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1999 4 1999 12
3 @4 ) 9 (10 )
4 4 )
4+ 3+
3 71 10
16
12
(homogenation) 1).
: (-4°C)
1.
() C7) C )
1 22 0 -
2 21 0 -
3 6 0 -
4 4 3+/3+ 21
5 4 3+ / 4+ 36
6 35 3+/ 3+ 14
7 6 0 /3+ 15
8 25 3+/0 22

1+ ~



9 4 3+/0 24

10 5 0 /4+ 62
1 35 3+/0 33
12 3 0 /3+ 13
2.
. Whole homogenate
0.9%

Homogenate buffer (20 mM MOPS, 1 M KCl, 1 niM leupeptin, 1 nM pepstatin, 1 mM aprotinine,
0.1 mM PMSF, 10 nM/ml tripsin inhibitor, 0.3 mM sucrose)  50mg tissue/ml

30 3 polytron PT probe (Brinkmann Instruments Co, Westburg,
NY, U.SA)) . eppendorff tube
-70°C : Bradford »
ryanodine
Ryanodine [1 M KCI, 20 mM MOPS (pH7.4), 20

nM [*H]ryanodine (54.7 Ci/mmol, New England Nuclear Co, MA, U.SA.), 1 mM EGTA]

whole homogenate 2.5 mg 37°C 2 (
total binding value). ryanodine radioactivity
(non-specific binding) 100 non-
labeled ryanodine whole homogenate
ryanodine
( ; non-specific binding value).

. 100m PEG solution [30% PEG, 1ImM EDTA Tris (pH
7.4)] 5 . 15 14000 rpm eppendorff
0.4 ml ryanodine binding
100m Soluen 350
70°C 15 scintillation vial 4ml picofluor
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radioactivity

oxalate-supported Ca®*
ca  loading whole homogenate 300 ny
[100 MM KCI, 20 mM MOPS (pH6.8), 10 mM NaN3] 37°C 4
MgATP 5 mM, potassium oxaate 10 mM, *CaCl, 0.2 mM (104 cpm/nmol;
Amersham, Arlington height, IL, U.S.A)) 2, 4, 7 Minipore filter
(0.45 mm pore size) . scintillation vial 4ml picofluor
15 radioactivity

. Calsequestrin - western blot

Bio-Rad assay Bradford 50 ny
sample buffer 95°C 5 . 8% polyacrylamide gel
nitrocellulose

. 5% bovine serum abumin 0.1% Tween 20 phosphate buffered saline

(PBS) blocking solution 1
calsequestrin 1 (mouse monoclona anti-human antibody;
) 3 . 0.1% Tween20 PBS
3 (Alkaline phosphatase conjugated goat anti
mouse 1gG; Santa Cruz, CA, U.SA)) 1 30
Signal enhanced chemiluminescence (Amersham Life Science, Little Chalfont,
England, U.K.)

. Sarco-endoplasmic reticulum Ca®*-ATPase 1 (SERCA1)  western blot

Bio-Rad assay Bradford 50ny
sample buffer 95°C 5 . 5% polyacrylamide gel
nitrocellulose

. 5% bovine serum albumin  0.1% Tween 20  phosphate buffered sdine

(PBS) blocking solution 1
SERCA1 1 (mouse monoclonal anti human antibody; Transduction
Laboratories, Lexington, KY, U.S.A.) 3 . 0.1% Tween20

-7 -



PBS 3 (Alkaline phosphatase
conjugated goat anti mouse 1gG; Santa Cruz, CA, U.SA)) 1 30
.Signal enhanced chemiluminescence (Amersham Life science,

Little, Chafont, England, U.K.)

3.

+ , Kruscal-
Wallis test , Wilcoxon rank sum test P
0.05



1. Ryanodine

whole homogenate ryanodine
[*H] ryanodine (166nM)  whole homogenate ryanodine
receptor radioactivity
(total binding value) ryanodine

ryanodine 25mM

ryanodine [*H]ryanodine
radioactivity (non-specific binding value)
ryanodine
ryanodine (specific binding value) ( 2.
radioactivity cpm (standard curve)
(y=ax+b; y cpm X ryanodine ryanodine (
:fmole) mg [*H]ryanodine
group 3).
ryanodine
ryanodine ryanodine
ryanodine
2. ryanodine (radioactivity)
Tota Nonspecific Specific binding
binding binding
3 1693+223 814+71 879+161
6 1428+284 838+107 590+188s
6 1616+157 9561195 660+224
* cpm + .
§ (p<0.05).



3. ryanodine

[°H] Ryanodine binding*

3 51.11+13.34
6 27.29 + 15.58"
6 43.65 + 18.48
: fmole/mg protein + )
! (p<0.05).

Ayanodine bindiglnmalimg proen

Graupl Groupa Groupd
1. ryanodine . Groupl, 2, 3

(p<0.05).

(p>0.05).
2.ca*

ca
whole homogenate MgATP  “*CaCl,
R
45Ca2+
cpm standard curve “Ccat*

-10 -



®ca ( 4, ( 5.
Kruscal-Wallis
(p<0.05). ca™
ca*
ca*
4 ca™
Oxal ate-supported “Ca®* ’
2 4 7
3 80.8t17.8 208.0£32.5 313.7£30.9
6 33.8t13.2 14.4+7.4 123.5t21.5
§
6 68.9+24.4 136.9+37.0 175+21.7°
nmol/mg protein +
s (p<0.05) .
5 ca™
*ca* *
46.23 £ 5.07
17.83+2.87"
27.72 + 4.85°
Cs nmole/mg protein/min +
(p<0.05).

-11 -



400 4

350

100

Ca2* uptake rate

nmale/mg proteinmis

250

200 -

150

(" uptake, nmole/mg protein

2. Oxalate-supported Ca?*

, t

3. Casequestrin

ca*

Calsequestrin

65KD
calsequestrin

western blot.

ca

65KD

3 4 5 G T 4
Time, min
Groupl, 2,3
. n ca®
(p<0.05),
calsequestrin
western blot
«( 3.
P S

v e ey TS Sy

calsequestrin .C, P S '
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, calsequestrin

4, SERCA1 western blot

ca ca®* pump (sarco-
endoplasmic reticulum Ca**-ATPase; SERCA)
SERCA1 western blot
120KD
( 4.
C P S
1T16KD
o - -

4. SERCA1 .C,BS '
, SERCA
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ca™
ca™ (sequestration)
ca™ Ca® pump  Ca**-ATPase
ca*
ryanodine Ja20.40
Ryanodine alkaoid ryanodine
3 isoform RyR1
560KD
1~2nm
4° channel ca™
2M8 41 pyanodine -
direct coupling model dihydropyridine
receptor (DHPR) ryanodine
ca™
DHPR ca”
ryanodine ryanodine
channel . ca*
ca* (Ca®* induced Ca® release;CICR) 34z
Ryanodine
[°H]

ryanodine . [*H]ryanodine

C a2+
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10mm )
Kb
ryanodine
Ca2+

C a2+
Ca™*-ATPase

Ca2+

Ca*-ATPase

ryanodine

down regulation
4344

Oxadlate

ryanodine

C a2+

ryanodine

C a2+

C

C

a2+

Kb
Kp ryanodine
ryanodine
( 40mm,
8~10mm
20g Brnax
[*H]ryanodine
ca*
a ryanodine
ca*
ryanodine
ca™
, MRNA
ca*
ryanodine
ryanodine ca*
ryanodine ca*
ryanodine
ca*
ca*
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(sequestration)

Ca2+

Ca2+ Ca2+
pump . Ca®* pump ATP
ca* , Brody

45,46
ca® pump ca™ pump
47
ca®* pump (dow muscle) (sarco-

endoplasmic reticulum Ca®*-ATPase, slow isoform SERCAZ2)

(fast muscle) 8

sarco-endoplasmic reticulum Ca®*-ATPase  fast twitch isoform SERCA1

western blot
ca™ Ca™ pump
SERCA1
SERCA phospholamban
ATP phosphorylation
Calsequestrin ca*
ca™ (junctional
sarcoplasmic reticulum) ryanodine
triadin ryanodine
junctin Ca’*-ATPase
90 calsequestrin
western blot
ca*
calsequestrin ca*
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ca™ ryanodine

SERCA ca™
Ca2+
C a2+
Ca2+
C a2+
SERCA mRNA, cDNA

ryanodine
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C a2+
C a2+
C a2+
>
C a2+
C a2+
ryanodine

C a2+

calsequestrin

SERCA1

C a2+
C a2+

(down regulation)
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Abstract
Calcium uptake and release in the sarcoplasmic reticulum of

overacting inferior oblique muscle

Hee Seon Kim

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Jong Bok Lee)

Overaction of the inferior oblique muscle is manifested by elevation of the adducted eye.
From the clinical point of view, there are two types of overaction of inferior oblique muscles.
The primary type is of unknown cause, whereas the secondary type is usualy related to the
palsy of theipsilateral superior oblique or contralateral superior rectus.

The sarcoplasmic reticulum in muscle is specialized intracellular membrane system which
rapidly sequesters and releases calcium. Release of calcium from sarcoplasmic reticulum is
through ryanodine receptor, a Ca®* release channel. Sequestration of the released Ca® into the
sarcoplasmic reticulum is mediated by SERCA or Ca?* pump in the sarcoplasmic reticulum.

This study was undertaken to determine and compare the characteristics of Ca®
movements through sarcoplasmic reticulum of inferior obligue muscles in the various
conditions including primary, secondary inferior oblique overaction and control groups. Among
the 15 samples gathered through inferior obliqgue myectomy, 6 were from primary inferior
obliqgue muscle overaction, 6 from secondary inferior oblique muscle overaction, and the
remaining 3 were from the enucleasted eyes as controls. Ryanodine binding assays were
performed to determine the function of calcium release channel and sarcoplasmic reticulum
Ca’" uptake rates were measured to evaluate the calcium sequestration. Calcium storage sites in
sarcoplasmic reticulum, calsequestrins and sarcoendoplasmic reticulum Ca*-ATPases were
guantified using western blotting.

The results were as follows:

1. Ryanodine bindings were further decreased in primary inferior oblique overaction group
compared to control group with statistical significance (p<0.05).

2. Sarcoplasmic reticulum calcium uptake rates of primary inferior oblique overaction group

-23-



were significantly slower than secondary overaction and control groups. The orders of the
uptake rates were control > secondary overaction > primary overaction.
3. In western blot analysis for quantification of calsequestrins and SERCA, no significant
difference was found among the 3 groups.
These findings demonstrate that the sarcoplasmic reticulum Ca’* uptake is reduced in
primary inferior oblique overaction compared with secondary inferior oblique overaction and
control. This suggests that increased intracelluar Ca?* concentration by reduced sarcoplasmic

reticulum CaZ* uptake may be a pathogenesis of primary inferior oblique overaction.

Key Words: inferior oblique overaction, sarcoplasmic reticulum, ryanodine receptor, Ca®*
uptake rate, calsequestrin, sarcoendoplasmic reticulum Ca*-ATPase
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