec, EIE 5~10mV, repetition rate 0.2 Hz
D ESEEERERE (4V) % command & L
THW, filROEERDEDO A —~Fa vy Xy
& v A(d/4V) DB RRHCHIE L.
D. fEFZ%H|
UTFoEF 268 L.
FMRFamide ; Phe-Met-Arg-Phe-NH,, Pep-
tide Institute :
GABA ; gamma-aminobutyric acid, Sigma
Co. :
ACh ; acetylcholine chloride, B {bLEHRE
#:
GDPSS ; guanosine 5-0-(2-thiodiphosphate)
(Li* salt), Boehringer Mannheim Co. :
GTPyS ; guanosine 5-0-(3-thiotriphosphate)
(Li* salt), Boehringer Mannheim Co. :
TEA ; tetraethylammonium chloride, E§zE{k
FRRASH
EGTA ; ethyleneglycol-bis-(8-aminoethyl-
ether)N, N, N’, N’-tetraacetic acid, Fi)f
METEER S
Apa ; apamin, Peptide Institute :
PTX ; pertussis toxin(E A% E%R), BHHFERIZE
BR&H
CTX ; cholera toxin( = v 5#3%), 4£{b¥T¥E
BAsH !

NAD ; nicotinamide-adenine-dinucleotide,
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Boehringer Mannheim Co. :

DTT ; dithiothreitol, eH{bE3E kA&t :

J’-deoxyadenosine, Sigma :

H-8 ; N-(2- (methylamino)ethy!])-5-iso-quin-
olinesulfonamide dihydrochloride, 4: {210
FA &

FMRFamide, ACh, GABA 1. Aplysia AT
B> LAl Sl 58 5 L 7. TEA
ik, Aplysia AT LT # L5 L .
GDPBS & GTPyS, H-8, 3-deoxyadenosine i1,
REKCELL, MRy L. HH%RE
#(PTX)® = v 3% (CTX)ix 200mM KCJ,
10mM DTT, 10 mM NAD*, 10mM ATP % &
LW IE» L, filaneEA Lic. DTT
PTX % CTX o B-subunit 55 @ A protomer
O fEE L, EHbS e s v EL
TC28?.
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ix, ChBEEE el bineily, EHoR
WeE Fold A1 A VIR AR 2 e Aplysia NLIHK
A Aminfiid - TS LIRYD, €D &4 T T
FMRFamide Jim%& % test L7z,

E. XfFloMiaRiks
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R Tc = 5 AR NE S A T 7 T AUNE
Bz Tfilc-te. ZHERO 5 bo—KiI
1% 1.8 M K-citrate % iz L, clamp EE O
T DT ~EEE UC, MUl A Bg B CH
BT ACH . b 5 —ARORMBICIL I HEE
F DT AW T- L, duration 100~200 msec,
1~3Kg/cm? o pressure pulse & X b #ifap
WA Ule. SR LiciilaodiE s, &
fips SEA S B droplet & O EBE»HER
Zh o FEF O M PR EE A B L.

. & ES
A. FMRFamide [CL3EEDA F i
e e T, 10 pM FMRFamide % Rc 7

A= 7O ERE B LTRSS THE, B
X% 5~15mV DBHIGE DR L, £ DR
HFHNC 4 LT\ % spike HEDILE -7
(Fig. 1A). = o {ifig-cpyi & —E iRiE o &Y
W AU U CRISHZE L2 R5 & S DIREk
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Fig, 1. FMRFamide-induced response of the
same neuron in Rc¢ cluster of the abdominal gan-
glion of Aplysia. A . Bath application of 10 uM
FMRFamide induced a hyperpolarizing response
in the current-clamped cell. Periodic downward
deflections in the voltage record (V') show the
electrotonic potentials induced by constant 800
ms inward current pulses(/)at every 5s, indicat-
ing the changes in effective membrane resistance.
The cell showed a spontaneous firing at a resting
potential of —50mV, B :FMRFamide-induced
outward current(l)was recorded from the same
cell under the voltage-clamp at —55 mV, Upward
is outward in the current recording([).Periodic
downward deflections in the current record ([)
indicate the changes in slope conductance (See
the command voltage on the top.)
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—55mV BB EE Licio 10 pM FMRF-
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Fig, 2A, Dose dependence of the FMRFamide-
induced outward current. Cell membrane was
voltage-clamped at —55mV. Concentration of
FMRFamide is shown on the left of each trace.

(%)
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I 1

Fefebiihs, W UAilaoiR3 GABA w Xk 538
S (Clrd@iEik) o #iiksi s 15 sec
CHBWTHEDELL LT hP < b LI
LD TH - T (A,
1 BEREE

FMRFamide J&/203 5/ 0.1 M c8Blb
o 10 M % CREE AT & HERFEC IR
DRI L, 10pM X b b EiRE AR L
(Fig. 2A). #iilic FMRFamide 325 %530 B

& o TSR 2 fF R L (Fig. 2B).
Zh Xk b3k » 7= FMRFamide-receptor  com-
plex o dissociation constant (Kp )iy 1.3 pM
Chotc. LReHE—FUGIMROERES, B
[ g2 v iz FMRFamide o 4
WiHimeB b 10 M TH b L OREITRKIC
IR/ N

IEAE AL A W A2, (—56~—60mV) D55
A E 7B s B O « OB HEE Ui &
&, e TR OB (Ve) © 10 pM FMRFamide
WX D FRETARRERAEE L, TOmED
B4 7wy » Uiz (Fig. 3A). ' FMRFamide
1L X o CH & S5/ E EiiEs el
TR ACEA L, —95mV igdc0 &igh,

.

]

o

01

Fig. 2B.

i |
10 100

FMRF (pM)
Dose-response curve for FMRFamide-induced outward current. The current

responses were normalized to the peak response induced by 10 pM FMRFamide. Each
point with bar represents the mean value obtained from 11 cells and the standard error,
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w5, Fig. 3A wiRd X 5 sl i
—-95mV »6-111mV wBH L. —F K*
B % 2,565 B0mM) ie§ % LU AL — 72
mV BB Lic. FERD KB A 11E O Ml cfT
s, EhEho K REC kT 55P0E &5
HEEL R L. 2D X3 LTEGRAM

12mm K" |
30mm K*

sm}vm* ’l i

0

vm (mv)
-120 -1

Fig, 3.
amide-induced responses. A : Current(Ir)

/v BB 367

REMLE KT REORIRI20CTto KY s
% Nernst O TRl s h 5E H L ilio7
(Fig. 3B).

4. 5 Nat il o g

gD Nat % Tris CEWH T 5 &, 10pM

FMRFamide 1z X % 2} i) & BHGEE, control
DE L L0% A Uiz (Fig. 4A). ol
B E T B Icd, S O MR A
Fo& & & Nav g% 1/100e Ui & & o fik—
Bt R 2 R B R Uic. Na* g %2 1/101c
+% & AE— S FMRFamide Fué.@
R RMERZE 2 T A~BE L (Fig. 4B).
¥ Nat-free TLxMfiEEMITEL L,ts:f»oﬁ_
O ENDL Nabt REREAS & 5 & Hic
FMRFamide @ v & 7 % — @k 5 B9
DI BREGTHY, BRI Nat o3
hTwionwz &bt

5. Ca**-free %mif_m&w (CIr), o

1 1 sw;

Vrev
(mV)
0 -

‘ —80: %
§/

-120

N L ! . s !
2.4 6 12 24 60 120

+ .
K" concentration (mM)

Effect of the change in extracellular K* concentration ((K*],) on the FMRF-
—voltage(Vn) relationships obtained with vary-

ing concentration of {K*], Triangles(V), circles(Q), squares([_]) denote 6 mM, 12 mM
and 30 mM (K*J, Peak current responses induced by 10 pM FMRFamide were plotted
as a function of membrane potential. Reversal potentials shown by arrows thus obtained
with this cell were —111mV, —95mV and —72mV in 6 mM, 12mM and 30 mM[K*],,
respectively. B : Dependence of the reversal potential(V:ev)on the (K], Each point with
bar indicates the meanz+standard error obtained from 5 cells. (K*], was plotted in the
logarithmic scale. A straight line was drawn from the Nernst equation,
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Caz*-free o iy (Fig. 5) b £ (0.5 nor- B. FMRFamide fs&micBi< KY F v 3
mal) (Cl7), ORI (K4RE) S FMRFamide LolE
1T X o THAT B E B BE 25 e kEngkm s, FMRFamide 1 & o T 4 3
St BHAMEEE K 54 2 r0H2F &
A
' M M M
Tromv
V-5 T T T OO Ty oy
M FMRF 10 um FMRF \O_uM FMRF —
N free 30s
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Fig, 4. Effects of Na*—free medium on the FMRFamide-induced outward current. A |
FMRFamide-induced outward current before, during, and after perfusion with Na*-free
medium. Na*—free started 15 min prior to the test. FMRFamide, 10 uM. Resting potential,
—55mYV, B : Dose-response curves obtained from the same cell in normal Na*-and 0.1
times normal Na*-media. The response of this cell to 10 xM FMRFamide in the control
was taken as 1009 to normalize other responses.
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Fig. 5. Responses of a neurone to 10 pM FMRFamide before, during, and after the
perfusion with Ca’*-free media. Voltage clamp at —55mV. Ca?*-free preceded FMRF-
amide by 10min in the middle trace,.
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MRS 1k ds X% 10~30 pM T B B &
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F&2:3 % K+ 5 4 5 L@ opening % block 3%
DA ToEECh B2, Apamin % 0.1~25
#M o g ¢ SK # (Small conductance Ca?*-
activated K+ channel type)® Ca?* 1 X »C
B K* &4 5 Ad opening Zillf-4 5 n
Hbh T 5%, FMRFamide i@ k5 K+ B
JEE 1% apamin® 1M i -C 20455 HIHEVE L2,
4 IS MuTeds - 7o (Fig. 6B).

TEA % apamin <ixiillz Shin B, Ab
BK %! (Big unitary conductance Ca®*-depend-
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3 " 20° LW
! Eauaas
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! -y
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P s —— SR
L egreumn |
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Fig, 6. Examinations of various inhibitors for Ca?*-dependent responses on the FMRF-

amide-induced K*-currents, A, B, and C were recorded from different cells under voltage
clamp at —55mV. Controls are on the left, in the presence of each inhibitor in the
middle, and 20 min after injection or washout on the right., A : EGTA was injected intra-
cellularly 3 min prior to 10 xM FMRFamide, Estimated intracellular concentration, 10~
30 #M. B : Perfusion with 1 pM apamin started 20 min prior to 10 uM FMRFamide, C :

Perfusion with 10 pM TEA started 10 min prior to 10 xM FMRFamide.
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A4 RS TR LB CH I L.

I10mV

v "5¢rrrrmTwrrrrrrwwrrrrrn“nWrrrrrﬂ—rn1
————t

30s

10 pM FMRF
Fig, 7.

0.1mM GABA

- Effects of PTX on the FMRFamide-induced K*-current and GABA-induced

CI‘—current recorded from the same cell. Control responses are on the top, and lower two
traces are 15 and 30 min after intracellular application of PTX. Note the time dependent
depressing effect of PTX on FMRFamide-response but no effect on GABA-response. The:
resting membrane was clamped at —55 mV, Estimated PTX concentration inside the cell,

2~5 pg/l.
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D. GDPsS o#ifan&xs

GDPBS # Hiflapye 5 LC LI LA B - C
LRI EM SRR 2 v X 7 2 v A b4 %
{b U7t ote. %7, GDPBS 13 GABA i & %
Cl- By (Fig.8)iz % ACh 1w k. % Nat B (K
BN BB RIE S e hote. T K
s L, B UMifao FMRFamide @ ) » TH4k:

'f/»\mm

L7z K+ # it control @k L +70% iz &
hi(Fig. 8). GDPSS o Fix. GDPSS @
EAE#HISRBh, 604 L E#H#E L.

GDPBS o M 11125~250 uM & 4 X
e, FEo K E 213 GDPAS DRENETIZ
EHEk Uiz (%505 ). GDPBS 13 FMRFamide
i kB K B a s IRpe il Lz o &) Bz

VR,
104M FMRF 0.1 mM GABA

BSad

B WMM ‘/m} MI -

, Iy S

V‘r,f\f Jromv

EMRF GABA GABA EMRF -5

Fig. 8. Effects of intracellular application of GDPSS on the FMRFamide-induced re-

sponse and GABA-induced response of the same cell, Upper trace shows control current
responses (/) recorded under the voltage clamp at —55mV, Lower trace was obtained
1 min after the injection of GDPSS. Intracellular concentration of GDPSS was estimated
to he 125 to 250 #M. Note the significant depressing effect of GDPSS on the FMRFamide-

response but no effect on the GABA-response.

A +S [2na
! T Jromv
Vi

60s

[

mv
10uM FMRF 0.1 mM GABA F_MRF

GABA EMRF GABA FMRF
B ] i <)

Fig, 9.

A : Effects of intracellularly applied GTPyS on the holding current and mem-

brane conductance observed during the voltage clamp at —55mV, GTPyS was injected at
the times shown by arrows, Intracellular concentration of GTPyS was estimated to be
50~100 M in both A and B. Note a gradual occurrence of outward current associated
with an increase in slope conductance. B : Effects of GTPyS on the responses of a dif-
ferent cell to FMRFamide and GABA. The cell was voltage clamped at —55mYV. Note the
apparent and gradual decrease in FMRFamide-response while no significant change in

GABA-response,
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GDPBS o filaPIE MR T L B E D
e A 5 1.

E. GTP;S oy

GTPyS %Allai s34 5 LEEIOM 4 %
£ 538 4 A% iz (half maximum time
4043), AORWWANC T Lie. C0B&%
R AEE LCERE LS L2 v X7 2 v
235kt B A & GTPyS iEA#, LiD time
course Tfrxlo =z v & 7 2 v AEK LS
B EEWRASE L (Fig. 9A). GTPyS ¥
IR B TR RO BHERR E D TP »
{bh LTwi. Lal, #lam GTPrS o
L FMRFamide #4038 Lik 515 &
GTPyS o g+ L4 £ o time
course {33 L < B s iz (Fig. 9B). GTP;S
afapyie i FMRFamide /2o FRAR
HisE4 5o holding level ¥C¢R B3, a4
AEFLEETEEE -7 (Fig.9B). o
iz FMRFamide b dEgr ERT50
13 GTPyS offkic Fus 3 AL &) R
Hre 7 & —HHCREESh D EELZBR
7z. GTPyS #nkapyis 54 FMRFamide %
D3R L5 5 &, control o khig L, F O
FMRFamide iz X 2B HIGE D peak b, fE=
vE & AORENSRERELEL L., T L
T 8 4y#iz. FMRFamide [BZr5E4ciBdkL
7z. L L, COBHMcE UMl o 01mM
GABA 1w BIRE &< LTy Ta o
72(Fig. 9 B).

F. FMRFamide [§& & GTP/S i5&L @

HEOME  ER-EERR

GTPyS B 5ol Sh AWM & K
B AE 2 TH Y, ERE—EEME TerrsVn
curve) %k » 7z (Fig.10). Z @ Igres~Vm
curve Ik, [ U#ifa-c FMRFamide ¢ &g =
ST ER (Iewre )2 X 5 Ipure—Va curve & Jd]
B BEOHMEEREEETRL, Ll Kf
OFHEFEAL (F9—95mV) CHE & 72 L i
(Fig.10). =& L1k GTPyS CH I h 54
%% FMRFamide <3| &z 2h 3
WMERCHEEXF> K W ThB T L 2R L

:M (nA)

IrMre
I6TPis

ol

/ ,,

T U 0

13 T L4 T T
Vm (mv) 7 -90 -80 -~70 —60
/,O

/
’
-~

Fig. 10, Voltage dependence of the FMRF-
amide~induced current response as compared with
that of the GTPyS-induced change in holding
current recorded from the same cell, A train of
voltage pulses with varying amplitudes were
applied to the commander and the membrane
current thus obtained before the response was
subtracted from the current recorded during the
response to either FMRFamide or GTPyS, Note
that both curves crossed on the voltage axis at
—95mV,

T 5.

G. H-8 & ¥-deoxyadenosine O3

Ll ko3t FMRFamide &2 PTX
REWEFEOGER (G, G, Fhik Gtk b
BEAIRTW5 T EDREX h 7=, adenylate
cyclase EEEHLTWB Ve 7 & —%Eofila
T G OiEE e X D HIlaPy cAMP o yEs
DMETT B EnmbiT w5, Aplysia D
ganglion cell 1w\ » T3 FMRFamide v+ 7
2 —DRFE X b G NEHEESh, ToOMRKE
gl cAMP BMETF$5HEAE L bR 5.
z® cAMP ofETF, & L< e protein kinase
A OIFHETH K 7+ 2 v 2 EEOFKE
Lie T BT test F 3720 ITFD
L5 e RAVEPI3E A FH Lc. A-kinase ¥
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H-8
2
A ’ nA
15 30
| -
v I 5mv
Vi T T TR e T Y T
uuM FMRF EMM FMRF ‘l&uM FMRF
et
60s

3-deoxyadenosine

AN AN A

V- S S TTTYTITTITTITITIIIITIVIIIIIIITOII  TYVTOTTTCSToveees sTrvermmTre T ereben TTvvemes TV T T Y YT,
my’
&pM FMRF 12 uM FMRF 1-0- uM FMRF

Fig, 11, Lack of any effect of either H-8 (A) or 3'~deoxyadenosine (B) on the FMRF-
amide~-induced responses of different cells, Controls are on the left. The FMRFamide-
responses were recorded 15 and 30 min after intracellular injection of H-8 or 3'-deoxy-—
adenosine, as shown in the middle and right columns, respectively. Membrane potential
was clamped at —55mV in all recordings.
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ik H-8(Fig. 11 A), K 0r adenylate cyclase
EH¥ED 3-deoxyadenosine(Fig. 11 B) %+ h
Tl EA Ltk &, mE L DReRT
X 5 FMRFamide [G&CELERE 2o
fo. TEEEIEEESL R X OWEEEIIC b
il R b 2 I o e, T O MBI
10~30 kM T 5 L E X iz,

V. & %®
A. FMRFamide OBRSEISERROLF

VI

RBFFEC X b Aplysia o JFEEHREE O Mg
FMRFamide % #4545 &, BIERFEDC L%
@5 b & LB REIRE 2L T 5 LB
Shic. o X 5Tl BIGERBD A 4 ik
BE LCRA&1 4 voOSrHEfi 2% B4 5 &
Kt o4 2 ABBIWTRETLHEE C7 5y
AP CRETEHELE L b h 5.
FMRFamide |2 OMIEEMILE T © Aplysia
ATIIEFTER—95mV Th b, Zoiilgc
o K+ i3 % P 20 131g—3 L (C1-
T 5 BT —65mV). X b, SED
K+ s 2888 L & & O iER MO L iz KY

x4 % Nernst OFCEOURCE 52 Ehvbns
stz =77, SHIR CI7 BB %2 2 T H A
LU otz $#6-C FMRFamide X 305
B KT 5 4 2 0BG CRET 5 L4
wEhs. FERfEs KY 74 542 FMRF-
amide JiZ 1% Aplysia G REEIDO Ry = o —
ry, Helix = . —r vERRBNTLIHERIR
VCL‘Z)3,18,14,35,39)' I\f[;’) :@};E\/é;:Qiﬁ{“?&@ Na-l-
% Tris ¢ L, Nat-free & UicBEHHx
iz Los L, & DR, AE—BUS IR R K E
REZTREFIBE L0 T Nat-free it X %
Pl v+ 7 % —o FMRFamide =33
DEFERRA LicledTH D EH L BRI B.

B. FMRFamide &{E& LT3 KF F 4

IO ETRSEEHE

— R MU AF LT 5 KY o 4 2 iz
B D, THOX ST ANAERE, EE
M $a7g o TR o K+ s 5 b0,

1) EBELOBBIERAE S L, TEA
T block &5 KT Ei(Is).

2) mfapy Cat #4incHd4 5 K Eif(Le).

3) AmEERSEE AR TS K Bk (RA
IR K+ ER, Lr).
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4) GEAOEELTHRE TS K B

FMRFamide v 7 &% —#chi < K* &
1 10mM @ TEA Tk block Ehighoic
(Fig.6C). z ol cixls #° block &R iEH)
EALOMENRE LEN AR L TWADT
FMRFamide = X % K+ Eixdicded Is
TiEew. ¥7o, BoBm—HElRYE 5 &
o b E R (Fig. 3 Lo Fig. 10)
FARTOCHAEER K Eiictdiw. ki
Ic & b E R e 2R3 K Eite LTaD
RTuw 5. L7 L, FMRFamide ¢34 3 % K*
Tyt Io TIRARGEOTIIKRDO EBDTH
%.

1) o (Ca?t), % freeic LT HISED T
B%.

2) EGTA ogiffapysbac X b block &h
s,

3) 10mM TEA ##7E T block Eiuigu-.

4) TEA-insensitive 7¢ Ca* i X » Tiith
% K* & @i block 4% apamin fFETTH
FMRFamide J&&11 block & juigus.

PEkoz kb FMRFamide vz 7% —H
wocHa s K B L Is, Ie, I @
R b Y Ui WiEEO KF Billch s &
HaEBwrioo.

C. GEHONE

v 7 -l kA KY BRSSO RE T
W, Ve A x —ofE ALY, BEicd 5T
B0 GEH (G ik Go)oiFElea e b,
FnT K 50 2 & & B 4 REne i
18 U72%. FMRFamide v -t 7 % —H# ¢4
A K BHRECL O BT AENE S
EFERT Al ofilaRc B0 GERY 7 v
Fa A LT FMRFamide JiZoZe{b s
Liz. PTX i3, HaE0 GERG, G ok
Gy) L EBEMCE S LT T i ADP-y Rvan
LT BHE™Y, FOLOHREVE75-LG
BAHBOKBE LR LHEL ENM B T v
%512, FMRFamide [/ 13 PTX #5305 L
P AN F] B 2 0B R Il S hie (Fig.
7). Ll CTX Ccld&e e 2T ichrs

7o
GDPBS 11GEED GTP f5& ML /Em L
T GTP ois# apiaici® 5 GTP an-
alogue T 5. g GDPSS ##EA Lic
Lo 5, it b FMRFamide JEZ04 < h,
FoiEE GDPSS O EARNKREWIZEXR
Mot ZDEER UMEo GABA v
z—file L 5 ClrEiv=asr=y 77
# —filic X 5 Nat Witie s %0k
Do f&.

GEA Ecn GTPS ofi&#hit GDPSS
DEEEMzEA T THD, GDPES X v bi#ss
L7y, 70 GIE & R BT 5
GTP analogue "TH 54, = haHlaACE
AT B E, TR THIERRIBD TP -
& EE L. T\ time course IL,
GTPrS & GEADHARIGHER TR LL
Woldhiiobolcks. Ll BRT
3, FMRFamide ClVv-+& 7% —Hli*3 %<&,
G#EBAD GTPrS w3 2 BAES AL, #
HEIEARHEINE S h B cor, kR
% GTPyS oAREh AR < Blh %
Z 0z EN RN L, FMRFamide JR/& o BIE
DRFEEL T n e L SR BHEH & F 2 1o
(Fig.9)*. GTP o fdb iz GTPrS 23fE&
T 5 & GEARATHCEEIL S h b 0 clE
O K" F o 2 ABERLUER D, EEEEh
7o GIEAOECIAI LT, JHAaEEES IR S
LD EEZ LAY, o GTPyS ¢hic «
# v F 4 2 Ah FMRFamide TR A A4 v
v F v R UHE 2 E o in g O SRR AL
DEELL, B LR R 2 f o
Tl & e (Fig. 10). —{Eo #ifao ek
GEHEHEELTWBETNTO K 54 2 aAs
GTPr S #Hi X - TflE o CLEZE, 20
iz FMRFamide vt 72 -4l L cdb*
DI occlusion 1@ L b, HikRF4E Ll
B THAH(Fig. 9B). Ll k, PTX, GDPSS,
GTPyS ©o 21z FMRFamide J5/& o R Bz
Ve 7 i —flEE G, G Fioit Ge Bl
WEZRHOGEARMELTHD Z & &R
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B35,

D. ki FMRFamide SZXo%HIc ad-

enylate cyclase ZOBEEH D42

M X 5T, ve72—LEEALTWS
Gi A adenylate cyclase %45 HAH
HbhTwa. FORKE, #jap cAMP o
YEFIERC L, Eic A-kinase DIEHE T2
B rELHESIhTW5. EBE, kit FMRF-
amide JE& O FEB i £ o flAN cAMP o
B, HBHut A-kinase OIEE T 2RI
B oTWBNE L, CORBERNSIX
HET B EILTER. L, CAMP o
4, A-kinase D {E#:{E T4 FMRFamide &%
FRBPDOEHEOFER T X DERE IS\
TRO LS LTRERTES. b L, Thil
BORRTH B LIRET B bIE A-kinase #5
HEOMBAR ST K 4 X A Bt h
Wik b L, #5413 FMRFamide &
BATHETTHSB. LohrH Figll wiRL
7o kX 5 A-kinase £#i3E0 H-8® Dy 5t
IR DR D Zin b7,
FMRFamide J5&ic £ BB L RIESh -
.. B, 3-deoxyadenosine®® A HIFANIEA
LCh#IkBg= v £ 27 %2 v 2 3 FMRFamide
IBEDEL Lishr o e,

BER o< ve 7 & —JET K" 54 R h
BICBARIIFD VT2 —bEoB Y O &
B, MilaofEE, agonist OB D IR H0
HbbT o Lo PTX sensitive e GEHIIC X
DA IR T B & 2T 2T iR L
A = DESAAR BF 42 ¢ © FMRFamide v
7 E - CTHRRINBHELEE L. [
DRERBMUD v 75 —JETH &R EhD
K* EROFBFHBE CLEESI hooh 55410

27,29, 30, 32,43, 44)
-
V. f& 5

1. Aplysia kurodai O JEIEHEECH 5 Re
7 — 7ot L ¢ Phe-Met-Arg-Phe-
NH,(FMRFamide) ##545% &, BHBIEE
BRLETS.

2. ZhEEBMEETCRRIEEE LTA
5L, TOBRMIFBLEEL BT B IS
L, SHREERHONAEEBRALHE L.
OB HERT HEEME KT O &
Ex(—95mV) L Eic—FK L.

3. = o FMRFamide &1t Ca? it k& » T
Wiih s K B A5 5% « 03#, TEA,
apamin, EGTA 7 Fo#bEceiMElshi
M.

4. coBoMiacE A%ER (PTX) 2
AT 5 EFHILEBMIZE L Ebbiaholeh,
HEA#30%4 ¢ FMRFamide & X 24 A& iR
W& ZRAHACE Lie. — =2 v B E
(CTX) DEATIRZOREILELELL ik 2
w7z, .

5. Guanosine 5'- 0 - (2-thiodiphosphate)
(GDPBS) % Mifapi b3 % &, Bk ik
Wieh»tehy, FMRFamide ¥4 35 40 X
ERSEEE LLME L.

6. Guanosine 5- 0- (3-thiotriphosphate)
(GTPyS) “AfaR#EL3 5% L #ILED A » —
TavEyx v AOEMAE S S & B
&2 Feg Lz (balf maximum time
405). FMRFamide % 038 L5325 &,
BIEIe 35 GTPrS o Lis®ni L
3 X - (half maximum time 4 45).

7. GTPyS TR IhHEROER—
BE# 2 FMRFamide c5l&#c Xh 3%
MOBR—EEMR & g K o P8 E L
Ex @\ Coifils Uiz

8. Protein kinase A 0553 (H-8)=% ad-
enylate cyclase D3, (3'-deoxyadenosine)
wifapcEA LTh FMRFamide JE&38
BEZT ol

9. U EokBE X v, FMRFamide v+ 7 %
—DORBIC & - THRAET S K BiflEflio ve
7 —HEcRET 5 Kt EREAK PTX
EZEE S SGEE (Gi, G, 72013 Gu) It &
S THENMIR TS EfER L. ¥, 2o K?
Bt FA i, Migp Ca* g (Ca*); ok
A< adenylate cyclase D RiEMILSEED
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