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Metabolism of Calcium in the Oocyte Maturation of Rat
Soon Gab Hong and Joon Yeong Lee
Department of Biology, Chungbuk National University, Cheongju 360-763, Korea
=Abstract=

The present experiments aimed to investigate the metabolism of calcium during oocyte
maturation in rat. The concentration of free calcium and calmodulin in oocytes was measured
respectively by using of fluo-3/AM and FITC with microscope fluorescence spectrometer. The
ultrastructural localization of calcium precipitates in oocytes was observed with the transmission
electron microscope.

Cumvlus-free immature oocytes(GV-oocyte) were cultured in vitro through 15 hours, The free
calcium concentration in GV oocyte was 55.9-+3.5nM. In calcium-containing medium, the free
calcium concentration was increased in germinal vesicle breakdown{(GVBD) ococyte(64.2%7.
3nM). In normal medium after calcium chelator treatment(10uM BAPTA/AM), the free calcium
contents were slightly lower than those in control group. In calcium-free medium, the free
calcium content was drastically increased in GVBD(72.7+ 3.4nM) and metaphase | — anaphase |
(88.03.4nM) oocyte. In maturation rate of oocytes, GVBD rate was high in control group(82.
94:6.55%) and calcium chelator treatment group(91.2::4.4%), but in calcium-free medium
group, it was low and then the oocyte was degenerated without polar body formation. Relative
content of calmodulin in oocyte was significantly(P<0.001) increased in metaphase | — anaphase
1 than in GV and GVBD oocyte. The calcium precipitates were observed in mitochondria and
cytoplasm of GV oocyte but that were not observed in mitochondria of GVBD and metaphase |
—anaphase | oocyte. And then the calcium precipitates reappeared in mitochondria of
metaphase [[ oocyte.

The above results indicate that changes in free calcium and calmodulin concentration of
oocyte occur according to the maturational stages and the extracellular calcium is required during

oocyte maturation. Also change of calcium localization in oocyte occurs according to the
maturational stages.
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EFFHAM  calcivmee dAe] etz
(germinal vesicle breakdown, GVBD), &%, =]
ol A Qo] A AANN Bagt
(Paleos and Powers, 1981; Sato et al., 1980). ¥-&
F 2] A9 FFEER dede Axed
9] calciume] ¥ Q%] #(Batta and Knudsen,
1980), 81 2 (Racowsky, 1986), A~(Maruska et al.,
1984) ToA HuE At olgjg AHEL HF
PAE calciume] AP wjFAol A vy s
o ) FF 1.5 3 el B 3lEths B a(De Fel-
ici and Siracusa, 1982)7} 81342 Ak st )
=
AR GRel AR 4% e caloium 2748 2
82 3A gethe B i(Caroll and Swann, 1992;
Tombes et al., 1992; Mehlmann and Kline, 1994)2}
B o calcium®| ZF7be W} S 9 e s}
(De Felici et al,, 1991)= Awtel 237l Bayn
At #Hel FAh caleinm 52 E ZFEIR A
& A& olde] Frbge] FEEH Y u(Batta
and Knudsen, 1980), Z 7§/ vl & dxle] wjok
A} kYUl calcium chelatorQl BAPTAS A g 5}
| GVBD7} dAgo] B s YchHoma, 1991;
Kaufman and Homa, 1993). 18\t A4 29
Al F Fetel dojvhe AALYHQ AR
calcium oscillation inositol 1,4,5 —
triphosphate(insP,)oll o]&| A A= 31, A Eafjo
BAPTA/AME A @ 3tdl grge] Basigien
UAe) GVBDIlE YRE HlAA Rl ww
= 1t} (Carrolt and Swann, 1992). o|&{ & AAE
< SGTF-9R BFAE A9 FA B AY
oA Ca*o] ¥zt RN Fa Y= FYdEy,
T el AEA)7]d wel Catel 874 o
gEtdtheE 7 & F 83814 @

EfFR dAe ZEY AVle calmodulin 9]
E&olghe Ao B 315 9l th(Maruska et al., 1984;
Sato, 1990). Calciume] A% H calmoduling A X
2 AXX 9 mitochondriadl A calcium pumpZ
FHstE  (Ca -Mg")APTaseZ A4 3}4]7)|H
(Penniston, 1983), &3} calmodulin®] calcium chan-
neld] & oz2x AZ calcium FE7} 2
A ¥t} 32 (Moody, 1985; Nowycky et al., 1985) &
22 1 9lch Sato(1990)E A £ A A A

W

o] vl s}t wgAlel calmodulin A &) &2
W7 HlE A F F 158 el A3 90%
Ao dAAd s A EHE Jehd & #F3s
, °1& EUZ calmoduline] A3 <42
z71¢Al) B esidy HastRo.

o] el HuER Bol YA Aol cal-
cium¥} calmoduline] £ 8.8 dT¢& L & F
it} ey gk gl 9ol 9] calciume]
Abe W8 A BEAA Zaka Ut ol A2 W
Hio Age] B &y SAPYAHEN} 22
@] dejd Wsts EWR calciumd] JTS
ZALR 7] fEelth. 2 rE B AFPdMs
AF 9] @z Aol B A free calcium g
%3} calmodulin 3tFe] k4 T2 W32 AN
A FA st AF 3hg L, = AN calcium 3
W3 BRFLEA IR WAE cl

ciume| & &1} hALE &)k 81 ek

2 92 e

Az o
1) ojgsetatel &5} slet

A% 2629 Sprague —~ Dawley straing] #F <&
g AFHEE &4 F F2E HEFH WA
Gaegs AAE FAE 7] 9| g (modified
Krebs Ringer Bicarbonate Solution, mKRBS)2. =
&A e F ARdn s g ver
dxE HEY dE AFHHAG £3E v
&2k (germinal vesicle oocyte, GV —oocyte)E
mouth-controlled glass pipetteS AF-&38] WA £
& AANAR, A 712G oz 33 AH
& Z ol AHE-SHA T

vzte] F v ke 7] B g & AHESHA T
v el 100WE ¥ 3 Al (Falcon)e] ¥z 3mle)
paraffin oil(Sigmayg& 713k F ko] GAE
Pol 5%2 COst E8H 713 F718 382
' 37C &£7] WellA 1542 wisigdch GV -
wate) ek 718 FH(1.71mM calcium),
calciume] gl Wik (OmM calcium) 18] 3 A E
W calcium chelation &2] d21S 7| Ewjokald &
AX(BAPTAAM) 983t 9ch.  Calcium -
free H] k-2 CaCl, B A o)) 1mM EGTA(sigma)S
Arbstdoh. GV-ydxte] A EW  calcium - che-
laiong HM e HAFEE 10uMe] 1,2 —bis
(2 — aminophenoxy)ethane — N,N,N',N' — tetraacetic
acid(BAPTA/AM, Molecular probes)& 7] ¥-ul) 4kl
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of Hrtstel 37C @F27] ol A 3082k v kst
Aot GV-dae] Helujok Fof vk 0-054)
HGV), 2.5-3A1ZHGVBD), 8 —9A] 7} (Metaphase
1 — Anaphase 1), 15A]ZFH(Metaphase I )ol] 3|25
= YRS A3t calciumd calmodulin & 2
A 2835 th B8 wjdd e Abgstr] A
o] millipore filter(pore size, 0.22um)® HF3}4
3, 22719 15 bl M 2087 nghga#setA
1 180Tl A 2083 dEE stk

2) Calcium FEZHojjMo| Haat £H

=1

Calcium ¥% A ZFE 0~398 M) =& 3t
+ calcium calibration buffer kit(Molecular Probes)
B AFR-8 &4 39 ). Calcium indicator®] fluo —
3(Molecular Probes)7} dimethylsulfoxide (DMSO,
Sigma)ell 1mM =2 &3 H stock RS FHZ
TE7F 5 uMe] HEE 247be] calcium FE(0.
000, 0.038, 0.100, 0.225, 0.602, 39.8 My X & &
4 2mie] A8t 37C 7] WelM 3083t
vhS A Z Tk B4 2] 332 microscope flu-
orescence spectrometer(MPV Compact, Leitz)yE A}
23] 450~490 nm<} excitation A3 520 nm
9] emission 33-& ZEE filter block I 2/3(Leitz)E
el UL FL SR

3) X Free Calcium g2t £

Z} dabel A4 @A (GV, GVBD, Metaphase
I — Anaphase | , Metaphase Il }& 38 dAa=
calcium indicator¢] fluo — 3/AM(Molecular Probes)
7F DMSO9] 1mM= 839 stock 94 & A£%
27t 5 uMo] HEE sjRujrd oz 343 u)
FH A 5%2] COt £FE 712 3718 ¥
T 37T ¥27] WelA] 3082k vl kst o
T date 712 gd ez 35 FAF
o= FEt2Y ol &7) F mounting medium
(Sigma)e. 2  Ew&}a, microscope fluorescence
spectrometer® Al-&8o] &3 FEkom cali-
bration curve(Fig. 1)& o] &) free calcium & &<

AAatg ot

4 RS 458 5T

p»

528 GV-Wab 7] 2 ¥ (L7ImM cal-
cium), calcium — free ¥ %F9](0mM calcium) 73] 11
BAPTA/AM S 2 calcium chelation &% 7] Eajj ok
H(BAPTA/AM)l| A} A o) v FakSl et &) <ful oF

Az}t % 8 e 2 (GVBD)E 3 A7 Fofl, 28 n
A 125 3 A (polar body formation, PB)& 154]
T mEdn Ao #d, Ry

5) HXILf Calmodulin 82 =X

zt ¢ A" (GV, GVBD, Metaphase 1 — Anaphase
[, Metaphase [ )& 439 FAU calmodulin ¥
Fo] Y& ot 2ol stk

UatE Ae shola 30837t 3% parafor-
maldehyde] DA st A E @R phos
phate buffered solution(PBS, pH 7.4)0. 2 23] &
A& & 0.1% Triton X - 1000] £3}¥ PBS(PBS-
TX)dl] 5837 2 g & A PBSE 5484t}
a8z ¥AE BSAYF 3mgmiz £8E PBS
(PBS — TX - BSA)ol| ¥ o] 37°Ce] 4713 3&7]
oA 3087t A EATH Anti-calmodulin
(Sigma)& BSA7} 3mg/mlz -£3E PBS(PBS-
BSA)Z 1:100 o8 A48 g 37TelA
408-2F H717 7] Well A wkgA| AT
& A eabo A PBS-TX-BSAR 1084 33 &
At t. $AlE  biotin - conjugated anti — goat
IgG(Sigma)Z PBS - BSAE 1:200 2.2 3|43}l
37COl A 4083 5713 FL7] Yol el
Ak WeF Hestdr PBS-TX-BSAZ
1084 33 Aggrt. 28]la fluorescein
isothiocyanate(FITC) ~ conjugated anti — biotin
(Sigma)& PBS-BSAR 1:40 o2 343}
37col Al 4082 F713 L7 YA kA
Act. w5 el PBS-TX-BSAZ
0EA 33 FASESG 18%F FHRTE 338
FAE R, F8F &atol =2 h2(Matsunami
S—3313, Japan) $]¢} &7%1 ¥ mounting medium
(Sigma)2. 2 ¥vjste] EAsSTh FA FITC
9] & 3F=F2 microscope fluorescence spectrometer
2 Abg3ba) 450 -490nm$e] excitation AT}
520nme] emission ¥7¢-& 2t filter block 1 2/
A(leiz)yE T Y& FFE FAHA

6) “tXie| MEE L Calcium 239 XX

A elel ol lojA o] GG WE AEL
7] o] gt kAT calcium ¥ ¥ A4S #Es)
7] A HE e o 2ok

Ao ots B negde 2k SAEGY,
GVBD, Metaphase [ — Anaphase [ , Metaphase 1)
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2 89, £ AL 4% b
£ A5A AT T ALt vl @ 4

£ oxalate — pyroantimonate 2§ 4 3fa] A Ff
calcium 3 A 2-& 33w (Ravindranath et al,
1994)ll w}a} 2% glutaraldehyde, 2% formaldehyde,
90mM potassium oxalate, 1.4% sucrose® TAIH
12 2 A(pH 74L& 4T A 1247 2354
o} YR3278 F 2% potassium pyroantimonate(pH 7.
6)2 ¥388l= 1% osmium fetra oxide SO0 &
A B Fugsdth 1 F 4T FRSF
(pH 10)Z 1587 A8 & & series® 248}
91, propylene oxideZ X85}l 3, Epon 812&
Eejsted 70T RA27]NA AT Bt FFuS
A7 o). 3 3t¥ Epon block-S diamond knife2 A}
£8 ZuPAAD|(Ulracut $)Z 62mm=z A5}
o copper gride(#200)el €2 % 31 uranyl acetate$}
lead citrate® o] FH M3t EBEIHAE0 A
(transmission electron microscope, Ziess EM 109).2.

E A7
7) SHIXz2|

AP 3-5% o} WtEIHon, dxis
A8Fe] EA44 F94 —f:’_— Microcal Origin(version
3.0) o] &3} Student's t-test?} ANOVA-testZ 7
g3t

2 I

D ctxpd Kol o
B3t

Calcium %X+ Hong §(1996)2] calibration
curve(Fig. 1)& ©] &3t AAHst o}

ALQui g GAEE A7l @ Ay
free calcium ¥F2 FH T AI = Fig. 20 et
WA 1.71mM calciumg §-F3te 7] 29y
A 71mM  calcinm)oll A Bl A &34l (GV)e]  free
calcium 832 55.95+3.53 nM(n=19), 8] 2}3-1] A
7HGVBD):= 64.16:+7.26 nM(n=44)8 5-2] 8} #| (P
<0.01) Z7}3}9 3L, metaphase | — anaphase [ &} &
Ao E 50.36:£0.65 nM(n=17)= AR 5] 723}
Fuk7HP (0.001) A3 A7) (metaphase I Yo
A& 56.70+1.86 nM(n=16)Z 1}E}5kt}h.

Calcium 4314 &+ v ¥4 (0mM calcium)
oA wjkA] HeHEIA7] A free calcium
e 72744342 nM(n=15)%, metaphase | —

XL Free Calcium 3Ha}
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anaphase [ 9] Wzl+ 88.031+3.43 nM(n=8)& &
A3 F7HP  0.001)3}F 21}, metaphase 1 &) ¢
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= r=0.986
i 004

%

©

£

=054

=

£

£

L .10+

w

=

g

9 -15-

75 ’ 7.0 65
Log Calcium Concentration[nM]
Figure 1. Calibration curve of fluo-3 with calcium

calibration buffer kit [[. The x-intercept equal to
the log Kd™, F is fluorescence of the fluo-3 in
standard solunon Fun is fluorescence of the fluo-3
in the absence of calcium(0 pM calcium) and Fg,,
is fluorescence of the fluo-3 in calcium-saturated
solution(39.8uM calcium). Log calcium concentration
(nM) represents the free calcium concentration in
logarithm.
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Figure 2. Changes in free calcium cencentration
on the time course of meiotic maturation of rat cu-
mulus-free oocytes during in vitro culture for 15
hours. Values represent the mean£S.D. Ab-
breviations: GV=germinal vesicle, GVBD=germinal
vesicle breakdown, M I -A | =metaphase [ -anaphas

I, M [ =metaphase I, 1.71mM Ca=calcium-con-
taining medium, OmM Ca=calcium-free medium,
BAPTA/AM=calcium-containing medium, after in-
tracellular calcium chelation with 10uM BAPTA/AM
(BAPTA/AM). a=P<0.05, b=P<0.01, c=P<0.001
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Figure 3. Effect of calcium in the maturation of

rat cumulus-free cocytes during in vitro culture for

15 hours. Abbreviations are same as those in figure

2, and PB=polar body formation. a=P<0.01, b=P<0.
001.
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Figure 4. Changes in relative concentration of
calmodulin on the time course of meiotic ma-
turation of rat cumulus-free oocytes during in vitro
culture for 15 hours. Values represents the mean+
S.D. Relative fluorescence represents the relative
concentration of calmodulin. Abbreviations are
same as those in figure 2. a=P<0.001.

A2 YA 3 metaphase ] FA}HE] calcium
FFe F4 0] Brhssdnt

Calcium chelatorQ] BAPTA/AMZ 3 2] 3t & 7]
Eigdoz &4 I FARHBAPTA/AM)d|
ol e YR WAl free calcium FFS
53.714+2.31 nM(n=22)Z, metaphase | — anaphase
19 A 48.49+0.51 nM(n=24), 18] 3L meta-
phase I WA2}E 48.12+0.42 nM(n=14)2 calcium
ko] BAIH R {2 5HA(P<0.01) FEH

o}
2) M5S0l 0jx|= Cakciume] H&

Zkzte} Ag ol iAo IS ES A}
8t7] 918 vl s date) Adujt Al F 34
el Aet2 A &S adlm v 15A1 Fo &
AT A 13AE 2 FAINES 2T 2
#Z Fig. 3o e

Calcium- & 3431 v k9 F(n=168)7} BAPTA/
AM A EF =101 A o] SetR &2 82.9+6.
5% 9} 912+4.4% 2 ¥A VERGF oY, calciumg
gfata] g W gl F@=95)d A& o) Bt} ¥
< 720+121%9 FI5 &2 YR A
134 8489 oM E caciumE FH3le
Wikl 73 BAPTA /AM A elFold 392146,
2%, 49.7+9.4%& Jeh) A o}, calcivmE $-H
3P4 e g TN = FHE o) dojviA
2ot

3) Hxpd o wE A Calmodulin &2
g%}

B sel 2GRl calcium EFE cal-
modulin ¥Fe] DAL Lol FITCIH
EAE FAE A& 5% calmoduling] 4 o)
# €32 Fig. 4o JeERIQATH

712kl M A %H FAe] calmodulin
o FRFL AL IR} 27.6+4.1(n=45)8 1}
ERRSia, Aol AZE ety e 27.
4+3.1(n=51)Z calmodulin®] ¥ FFL Ao W3
7F 91git}. 281} metaphase [ — anaphase | ¢ &
A= 3524+4.2n=66)0 2 42 8544 (P<0.01) Z7}
on, A 1A 2zt metaphase [ 9 Pz}
= 26+280=72)2 @A 3A FA9t

4) MAE0|Z4A 0 MTE W Caleium £ 2
At

g edate] AEFAE Z€ 59 mi-
tochondria’} F¥4<Q TAE YA4sn YA
o, A7]7} -2 T @ound type)at A7|7F =
7 2 Yu=Ege ed¥(oval type)ojd o,
cristae®] ¥rEo] wlefahg ohFig. 5A). Calcium %
HAEE X BEH R A8 YA, mi-
tochondria WX o= EA3thFig. 5B). vl
3AIZEAQl Euted] Ao YA BE FY
ol 3 (vacuole)7} VEFSLIL, mitochondriat ¥+
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Figure 5. Transmission electron micrograph showing calcium localization of rat cumulus-free oocyte in germinal
vesicle stage. A) Mitochondria in the cytoplasm of oocyte show poor cristae at low magnification( X 12,000). B)
High magnification micrograph(x 30,000). The arrows shown the calcium-precipitates associated with the
mitochondria, in cytoplasm, and some organelles. Abbreviations: O=oolemma, M=mitochondria.

Helx geF oz Hzste 2d& B2
Calcium HAEE AEAgAE ZFE Y mi-
tochondria oAl #ZAE 4 gIATHFig. 6A).
Metaphase | ~ anaphase [ o] WdxjeA & oy
A 719 GArge E Aozt gldlen Ay
ol vretope of vhel}r] A2 3] chFig. 6B). A
2%} metaphase I 2] YA+ mitochondria 1] o]
calcium AHEo] YEW D, do2xe 4y
P& 2xog LIt Ad(Fig. TA). 8 F 34
7ZH9l FA B E S8l mitochondriaz}
etz Gl A calcium FA M Eo] Bo] #F
= A THFig. 7B).

o FH

B 4829 0A calcium& -5 7] 20 oy
#} calciume] gl Wl %9 (calcium — free medium)
W gerEa)x 7)ol dAY calcium 2L §9)
A Z71skd e}, BAPTA/AME A2 g 3%
gutra A}z)el YAb calcium 2L njAd <
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GRrE e BA JeEbgtohFig 2). 22y 7] 2
%l 3 BAPTA/AM H ¥ ZFAM date
£ g8 EL Ve e, calcium - free
Bl o Fol A ) et &S AR WA UEs
t}h(Fig. 3). Calcium ~ free ¥ o T ol A 2] @& 8
e g nAdS&E AH dAE calcium-free
kAol sl W 1.54]2F <ol B &7t 4o
ol B 31(De Felici and Siracusa, 1982)¢} - 21
o Aue 4P £ calcium - free Wi
o Zo| A EL dAW calcium FFE YR
£, olAL WA dFgFoF I A1
ZX2E 9 calcium ¥Eo] Foljd ez Azt
o, o|gA HAH FE ooz FJE calcium
THL GRS HEE dodE 9o He R
o2 yztEn. ol Azt A7 9y Y
230 calcium F7}7F # 2.8tttE E31(De Fel-
ici et al., 1991; Kaufman and Homa, 1993)9} w2}
2REH BE2EF 242 T calciumf-F o] A
29t 27 (Carroll et al., 199453} L2511
Ak dape] dukg o) calcium F7HE 8



8tA] @i & Carroll? Swann(1992), 18] 1
Tombes 5(1992)¢] 418 & BAPTA/AMS A 2] g
BA-E calcium$ X35 vl Aol #Ast
7] g gAY calciume) FF 12

2l e AR Bk 122 E 4 it
o et RPL MEYHY calciumo] &
He Aoz yzdo

EH5F @A o8 calmodulin o A B2 Az
£ §¢ dAAS gA d42 A3 (Bomnslaeger
et al., 1984; Sato et al, 1986), Ax(Maruska et al,,
1984)0l A Bt & A@H 3 nAdsda
9} 4% Fetell dAY calmodulin 3 W 3}
= metaphase | —anaphase | FR}olA EAH o
2 $9)3A(P<0.01) Z713tH thFig. 4). 1AL
FrAHE-d 9l anaphase AJ2F AN EAP-FL cal-
cium -F-E3} WaAtel A H = caleium - A gt
¥ S (calmodulin, calpain )l £jEd Dot
T}= X 31 (Ratan et al, 1988; Hepler, 1989; Kao et
al, 1990)s} Eat B dafol FBBAZ

B

Figure 6. Transmission electron micrograph showing calcium localization of rat cumulus-free oocyte at germinal
vesicle breakdown stage and at metaphase | -anaphase [ stage cultured in vitro. (A) Germinal vesicle break-
down stage. Calcium-precipitates(arrow) disappear within mitochondria. This oocyte was cultured for 3 hours in
basic media(mKRBS). x 30,000. (B) Metaphase | -anaphase 1 stage. Some of the cortical granules(cg) lo-
cated near the plasma membrane. This cocyte was cultured for 8-9 hours in basic media(mKRBS). X 30,000.

A # calmoduline] G A7} o] E3te F719 W
FAL B2 o] FHY, 2 & 719 ©7] Aol
HtZzAlz 2E EglgvE E x(Hamaguchi et al.,
1989)5-& 2 E W & AP AnolA BH e
G R} £ A] calmodulin®] anaphase [ ol 4] 2] & A
A o) FL AT AFEE AA FAEE A
= Yztd

A9 s dats Aad daAse 2
2& calcium A A 1E 7FA 3 A o, At
&3 S9bto] calcium Ao} &Fo] Yo
v Ao g B lvh(Mehlmann et al., 1995). o]
A& mALwzrt calcium  ionophore?]  iono-
mycino]] 3-8 &3 calcumFo] H&dA
9] <F 1/4 ¥l HA gEdte Exd 24352
9l tH(Tombes et al., 1992; Jones et al., 1995). L&t
n A Sdabs oyl £ 8 calcium A&

09 v]28F 37| o] M EW calcium AZ T E 2t
eH), o] A% e P e ¥hgdo] sy,
A sabg Eotoll Pl the Wk F7v
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Figure 7. Transmission electron micrograph showing calcium localization of rat cumulus-free oocyte cultured in
vitro at metaphase I and fertilized stage. (A) Metaphase Il oocyte. Abundance of cortical granules(cg) were
observed near plasma membrane in the oocyte cultured for 15 hours. X 12,000. (B) Fertilized oocyte.
Calcium-precepitates(arrow) appeared on the plasma membrane. X 12,000

doj ety B dgth(Mehlmann and  Kline,
1994). Al AN Asg FAW mi-
tochondria¥= calcium A A 12 Z&3l=dH, 3
7} o} 4] mitochondria®] &L W& Y free
calcium& reuptakedhy 7| RoB FEHH 1 Ut
(Eisen and Reynolds, 1985; Girard et al., 1991). ¥
A dad ol BE A X4V HAE
mAA #3F 27} kel mitochondria F& W3}
7} #&5 Y ohFig. 5-7). B3 calcium A E &
1] A 22k 2}k of| A = mitochondria Ul A} &2
th. o] AL mitochondriaz} P44 tz}be] cal-
cium AZ1E o] &Hue FHE FFIAA
Fagleh 28l n Hegd Al7]e] @abe} meta-
phase | —anaphase | FA}oi A& calcium HAE
o] mitochondria Y}l 4] T =] Ftr(Fig. 5B,
6A, B). ©)A & mitochondrial calcium% &) ¥}3-3
of ¥R HHo] HQa¥ free calciume 2 HE
H Aoz Azdc}t a2y A4 3 metaphase I
Y217t 5198 calcium 3 A Z©] thA] mitochondria
el A ARt e Dol e G Axet

off Al #aH 3 ed(Fig 7B), o] & AANSI #
dE Aoz Btk o] 9 e AU
< 7zt Aoe yZEy, da ds A7l o
2} calcium AR 17t 29, YA EHE T
of IP30] th3 calcium AR EA5E 2%
A7t BaH 7] olA 4+ mitochondria’} calcium
AFn 4L REHoR @F3te AR A}
=R 2R

B A¥e o AdnEE 3 £ o, 3
A& e A E A calciumol] 2} &2 ¥Hg
A Aoz Asdad dA ASAVEE A
free calcium®} calmodulin®] kol Wzlsli, ¥
A calmodulin &% W3} caleium &3 W3}
9 9xstA EA JElged, ol Y28 o
dxgojol & Aoz AZdEd. EF mi-
tochondria?} calcium A A3 €4&E BHEZFHoR
ggets Aoz AZEy, AT deEy)
ol ZAFE calcium AR e oz o &

TFHojol & A2 YztdErt
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2 &

B AT 879 FAAAEA 7] kel cal-
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