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Effect of ATP on Calcium Channel Modulation in
Rat Adrenal Chromaffin Cells
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ATP in quantity co—stored with neurotransmitters in the secretory vesicles of neurons, by being co—released with
the neurotransmitters, takes an important role to modulate the stimulus—secretion response of neurotransmitters.
Here, in this study, the modulatory effect of ATP was studied in Ca’* channels of cultured rat adrenal chromaffin
cells to investigate the physiological role of ATP in neurons. The Ca® channel current was recorded in a
whole—cell patch clamp configuration, which was modulated by ATP. In 10 mM Ba®" bath solution, ATP treatment
(0.1 mM) decreased the Ba®" current by an average of 36+6% (n=8), showing a dose—dependency within the
range of 10 *~10" mM. The current was recovered by ATP washout, demonstrating its reversible pattern. This
current blockade effect of ATP was disinhibited by a large prepulse up to +80 mV, since the Ba”" current
increment was larger when treated with ATP (37£5%, n=11) compared to the control (25+3%, n=12, without
ATP). The Ba®* current was recorded with GTP 7 S, the non-hydrolyzable GTP analogue, to determine if the
blocking effect of ATP was mediated by G-protein. The Ba®" current decreased down to 45% of control with
GTP 7 S. With a large prepulse (+80 mV), the current increment was 341+4% (n=19), which 25+3% (n=12) under
control condition (without GTP 7 S). The Ba®" current waveform was well fitted to a single—exponential curve for
the control, while a double—exponential curve best fitted the current signal with ATP or GTP 7 S. In other words,
a slow activation component appeared with ATP or GTP 7 S, which suggested that both ATP and GTP 7 S caused
slower activation of Ca®" channels via the same mechanism. The results suggest that ATP may block the Ca®*
channels by G-protein and this Ca”* channel blocking effect of ATP is important in autocrine (or paracrine)
inhibition of adrenaline secretion in chromaffin cell.

Key Words: Adrenal chromaffin cell, ca* channel, ATP, G—protein, Autocrine inhibition

(neuro-endocrine cell)o|t}.

Mo B

BAGA e = Zn}(chromaffin) AlFE= WAH417 (splanchnic
nerve) "HtollA] fElEE oMARlEH ol Hbgsle] 1A
25409l 7l Fold (catecholamine) & HH]3}= A3
HelH o 2s WEnAlEol dgsta Ay
AA73 el AR ZELL 7]9e] FL3 A7-HEw

L5

Bl oft

This work was supported by the research grant of Chungbuk National
University in 2012.
Received 25 August 2014, Revised 4 September 2014, Accepted 11
September 2014
Correspondence: Yong Sook Goo (ysgoo@chungbuk.ac.kr)
Tel: 82-43-261-2870, Fax: 82-43-272-1603

This is an Open-Access article distributed under the terms of the Creative Commons

Attribution  Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0) which

permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

FhellFolal Eu](exocytosis) THGoll Ca’ o] F 23 2§
S 2 olw] & uhelA Uk WA dkoll A HulE
olAel Zalo] AZTe] Na' TS Z7HA AE7 A
EIu, 24527 48 AE U ¥ 57 FUH
AE W2 5948 Ca’' 2 FHelZoblo] o] Q& £
F(vesicle)ol] #-&sto] £Z7} AE=tol] A e (fusion)
=5 sto] FhelzolRl o] AlZE2]3H] (exocytosis) & A3
o} o] Hgel 7lofsle ARy FE A oA
(voltage-dependant) Zr5-E2etx A7t AR ALY |t
Aol EA ZEE =9 oF¥ (subtype) L-, N-, P/Q-type &
o7 TR o]F ZA7te] 4R E 2o RH Ca’
o] AfrAdTELRe 3 ARATEAL Tulvt =
Axh

FAFA a2upgl A ZdA & FHelZollst 37 ATP

- 157 -



Kyung Ah Kim and Yong Sook Goo : ATP on Ca?" Channel Modulation

(Adenosine 5’-triphosphate)7} &5 %] A (co-store), 35 EH]
(co-release) Fvh? BAFA 20kl AZE2| 3} (granule)
o= 7HelZolulzl ATP7} ¢F 5: 19 v]&&E E3=]o] 9
31, 71 4ho]] ADP (Adenosine 5°-diphosphate), AMP (Adenosine
5’-monophosphate), GTP (Guanosine triphosphate), UTP (Uracil
triphosphate) 52 TZdLE| == ATPol| wvlsl] Az £33}
Hol gl Aoz <A gk’

Dunlap@} Fischbach + o}=#]dE (noradrenaline)o| Al
FoA 7Aoo E ALS Jellle ZE5E 78 14
A RAolgtal A& et o] ¥ o] ARALE
7 E(noradrenaline, GABA)®] o|-& E& =& 7]|A ol t3
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0 g2 oy ARALEAEY] dTE n|Fo] ATPE
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1. M=E 22|(Adrenal chromaffin cell preparation)

BA FAZRE Y 9d a2ud AE BEgE Akaike
W
H

\=]
o 19g MAste] AldPstiel. HF 200~250 gm]

A <gk 217 (Sprague-Dawley rat)E <+ T8 $lo] A&

e ol

st} Zuw S g (cervical dislocation)slo] 3] A7l FA|
7bedt FEAdelA A4S AEEdch At FAS
A=A 23S £HA[(mM) ; 145 NaCl, 54 KCl, 1 NaH,PO,,
11.2 glucose, 15 HEPES (pH 7.4 by NaOH)]oll %] 3, ]
A Aokl A3 718 coren e AASH] 4 medulla)
s Felg & A2 271 mm') o7 Adkelglth

B4 270 Aed 9% o Al W AHE & &3
£ H[(0.2% collagenase (Sigma, type IA), 0.1% hyaluronidase
(Sigma, type IS)]& X *|slo] &5 Z(Jeiotek, Korea)ollA]
305 FoF A X ]sl A oh80 pm). &3+ 22& Al F
2 goog A W M2 % 0.1% bovine serum albmin
(BSA, Sigma)s X33 Aeld 5 & HollA oF 15¢
7t 2R 2% pipettingslo] TFRAZE HolA & 5 9
55 g9k He2% AIEE 9% 100 G force, 10 min)
stal AEHE M 2 uloFH[Dulbecco’s modified Eagle
medium (DMEM) with 10% fetal bovine serum]el] o] &
S Al At

Polyethylene imine (PEI, Sigma)g % X%t AW EH2x7
mm) ol AZE EF3}3L CO, incubator (37°C, 5% CO,
phase)oll Wol Habslict AZugE F 1~3 A7hA ] A
E5 AEste] Adsliqlch

2. Ba®" MR{Q 7|12

BASA 2z AT Eol J ANERS AT
Ao AE /1% AP Z A Gol A8k 2

2uld] AEE AdAE |7 (inverted microscope, Diaphot,
Nikon, Japan) AJofol|A A&sl & #glo] 2~4 M2 AHAE
HES 2 Ay oA A#sE fen|AlASE 3-D micro-
manipulator MX-1 (Narishige, Japan)Z ZZ#slo] th4d AE
o] AZEutol] HZAIZ F AE N T2+ fEn ATl
A7 o2 57325 YA EE whole-cell configuration
patch clamp technique”& Agsto] ZHAFE 71513k

FeluAA =S A AollA Kimax-51 borosilicate capil-
lary tubes (Kimble, USA)E A-&-3}o] microelectrode puller
pp-83 (Narishige, Japan)Z ¥-2(pulling) & #]3}Fo] 2~4 M2
A% HE AFTE Adsto] ettt

AT 715E st AjASS pCLAMPS.S Soft-
ware (Axon Instrument, USA)E Ab-&3lo] HQdt 2= =&
EZS vhE 3 Aol Q7kelsdct. oluf 715 Aol
E]+= EPC-7 amplifier (List-electronics, Germany)& 7% 12
bit A/D conver (Lab master, Warner Instrument, USA) & T]A|
A3 & peofl ARk BE A A0~

- 158 -



25°C)oll A Fegsl3iet.
3. YT M (Solutions)

AE3E o =L vhgdt vk AlZe]EH(wks]
mM) : 140 NaCl, 5.4 KCl, 0.5 MgCl,, 10 HEPES, 5 glucose,
10 BaCl, (pH 7.3 by NaOH). A=< Y (electrode-filling
solution)9] ZA(+$] mM) : 120 CsCl, 20 TEACI, 11 EGTA,
1 CaCl,, 2MgCl,, 10 HEPES, 2 MgATP (pH 7.4 by CsOH).

Na'-AFe AZJ&MHoll 05 uM TTX (tetrodotoxin,
Sigma)& F7Fsle] $hA@] Agbellar, A< &del 120
CsCI®} 20 TEACI (tetraethylammonium chloride)E Y-S0 2
A K-AFE Absto] o4 ca’ - AfFuto] 7152 4 9)

E5 sigleh

- AFo] AT LM YrtR7] A& sto] whole-cell
patchE FAEL w7t 9] A& ZUHE &) 913l 10 mV,
100 Hz9| test pulse® —80 mV (Vh, holding potential)ol] <l
7hsl et

- Test pulse?] <5712} st77]oA A A8 A=A
Z2~(capacitance) Al 2ol 9Jg AFE IHE 4 9l o EPC-
79 B 3|25 Agsle] o] & AlAF A

- AHARAE BAG F B AR A F o2 9
sHAl 7152 wj7hA] —80 mV (Vh) — 10 mV (Vt)<] pulse
protocol= 1020l g W4 3}

- Facilitation protocol : 0 mV] test pulse 7] 2 Aol —
80 mV (Vh) — +80 mV (Vt)e] =& Hgke] AR pre-
pulseE 3t

5. HIOIE 24

1) Curve fitting: PCEZHE] A7 dlo|e|E A F
Igorpro software (Wavemetrics, USA)E AR-8&3lo] E 43191
3 ZEAF ZAINEE curve fitting H7] $lshod
Marquardt-Levenberg algorithms A-&3to] AF7]55 714
ZF dted sl o| SRS (I(t)=A[1 —exp(—t/ T 1)] +B[1 —exp
(—t/ 7 )DE EZ3F9 ) Goodness of fits It AFE
R-square ko] 0.95 o]49 Z-9-uk dlo|gell ZFAA ¢,
7y 3= Uk

2) SANzE(Statistics): FAIAESY HTFS HT +
EF2ASEME ZAsY SA3 3hE Aolel SAA

Ql 9|+ student’s t-testE AAIBle] 131121 p-value

+
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7F 0.05 v wlE )3k Zol7h givkar A ekt

E< I
1. Ba®" current kinetics

Z+4+ %2 9] Charge carrier2+% Ca’" th4l 10 mM Ba™ &
Agsl9deh. Ba® AFe AF-A 9 F4 (current-voltage re-
lationship, I-V curve)S 7] #3 150 ms?] test pulseE
—60 mVHE] +60 mVell 24 10 mV 7H4 22 FS7HAIZ
t}. o]uj] holding potential> —80 mVZ 3}c}. Fig. 1a2]
AF75S 4L AZAAE 150 ms o]WollE Ba'' AF
7} Bl 3t w2 kot AlZebrt w243t FEE o}
B rh(Fig. 1a). F 25719 20} Al A
-V curveoll 4] Ba®" AFE —40 mVEE] A3}
Fol 0 mVollA #tZk(—283.5£23.3 mV, n=25)°]|
+50 mVollA] A= c}HFig. 1b).

od gt
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Fig. 1. Peak current (Is)-voltage (Vi) relationship recorded in
adrenal chromaffin cell held at —80 mV activated by 150 ms
depolarizing pulses applied in 10 mV steps. (a) Activation of Ba"
currents. Upper and lower traces are voltage and current traces,
respectively. (b) Voltage-current relationship of Ba” current
from 25 cells.
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2. ZESE0 0|Xl= ATP2| 21t

lo

AZuk AZE FFA7)E AZEHAE 2 U
2 2yl ATPE H7tbste] 2E ATP 5%
micromole («M) FE7} E 55 WHE A gNS T
AS W LA ATPE C°° 25 £33 BT AFY
715 #&EAFH ATP &3e 73] dAdde R
ATP 7} A71E)A) b8 AES| S0 2 hA] BFAAZRL
-5 ATPE wash-out 32+ AfF 27|+
o] ulzl 80% WelZ 3|55 A rh(Fig. 2a). 100 #M ATP=
control current®] =.7](281.37+53.53 pA)E 168.05+28.6 pAZ

LRES:

N

],

o
>

oF control current

H 3626% (m=8) 7FAA|ZH o™ ATPE wash-out 3llFA}
243.45+70.7 pA S22 3|53t} Wash-out ¥ Control
current®] 7] FFELE A I HA 2 AL T
3t 220l AEE AHE AE5H 2 F control —ATP *] %]
—ATP wash out A& AEH o2 Zslr) K A 7ko]
742t =of] ul2} whole-cell mode ol|4] HdH o g whAsl=
A2 run-down HAC & 8l 4=l ch(p-value < 0.05)(Fig. 2b).

Y zZnl AE2] whole cell patch AefollA] A E <]
flo]] 0.1, 1, 10, 100 «M (10 *~10 ' mM)E 27| t}&
ATPS] %7} HEF ATPE A Z7HA70 489 ¥,
Ba'' AFE 7]1Fela oA tlz A x| gHo g BFel

a b
omv 400
-80mV
Control ATP W/0
o foseomemee i 3001 l
<
e *
200 1
@
100 -
100 pA
o O T T 1
25ms Control (n=8) ATP (n=8) W/O (n=8)
Applied external solution
Time (sec) d
¢ 0 100 200 300 400 500 600 700
-200
100 uMATP
10 uM é—400- t1=1.15ms
© 12=13.80 ms
1 uM o
01 M -600 4 o wio 100 M 1=1.28 ms °
W/O
100 pA Control — 1uM 10 1M =127 ms 100 pA
25ms -800 01 M " Control u

Fig. 2. Effect of ATP on Barium current (Is.). (a) Upper trace is voltage protocol. Lower traces are control Ba”" current trace (left),
current trace when the external solution is switched to ATP-containing solution (middle), and current trace after wash-out of ATP
(right), respectively. (b) Effect of ATP on Ba”" current. Peak amplitude of control Ba’" current was 281.3753.53 pA while that with
ATP was 168.05£28.6 pA, with wash-out of ATP was 243.45+70.7 pA (mean*S.E.M., n=8). *p-value<0.05. (c) Left: Current traces
show Ba”" currents recorded and concentration of ATP in one cell. Right: Time course of inhibitory effects of ATP on IBa. IBa was
activated by 50 ms depolarization pulses from —80 mV to 0 mV applied at a frequency of 0.1 Hz. As indicated by the bars, ATP
(0.1, 1, 10, 100 «M) was added to or removed (W/O, washed out) from the external solution. Concentration was successively
changed from 0.1 #M to 100 #M. (d) Left: Current traces of control, and with and after washout of ATP. Curve fitting was
performed and activation time constant (7) was calculated in each trace. Right: Normalized current : normalization of raw current
with respect to the final point. Upper trace (@) is current during ATP, middle (OJ), current after washout of ATP, and lower trace

(H), control current.
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= el ATPY Eol W AReldl BAS AT
o wheh RIS W ATPE BE o Edew Bt A
9] Z71E JAsA o™ 10 «M o] Fe] FkollA ATPS
AsrdAl At A HE3AvhFg. 20).

ATPO| A7 AAPL g3l Z7Ivks AAlste Z2UA
Zwer2o MNABoE F3Fs YehHeAE Lotix
2, oz AlZe]goH el (contro) 9t ATPE Wiz A Z o]
Mol| F7}8k & 8|3 ATPE wash-out & 7] 53 current
trace®] 24 SHactivation) IHERHE AFgFFer ()
2)E fittinggt & o] wj] o1& Z+Z-9] XA < (time constant,
7) Fk= vk

I()=A[1—exp(—t/ 7 1)] €]
I()=A[1—exp(—t/ 7 )]+ B[l —exp(—t/ 7 2)] @

Control currentt} wash-out <ol 7] &3F Ba®" AFL= sin-
gle-exponential curve (2] (1)Z fitting =]+ v HF3lA],
ATP A% 9] Ba®" AFE double-exponential curve (52
@Q)ZE fittingo] & o] Fo] %l t}(Fig. 2d). Control current®] ac-
tivation time constant (7 )+¥ 127 msE B|iZF w}Z2 A Ho]
ul | ATP %] A] control current®] 7 ZkI} FAFSF 1.15 ms
9 wWZ AL 1A= AR controloll A= HolA| FH
13.80 ms®] =2 #FAL 7IA = A Ho] YElykt}t. Wash-out
29 currents, 7 ko] 1.28 msEH control®] r ZkI} o}F

A 7h5 7FAok(Fig. 2d). Control —ATP X]X] ¥ —ATP

Control

t1=1.44 ms
12=29.32 ms

t1=1.15ms

100 pA

25ms
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wash out & time constant®] H3}E Table 1ol A 2lslgdch.
o] A ATPl o8l A% E2] activation kinetics A}A|
7F =g A Hstetl S-S AlAge

3. GTPr 89| &

ATP?] Ba’" AF oA AF}7} Gprotein (GTP-binding
protein)ol] oJ3l wiN=El= ZAUA| otk 7] flslo], non-hy-
drolyzable GTP analogue?! GTP7y S& A3}, GTP 7 S
E Fssegy 43R 100 «M 2 kel 50 «M S A
R A=

GTP 7y S& A|EE dialysis A7l ¢} control conditionol] 4]
NEE AR 7159 &A% HES fittingslo] activation
time constantE @Gt GTPy St A|E W Mol H7}st
ojok sz sj}e] AEolAl GTPy S 42 AEE EAol

vehe A Bhssel 28 F 248 ATToIA 7]

Table 1. Activation time constants of Ca®" channel when
external solutions were switched to different condition on
the same chromaffin cells. Each value is presented as
mean+SEM.

Condition of External Activation Time Constant

Solution (N=8) 1 (ms) 72 (ms)
Control 1.24+0.15
ATP added 1.17+0.22 13.5£2.75
ATP wash-out 1.26+0.17

400

300

200

IBa (pA)

100 ~

O T 1
Control (n=11) GTPyS (n=19)

Applied internal solution

Fig. 3. Effect of GTP7S (50 #M) on Ba’" current. (a) Effect of GTP 7S on gating kinetics of Ca®" channel. Current trace of control
condition vs intracellular GTP 7 S. Curve fitting was performed and activation time constant was calculated for each trace as shown.
(b) Averaged results are shown (meantS.EM.) with the number of cells given in parentheses. Peak amplitude of Is. was
261.65+38.84 pA (n=11) while that with GTP 7S was 118.78+17.59 pA (n=19). *p-value <0.05.
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55 AFE vlaskgleh A4 7 shellA 9l activation

time constantt 1.15 ms®l ¥, GTPy S X2l %2] time con-

4. Facilitation0®fl CHSt ATP, GTPy SQ| &1}

stant+= 1.44 ms®] fast component (7 )$} 29.32 mse| slow o] ARALEAES] Ao gk dA] dAo] uj
component ( 7,), -+ component’} L}E}FSETHFig. 3a). Control
—GTP7S #*| % time constant®] ¥13}S Table 201 A Table 2. Activation time constants of Ca?" channel when

stk ATPSF G-ASHAl GTPy S7F Ca® ™ B2 243} 7} different internal solutions were dialyzed. Each value is
presented as mean+SEM.
Ao A 24%s & 5 Yk

GTP7 S XX &2 Ba*" AF =7]= control current$} H]

Activation time constant

Condition of Internal Solution

etk GTPy S dialysis 9] Ba™" A2 =7](118.78+ 71 (ms) 72 (ms)
17.59 pA, n=19)%= control (261.65+38.84 pA, n=11)°l] 8]} Control (N=11) 1.22+0.20
. TP =1 1.35+0.27 25445,
54.6% 7+4=%|0] LERTh(p-value <0.05)(Fig. 3b). GIP7S added (N=19) 3510 54+5.56
a C
+80 mV 50 1
omv ;\3
-80 mV | =
20ms 65ms o 40 l
1 (ATP)=0.89 ms = :L
7 (control)=0.99 ms O
. 12 (ATP)=706.02 ms & 30
1 (facilitation)=0.82 ms e
1 (facilitation)=0.86 ms 8
o
B 20-
° 200 pA \d '5
25 ms L %
a 10
[
Control ATP o
0 T T T 1
Control ATP GTPyS GTPyS+ATP
b 80 mV (n=12) (n=11) (n=19) (n=8)
omv Applied external and/or internal solution
-80 mV
30 ms 40 ms
1 (GTPy 8)=0.71 ms ©1 (GTPy S&ATP)=0.93 ms
2 (GTPy S)=7.28 ms 2 (GTPy S&ATP)=8.92 ms
< (facilitation)=0.72 ms 7 (facilitation)=1.03 ms
—
° C ]
& 200 pA -
20 ms
GTPy S GTPy S&ATP

Fig. 4. Prepulse induced facilitation recorded in different dialyzing conditions. (a) Left: Ba>" currents were recorded without (@) and
with (H) prepulse of 20 ms to +80 mV from Vh=—80 mV(upper trace) in control condition. Right: Records were obtained using
the same pulse protocol but with extracellular ATP. Notice the pronounced inactivation on the facilitated currents that slowly relaxes
to its control level. (b) Left: Ba*" currents were recorded without (@) and with (M) prepulse of 30 ms to +80 mV from Vi=—80
mV(upper trace) in the application of intracellular GTP 7 S. Right: Records were obtained using same pulse protocol but with the
application of intracellular GTP 7 S and additional extracellular ATP. There was no additional facilitation increment with GTP 7S
and ATP in comparison with GTP 7 S alone. (c) Prepulse induced facilitation in control condition was 25t3% (n=12) increase while
that with extracellular ATP, with intracellular GTP 7 S, with intracellular GTP 7 S and extracellular ATP was 37+5% (n=11) increase,
was 34t4% (n=19) increase, and 35+4% (n=8) increase, respectively. There was significant difference between control group and ATP-
and or GTP 7 S- treated group. *p-value<0.05.
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$ =2 AEF conditioning pulsed FUS SR
(reverse) HrhE Ha7b 91041, Ba®" AFol| tizk APT
o] oA EFE g F 0 mVY test pulseE F7] FA
ol 25~30 ms2] 7|7H53t +80 mVe 2 prepulsed Ft
Ads st olull2 holding potential —80 mVo]
gt 2 Ao A Prepulse?] 7]7Fo] 20~30 msel F-7koll
A& facilitation A Zoll& XFol7} ¢lgich

Prepulse ©]% 7] &5 currentE control¥} B]L&}7] $3}o]
kinetics studyE AA]3}9th(Fig. 4a, 4b). Controlol| Al pre-
pulseE 57| o|Hell AL current®] A3} FEO time
constant (7 )+ 0.99 ms®]} 3L prepulse ©]% current®] time
constant+= 0.82 ms®] 9 t}. = single-exponential component
2 fitting®] QA cH(Fig. 4a left). HF ATP A& & 7|53 A
F+ double-exponential 2 fitting=]©] fast component ( z 1)7}
0.89 ms, slow component (7 2)7} 706.02 msZ YEFE,
ATPE A-&A171 dHlellA] large prepulse 250l 7] 55 &
T+ 0.86 ms? time constant® 7}A = single-exponential
curveZ fittingo] =9 th(Fig. 4a Right). Control Z7o|A+=
25+3%2] A5 =Z7] Z7}(facilitation)7} -2 ©] HE ATP
2AX] = 37:5%9] Z7}7F A2 thp-value <0.05)(Fig. 4c).

GTP 7 S A XA, facilitation®] 7] 2] time constants=
0.71 ms (7 )2} 7.28 ms (7 2)2] double-exponential-S V}EFGE
a1, facilitation ©]%9] time constantt 0.72 msZ Ebytt)
(Fig. 4b left). Fast activation component+= facilitation 13|
H37E A, =2 AskE 7o Z4 GTPy Sofl ol
el E slow activation component’} AF2}3ich GTPy S&
X x)gE Aol A 712 ATP7F A7kl A|Ze|gs 3
FAIZ1H facilitations - E3}0] kinetic studyE A8 K
™, 2719 time constant (7 =0.93 ms, 7,=8.92 ms) Z°llA]
slow activation component ( 7,)7} Z2 # &= pulseol] 2|3l
AZAE Ae & T UARrHFig. 4b Right).

GTP7 S7F A& ZelollA] =& AL pulsed ZolF ¥
test pulseE 595 W, controlol|A] facilitation®] 25+3% (n=12)
old] uv]sll, GTP 7 Soll 93t facilitationS 34+4% (n=19)°]%}
o GTPy S¢} ATP7} B+ XX =98 w9 facilitation <=
35%4% (n=8)°] %At} Controld} FEX Xl A o3k 2ol
7} 44 eH(p-value <0.05)(Fig. 4c).

a e

AFollA ATPE wheH SEH O R Aol AHE
B9 BT AR 2E 4EAR w3

5529 activation kineticsE =2|A] s thFig. 2d).
Dunlap & E2ot=ddol ol Zwdfrt aste
AL functional ZH5 22 & Fo|7] ozt Wiz}
gou? B AfoAE A9 BE 527} FF HX Fo
5 QA3 7les s Hd AES AFol o3l milli-
second (ms) oJoll A& F Q= ol U= el
t}(Fig. 4a, 4b).

2 AFolAe AHHQ] AHEE JAAE AL &
k7] wiEell ATPell &3t Z-5=2 2] 2Ao| L, N, P/IQ-type
ZEeE T ol type ol o3l miME A= A& A F
571 o ATPY] ZH5E A e olx 3t
typeollit 3HAE ZAAH HolA= berh dukshd ATP
2 G-A] transient N-type S-%F o} 2} sustained L-type 5%
A Zhazw]o] vEb7] wisEolchFig. 2d).

£ AellA GTPy SE AIE Woll F912 ul ATPS} nf
ANAZ Ba®" AFE 7HAAZ 3, activation kineticsE =
2|7 W3}A A ck(Fig. 3). GTPy S &3} w3k ATPO] #3}
oF wpE7EA £ L-typelth N-type o] = & typeoll =gt &
B} ohd Ao A

ATP7} membrane®] Ca®" $2H (permeability) S 0] Ca’'-
induced inactivation mechanisme 53l ZF5 25 A3}
glels Faol AR 2 Aol 11 mM EGTAS
Agsto] AE W Ca’" FE7F AdsA oA E A&
ooy o] FA A wiAF 5 vt

A Zuld AHlZEo|A ATPE P2Y G-&A|ol] At = Zh4¢
TEE AT ZH FteElFenl BulE JAA vk B
a7F Yk B Ao A= ATP7 AdslE purinergic
receptor2] °o}&-S 2H2lsl7] $13) purinergic agonist®} antag-
onists AHEeHA = e n® 5 ATP7F 83k T8
A& &elslr] f1sko] suramin, PPADS (pyridoxalphosphate-
6-azophenyl 1-2°4’-disulphonic acid) 52] P, receptor antago-
nist?} ADP /S, 2-MeSADP (2-methylthio ADP), AMP-PCP
(8,7 -methylene ATP), AMP-CPP («, 5 -methylene ATP) &
< agonist’™ A¥lo] FHkE|ojok 3 Ao}

Intracellular GTP 7 Soll 2J3F ZF52 A &3 E NA
(noradrenalin), GABA (7 -aminobutyric acid)®'” S-oll 2]a} K
2 A FASA ek o ATPol 93t AFetE
AstAl debgel 2 Adol A AE3t electrode-filling sol-
ution A& F 2 mM MgATP+= GTP 7 Sell 9 current 7H4&
(run-down)E 70% AE Ak e GTPy SE 0
mV (V)ollA AF 2719 54.6%E 74 AJZ 3L electrode W]
ol 50 M %2 GTPy ST EFAAE uie 2719 ex-
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ponential component®] 3o 2 A F7]F-0] A fitting=| A e}
I©=A[l—exp(—t/ 7 )]+ B[l —exp(—t/ 7 2)]

Fast component2] time constant ( 7 ;=1.44 ms)¥= control2]
time course?} AP} slow component®] time constant
(722932 ms)= ¢ 2t} UA 7o) rkFig. 3a). o] ATP
£ Aol RS w9k 2 Aztolw GTPy S9 ATP
£ 7 A *s32 WX double-exponential curveZ. fitting
= QA c}(Fig. 4b).

ATPE 95 v} vpPd7lA & GTP 7 SE electrode WHoll
FFAZS W Ba¥ A FE slow activations Holw], XA
ol JA1E Ba’" AfFE = ALT ATl g JA= 9
o}(37% facilitation). ZZ]1} facilitation ©]Fol GTPy SY
ATPol] 93l YEFES slow activation A o] A2} ch(Fig.
4a, 4b). &, ATPS} GTPy Soll &3t ZE 22 A} =
prepulseol] 9]l 3 1, facilitation ©]F 2] AHF+= ATP
GTP 7 S7} ¢l wl9] control A7} F-A3E r k& 7HA
single-exponential curve® fitting=|lo] 1 702] fast compo-
nent?H-S 7R CHI(t)=A[1 —exp(—t/ 7 1)]).

X} 2 facilitation E3= ATP EA A9k GTP 7 S7F $L
< 9] YElyka o] regulatory G-protein®| disinhibition®l]
gt ZAow AgErh &, ATP?} GTP7 S7} regulatory
G-proteing ZAIAA Ca*” FZE Al o] F=
activation kineticsE HSFAIZE Z-& =& (positive) A&
ZolZ o 24 G-proteinoll 2J8t A7} Ev] ATP, GTP7 S
7} 15 w9l TYLE—= control current®} 72 kinetics S
Hol& Zolgta a4t

G-protein®] channel modulation 7]#-2 =7, protein phos-
phorylation®} ¢1Z+= Protein KinaseE 7378 ZAolgl= 9
A agla Gprotein®] A A channelel] bindingsle] =4
3} ‘direct modulation’e]2H= 2] AYWo 7 Uxo] 9}

ATPol| 2J3t ZrpE 2ol 24L direct G-protein modu-
lation®. & ALEE ) ks ATP =& GTPyS A=
G-protein activation®- 2 Q138+ AF 7+4& I facilitation proto-
col+ G340 ull, channel®| state”} ©ll-§- whE A]7+ Qo]
(~ms °|W) 3|E=E ZL large depolarizationoll 2|3l
G-protein®©] channel ¥+*94 subunits®] G-protein binding site
2HE] "ol A Alrelease) 2 Zlo]7] wiiteltt. a2t £ A
&ol|A= G-protein coupled receptor (GPCR) blocker2}
G-protein o}l ThAA #-83l= Z}E signaling pathway
off Jofdl= blocker & HX|3}A| gformg B oA

M 2 rle

AEHORE ATPE ZHEEE down-regulationst+ G-
proteing EA3AIZ o2 Aol AAIe Ad FA}E
oA fEsle Aoz AsEch By oFE XA o F
facilitations 388l = D9 current 7| 2+ 3] E5] X
k= ZIE v Fo] current reducing¥} slow activationo] %
< pathway S 7HAEA 9] E£AI7F dollar o] & # A3}
fl3te] o] Foll GDP A SU thE ATP analogs o] &3+ A%
o s

2 AY A Aty oule FAsA a2Zakd 3
Rloll § 4ol gR ole) AZALEAZ sl Fol
R3S Buls)s el 28 4 ek BASA =2
vkl A|Ee] 7§ ot=aldgl e 33l adrenergic secre-
tory vesiclesoll 347 Z3}%l adenosine nucleotide compound
FollA= ATP7} 7MW E&5 AR 90% A &)
oA HAFA Zzukal AES] Hu|zelel ob=alzl

Splanchnic nerve

Chromaffin
granules
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Fig. 5. Schematic diagram of chromaffin cell stimulus-secretion
coupling. The splanchnic nerve that innervates chromaffin cell
release acetylcholine (Ach) that activates the nicotinic acety-
Icholine receptor (nAChR) that gates Na, causing the mem-
brane to depolarize (4V) sufficiently to trigger the action
potentials to activate voltage-operated Ca’” channels (VOCC).
Entry of external Ca®* increases the intracellular Ca’" con-
centration ([Ca’™j]) that triggers exocytosis and the release of
chromaffin granule contents that contain adrenaline and ATP.
The ATP may feedback to activate receptors that use the G
protein to inhibit the VOCC. (Broken arrow represents the
possibility).
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EF R4 I20HE ME ZHESE THO 0|X|= ATPS| &3}

Soistm o mjrfst <o Zstmal, Tyz|stmAl

of

2Fop - 78S

TEOAM ATP= 24| ZtEifol] MAMES AR & chaf MEE o Aokt MU SED &1 2= H2E 2
M Ao 2 MANMYER | AS-2H(stimulus-secretion) coupling ZHEoll 210 ER8t =HEAES & H2=Z J|HHEC),
JBEE 2 dFoMe 72 O YMstd 7|20 st F45E M Z(adrenal chromaffin cellE tHAL 2 5104 A=
o ZEHE2E S5 MEY MR o|X= ATPY gats SHgo=M MAMEER 0| X=F-24| coupling Yo =g
st= ATPe =X z2g YotE X} sioict fAILA Mzo| ZHEE2E S8t MEYL MFe Tx2Y= gHadoez
7125kt 10 mM B 2 Z&sh ME o 2Hol|lM, Ba®" curent= 0.1 mM ATPE MZe|Sof HxYS mf =
36+6% (n=6) Za=/0f LiEttD ATPE A S o g-32 2ch ATPS M&F oA 7|

1/ J
£ 7123519k +80 mvel £ prepulses =

2 ZolE IR ZAEE20M HEEE A4 Fo| shLtel AS(faclitation) 34 A
T HIZ E|lAE HAE Fof EHS MF= 2 prepulsed] 2lsi M 227t E2]=(disinhibition) 3 AHS LIERHRACE ATP
Hx & 2 A=S F0f 37+5% (h=11)2 Ba®" MF 717} A1 ol ATP7} 8l AMEfollM 25511 2 X130l 2laf
25 = 2543% (n=12)2} Folst Xto|E EACHp<0.05). ATPL| A 7|H0| G-proteinS 72 st ZHQIX|E Lol2D
A 7bEs =X ote GTP SEA 2l GTPy SE ME Yol & % Ba® MRS 7|=2513ich GTPy Sofl 28 55%2 &
7|8 HaTt AT o] BHoA 2 prepulseE 1TSS I 34+4% (n=19)9] &84S HCt ol GTPy S7t &

r|r LU

B0 M2l 25+3% (n=12)2] AE3AS 2ol A1 Fo/F AHo|S 2 CHp<0.05). Ba" current trace®| &As} 1pA
(activation)2 curvefitingSt Z 2}, control2 single exponential curveZ fitting® &, ATP £= GTPySE XMA|$t 4%, 1
2|10 ATP2} GTP7 S 25 X %|§t ZdRolM= double-exponential curveZ 7H&F & fitingol =Ach &, ATPL GTPy S&
HNxAMS of 25 MF{IH =2 2M3iEes 228 LIERAT, ojAte| ZItZ o|F0| ATPLt GTPy S& 22 &4
o=z ZAEEZE Yoty 0|2 AM Fat= MEY0 ofF 2 Hts ZojFH ZE 20 ZEFHY Gproteino]
et o|zMoz WM EM M (disinhibition)EICE s A EICE 2 A0 AM &olst ATPO| ZE&82 A ZIt= AHA|
IZofE A = Mz M ot=d|dzlo] M EH|=H st=
7|Moz &

=
_—

autocrine EE= paracrine inhibition 2t 2| &2 5t

0#0 H:I
ot
N r|r

do[ct

AT 22018 AE, ZEE2 ATP, G-EE, Xotgs| o
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