—268 —

YN

71(3) : 268-275,2013

7R FIan) v A S BEEEARSEMREAER Ca?t F v IV DT

7 fir Ao =K N HOA
R W

WO R BRI RS R A B R A T FE R A A P2

[BER] o F 7ABRERICEE L 2GEHEMIE. ¥ F T ANED SEEWE 2l &8 Ty 7 2%
NaMUBEE S 25T 50 PR TR, Y F TAWKEERET 7 74 7V — Y I2%EBIT % P/Q-. N-. R-
Bca” Fx AN, YT TANBORAO%ES . KifsRid. FRIBEEROTLF V3~ (ACh)
T HER R 2 FRIE & U ¢, BESBREMET 72 71 7 — v Ca¥ F v ANV OFH E BT L 720
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P/Q-& R-EIDRIEL™ L, V¥ I VBE&EAHT
LIERUNERO R 2T S I §. —F . KR
R TH L EHFEALRTIZ, T LTPQMY 23
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IHEIZE W ER & OBMEZE L, FIEE
WAL E L7oo WIS, —HOMEEMNZIZ 15 m B o4
B (1-1.5nA) % 0.1 Hz THEA L CIEFBIEA
RIS M O O BB > T AR
%7 (Excitatory Post Synaptic Potential : EPSP) % 7t
Fr 72 (Fig. 1) o MUNEMA A 7 A58 0Pt id
60-110MQ & 72 % X 9 128 L 72, 0.1 Hz T EPSP
% ie#k L EPSP OIRIEASIZIT—E DK E SIZ5k S
N2 O xR L7248 20 47712, Ca®" T v # VEFER
B FHL % %) N-#: o-conotoxin GVIA (PEPTIDE
INSTITUT, INC) .P/Q-% : w-agatoxin IVA (PEPTIDE
INSTITUT, INC). R-Bl: SNX-482 (PEPTIDE
INSTITUT, INC) DAL ZNZ A5 uM, 250
oM. 250nM 1275 K912, w47 ¥xy &
WCHIAME 1.5 ml A2, 15 ul, 375l 3.75ul &
W %5 L 720 o-conotoxin GVIA D ¥%5-FE k& T,
5 1M o-conotoxin GVIA #%5-1% 40 53] EPSP % fCé*
L7zt ¥ F 7 AR OEIRIEA % E1E LT,
VT ABMBL O ) 4 X% 3 R L 72
(Fig. 2) o ®-agatoxin IVA ¥ 77 1% SNX-482 D #5-92
B& T 13, 250 nM o-agatoxin IVA ¥ 72 1% 250 nM
SNX-482 % #% 5- 20 43 % 12 5 uM @-conotoxin GVIA
PG L. 201 20 47 EPSP % 5tfk L 72 (Fig. 3.
4) 5

Ca™ 7 v A )V HEF % 5-10 10 73 [# > EPSP #RIE
OF¥BEE T bu— & LT, HERES %
10-20 45 [8 @ EPSP #RIE O FIGME, kD M EHF] %5
% 5-20 47 T EPSP RIE D FIE, & 512347
MK, A XIRIEOFHEE 3 > b a— )VETIE

Stimulator

A
@ Interface  Computer
CRO

Fig. 1 Schema of EPSP recording in cultured SCG neurons

2133)

Conventional intracellular membrane potential recordings were obtained from two neighboring neurons using
microelectrodes. EPSPs were recorded from each neuron while action potentials were generated in another neuron by pass-
ing 1-2 nA current for 20 ms through an intracellular recording electrode using microelectrode amplifiers (Amp, Nihon
Kohden, Tokyo). Action potential was triggered by command using Clampex 10.2 (Molecular Devices, Downingtown, PA)
and a stimulator (Nihon Kohden, Tokyo). Action potential and EPSP were monitored with a cathode ray oscilloscope
(CRO, Nihon Kohden, Tokyo) and a computer. Data were collected through an interface (AD converter, Digidate 1440A,
Molecular Devices, Downingtown, PA) using Clampex 10.2 and analyzed with the Origin 8 software (OriginLab, Northamp-

ton, MA) .
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AL L 720 IEHAL L 72 5-10 B Crosde i 2 i 2. ¢
P L, 2O E L EERER T — S Y 7 b
Origin 8 (Microcal) THHHIT 2 & & b2, ZDF
% 8 HBBEIA L — Y v 7 LI ER R TR LI
L 7= (Fig.2A. 3A. 4A). w-conotoxin GVIA & %
O3 EPSP R S 3 A ZHRIE O P35t
7 L5\ T, w-conotoxin GVIA 12 & - THH &
% EPSP #RIE & #ifi] & 1170 > EPSP IRIED K & &
Mo EHEMIC X - T2 2 {mEWE iz S
T 5 N-H Ca¥ F v 2V & N LA D Ca®” F ¥ +
Vo E G %N — &~ b TFE L7 (Fig 2B)o
o-agatoxin IVA & ®-conotoxin GVIA D% 5-HDFIg
EPSP RIE 2> 5 Hft 7 4 XIRIEOFIE L Z L 5w
T. o-agatoxin IVA F 72 {3 SNX-482 & o-conotoxin
GVIA IZ & > CTHfl 215 EPSPIRIHO K Z S 005,
N-#, P/Q-. R-B Ca¥ ¥ ANV DOE & Z /- L~
kC¢# L7z (Fig. 3B, 4B) -

& xR

1. SCG #ZMa s 5> DIEMEMHEE S N-
B ca” F v 2 IVDEIE
N-T Ca®* F v 2 ViM% S22 HIll 5 % & iy
EN TV 5 5uM o-conotoxin GVIA'Y'Y? 5B T
(X P74 10-20 530 EPSP ORI AT 88.3 +0.4% (°F
W+ fEHEERE) WA L7 (Fig. 2A). #4171 X
fiE 6.1+£0.3% (Fig.2A) % # L5 < &, o-conotoxin
GVIA |2 & » T EPSP D HRIEAS 94% A L. 6% A%

A @0.1Hz
n=7

14 5 ﬂ a-Conotoxin
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o-conotoxin GVIA 12 & - THIH S 1284 L 72
X2 b (Fig. 2B)o Z OFERIL, 1) SCG Hi#%
ML 2> & DIZZEW E U 2 N-8 Ca** F v # VA%
(29 A5 N-BILIAL O Ca¥ F v AV B FEBLL Tw»
4. 2) 5uM o-conotoxin GVIA HMmEWE L % 58
EIHIHIT DRE T e oz, L) 2 DDONHE
a2 RIET 5.

2. SCG #E#p, > DImEMEME %8> P/
Q-BLUN-B Ca™ F v X ILDEIS

Wiz, ERd 1) oW EEM L P/Q-T Ca¥t F ¥ AV
DOFEBEE R T 572012, PIQ-H Ca¥ F ¥ 2V %
SEA NI A LA S ATV A 250 nM o-agatoxin
IVAY'9 3% 5. L 72 & 2 A, %5 1020 4 @D EPSP
DR 25 83.9+0.8% W4 L 72 (Fig. 3A) o i \»C
5 UM o-conotoxin GVIA %% 5-9 % &, 5% 5-20
4> @ EPSP OIRIGAS 7 A4 Al & 1 ZIZFERARME (6.4+
0.1% Fig. 3A) THo7zo T T. HE#/ A A5
%7 L51< &, EPSP #kIEIE o-agatoxin IVA 12 & -
T 10% 4. o-conotoxin GVIA |2 & » T 89% &/
L. 03% EMIZ Lo THHI SN Loz &I
%% (Fig. 3A. B)o ZOEED2S. Lil2) O HE
PIIZIFHES N, PIQ-BICa® F ¥ A VL L
T T REW RSB -3 % A5, N-1 ca®” F v
ANVOEEPRTHLI L FHR LI LD,
& AW, o-agatoxin IVA 55 10 B, 6 Tl
EPSP OIRIEAZEA LT, 4 #T 26.5+4.0% HRIEAS

B

I N
5 uM Conotoxin (n=7) mmm unblocked

I noise

5.6%
6.1%

Fig.2 Contribution of N-type Ca*" channels to synaptic transmission in cultured SCG neurons.

A : EPSP was recorded at 0.1 Hz.

After stable EPSP recording for more than 10 min, ®-conotoxin GVIA was drop-applied

at =0. Normalized and averaged EPSP amplitudes (@ +SEM) from 7 experiments with a smooth value (red line) were

plotted against recording time.

B : Fraction of N-type Ca®* channels mediating neurotransmitter release (red) (%) estimated from averaged reduction in
EPSP amplitudes during 10-20 min after drop-application of ®-conotoxin GVIA and 40-43 min for noise (blue).
Unblocked (green) was calculated from remaining EPSP amplitude, suggesting Ca®* channels insensitive to ®-conotoxin

GVIA.
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Fig.3 Contribution of P/Q- and N-type Ca’" channels to synaptic transmission in cultured SCG neurons.

A : EPSP was recorded at 0.1 Hz. At =0, 250 nM »-agatoxin IVA, and at 20 min 5 pM o-conotoxin GVIA were drop-
applied. Normalized and averaged EPSP amplitudes (@ +SEM) from 10 experiments with a smooth value (red line) were
plotted against recording time.

B : Fraction of N- and P/Q-type Ca”" channels mediating neurotransmitter release (%) estimated from averaged reduction in
EPSP amplitudes during 10-20 min for P/Q-type (black), 25-40 min for N-type (red) and 40-43 min for noise (blue) after
drop-application of Ca>" channel blockers. Unblocked (green) was calculated from remaining EPSP amplitude, suggesting
Ca’* channels insensitive to w-agatoxin IVA and ®-conotoxin GVIA.

WAL b, ME#REKIZE > TEP/Q-H
Ca® F ¥ PVHFEB L B EEWE I ICE5§
A5, N-BL Ca¥ Fy A Vid ED Y F 7 ARKREKT
bEIE L UREYERBICES T2 L E2RET
%4

3. SCG #iFapE» 5> DIEEMERE £ 5 R-.
N-5 LU P/Q-B Ca¥ F v XILDEE
W2, R-BL Ca® F % A VOB EKET T 5720,
R-Al Ca®* F v AV E &I T 5 LB SN T
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10-20 43 @ EPSP D RIEAS 0.6 £0.6% &4 L 720 #it
T 5 uM o-conotoxin GVIA 5 L7-& 2 A, #%
5% 5-20 43 @ EPSP D IR1EAS 86.8 +0.6% I L 72
7% 6.5% EPSP DIRIEASTRAT L 720 Jfi ) 4 AfE %
#ZL5[1< &, EPSP DIEIEIZ. SNX-482 2L 1 0.6%
%4 L. ow-conotoxin GVIA 12 & V) 92.4% 3% L .6.9%
DEDZ L o THHI SN h o722 2% %5 (Fig
4A, B)o TNHDOREEN S, SCG MM -7
A CTOREWE R R-EL Ca* F ¥ A ViklZ & A

N unblocked
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Fig. 4 Contribution of R- and N-type Ca’* channels to synaptic transmission in cultured SCG neurons.

A : EPSP was recorded at 0.1 Hz. At =0, 250 nM SNX-482, and at 20 min 5 pM ®-conotoxin GVIA were drop-applied.
Normalized and averaged EPSP amplitudes (@ *SEM) from 10 experiments with a smooth value (red line) were plotted
against recording time.

B : Fraction of N- and R-type Ca*" channels mediating neurotransmitter release (%) estimated from averaged reduction in
EPSP amplitudes during 10-20 min for R-type (green), 25-40 min for N-type (red) and 40-43 min for noise (blue) after
drop-application of Ca** channels blockers. Unblocked (black) was calculated from remaining EPSP amplitude, suggesting
Ca’* channels insensitive to SNX-482 and ©-conotoxin GVIA.  (black), indicating residual unidentified value. Individual
percent (%) calculated.
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EFEG LT 2wgs, N Ca” Fx vk <
FHLTWL PR IN, £72. WHEHA
F 55 243 % EPSP OIRIREIL, D377 PIQ-BY
Ca® 7 v AN DOFGERET %o

E 512, PQ-EL Ca¥ T v A VO FEHL & FRAS T
% 7212, SNX-482, ®-conotoxin GVIA (2 i \» T
o-agatoxin IVA % #%5- L 7258 5 6H. ©-conotoxin
GVIA #2514 25473 % EPSP %° w-agatoxin IVA |2
LoT1 FITOHRIMH SNz (data not shown) o =
DIEREPDL, TXTO YT 7T AR EIZ P/Q-T
Ca X AUVHHEBML TV EPFHEZRIN
720

Z =

48 SCG MM >+ 7 AWKRKT 7714 7
V=@ N-, P/Q-. R-# Ca® F v AV DFH &%
BE&ARET L - ARIZE L. 1) ¥ F 7 ARIHEERIZEH
L 72 N-# Ca¥" F v 2 VS W B 0 12 HRE L €
W EDOLURTOMERE RS * iR T L LD
12, 2) PIQ-T Ca* F v ANWIETNTDH Y F 7 AHi
BRIEH L TV LD TR WA, BHL vl
BeREd 2. 3) RAICa® F ¥ A IVITHFS LT an
CERHOEMNMI L F7o, BEEEEHIZHEIKE N Z
EAZ N Ca®t T v A OVER SO LSRR A0, B
LR OFE-DNEF 5t > THEMN R TR FNDHME
%R L7 REBRTHO/ERYHEESNTE - W
WEASHEAT L2 RTF FTHY), FREIEHVESD
NTWwWb, L2L, N-BCa® F v 1OV R IEE
Flx. P/Q-. R-BIFHEH L ) SmigEL2ET L2 L
M5, PIQ-H Ca® F ¥ A NVADEELZHBRTE L
WHBEMEDRIZ S L7,

i B A AR K %0 Calyx of Held ¥ F 7 A B K T
X, N-, P/Q-& R-%l Ca® F v VS Ml el
I HERET 272 LB SR CTB ). S E
RATEHALEE S D Ca® T X 4 IVERFEDE VL B OR
FT&Ca? F ¥ RN EFADITTND I EARIEX
N oo PIQ-HL Ca® F % W IX—50 mV (5 5 %
HAL & 4. N-. R-BI Ca® F v # )V & Il L Cifitk
LN C EAERR SN TR DY, EEIHERORT
P/Q-Hl Ca¥ Fx A VAT L L THfET 52 &0 %
YT L. o, HEN® S VIET S NA &
Wi 228 Cld, N-I Ca> Fy A Vs E & L
THRET 528 LT 2, Ca F v 2 VI
EHNC L LM T v b SCG MM ACRER S

®OE PR F MO

B1% B35

% Ca¥ B OIHFIZI A A S, Regan 5 &, L-H
18%. N-T 85%.P/Q-& R-BI 10% & s L T % 2%,
Martinez-Pinna 52" (&, L-B 21%. N-EI! 49%. P/
Q-7 11%. R-120% 2"FHL T2 L L Th
D& C F Y A NVORHIZIEEDENH D, T2,
7 v b SCG MMk T P/Q-TNEFEHL L T\
kv ) B L ERIC, 10-14 H B2 SCG
MR AR TlE, PIQ-TUTHER] o Ca® BT I %)
FIIFEO 5N, N-RL80%' O™, L-K 20% & HE
ENTWAY, AR TIE. Ca® F v FIVEHSEHIC
L% T ABBL (EPSP IRIF) O % iBIE &
LT, 72547 —=0ToOCHF v 4rIVoEE
REM L7, EEEMICL > THIERE SND(EE
WHERE ) C¥ F ¥+ Vo E AL, N
89-94%. P/Q-%l 6-10% TdH 5 = & DSHETR S 720
R-FUFHSEHNZ X % EPSP HRIGEH A IFEAFMBINTH
D\ AZREVEBREANOFSIZHS TRV T 72,
N-. P/Q-& R-#I Ca® F ¥ LA VHEHIIZ X o T
EPSP 5{H K L7z T, 0.1Hz ® & 9 RIEHEED(R
EWEBRIAD L-HoOF5 3R ES N, ITnb
OFERIE, T v MEIE SCG MIRRMIILIZ B v THlT
he s F T AR LB Ca¥ F v A IVOFEHL &
WREICHEDN DL L RBT 5, ZOflE LT,
AR LB Ca¥ F ¥ AV HHAT S Ca®' 1, ¥
TOBETHEBEE ML CEAABRIGE LY, sk
N-#l Ca®* F ¥ A V2% CaMK 1I %= 41 L C L-%I Ca**
F ¥ AVIC & DR TR L v
L7eh o T, Mgtk T ca® 7 v 2V OMHELE
HiE. MRz E £ o /- REx RO 2 L8
RIEE NG,
AWFgeCld, B E 10 T RApT4 57
A (CEME;EHES7+11 H) % o-agatoxin IVA 2
AR L6 YT T A (PR HES5£55H)
FEF oK EZEET RS ZVE VI LI,
o-agatoxinIVA &2 IR IZ & 2 1X5 2 & 28
P B N72A%, w-agatoxin IVA B Ex R L 724 &
F 7' A T w-agatoxin IVA (2 X % ACh fit 1 #0l1%
27% 128 £ F o Tz, RIEMREHORIZ. TRz
T LB RCTNA 2T 2%, BETT
) AFEHPEIZ LT A0, NA T 5 5K
FRAEAR R IE N-TU Ca> F % ROV D HEfE§ 212192027
3 ACh % fi ¢ 2 B AR 1L P/Q-2Y Ca™ 7 v
PUHFEE L THEIETZY C2EETLE, E
WK T C SCG Mk Y F 7 AHIM KD ZEWE %
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ACh & § % fast synapse & JEHid 1LiL Ca®* F v b
BN-BI 5 PIQ-TUINDORATHBHER Sz L L,
P/Q-B Ca®" F ¥ A NANDOBITHEZ 5§, MRS
EWEREICES T 5 Ca’ F v A IUHTUTIE NS
BREFESNTHEZERPELENE R o720 TNEHDHE
RiZy RO 2 ) AFBY PSS B AR A % 315
Ca™ F ¥ AVH N-BUIRFE S CTw 2 i et %2 7R
M9 %,

N-. P/Q-& R-#I Ca* 7 ¥ A W 2SIRTET 5 Calyx
of Held ¥ 7" ARIEEKTIE, 7774 7=
T 7 ANEBAE A PIQ-BL, Z DL 1 N-H#l Ca®
Fr RIVDEHRLC. PF T ANLE Ca¥ F v b
WV DBCTE SRR Y B RO RRRER 12 2 70 2 15
FRZLTVD EHEH SR TWAEYY, —J7, N-JI
Ca!' FY ANV IRb AV T 77 ANEL, T
T AT = VNHEET S Ca A EEE DN
CHHICEE TH 5 & OB TORE b
HrY, TrTFA4 TS =Y Ca FY AN SFHEA
L7z Ca* id, Ca¥ MM LT, ¥ F 7 AN
5% & T & % synaptotagmin® % DOC2* %
Ca® BEEAE AL, ¥ 7 AN
BARIESE LY, THF, Ca¥ 0 F 7 ARIHERE
WHOYFTANEIE) A7) v T EE R ET
ZELHOENER YT L F T[RRI BT
B Ca* JLEEBIREDS Y F 7 A/NBERE & I+ 5 2
EWfA Z Do FBIIREEE SCG M RIZIE, Ca® K
BRI synaptotagmin I & 11 2%7, %72, Ca® &HEA
P DOC2 %63 L T ACh fig i % #4019 %Y, p/Q-H
Ca’ 7 v £ )Vid. synaptotagmin I &4 & L CInEW
B2 ¢ 810, =0 P A b—3
ANDOEGARBEEN TV LY Lo#HERH D .
VDCC DI DE WD Ca® A EHE 2 L7z
F 7 2 DOFERERIE & 3 < hdb o T B IR ATR
RENL. N-B Ca¥ F X 2V & Ca¥ AEAED
MEMEHDE D L9 BB ZHE 2220 To
AT S HOREE T2,

& B

RWIRE#SCGHRE Y T T ATMMEKT 7 74 7
V= Cat T X ANDOF T A T, N-RIPET
HY. PIQ-IIZTRTD SCG MWHE Y + 7 AR
WZHBIL TWADOTIE R WAL, FBIL Tw e
Tho REICa> F v A NVIFEHEL T v, Dk
DFERIE, HIRAND 2) AEBIVEZR B SZ AL O &

M3 TRTFIVa) PR ) BEESEARER Ca¥t T v b vV OfRIT
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IR IEMF DR EWE ASNA 705 ACh 12 L L
TH. MEEEKED Ca® F v L IVERBES R S T
WhHZEERIET S,

BE—B

VDCC : Voltage-dependent Ca channel ( & fi7 1K 77
T Ca* F ¥ V)

SCG : Superior cervical ganglion (I $H% B MHERT)

EPSP : Excitatory postsynaptic potential (E1EME 2
T ARELNL)
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WA : Reciprocal regulation of P/Q-type Ca2+ chan-

N-type Ca®" channels mediate cholinergic exocytosis in long-term cultured
sympathetic neurons

Michinori MORI, Shota TANIFUJI, Masato KONISHI, Sumiko MOCHIDA

Department of Physiology, Tokyo Medical University

Abstract

The firing of action potentials encodes neuronal signals, which activate Ca*" channels expressed at the active zone. Result-
ing Ca’" entry, initiates release of neurotransmitters from synaptic vesicles. Chemical signals are transmitted to postsynaptic
neurons. In central neurons, P/Q-, N-, and R-type Ca’" channels mediate exocytosis of glutamatergic synaptic vesicles, with a
mix expressed at presynaptic terminals. The nerve terminals of motor neurons mediating exocytosis of cholinergic synaptic
vesicles express P/Q-type Ca’* channels, while those of sympathetic neurons mediating exocytosis of noradrenergic synaptic
vesicles express N-type Ca®" channels. We investigated Ca®* channels mediation of cholinergic synaptic vesicle exocytosis in
long-term cultured superior cervical ganglion neuronal terminals. Specific blockers for N-, P/Q-, and R-type Ca>* channels—5
UM o-conotoxin GVIA, 250 nM w-agatoxin IVA, and 250 nM SNX-482, respectively—were applied and the resultant decrease
in excitatory postsynaptic potential (EPSP) elicited by presynaptic action potential at 0.1 Hz monitored. ~®-conotoxin GVIA
decreased EPSP amplitude by 94%. In contrast, ®m-agatoxin IVA decreased EPSP amplitude by 7% to 10%, while SNX-482
decreased EPSP amplitude by 0.6%. These results suggest that Ca*" channels continue to mediate cholinergic exocytosis in

long-term cultured SCG neurons, resulting in maintenance of native function in sympathetic neurons.

(Key words) Presynaptic terminal, Ca*" channels, Neurotransmitter, Exocytosis of synaptic vesicles, Cultured superior cervi-
cal ganglion neurons
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