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=Abstract=

Functional and Immunological Properties of Ryanodine
Receptor in the Eel Skeletal Muscle

Jeong Ho Seok, Yeon Soo Lee, Jang Hyeon Nam
Suk Jeong Choi, Jang Hee Hong and Jae Heun Lee

College of Medicine, Chungnam National University, Taejeon 301-131, Korea

To investigate the functional and immunological properties of the Carelease channel in the
sarcoplasmic reticulum(SR) of the eel skeletal muscle, [*H]ryanodine binding, SDS gel eleciro-
phoresis, *Ca release studies, and immunoblot assay were carried out in the SR of the eel skele-
tal muscle.

Maximal binding sites(Bmax) and Kp values of [*H]ryanodine for Ca-release channel of the
SR of the eel skeletal muscle were 19.44+1.40 pmole/mg protein and 15.55+1.69 nM,
respectively. [*H]Ryanodine binding to RyR was increased by calcium and AMP.

The SR of the eel skeletal muscle has two high molecular weight bands on the SDS PAGE.
The mobility of upper band was more slower than the single band of the rabbit skeletal muscle,
and that of the lower band was similar with the single band of canine cardiac muscle.

Vesicular “Ca-release was activated by calcium. Ca-induced ®Carelease was significantly inhib-
ited by MgCL(2 mM), ruthenium red(10 M) or tetracaine(l mM), but not by high concentra-
tion of calcium itself. AMP-induced *Carelease was slightly occurred only in the absence of cal-
clum, it was not inhibited by MgCl, or ruthenium red. Caffeine also increased “Ca-release from
the SR vesicles, but it was not affected by MgCl, or ruthenium red.

Polyclonal Ab against rat skeletal muscle RyR is reacted with that of rabbit, but not reacted
with that of the eel skeletal muscle.

These results suggested that ryanodine receptor of the SR of the eel skeletal muscle is show-
ing some similar properties with that of mammalian skeletal muscle, but might be an another
isotype channel having two bands which is less sensitive to AMP, not crossreacted with anti-
sera against rat RyR, and not inhibited by high concentration of calcium.
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A =

3 AW Al (SR =sarcoplasmic  reticulum)-&
Zoluh 42 S% e AU 2
Aoz olul F LA glrh(Ebashi,
Endo, 1977; Fabiato, 1981; Fabiato,
1983). ZAE9] F4E EF5Age ZAETZ9
Az oz FAE Ttubuled) E4 F44
£ %3] SR junctional aread] Hgxo] SRU
oA AZHol Sl #ZEE FIANNA FHu
(Ebashi, 1976; Fabiato, 1983) 1 3}A& o}
A 9 A A ggtt. THF 289 Junc-
tional SR& ryanodine £ (RyR)2 <ald
Z#f8 channel& R{3tx 911, o]5 channel
& polypeptides 4702 FAE homotetramer =
o]Fo]A ¢low(Fleischer, 1989; Lai¢} Mei
ssner, 1989; Lai%, 1989), Azl &Ast=
Ca’*, Mg, =& ATPY] 98 1 7]50] =d=
Oz &elx doh(Meissners, 1989; Meissners)
Henderson, 1987; Meissner, 1984).

EFF FAZoNt 4 SRe Z%f chan-
nel2 A7|9FA RyR band2] mobility x}o]&
UEPE ofmal 2A o] okt thE(ZorzatoZ,
1990; Otsu%, 1990; NakaiZ-, 1990) &< 1
A4 band& JENAIR, | BR o7 LEH
zolMe) Holg Agdsne A FAG F15A
EA& zZteti(Meissners, 1986; Meissners}
Henderson, 1987). z2zjv 75 FAZ SR
RyRE 2719544 T 2429 42 20
of mobility® 23 AW, Al W sy

R R 2 Aol Qlgol A2 muEwA
(SeokF, 1992; Seok%, 1994), SR ZH&
channel9| isoformo} &9 Z(species)ol| uwlah
sl EAR S AE APsdE A 79

B

o2t ARES FHE WAole] ZAHZ SRo|
129 Z+zhe]l 18R F band$
Aol band® e E mEe

oelg Zka QIS WA, WAl A2
SR %= ryanodlne FEA7E A E oA 2

&8 7l @ band2 T4 ¥ channels} o
A e %}0}37] st ®Caf2l, [*Hlry-
anodine 343 % immunoblot assayE <33}

At

mlo

M2 oW wy
1) SR vesicles2| M=

Junctional vesicles& Seok So] 7]&3t W
(1992)& Q¥ WAsc] QY. o8 ke »
&ohd e Ao WE WHelg Aoz
AAA A D& ZF F 40 2P L 300 mle) A}
F&A[ 24 01 M NaCl, 20 mM K/Pipes,
pH 6.8, 1.0 mM EDTA, 0.1 mM EGTA, 0.2
mM phenylmethylsulfonyl fluoride(PMSF), 100
nM aprotinin, 1M leupeptin, 1M pepstatin,

—_

1 mM iodoacetamide ™ 1 mM benzamidine ]1}j
Al A A=, Polytron(Kinematica)S A&
3lo] A3 &, 2,500 x g(Sorvall 14 Y&
AE2]7]; GSA rotor)E 308 A7) 329
cheeseclothE F#A|A A4Adg Ak o] 44
g 33,500 xg(Sorvall Q%2 7]; T865 ro-
tor) 2 3087 AAAA FAE AYL, 06 M
KCl &9[=4 : 0.6 M KCl, 20 mM K/Pipes,
pH 7.0, 100 LM EGTA, 75 M CaCl,, 0.2 mM
PMSF 2 1u4M leupeptin]o] H-8A1A 3083t
&R} &o] X3 & 126,000 % g(T865 rotor)
E 307 9AANA oAl 4 HAAME 20 ml9] 0.6
M KCI &9 £H5AH. olF 06 M KCl &
dog TE 40%, 30% = 20% sucrose gradi-
ent$]l] - Friste] 121,500 x g(Sorvall; AH629
rotor) & 1617t AR AA 40% 9 30% AlololA]
SR vesiclesS 3 48t¥m, o] Fa] B3¢ 3
Zr4z WM skl 126,000 x g(T865
rotor) 2 30% AN I FAE 03 M
sucrose, 5 mM K/Pipes, pH 7.0 &eld] %44]
A ALEE d7A] F 5 3‘_%3}%‘4’.(—70@)-
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2) [*H]Ryanodine Zg Al

SR vesicles(30~50 pg) & i1E=¢9 K &4[1
M KCl, 20 mM K/Pipes, pH 7.4, 0.1 mM CaCl,,
5 mM adenosine-5’-monophpsphate( AMP), 0.2
mM PMSF, 2 M leupeptin, 2 mM dithiothreitol,
2~162 nM [*Hlryanodine |Wjolj A 2A]17} incuba-
tion(20°C) 8t & 1 AHE A 40 FFRTE
8| A3le] 2% polyethylenimine& o] Al oz}
] (Whatman, GF/B; pore 1 pm)d] &<l =3}
3 ZHFE AFSFAT (5 mIx3). 3FE o}
E AZE viald
4: oleg A7 & 2FY [Hlryanodined
radioactivityE liquid scintillation counter(Pack-
ard) 2 ZA3s) o] APAA nFeoly A2
1,000 #l 9] unlabeled ryanodine& ¥h-gdHo] 9
el Mest A FUT Yo dUn
o] A% A AT HIEY A
o=z 393, o]& Scatchard #A435te] Bmax
oF Kot s T3t

[*H]ryanodine 20 nM ZxjA] 2] ryanodine Z
3o tid ZgE, AMP(5 mM), tetracaine(l
mM), Mg(1l mM), 2 ruthenium red(10 M) &
T 20°Co A AT FF HEAI & fiellA
At 7 gds Mo R AstRon, AE

Wi gcintillation cocktail(Z

|t

wre-ei: 1 M KClL, 20 mM K/Pipes, pH 7.0,
2 mM dithiothreitol, 1.6 uM leupeptin, Ca(l,
100, or 300 M), 20 nM [*H]ryanodine, /%
£ 5 mM AMP

Scintillation cocktail®] Z4): [triton 300 ml,
toluene 694.5 ml, 2,5-diphenyloxazole 5g, 1,4
bis-4-methyl-5-phenyl-2-oxazoyl-benzol 0.5 g] /L

3) “Ca fr2| AH

SR wvesicles{~3mg)& THLA[0.1 M KC,
20 mM K/Pipes, pH 7.0, 1M leupeptin, 0.2
mM PMSF, 0.1 mM EGTA, % 0.1 mM CaCl,]

ol ¥ir 3087t ice batho)A] preincubationdt &

126,000 x g(T865 rotor)&2 30% H#Hstd R
ANE s 2 S99 FHAZTH SR vesi-
cles 542 2mM “Ca(FHgdog TE) 54
of "Azlsted 20°Cell A 2A17F F<t incubation¥t
% 1008) &9 TAA fgl & rinsef Yo
) AshaL, 44 Al F9H(25% ¢ 60 =) ®Cad
£yl F 04mlA FHted A7 A (Gelman GA
/6; pore 0.45 pm)o] &<l oJ7}3}L rinse} O.2
AHstdck(lml ¥ 33)). AHE dAA= AS
£ vialo] ¥x scintillation cocktail® 713}
liquid scintillation counter® radioactivity & =
g3ttt

gelgde 0.1 M KCl, 20 mM K/Pipes, pH
7.0, € 0.1 mM EGTAE uweto g g 555
%45t 71(Fabiato, 1988), &2 &z (AMP)
U A A (MgCl, ruthenium
red)= @52 felEde] Frstdct. Rinse &
o] z4& 01 M KCl, 20 mM K/Pipes, pH
7.0, 2 mm EGTA, 10 gm ruthenium red, 5 mM
MgCl, 2 2 mM MgCl,o]it}.
g9 SR vesiclesd] caffeined] 28 @2
o] &A= A Yolr. 7] 98 caffeine, MgCl,
+ ruthenium red& RF&Hofl Hrjsted Ap&gh
3 s9% PHow AU
2 AFo] A3 ArE ®CaCl,(10.58 mCi/
mg)¢t [*H]ryanodine® Dupont-New England
Nuclear, AMP % protease inhibitors= Sigma 2
By Fsty, e A|eFE-L analytical grade

£ Argsha.

tetracaine &

»ooHE A

4) SDS polyacrylamide gel &4

A ZE SR vesiclesE 3~12% SDS polyacryl-
amide running gel® 3% stacking gel& ©] &3}
= Laemmli buffer system(Laemmli, 1970)° 2
il bandE BA8tach oF 100 g B7] FF
&, AN A, akerbA 2 ol EA T SR vest-
cles& 30 VE 16417t A719%53l9 1, 1A &
¢t 12% Trichloroacetic acidjolA] nAI &

colloidal Coomassie Blue staining ¥ (Neuhoff
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T, 1988)0.2 3AI7told @A FHTS &
%9 methanolz 3} ¥HE @43l SR z}7to]
Zr3 e @9l band o] mobilityE #2315

5) Ryanodine receptorol| ch3t x| A
Ao odeystE wRRES

(1) Polyclonal Ab ¥4: T /%< RyR¢}
Wgols) RyR7be] Welshs] mAurg g Yojis]
A8 WA e ZAHE SRAA Seok F(1994)0] A}
43 "Wyo=w RyRE& AASte] centricon 30
(Amicon) 2.2 %Z3]9tt. 2% RyR 1ml(50
~100 4g)E 7L X399 Freund’s adjuvant
(complete) 2} 4o] emulsiondt A E7|2] U
o da} FALEL, 4F F RyRE incomplete
adjuvante} Yztel F& HH o = o] o]x} FA}
stAth. whAE FALE ojabet e WHoz 4
AlgE & 1094 149 Alojdl] E7]e] A central
arteryo| A P31 P& st RyR W
d8a wxHHE-9] polyclonal Abz AR-3t%T.

(2) sty RAEIS: A 20049 e
How 79 Wao] ZAZ & A A SR ves
A719%3% F Trisglycine buffer(25
mM Tris base, 190 mM glycine, pH 8.2~8.5)
WollA polyvinylidene difluoride(PVDF) mem-
braneo] 1 AdA 20~24A17F AARAIFH L. AAL
7} ¥4 PVDF membrane& 5% nonfat dried
milk-89 (phosphate buffer saline=PBS)¢] o]

icles-&

Table 1. Ryanodine binding sites and K, values of SR
vesicles of the eel skeletal muscle

Kp(nM)
15.55+1.69

Bmax(pmole/mg protein)
19.44+1.40

Data(mean+SE) were obtained from Scatchard
analysis of 8 binding experiments. [°*HJryanodine bind-
ing to the SR vesicles of the eel skeletal muscle was
done in the solution containing 1 M KCl, 20 mM K/
Pipes, pH 7.4, 100 M CaCl, 5 mM AMP, 0.2 mM
PMSF, 100 zM dithiothreito, 1 M leupeptin,. and 2~
162 nM [°H]ryanodine. Nonspecific binding was as-
sessed using a 1,000-fold excess of unlabeled ryanodine.

g A7+ o)A shakerd| X EEo & th& PBSZ
A Fsta, PBS/Tween(0.02%) £HdolA 1° Ab(
Adld Az)e Ha 342 ol vHEAFATH Ab
9} 23" PVDFmembraneg THA] 2° Ab(goat
anti-rabbit IgG, peroxidase-conjugated Ab)<} 3t
AlZb oA ¥hg-A]7l the PBS/Tween $Ho2
AW A Fsgs, H0,¢ 3,3-diaminobenzidine.
4HCIS WA} 28 A A RyR 2+ Agsd wxp

s BaEsg

4 8 4 F

1) SR vesiclesof| izt [*"H]Ryanodine
s

W =o] SR vesiclesdl| ryanodine binding site7}
PEA Lotr 7193 [*Hlryanodine A% A&

15 |
El
Q
°
» 10 |
A
o
& Prlene
2 3
- E X}
il
d Y 0T e i 1 s
g ;{ Bonnd(pmole/mg protain)
° I
m
o H ] 1
[+] 60 100 160
[aH]Ryanodlne(nl()

Fig. 1. Specific binding of [*H Jryanodine to SR vesicles
of the eel skeletal muscle. Binding was carried
out in the solution containing 1 M KCl, 20 mM
K/Pipes, pH 7.4, 100 M CaCl,, 5 mM AMP,
0.2 mM PMSF, 100 M dithiothreitol, 1M
leupeptin, and 2~162 nM [*H]ryanodine.
Nonspecific binding was assessed using a 1,000
fold excess of unlabeled ryanodine. Inset:
Scatchard plot of the same data.
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AAEte Sold A¥IFE FElal, o]E Sca
tchard #43te] 1 ZHi}E Fig. 13 Table 19
A A 3Gt WAoo A2 SRE ryanodine bind-
ing sites(Bmax)7} 19.44+1.40 pmol/mg pro-
teino] 3, Ky 3h& 15.55+1.69 nM=Z high af-
finity binding siteZ 7} e Aoz el
=

SR vesiclesol] th3+ [*H]ryanodine(20 nM) Z
T gAY A E St dEe 2199
i, AMPE #H7l8lde o o =78t A

B0 (Table 2), o] Z¢% ¥8 channelg o
AAAE Aoz d#d MgChy ruthenium red

2 4g ox] gtt)(Table 3). o] AFof|A] H
Sold 2d%e dA Z¥F(total binding) ) 5
~8% AT oAt

2) Ho|dE4e| SR il Band

3~12% SDS polyacrylamide gel€ TE0] B

Table 2. Effect of Ca and/or AMP on the specific
[*H]ryanodine binding to SR vesicles of the
eel skeletal muscle

[*H]Ryanodine binding in the presence of Ca

1M 100 M 300 eM
© AMP 1474016 2.86+0.15 3.22+0.26
® AMP - 3.55+0.25 3.60+0.28

pmole/mg protein

Data(mean +SE) were obtained from 6 experiments.
[*H]Ryanodine binding(20 nM) was done for 1 h at
20°C in the solution containing 1 M KCl, 20 mM K/
Pipes pH 7.0, 2 mM dithiothreitol, 1.6 M leupeptin, Ca
(1, 100 or 300 M), and/or 5 mM AMP.

1 2 3 45

RyR

205 »

116 »
974 »

66 »

45 »

29 »

Fig. 2. SDS-gel of rabbit, eel, lobster skeletal and ca-
nine cardiac muscle. SDS-polyacrylamide gel
electrophoresis of moleclar weight standard
(land 1), rabbit(lane 2), eel(lane 3), canine
(lane 4), and lobster(lane 5) SR vesicles. Mo-
lecular weight values( x 107*) of standard pro-
teins are indicated on the left. RyR =ryanodine
receptor

Table 3. Effect of some Carelease inhibitors on [*H jryanodine binding to eel SR vesicles

[*HJRyanodine binding in the presence of 300 M CaCl,

+AMP

+ AMP+Tetra

+AMP+RR +AMP +Mg

3.22£0.26 3.60+0.28

3.68+0.33

3.93+0.21 3.88+0.00

pmole/mg protein

Legend is same as in Table 2, except the addition of Carelease inhibitors(tetra=1 mM tetracaine, RR=10 M ru-

thenium red, or Mg=1 mM MgCl,).
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\ 8' g : Rinse
- t M Ca
- 110 uM Ca
- : 300 uM Ca
4 |
2
0 " H . 1 . L
0 20 40 60

Fig. 3. Ca-induced “Carelease from the SR vesicles of
the eel skeletal muscle. ®Ca was passively taken
up into SR vesicles for 2 hours at 25C in 0.1 M
KCl, 20 mM K/Pipes, pH 7.0, solution contain-
ing 1 mM ®Ca. Release was started with the
addition of rinse or release solution, and stopped
with filtration through GA /6 filter(pore;
0.45 um) at 25 and 60 seconds. Rinse contained
0.1 M KCI, 20 mM K/Pipes, pH 7.0, 2 mM
EGTA, and 2 mM MgCl,. Calcium concentra-
tion(1, 10, or 300 zM) In release solution was
changed by Fabiato’s computer program
(Fabiato, 1988).

AXRA. E7(lane 2), /(lane 4), 2 viiAAA
(lane 5)¢] SR Z4zt th& 94X @del aE
A% @ band(RyR)E 7HA 3 QlL, 2 2479
mobility= 7§, vloirbAl, 28la E7] AR =
d oz yehdth oS¢ us] Wiols SR
(lane 3)& F74e nEAZF T bandE 7}HA| 3L
3, upper band®] mobilitye E7|e] AKX ¢
=% o, lower bande A9 AFA {FAHE mo-

bility & 7HA 1 e Aoz Yergth
3) SR vesicles2 H& “Ca F2|

(1) Calciumz AMPO| 2|8t “Ca f2|: SR

vesiclesoll FE A o2 FAZ1 ¥Cagl vesicles=

@® - @  Rinse
8 A - A 10 uM Ca
¥ - W 10N+ 2mMMg
4 -
v. °
\ .
v
2 |- A\
A
0 1 ] . ) -
0 20 40 60

Fig. 4. Effect of Mg on the Ca-induced *Ca-release
from the SR vesicles of the eel skeletal muscle.
“Ca-release induced by 10pM Ca was signifi-
cantly inhibited by 2 mM MgCL(*P<0.001).

8

® - @ : Rinse

A - A 10 uM Ca

V¥ - W 10 uM + 10 uM RR
4 -

o 1 Il 1
0 20 40 - 80
Fig. 5. Effect of ruthenium red on the Ca-induced *Ca-
release from the SR vesicles of the eel skeletal
muscle. “Ca-release induced by 10 M Ca was
significantly inhibited by 10 #M ruthenium red
(*: P<0.001).
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® - @ : Rinse
A - A 10 uMCca
4 vovo lolyr:):telracuine
V\
1
2 | ®
A\
7A)
0 s L L —l. N i
0 20 40 80

Fig. 6. Effect of tetracaine on Ca-induced “Ca-release
from the SR vesicles of the eel skeletal muscle.
Tetracaine was added mto the incubation solu-
tion at 1 hr after addition of ®Ca and the re-
lease solution. *Ca-release induced by 10 M Ca
was significantly inhibited by 1 mM tetracaine
(*P<0.001).

@® - @ : Rinse
O~O:lpMCa
TV - ¥V i1 puMCa+ 5 mM ANF

0 i ! 1
0 20 40 60

Fig. 7 Effect of AMP(5 mM) on the “Ca-reiease from
the SR vesicles of the eel skeletal muscle.

Table 4. Effect of Mg and ruthenium red on the “Ca-release by AMP from the SR vesicles of the eel skeletal muscle

ASCa
Rinse R1 R1+AMP R1+AMP+Mg R1+AMP+RR
25 sec 3.30 +0.087 2.98+0.110 2.73+£0.199 2.75%0.205 2.70+0.202
60 2.49+0.010 2.4040.057 1.99+0.147 1.94+0.078 1.97+0.152

(nmole/mg protein)

Data(mean+SE) obtained from 4 experiments show residual ®Ca amount in the SR vesicles of the eel skeletal
muscle after *Ca-release by AMP(5 mM) in the absence or presence of Mg(2 mM) or ruthenium red(RR: 10 zM).
Rinse contained 0.1 M CK1, 20 mM K/Pipes, pH 7.0, 2 mM EGTA, and 2 mM MgCl. R1 is solution containing 0.1

M KCl, 20 mM K/Pipes pH 7.0, and 0.1 mM EGTA.

o &

s &
< Fig. 39
300 LM7LA]

=] I
=

S LotR 73] vesicles 979
WA AE oo *Ca 2] pattern
AAlE ATk R Zes 1Mol
& w9 25% H<et9 *Ca
gl rinsed] o2 vkSA]
KA F7FE RS B(35~

!

45%)(P<0.001) EfHolA AZHE I1Fx=9
Lo g “Ca #8 AAlE JERtA &5ttt
“Ca fgl7F A &4 8220 MgCl, ruthe-
njum red %= tetracained] 93] ZAHFHE=R &
olr 7] & 10 M Zwo] XFE fre &4 2
mM MgCl, 10 4M ruthenium red 1 mM

w
T
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Table 5. Effect of caffeine on *Ca-release from the SR Vesicles of the eel skeletal muscle

45Ca
Rinse R1 Ca R1+Caffeine Ca+Caffeine
25 sec 4,45+0.225 3.71+£0.011 2.544+0.219 2.194+0.017 1.87 +£0.208
60 3.27+0.251 2.80+0.070 1.84+0.173 1.754+0.040 1.49+£0.010

(nmole/mg protein)

Data(mean+SE) obtained from 4 experiments show residual ®Ca amount in the SR vesicles of the eel skeletal
muscle after ®*Ca-release by caffeine(20 mM) and/or Ca(10 £M). Other legends are same as Table 4.

Table 6. Effect of Mg and ruthenium red on “Ca-release from the SR vesicles of the eel skeletal muscle

45Ca
Rinse R1+Caffeine R1+Caffeine+Mg  R1+Caffeine+RR
25 sec 4.45+0.225 2.19+0.017 2.18+0.011 2.29+0.219
60 3.27+0.251 1.75+0.040 1.67+0.011 1.87+0.219
(nmole/mg protein)
Legends are same as Table 4 and/or 5.
tetraciane& H7MAIZAE W ol EF Z47-& 10 1 2
oM Zrg oz fElseE F9 51, 49 T 52
%% A AATH(P<0.001)(Fig. 4, 5, 6). R E C R E C

8 AMPE 1pM Zgd ofd “Cafrel& 5
AANFANA koM (Fig. 7), T ¢o] AMPw
Ug W 8% A=W © 7 AHed olE 2
mMe] MgCLiyt 10 ME 2]z gkorrl(Table
4).

(2) Caffeineoll 2|3t “Ca $®2l|: SR vesicles
oA} caffeine(20 mM)d] 93 “Ca $2l= vhe

Fig. 8. Immnoblot analysis of ryanodine receptors. SR
proteins(rabbit=R, Eel=E, canine=C) were

Aol LS YARYE W(R1)Y vasle o electrophoresed through 3~12% SDS poly-
40% AT Z7}EQo3(Table 5), MgCL(2 acrylamide gel and electrophoretically ira-
. fnsferred onto immobilon PVDF membranes.

. 2 or
mM)1} ruthenium red(10 pM)Z A= =] &9t Transfer membranes were either stained with
T} (Table 6). W&l AZH SR vesicles RyR Coomassie Blue(panel 2) or probed with puri-
oleldl Tt A2E B THES S8 AL 4+ fied rat skeletal muscle RyR antisera(panel 2).

£ 828 /ML 98e ¢ 5 Utk

Hoghyg maPES-o] dojus=x] dolrr] $3)
AAE 87 A2 RyRE& E7d FAlsted E7 232 == wAe] FAD RyRe 341
YHE polyclonal Abo} wizle] A RyR7b 9l SR vesiclesg& H7|GES T, o]E v
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PVDF membraneo| HAAMA]H Abo} ¥k$-AlZAC).
Azd FA= B39 RyRas WY wkg
o717 ko}, £7)9 RyR band ¥ 19
9] band$} ¥Hg-& el (Fig. 8).

e

wa Mo
=L

¢

il

9% 3 (Excitation-Contraction Coupling)
(Ebashi, 1976; Fleischer$} Inui, 1989; Frank,
1987; Meissner, 1984)% 2 a3 o] Agdek
ol A% FAGR)Z FE fudve AL 49
3t7] 8l ERF ZAZF A2 SR vesicles]
et &2 A77} o]F o) Hh(Meissners, 1986;
Meissner$} Henderson, 1987; Meissner, 1984;
Ikemotos, 1985; Rousseaus, 1988). 1 ZAx}
SR 9] junctional parto] Z+<-8-2] channelo] &)
3te, olw Uil BEQ ZHa ATP o3 &
27h £AHI MeClol ] 4] 5] o (Meissner
%, 1986; Meissnere} Henderson, 1987;
Meissner, 1984; IkemotoS, 1985), AA| & sin-
gle channel $A+49|A 17} 9Fo]29o] high con-
ductanceE Y Elf=(Laig}l Meissner, 1989) &
2% 565,000 polypeptides 4712 FA®E Aus
Az gHAYH(ZorzatoZs, 1990; Otsus,
1990; Nakaig, 1990). L&y} o] Seok 5
(1992, 1994)& #7F 4 SR ZHdd
channeld] tist d+2 THFAE T AZo]
£ type? isoform channelo] 9)&& H sl &
(species)ol| wel t}& typee] ryanodine recep-
tor(Zg 2 channel)7} E4E = d&S AAL
ST et AzEL E o8 AAe ZER
2] channelo] EAat=2] Golr 7|3 £ 28L&
A A3t

Wlto] SR vesiclese] W# [*Hlryanodine 2
3 Ad¥o2 ryanodine maximal binding sites
(Bmax) 19.44 pmole/mg protein®} K, 15.55
nM¢] high affinity binding sites® 7IX1 Y=
Ao2 Jepgth(Table 1). ©]%F Kp gho] 2~3u)

2 R e THFY AR A KA 3

©2 ey,

SR vesiclese A7]9%d9L o WwAol SR
vesicles& X &-F ZAZT A 9 24H =7
29 99 bends g F/Y A g
band& 7451 Qe A& AT + A (Fig

%]
2), 1% upper bande X H
A

23 lower bande= 29 A} FAFSA N

t}. Wo] SR vesicleso] 9 F70¢ bandE 1A
I =R & & gloy, F/19 bandg 7FA 1
217 wj & SR vesicles®] ZE&2 750 X
Fu 2R) A3 Aok AeA ol  Ba
7t dAA ZafE AEs AAEad

g 85 93 WAo] SR vesicles® FE Q)
“Ca frele FeElfs 949 24 55 Z7H
wet F7bE Ao K Fig. 3), XHF 459 A
& SReA Rolz ITFkE L AT ZEH
I A &8 (Meissner’s, 1986; Meissner$} Hender-
son, 1987)o] gt ol H2 AR A
(SeokT, 1992; 1994)% FAtstH o thE4ol
Ko AEFE F7h wet “Ca fe7t @A
A F7 A & givke Aotk 28y MgCl,
ruthenium red ¥ tetracaineo] ZgHa& &
oA A A (Fig. 4, 5, 6)v F& EH
o A3 FAEIET, MeChel A EAT} 2
2159 Z(Seok 5, 1992; 1994)3+= <7t &
Aol

AMPE ZRFAA ZEAHEE EANA 2
Al7lE Aoz delA AR, wWaol SR vesi-
clesd| = Zro]l 1S W ®F <k FIHE%) Al
A (Fig. 7), MgCl,\} ruthenium red® =}¢hs
| ¢kotti(Table 4).

#H Az SR vesicleso|A ZHfErt
RyRo]9le] oz fEHE 2ol de A &o}
H7] 998 caffeined 2] &9 H78l9E& o
T TRy Zwol FlE R (Table 5),
MgCl,t} ruthenium red2 A9l x@E=A] &3 A
(Table 6)o.z mfo] 2 of 2 HFo] ALg-d
SR vesicles2 RyRol9le] ZEH8 &g 714

il

;

o

P
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to

A YEE & F Ao

# A< RyRE AAso RE
immunoblot assayol4 E7]¢] Az w2 el
Mot wels] e wgeA
8). 2t EZe Z#A ¥gAl RyR band9]9]
S E wss 3 Fow Ho} RyRAA #Ad)
A purityZt @AV E& AZEE FANA
RyRe] ## ¥ Aoz oAz

A& v Y Wgo] T4 SRE FEHY 2
FHE A g EFA Ze, AMP, MgCl,
ruthenium red %+ tetracaine?] #&o] X &F
U 7R A3 $ARAY oE el vehd
A3 RyR7 @HEHA A whgo] Jeh}R] gk
A %ol Z% channelg o)F= B homo-
tetramer9} two homooligomer?] 2}o]Ql x|, o}
H channel @9 A 9 ojnj=it A Ao] W E
g g Hi7] HAAE FRE T 23 AE
A ZE A7t B.¥ Aoz AdAAY, T
band% o= Flo| ZwfE] 7157 ol 3% &
AZF e A o F78 Holol & o=z Algd
o

]

# =

Wl 232 FEAWAIE(SR)E vesiclesd
B2 A|zste] Z4F8l channele] §F9} 7158
Yotr 7] $8te] [*Hlryanodine 24 E, A7
&, ¥Ca #3843, 2 immnunoblot assayE 2 A]
3t thgd 2 A9E 4o

1) WARo] FAZ SR vesicles® maximal ry-
a,hodine binding site(Bmax) 19.4441.40 pmole/
mg protein ¢} KD 15.55+1.69 nM9 high af-
finity binding sites& 7}A|a g1, o] )3t
[*Hlryanodine Z2¢-2 Z¢3 AMPA 93 =7}
At

2) WFo] ZAZ SR vesiclese A7) E A
FAe nEAF @ bandE JHAT glon,
upper band= E7) ZAZ SR ryanodine recep-
tor(RyR) band Ht} =% mobilityE e}y

1}, lower band: 7§ A129] RyR band@} AHEH
mobility & VFEFR T} SR

3) WAl AT SR vesicles® F-E| 9] “Cag
g oF Ze F= W me(l, 10 Es
300 kM) =71El e, MgClh(2 mM), rutheni-
um red(10 pM) E* tetracaine(l mM) €3] #
o4 A AdAIHEJ o H(P<0.001), RFES] Z
#o BN E A HA FYTh AMPE 9% 7
w9 “Cafrdl& JI7HI7IA X3,
AMP zFgtez 8% B:= F7/HIALHU, o
MgClLu}t ruthenium reds 2ja] Zet=lz] e&ske}.
Caffeine® Z¢ F2E 71 Ao MelClhyt
ruthenium red 2 <g&kitx] gl

4) W3] Z5W RyRe WA 42 RyRol
g FAs Belstd ARG desA gt
(=

oje] d¥Hoz WAl AT SR ves
cles®& F719o mEA#H wwl bands ® RyR&
AL e, ol B3 Zw FEO AT He
#de EAFY A A 2y 7@
RyRe} &g o]&5& AMPJ| thd wkgo] v,
nYggFHon wATEE doiAE ¢eon, u
55 ZHoz A HA ¥+ RyR(sotype)d A
o= Algdoh
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