199439 = E2AZasds =FFH AEePF A1 E 9%4/5

A7 Fal4A A3 A voltage-dependent Ca™™ 4 €]
"N EAo wE AF

T80 o HET A 23

RS a4 ude, oFgny”

+ 4

Electrical characteristics of voltage-dependent Ca™ = channel

in rat chromaffin cell.
Yong Sook Goo®, Tae Soo Lee™, and Eun Jong Cha™

Departments of Physiology® and Biomedical Engineering”™,
College of Medicine, Chungbuk National University
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Calcium(Ca) ion plays an important role to trigger the =
ulA F(transmembrane current)’} Ca-A{FE

T o) olfl
o o rlo

secretion of important neurotransmitters. Since Ca ion o= [t

flows into the cell thru the ion selective channel, the A4 "o 2 HAYg HAF AL Fild
conductance of which depends on the transmembrane Ca-Ad9 BAL =28 4 glom o]iz & o2 A
potential, the voltage-dependent characteristic of Ca Y (Na'K'-channel)? @7l A4zl whader uAYy
ion channel is crucial to elucidate the stimulus- (voltage clamp technique)& It Apgated 4%
secretion coupling of exocytosis. The present study 2= 9lt}3]. Ca-iono] AAAFRADS o= AAA
measured the Ca ion currents thru a whole-cell gRAe] BuE 2ASER Ca-iond Y& Z2AeE
configuration patch at the transmembrane potential Ade] EANL v AL oigd] =230 ofr B
clamped at various desired levels in the rat o] A7 Re&x gut. wEgA] B dPoMe A
chromaffin  cell. ~The resultant current-voltage 2N Bag 87 2A5A A3 HEste Ca-A
relationship was differentiated to obtain dynamic 32 2x& 0 g Age] i Ca-HFo WIS
conductance at each clamped voltage. Based on these AHate] Ade AE-AYG EHNE Azxd & o2 A
measured data, five numerical parameters were FHRo g HFstsE Wge Agsa 3o

extracted to reveal electrical properties of Ca ion

inflow process thru the voltage-gated channel. The

present study can be applied to comparing the

electrical characteristics of Ca channel under different Vm : Transmembrane

potential
experimental conditions. Also, further study is Iﬁ) n
warranted to model the conformational changes of the
channel molecules. [Catt], ————— > [Ca™],

inflow
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Ca-ion°] X W2 #F=o HEZW Ca-iond FE7}

Z7hskd A E9) 26l A & (exocytosis)e] FFIH] AlA l

deEde] M ytoz gy Ca-ion? Ca-iondl O Neurotransmitter
A9 529 Ca-channeld 3l AMEHS F3st

=ole] Agde ME9 9 transmembrane potential) a7 1. Ca-ion® #F Rl & A X
o azld we 2 AweRs AFErhvoltage THH e BAE
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A% 150~250 gm Hv A5 F FH(Sprague-Dawley
rat)E HEFEEZ AU AY95Ee 2o g7
(cervical dislocation)2 &} 4) ]Zl FA sted @ o
FeElz FAE HEsAo 2

% Ca®' free phosphate buffer %"-‘1’(01—? PBS& #7])
o A vA @u)E AokA FA%e R F 5
mm” Z?Jro ettt A 24e 2YagA
PBSZ 3% A& t}& collagenase € (2 mg/mli,

Sigma type IA)E ¥ 3 37CToM 3087 73‘% 28
t}. PBSZ 3W A o)A collagenase £N4L A
& B2 288 Pasteur pipette2 & ¢F 1087t "‘Ji@
A SAE FSEFs] AE EAcell trituration) & A
astdct. 100 G-forcedll A oF 10 B3 M Ee ¥
AEdg vy e (Dulbecco’s modified Eagle’s
medium(DMEM) with 10% fetal bovine serum)oll #-f-
Azl F oA od A4 A 100 G-force, 10
min). 0.5 ml®] wWgde] HNEE HF E{AYN F @7
2 Aok N AELE FAsle) HES5IF 15x10°/mlo)
g AT 32E 24540

Olt
L8
}:J

N M

Polyethylene imineg 2§ cover slipfel AxE B

F COz 271 Rl AXujg 243 F4¢
39 FAA ARgeY. wEld AL B9Ux cover
slip& A 2 918 N (N-methyl D-glucamine, 140 ; KCl,
54 ; CaClz, 10 ; MgClz, 0.5 ; HEPES, 5 ; glucose, 55
(&9 mM) ; pH 72)& AL 71%¥ chamberd] &4
AL-&-8F AT WERIR R Na'& N-methyl
D-glucamine2 & ulxsted Na' ARZ AAToZH
Ca®' o1& AFWE 7153k W pipette ol
K' ol& ARE Az 240 Ca°' o g 958
ol HAE3] zAHY Rl‘t’ A XL R(CsCL 120
MgClz 2 ; TEA-C], 20 ; EGTA, 05 ; HEPES, 10 (¢
4 mM) ; pH 7.2)28 A

2. A9EA

23 AELFEE Bath solution]l @2 % Inverted
microscope(Diaphot, Nikon)Z T#sle} iAMELE A
sttt AP doly AFE Glass microelectrode(2~5
MOhm)& 3D Micro-manipulator(MX-1, Narishige) 2
Zzete] gAEe AEEe] HzAlA R Fed
Giga-seal& d49% % &¢4& 718t puncture AAT

(whole-cell mode patch ¥4)). ©]2}zte] Az

2 A T4 A Voltage-dependent Ca~ M 2] Hr)2) S B8 AF

Glass electrode® 7|32 F7laA B=E AL 3
2 7)2® whole-cell mode patch clamp techniquel4]3}F
Ze 9ie A43l9. Patch® B35t 442 <v}
s a AETE 53l 2% AFE A patch® &

22 patch® FAs7] dsted BAF  Glass
microelectrodedl A 2] A7t AR &3S
Patch-clamp amplifier(EPC-7, List-electronic)E A}-&3}
of FyAAt. AT HHg¥ HARE  chart
recorder(RS 3400, Gould)2 71 &3ttt 29 2 o 43
FAe BARE Bt

Cell Selection by inverted microscope

T Patch-clamp amplifier

Im

Micro-

A\
{manipulator T "
Cell Reference
Bath ( ;
Light
source
Chart Recorder
Vm : Commanded
transmembrane
potential
Im : Measured
transmembrane
potential
292 AYFAY 2AE
348 ¢4

Patch-clamp amplifierg& AlE3t9 THHNVmME -80
mV{Vy, resting potentia)£ ZA e T FAHFIm)7t A
gAet. ol P € patche)
E4& WwEstY patchel SA4° #FAH®A 10 mV, 100
Hz9] test pulse-sequence® resting potential# %3 A)
A A7Fsk Y. Test pulse?) rising and falling edge®l
A Al2€l9] capacitance A £ ¢ AFE BFZY £
221 Patch-clamp amplifier? RA}32& A4t
ol& A AsHr}. Capacitanced BA$ & V& V. 2
A= EAR F7HA2 F 250 msecEd 43
3}71] FAAY ImE FA}AY Ime FEr1H4 A
7F ARRtAE 200~250 msec FIHe FAE &2RXZ A
gt ol& -70~+60 mVAR 10 mV HHez w
£33

o s=x ¥x AL

A
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4 AE e Gp(nS) Im(pA)

5 200
[

#Hel ggel o AL THRF-NAY ARE AL &ate Gp

Ca-channel®] H7F-z 5AHTHS FAsAG. o &

woh AASA BEE) st A

ff-?~
A
%
Ji
S
Ao

4
717V (Gp, Dynamic conductance)Z &34t} Gps 0 | vm 0
Ca-channel®] voltage dependency® Wg3loz Gp9 0 0 20
Wtk S el w7l <= (onset potential, negative

and positive Gp, transition potential, reversal Im
potential) & 4t& 3] Ca-channel?] A714 EA4L 4§

stz shgivh. B 200
A 2 32 23 3AAY FA5+A AXY Ca-ion channel 2|
H714 544 Vm=transmembrane potential,

Im=Ca-ion current, Gp=Dynamic conductance.

1

18 Mo Axzy
4

A HYstdlZ Ca-channel?] ®
AF-2Hg 5 d

3] ok
3 Dynamic conductance(Gp) ¥
" 7t A% 2A E7sE GAYGI AN Y Gp.

Positive conductance (Gp) : Ca-ion9 ¢ A=7}

7V 2A Faste HAdAMY Gp.

3t =489t A% (Vm) el Resting potential(Vy) &
RE F7Hge e AZYE Y9 2HFAm)7t F
7F A tHIm<0). °loll wel Gpe L9 g (Negative
conductance)& 7tA o Imel 277} o7t He V&
71802 <ol Zk(Positive conductance)& 2 ¥HAH &}
% Vmol B8 2718 Ime AEwtez &9
(Im>0). 2 HEHY 54 & 29 3 of 2dch 2¥
3 Viy<-30 mV FHollHE Im = 0 224 Ca-ion
o fd2 AY dAdYG Vi = -30~-20 mV oA
Ca-ion®] #el A&A=e 2 AEE Vm = 10~20 mV
g o HAANE 1A Vmol 60 mV ol4e] =W

Ca-tong EHAA AE2 Fulz&& Zdsl=d F9
% A¥E 3 Ca-channele TG #AHRZ 9
o 4"% 579 WAEFELS Ca-—channel® voltage
-dependency & BFHez vehue 3 ““%tl"l g A
oltt. 1 3ol B MEe] doiM A wARFs
o} @& otEiEol Arlsoh

5
oo

o

Ca-ion® W= AEFoE FEHYCHImM>0). °l9hz Parameter Value

o . . . Vox -30 ~ -20 mV

€ Im-Vm #Alel el Gpe Negative ¥ Positive Ve 10 ~ 20 mV

conductance ¥Hog FEHD I wWIE a8 2A Vorr > 60 mV

gtk olE Im-Vm #AZ Al AYA BAS 7 G =5 nS(nano Siemans)
] Gp +4 nS

Ae Ae Ao 22y o= Vme] A7)o) wa) o
2 se Ade] 7 wEte Adolmz dukzel Ay
ojftiE B F g Feloh

2 dredA 9o 5 7hR miAdsEL A AL
Ca-channel®] voltage-dependency& A Fxz =)
3171 Sgoltt. Von #F Vorrs Alde]l 99
Ca-ion°o] =AM Te] Euag4& H2A7)E oA
ol MAE Uty Voo 2 345 Mg
=% Zeo] 4. YEtU &= Kinetic(Dynamic) parameterd] &)@ttt ¢ ¢
50 wiAReEe] FXERE Ca-channeld] Aa&A
L& Ca-iond Fdol hAge] ol dojubs 73

Hell 4@ Im-Vm 2 Gp-Vme W3} 9kibe] uha}
Ca—channel®] @714 54& dehlle WA¥E2S o

Onset potential (Von) : Ca-ionol %157 A=}3t
T Tt
Transition potential (Vir) @ Gp7F WA= gzt

E == g}
(Ime) 2717k A7k =& A%, _ Caciono] ARAEE S50 AR WA 5
x

i : Ca-ion®] &&3%7] A
Reversal potential (Vorr) : Ca-ione] #&%7] A o3tz Al QA2 E A (Neurotransmitter)e] M x ] )
Zhshe whdet . o 4 -
rakE e ool 2 & (exocytosis) S trigger AlZIThE Apalo] ¥ha) #) W A
i : Ca-ion® 49 AL .
Negative conductance (Gn) : Ca-ion2 ¢ A Ca-ion®] @@ F84o] RAHA Caione THE
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oL EFH IR A=A oJ2AEE Fdto Al
TUE FdE ol Ade THste] W w2
AR BdRdc ole MR} APAMEY %%
A 9t (action potential) 2 S35t AE s 7] W&
& B3ty Axe Buzgg 2 Adeo|th ‘4‘“4'
M Ca-channel?] 714 EAE& Wile AL AAAR

AL7)AE FHety] ¢ Ad Ao o2

H71d BAL FAF-HAY EAFHez e
Aol YwrAoelrt. ey} oly HEAFHAY AMAA
Holgk o &t ozA FAAA AgurE ola@
£ Jdrkh. E dFHE RAF-2AYG EHFAF
Dynamic conductance-=A<te] ¥3ddg AFHoz
vebd £ e 579 wwisE AU oEe

ot

Y% Ca-ion®] AFXWY #4849 2374 A7|E A
Moz Y=g nA3rdth Ca-iond] HEH Fa4
o] WA ZFWME Ca-iono] 9% ZAF-=
¢ B4 FHel A" vt dous] olZHE
Ca-channel®} #7]% »1“° JEHo g BT Ay
2tk Ca-ionol 9% AAALGEHY 2PEYVN AT <F
EEHRT o9 4&EE flsl"’i‘—':' Ca-channel®| #7]
] EAE AFFom Yeie Aol ot £ 4
FeAE Ca-ionel de 83 g wzt dey
t AR, TARI WA o Wbdste
voltage-dependency & HAF-HAL 5 IHoz #
F3a ol2HE HEFHozm Ao
conductanceZ %8 5749 HFH wiAFE HAsA
Ca—channelPJ A7138 54L& Jeuzr A o)

€ o8 4384 £72 79 EA v a73A AE
2 4 91& Aolt}l Ca-iono HE W #UL st

Ca-channelo] 7#H 3l AL AELE FAsE @z

Dynamic

conformational changeell 7118t o] A7) 54 =
3E F2EtEZ Ca-channeld] H713 549 =3
ol Zizslel Ade FAHJA RS ARsteE Ao
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