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=Abstract=

The Kinetics of Hyperpolarization Activated Current(i;) in Sinoatrial
Node of the Rabbit

Yung E Earm

‘Department of Phy;s;z‘ology, Seoul National University, College of Medicine

1) The two microelectrode method was used to voltage clamp small preparations of rabbit
sinoatrial node. The kinetics of hyperpolarization activated inward current, iy were analysed.

2) The hyperpolarization pulses activated i current in the presence of 10~7g/ml TTX and
2 mM Mn?+, The activation range was in between —45 mV to —75 mV. The current magnitude
was increased and time course was faster by strong hyperpolarization pulses.

3) Standard envelope tests indicated that this current is exponentially controlled by single
gate.

4) Semilogarithmic plot of i activation versus time was found to be linear in the activation
range. The decrease in current magnitude and the shifts in activation curve and rate constants
curve to the hyperpolarizing direction were obtained with Ba?*, indicating that Ba?* shifts

the voltage dependence of the gating kinetics, were partially reversed by 24 mM K+,
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QA AR 552 EubA A (sinoatrial node)sl]
A Az d#e A st gt 44
Q=B gedA seb zed S9AAde o A
AEA e ATE A vhE L2 o To ] 2}
A FHZ7AA gws A Lol FE ouhdA
9] A gk = Fo] g uh (Brown, 1982). 259} pacemaker
#A%d A dFE F4 AFANA L pacemaker 24
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3k Fo] w 2] g} (Noble, 1979). 19761 Noma 2}
Irisawa of] & 3le] FWAAY o} F & Ao 4 two
microelectrode voltage clamp wldlo] AJ-F=e] Fut
AAAN A 4 pacemaker Ao W o] AFE
o EA4o] kst 74 delA Ase AFA
A AA9] g FEAA Lot pacemaker F-Fol Al
delA AE sz T Ao A o]l pacema-
ker #14-& AAgn] AFAAY e & AL
A A8t F4 e} (Noble, 1979), z2lv} SubAdd & 4
obgli e A (0.3%0.3mm)e 2 vtEE Zo]
s ol¥x E Fuldd FHEE I ARG
A 8 FEFgow zpolst ¢l (Masson-Pévet,
1979), voltage clamp 2] AT &) giuks) Fx, A
A oA AFEE AHAAR] ZolRHL Helm Yrt
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(Brown, 1982). A&7bA FAAAA #Held o] &
AFEL 24 VIR FFE UET e olEd
—40mVAEAA F2 sz 9yl 2 ¢ (holding
potential, HP)& LI Zo 8 w3 A Su A7t
wal Hx B4 e gk dFAF(slow inward
current, i) (Noma, Kotake and Irisawa, 1980) =
H AETE ol ewl Bed ot 93 F(outward
current, ix) (Yanagihara and Irisawa, 1980b)2} =}
25 pulsec) o3t Y= AFAF, ir(in)
(Brown, DiFrancesco and Noble, 1979; Yanagihara
and Irisawa, 1980a) 28] = oteilnt IAA Y2 A

Ztol #7 background dF-(s) (Brown, 1982)5
o} k.

o] F IAET pulsed] il BAIHE i(iAF
L 59 SUARNA —50mV oael A Azkstel
—120mV 718 g4 E A AFEA g3A o
(Yanagihara and Irisawa, 1980a) K+&] 53 = ¢} (Ex)
oA HF ukgke] reversesx] %z 23] =)
7t Erbsle A Folz 4T K7 oheke
o#¢ 4343 (Brown and DiFrancesco, 1980; Di-
Francesco and Ojeda, 1980)%& o] A F7t M ES FF
-8 A st ok 2 i B E A, 2
g3 =3 A7 (time course)sF 1968 Noble 3}
Tsiend] ¢ ste] Purkinje 4 f<jA 713 k2t o5
§-A}sl ek (DiFrancesco and Ojeda, 1980). =2lv} ik:
= 984 A Fol i pacemaker A WA decay
== ExTA o4 reversale] deojuve A4S AR
st % KY AF2 s & o, AFA #A
H it Wk fol m Ex Ao A ir8] reversale] o
oz g3 ¢4 Kt AFst chisle Aol E B
¢ .2} Purkinje 4849 ik, T WA F2 A4
(DiFrancesco, 1981a)3t2.24 o] § AFE A9 F
4 Aoz AAXA Fgvt. 2 FHRANAY
icd Fol A AR 54, 438 W
% 7]2&49 kineticso] WAL =hAlhE FE3
negative 2 Y A7) 7] oz Huw]El AY ¢ A
LIS Ae

oell AAE Esl ENAAL Fe FWoE WE

t}-& two microelectrode techniquee] £}%F volage-
clamp & 3} I-E5 pulsed] 93l AT E ir
o 4399, i8] A =8 AR w3,
Ba?* @ K+*¢] o§3F, gating parameter 8] -5
54 (kinetics) 5% @ Bzm=} ghglv
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Fig. 1. A diagram of the rabbit SA node. Small
dots indicate the compact area where the
typical nodal cells are found (Bleeker et
al,, 1980) and larger dots the periphery.
Preparations were usually taken within 1.5
mm of the ring bundle. CT: crista termi-
nalis, IVC: inferior vena cava, RA: right
atrium, SVC: superior vena cava.
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Fig. 2. A ligatured preparation is held under the
tungsten wire claw and two microelectrodes

inserted.
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—1§9 : E7] $4AAAA Pacemaker 47 (GHEF4 & E43HE HFAF, )9
FH e S4d A AT

SR g IR BE A FE sk A A (supe-
rior vena cava, SVC) 223l 1) J 9 (inferior vena
cava, IVC)¢ At 28 1o Hele AAYE 54
A3 3L =FA7

308 ~1A 7k 7}EE 3 Ba 7] 3w £y (razor blade)
2 crista terminalis of] A ¥gke 2 Z 0,3 mm, A
] 0.5~0.8cm= & Ad 2~3F YT I
2o 9l A2 Aueldlo] stainless steels] 0.2 T
o mA LY e}, o] A o4 crista terminalis F2-g
Al F47 s Ee FA 0.3mm o] S8 Al eyl
th, 2% 10mM 9 Caol 34 30°C WYY Tyrode
fdd 1~28 F F o4 2mM9 Cael £ A4
Tyrode Aol 141 k~14 2k 308&5 3] 35413
. AAY ] g AFFel 58 olve] IEH g+
355 AA S FHALE Fol4 1 & /HHLE ring
bundle &) 4 oF 1~1.5mm Fojzl ¥l A o] 0.3
mm 574 FE& F4wh. =4 10mM Ca o] & Tyrode
4ol 1~28 YA F FA Tyrode§Yo= =E3
147 7tek 3 3A5 ) e AS £4.2 100% 0.2
X3 A8 7 A Z3L stereomicroscope 4] ok (X 14) 4]
4 sgeh

2) HEE7 A MEEX

AP 47 Perspex & wkE 0.2ml 7F3e) L&
742 A2 wpghe Sylgard B ¥ol4 wbEgleH,
LKB peristaltic pump & o]-§%}s] 1ml/min¢] H5F
SEE A S SR d9E 100% 0.2

393 35°C JEE fAdz Y 47 &4
29 28] R Y ny s

48479 AoA 439 A%E 29 3 2elek
7] & (reference) A =F(AB)L agar bridge(KCl) &
Ag/AgCl g A3t 9z AF34 (Im)-& Ag/AgClal
Z2 2 virtual ground amp & 53l ZH g
Voltage clamp & F/49 $g njmFoe 59 =
b #2 wAAdTE 3M KCl2 Ay 15MeAy=Eql
A4 Agageh

EvATe 5aA: ete 34ex Eogde
feedback ampe] 17, AFE Fad HA¢L 23
g}l e}, commanding pulse = pulse generator(PG)
£ Ealo stgon F A FL holderd] 714 Ag/
AgCl Ae] = Prior ¢} Micromanipulator ¢} « 2 3}
Ztzk A 206 4F4) e 2 2 3] &2 Grass-Polygraph
9} Tektronix Oscilloscope ¢l s}4 v}.

3 & ¢

A A Tyrode £ =Z4 ¢ NaCl 140mM, KCl 3
mM, CaCl, 2mM, MgCl, imM, Glucose 5 mM ¢} g}
1, Tris-HCl 5 mM & 7}ste 35°Cel4 pH 7.47+
A gtgd o 100% 0,2 A, Kre:El: 4
FEFEE 29 g2 1M KCl &9 & 718t w34
A 3L F5Wed §-(fast inward current, ina)E Ak
k7] Yl tetrodotoxin(Sigma), 1~5X10-7g/ml,
AN AR, in® Ao Nokod 2mM Mg 4
fahst et

PG

o
<
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Fig. 3. Simplified scheme of the electrical circuit for voltage clamp. A: amplifiers. AB: 3M KCI agar
bridge or Ag/AgCl reference electrode. C: Ag/AgCl current recording electrode. Ec: glass microe-
lectrode for current injection. Ev: glass microelectrode for voltage recording. EF: emitter follower

- of FET input operational amplifier. P: preparation. PG: pulse generator. Vm: membrane potential.
Im: membrane current. dV/dt: rate of rise of membrane potential.
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A 4R e} FYE Aolele M2 &4 (DiFra-

ncesco, 1981a) & AT2 iyt FWA A4 dojull

AFE T8l & A3 o] pacemaker %o et ¢ sl

AR e, WAdE 23T AF Ev AS4e AN HP-40mVeld 323 pulse
] Fol whAd oS WIA7) —45~—50mV Fg =

AL HEE g SEE 2839 (A 100 xm X8 W gkl H7) capacitive discharge 3o 433}
o] W). clamp = “_}z-] o} A=A square pulse 7} Heh (g 4). 51]- 5 pulsed] o3t FAFHE i
Ak 2 Agagon

4) Voltage clamp 4F
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= 22 A o] fel] 71 5= = = pulse 9 ZAE _—4\:1:1._ Zog ZA Y=L 7 3

holding potentlal—?_— A5 WY oL wakoEE & Ak AAL ARAS Bk o] b 1,9 BA

23 v A Tged A 2 AxdA -40 gl pulse & %—z]—g]._—,r_ A8 HP —40mV E& =

mV hgelsta H2 I EF9 deactivationo] Qoj s, olHE

capacitive discharge 71 7|3 = Fo o}F w2 ]

A s MO A F (Na-Al F-oF dabfi g 7)) taile] 20 feb

eb, 48 i8] tail & 2o Yt ixa FAAIQ

1) 43 9os| %’S‘ﬁl-E]E— LH'@E%, if TTXQ]— isio'—lzﬂzﬂfd Mn2+% X]——g-%}-ﬁr;}_

Purkinje 4 7} ﬂ‘ﬂ 2715} A pacemaker 7} I s
% AL ikHt AR A dEoR A & 2) Envelope tes

c} (Noble and Tsien, 1968). ol ixert FubA A o) slzro] FHETa] o3he] BATE = ] AXLTE

45 -55 -65 -78 mV

-75 -80 -85 mV

HP -35mV - — ; =
L L_}F‘

o e N

2 sec
TFig. 4. Current activation, ir at the different membrane potentials. Increasing the level of membrane
potential to hyperpolarizing direction which increased the current magnitude, also increased the
rate of i activation.
AN



By SubAd Ao 4 PacemakerdF-
F4%4 S0 B

Sﬂr Sl 98 Z4ss = AR, 109

T AT

Fig. 5. Pulse protocol for the envelope test and few voltage clamp records. 107 g/ml TTX and 2 mM

Mn?+ present.

dosle AR Kl 7)Y 7k F& i o] 99
t}-& artefact v} A {7t 414 7HE4A & AFE7] Hsko
envelope test & stgtl. B35 gz 485 enve-
lope test = 2¥ 5] Hol AP —40mV ¢ HP
24 it A2 activate 5 = F-EFH F -85
mV 9] pulse & o}F & 7|zHHE A=A AZF
qk FolA Z Azbd 2 ZASE = i) —55mV 4 5
4 o] VeltE i9) deactivation tail 9] =Z7]E 7
E 2439, —55mV E 52 A& HP —40mV
2] 7} i:8] reversal potential(Erev)e]e] A tail o] =
71§ A7l A7 dEelglsh. A siztdE #4F
= Ay deactivate 5| = iy 3-& tail & Z29 F o3
(T2 AZE T4 FF A6 o] & F9 i; ¥ tail
g =Z7)el A R A4S 3 Sl Az, T3
e vl plot sk £ o] 2@ 6olvh. i
2} tail 35 Aol FAE 2gon A A5
(time constant, 7) X o} u]£3)4 v},

ol o}zte ALdoll A FES pulsed] &8ld JEE -
AT 53 i 712 A F-A o] = single exponential
&S & 5 Adgish 2 29 5ol Mol A ze]
ie tail o] # velde A% 28 ©x b

3) Activation curve

2R 7L e8] =HAIghel ®E wEE sz gating
molecule o 413 WHABA EAFA Ha =
2% pulse protocol & H 4l

acti-

vation curve & 18]}

i ¢ tail
10
s(’)
0.8
x
05
T=425ms 1=415ms
03
x
0.2
x
\

200 400 600 800 1700 ms 200 400 600 800 1000 ms

Fig. 6. Semilogarithmic plot of if current activation
and tail decay as in fig. 5, Abscissa:
duration of clamp pulse. Ordinate: norma-
lized value of i current. Time courses are
nearly identical in two plots.(Lines drawn
by eyes).

Rolth. HP—40mV ol A} Z+7-2) test pulse &
ot 2 s 7R 83 AzEEd 2 -90~—100mV
RES Ak FET pulse & Fold ofs Yehli
it®] =7]-E test pulse glo] —90~—100mV &) zH=Z-

A A
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Fig. 7. Experimental procedure for determining activation gate variable, s. Repetivite pulses were given
to —90~—100 mV hyperpolarizing pulse followed by different test pulses of various duration until
steady values were obtained. 107 g/ml TTX and 2 mM Mn?+ present.
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Fig. 8. Activation curve of ir in control and 0.5
mM Ba?t Tyrode solution. Barium shifts
the curve to hyperpolarizing direction about
10 mV. Abscissa: membrane potential. Ordi-
nate: normalized activation variable,s.

pulse bg FAF AR FRL & vepde 279}
2] WE2A AR e Halotel plot & ol acti-
vation curveojz}(Z2¥ 8). zz{v} W= s& Noble
3 Tsien(1968)¢] <] 3kA+2] activation gate 24 A
A5h7 AEd AAE 1~s- 2 ZTAdY (- &
s 9 gFAd g TLEh.
2]zl activation curvee|t}, —45mV a4 He I
A &5 7] Aatete] of —75~-80 mV A s

EEOEEELE P

A e Rd F3 2 2L dwd SH B
(sigmoid)e] }.

Aoz 5 T/ 0.5mMe] Ba¥*g st & W)
&) activation curve 24 AT ZEo= o5y AL
vk dgbd 22 Batg FTEA Al el A K* cha-
nnel & A A, 53] ixv} background currentql i
8 JAABA AFL=Ele] gl Ba?te] &3t activation
curve 8] ¢]F-& Ba*e] o]l whAItH 4l irE ®
s FEARLE T

4) PR AEHOIA Q] ir2] A|ZtH B} (time course) W
Ba?*o| ggk

A A8 i8] Ak wWBE B ¢k
A 7A test pulse & FFF AT i HlFHE
Azt FHol 27 Al 1Y 9otk o] ALl A
A Tyrode ol A8 AzAAE £ Aoz FE3F
pulse & =77 45 we] ZARHH AFY 27
E F/h A& 29 §9 ZE pulsed| 4 FAAQ
HAE Ho|ER ire 44y o2 F48 = A%
o] o single exponential &-& ¢ 4 9lv}. 7 =kxiqh

A FAstE = A5 A4 (time constant): 3}
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EHE Byo] R odF—- e
N
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150 130] at -80 mV
0Ba + 3K
100+
50 e 0Ba+ 3K
o HP: =40 mV ~:\ < 2Ba+ 3K
¢ §7 mV «,\ 4 2Ba+24K
N
nA ° 70 mv nA
a BS mV
20t 20¢
95 1 Z 3
min ] 2 3 4 min
Fig. 9. Semilogarithmic plot of ir activation at
different membrane potentials.Closed circles Fig. 10. Semilogarithmic plot of it activation at
(@) are ir activation at —87 mV, open —80 mV in 3 mM K+(@), 2 mM Ba?t +
circles(Q) at —70 mV and triangles(A) 3 mM K+(x) and 2 mM Ba?" +24 mM
at —65 mV respectively. Arrows of each K+ Tyrode solution(A). Arrows indicate
line indicate time constants of iy currents time constants of ir activaion which were
at each potential (460 ms at —87 mV, 1150 520 ms in 3 mM K+, 2120 ms in 2 mM
ms at 70 mV and 1450 ms at —65 mV), Ba?* and 1170 ms in 2 mM Ba?t and 24
10-7 g/ml TTX and 2 mM Mn?*+ present. mM K+ Tyrode solution.
AT ()2 Bzt wlastgd e 29 1lolek, =rAgte] —60mVeldl = ir7F A3}

Slel| Ao} 2ol g-3 A9 irE Wkl 2§ Eef plot
e w2 a2 olgstd TR —~80mV a4 2
mM 9] Bazte] R34S & 28l 2mM Bart it
24mM 8] K*ghe| A8 ARAFHE 24 Al 2H
100} v}, 2mM &) Ba**& R4 Tyrode g4 &4
HEgA ir8] ZAE FLAZoH =Y ARAISE
gets] @A stgch o] Z¥dlA H4ARE BAY
ANE AR+ 520mse A 2120ms 2 LAl EH4
ok o) 2A 3 AeldlA 24mM K- Tyrode &3
o2 wR Y i8] ZAE Frtetn ARARAE e
AH(AA 4 1170ms), 22 A Tyrode g 6 A
2wl 2 ARl E vlAlA Rabgd ek 29 100
A plotstgiyl Az e Wiz o8 A& TAY
Al A plot gt AFFE T L AT 955 4
S-& % Ar4-(rate constant) 2 Fro} plot 318 R A )

HE g4 Aat plot gz ~60mV o] A2} = o}o]
At ks Aol TaEsl AR AEe] A=A &
Sk ESSEASS Ak o g g A4
Tyrode £ ¢] A &4 FAF gz 2mM ¢ Ba*
o fzte] QF obef WFLE o FE AL RAFEr
24 mM Kto] gej4 Bae] 93t ojF& HEH =
st F 4 Tyrode oA BER FellE o] 24 X
sl eh ,

o] Hh-&-&E A2 gating molecule &) A n} L& =
A& xR F43ld B ds/dt=as(1—8) —Bs*s
g qoz BgH 4 glvh(Noble, 1979). old s & ir
£ 243 gates] du AW BES ZAYL Ao
I as= 23 gates} DElE 4§ XA 4 (opening
coefficient), Bs= g3l gates} wél: dFg9 Al
(closing coefficient)e] =},
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<RATE CONSTANT >

1/_[
{sec)
e~ (JBa + 3K
x— 2Ba+ 3K
o~ 2Ba+ 24K
\ <20
Q\
\\\\
) 115

mYy -90 -80

Fig. 11. Rate constants plotted 1/z as functions of
membrane potential obtained from same
preparation of fig. 10. Closed circles(@)
indicate control, crosses(x) in 2 mM Ba?+, .
and triangles(A) in 2 mM Ba?t and 24
mM K+ Tyrode solution.

29 12% 4 Tyrode £4o] 4] HlSGEA4E
o] &ate] as, BT LY Helvh ast ol ZXT
abx]oto] zhAdrel| wak WAE AT Holx B
29} dk 2 Az FrhEE Raloh Batte] ai, £
TRl okell wE AL WA AL & 4 v

[

n

1) Veoltage clamp &}iH 2 J|E

TEY AEY A A JEAE wP
A Qg A F79) o]-&xlFF usl & voltage clamp
e driAs dd A gvh. 53 AlAdA de] &
o] = u}yl .2 single E-& double sucrose gap ¥}y & &
Zzz Al Ee JAZAA o] &5 m(Noble, 1979;
Becler and McGuigan, 1978) 519 f= vl4 AF
why e Purkinje 4-frell A de] o] &5 o] gt (New
and Trautwein, 1972)., o]k whijolul Aubge] gl

(sec)

25¢

OBa+3K

20¢

. Bs,-f"}"

1 2 2

-90 -80 -70 -50 my

Fig. 12. Rate coefficients of activation, as and
deactivation, Bs as functions of membrane
potential obtained from fig. 11 in 3 mM
K+ Tyrode solution.

sucrose gap Wil & 7€ o2 wad L AFE T
g 7] 7} 41¢ dbd artefact §1 leak current 7} 7] &=
= AL shxa glew=, two microelectrode why] &
AFE Tludl Aol YT AEHOE ol AL
9l 21} artefact 7k 44 @57k glol WAl =L J
2 =& wlo]t}(Beeler and McGuigan, 1978). &4
A A two microelectrode u}¥} & Noma ¢} Irisawa
(1976) 74 A Edte] AFstgden] FHRA] e F
A= BFstr A5 FA(0.3mmejsh) wkEd
A8 BE P& #5544 clamp & ¥ + vz 3}
piRo

25 0.3x0.3mm & Mo AFY AFE e
A BE ALY Zr)9 Heke] U FFAYE JE
dga g AFA AFE 9 L F ASNA F
A7t 2ok A FE 715 A2 Rel o] F=
2718 AdE ArHoE A FFEE ¢+ 4
vt A
E AN Al #Hel 207 2F 2 FH
AE TET clamp & & 71 gyt At 27
AAe FAYg &3 AF 71§22 nFe clamprt
AFHoE ol Reiznt & ¢ dgrh



—3$9 : Byl WA A4 Pacemaker A%
BEA 2 AR T R

2) =20 osf EAEIEiE 9 activation ¥ 2|
ol deactivation tail

2 A"a4 dolAl igd activation curveE BT
2mM Mn?+sl 1~5%107g/ml 8} TTX &gt 4 7)
% AFHE plot§ A2E —45mV A A Fs}e
—75mVAEAA A2 AP S Bef Fgrh o]
W 3]lE Yanagihara ¢} Irisawa(1980a)7} o1& acti-
vation §$) ¥t} 10~20mV 74k e s, o9
Ze Aol AA FA A pacemaker FE=
o WAl 3 Bedsled W E el Aol
o] 9h7k-e Aol b deid 4 Y& FhEHLE AAE
Ao A AolHY F dx EAEE AHEY
AEY Aol += YAt

2 gl AE kA2 2mM & Mg 2143
2} Irisawa & #7] Ca-gA A9l D-600L A5}
dom gEd4 kg Atets] Yste] 5mM ] Ba*
& Agatgch, Mnte 4% Bad4d irlE F7HAZ
t}(Kass and Tsien, 1975; Kimura, 1982)x 392
Y JrAgE FIHASE e € dart. = 3
22 Barte B AEqA HY AAY i1 AAge
I 9 orn® ofukE ir activation W 9= F71E]
gdogetn A4k, o] EAlE irell dFE FH &
£ 4T A E S okl e 5 g-E Aol
©}. g3 envelope test B AV R.59) pulse Foff if
tail 8] decay & 27 o# ¢ Heolgw. ®E AL
holding potential, —40mV I E A& i tail & A
9} 73] irE activate A]7) =Hgo] 2= reverse
o] 9l Wi b whgkeh. olohzte] taile] gleiAAY F
L reverses & #4e B FE KH(I3mM)d4
E 2o\A &gk Aol dk AR A i tail
8 decay 7} V¥ RS (15T + Y& FER) A
Folgte AFAw AFAA ir9] tail & E AEA
envelope test 3+ 73-9- &L Purkinje 4HAY 715
(DiFrancesco, 1981b)3} vl Hokg = -3
&g A A A A4 HP —40mV 2A7 A
A i8] Erevolr] =i E4 olehis A 7o) vt
o HEe £33 L& irel] T A} H FEAAST
glol A decay tailo] 47 && Aolelt o] A9 &
tail 8] reverse & A%l Bgrt. A sHedL
%3 I35 pulse o ste] AlZep T4 A2
= clefte] Kte] #4s5hA] 3o} (Baumgarten and
Isenberg, 1977) Na-K pump & LA % A3z o
t}7t 385 pulse 7F Ed gl

=- Erev

44 2 & pump

(FETd o8 YIS AFAF, 09
A5 o F—

o FEo] 2x5e] NatE v wo] Hu¥ electro-
genic current(Noma and Irisawa, 1975; Courtney
and Sokolove, 1979)7F SJ &4 22 welt i tail &
A8 WAy Fe Frbsld taile] gAY Fo
reverse 5 2| gl A Fo| v,

o] 7t54 & pump A Frtk A 22 2E] wES

ot 43 A3 (Noma and Irisawa, 1975) 2 ©] Fo]
Hol A FAPL AL AT & g AH
tail decay & ¥l ¢ A ZA = 4o VA2
) & iNa, ca(Mullins, 1979)
E 28T 4 ¢ &9 computer model s 2]} pulse
8] Aztal B A Fo] ARt o] 2AFE g2 + g
t}(DiFrancesco, Hart and Noble, 1982; DiFrancesco
and Noble, 1982): Bul o]$ 7454 g+ Aelglxn
AZEet, 28y #2744 g8 A Na-Ca exchange
E A¥A oz Adste o] ool wEed o] A4
+ FHIAYG 33 4€4 A= o+

Na-Ca exchange 7] A ¢

3) Ba**o| g&

Ba*te duizg og xﬂgu} K+ channel =] back-
ground current(is) % K-4 &, ik, e 45t R (Di-
Francesco, 19812).2.2 A7se] gr}, £ A4
0.5~2mM ¢ FXE6|4 activation curve= 10mV
7V HES FHOoR o] FAT AL w$ olag Aol
Gt X&F7tx] Yanagihara ¢} Irisawa(1980a)L i
£ Batte] ) 9] g7 it AT T s
DiFrancesco(1981 b)& Ba?*o] ekzl i8] =278 24|
s} activation curve & o] FAIy| A= gttty By
) et

o] b Bu2'e] LAl AT Fu] Lotrr st
o] e8] A|zk7 3} (time course)s} =hA) ofof whal o @
A Zelx7bg Hokeh, Batte 43 2E A WYy
A A7 AE LA stdn LS EAs T4

¢ FE(@mM)Y K+
5 WS o] Falg v}, 78 Bart
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