97-N6-04-01-A-3

GOVP 12016399

MZF A 2 XL ol Z diolfA 2 Ca*~channel
S™ol| s o4

Identification of Ca®* -channel(s) in the mouse follicular

oocyte and preimplantational embryos
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[ A8 A7 dx 2 £33 o] wo|A 2 Ca®-channel
o] S #H3F A

n@TlEe) 24 % Bed

AEQARAHANH Ca¥'s }—’f— %&f& 842 A4H gk Ca¥e HMEU
AET tatsgel ] Bao] FulAEH, AFAEANY ABALER LY, THA
¥ £&34, memory A%, 2¥ 7}‘*—4 1% wujel 23 asEd 2 NEEY,
Ze WAy 2EaaRe dstn o] AX W o8 7tA o2 FeME 7HR
Z93ta B4HQ o] &olth(Marlene et al., 1989, Berridge et al., 1998).
FHEE dAAdETgFe] dojd u Auty @¥ -F(depolarization) &£ FA o}t
M E9| B4 s activation) B HMES} EIANN AX U Ca9 77t ddjHe
2 "5y 242 FEstm glov ol59 Calel AE UR Soew
Ca”~channele] &Ale] B ATE AY A 2% AXe AFAE FAME
Ca”-channeld] @3 A7t o= 58 FF o3& st o] dyse $d
Ae Adolr), ol AL A ABAY o]F wiEolatn AtRE.
a8y THFY dAY FRSEE AR - o & 29 Hsde 9d
Z3 AsE £ dAY £HBOE Ca¥'-channeld] EAE AAG 77 oy
glon @ W AT ojil type Ca’-channel®] &AEcal channel type
2 w3 dF7E A9 gideyt 2a3] Ca’'-channeld) EA4E IR AT77 ¢
9]l A H{Yoshida 1982, 1983, 1985, 1986; Powers, 1982; Lefevre et al., 1995; Bae &
Channing, 1985; Blancato & Seyler, 1990). Mattioli et al.(1998)0] si=A] ‘r_i'X]-°ﬂ A
P/Q type Ca®~channel inhibitor®} 25 E¢ K™ 2glo] 2§ Axue] gr33 &
=¥ 9 confocal laser scanning microscope(F 24 v 3)E o]l &3l P/Q
type?l Ca’’-channel?] ZAE 4= AAAAE3 e Ad )3 olM abstract from
oz Bug Aol Hgolich AlEel zao| W} AEed] & sHE Ca¥~channel
Z& voltage dependent Ca®'-channel®% L-type, T-type, P/Q-type, N-type %
R-type%-¢] 129 ligand-gated Ca®-channel 2% ryanodine receptor-channel, IP;
receptor channel, NMDA receptor channel $°] glow o]9e] Ca®-leak channel
% 9tk Clague et al., 1993; Durroux et al.,, 1992; Lotshaw & Li, 1996).
olgkro] oje] 7}x] Z89 Ca*-channelel ¥ A QA Z+ typed] channelo]
& AN Axe sosts 2 =@ 7] G type®] channele] &A5tH
T3 2H AEAE g FF channeltto] EAslE Aol olym F 71X o4
o] channele] 3&381 e A22 B8 A Aok (Parys et al, 1992; Kume et al,
1993; Bae et al., 1999), &k channelol A E ol otel 34 = o] channelo]



wel Wseln o el 97l W EoltHBarahanin et al, 1989, Bae et al,
1999).

AEWelMe] Ca¥e didz ~1000M Ca® fAHzZ e #AE 1 nF
intracellular Ca™e] ZANA o] F&stA olFojxn gltte FAT MEdE
9 Ro|A AToo g EHA|FE Ca”-channelel 98 74A] 2§71 don, AT
ol Ca¥'e MEwos mue Ca-ATPase, Na-Ca exchange pump 5°] 209
£ o dA %29 intracellular store FEE 332 ¥ ER(endoplasmic
reticulum), mitochondria % nuclar membrane $°] %} calcium® A% H&&
31 Yot ol AEHE T FFY calcium-binding proteingol Aol
Al intracellular calcium® o= ¥4 FFoz2 FAste 7|&o] Ha ict o|g 2
o] o8] 7}x] £%9 calcium control systemo] #§xog 2839 intracellular
Ca¥& 34 44 F&o8 FAsL Ak |

EHEEY dRA FAA w2 Bdste FANA Caol WAooz aFHA
= gAS0] glgo] wEA ot oE typee] Ca’-channelo] EAdtEAE 7
o] w s§& Arejol™ Mattioli et al.(1998)o] =& el =X dRelA P-type
Ca®’~channele] &Agttte ATE AstnsE Bae et al.(1999)0] Az dalolA 3
7}Al type®] voltage dependent Ca*'-channel®l ZA& Z%H& 2o A =& 3
HEe ot vxtoli Hard wlzel £834dA Ca’ -channel®] W37} o
AEn Qe od wE A7 @FEE AuE Ca’-channel Fol ¥IHAIL E
Ca® tAlZ Aol el o daiols ZF4A wize E3tadAel A4d §& A
A4e we £ ¢ Aoz AAATh Ca¥-channel 77} R d X v F4a
3 o] g ot} e AL wEolth RE FEY AXoe MEREA] dojutvl
A" e AxF U Ca¥ 5 F7F @4o] 9e Fol AXEDHA dojypn
Jom o9t Ze Ca” FE F7F AL WasE AEEdel A dojuiA ¢e
U Ca-ionophore R IP; 59 A2 2 FYgoz2 AXd J Ca* ¥=5& 9549
A 2ol A= 3tk (Steinhardt & Alderton, 1988; Kao et al, 1990; Kline
& Kline, 1992; Hepler, 1994),

2-cell blockel Z& Q&= AFve] wgde] Ca¥'g YolFA ghod vz 3
A F7) 2-cell ¥je) wWiFdelE Ca¥g HAE WolFA Yol 8-cell staget
16-cell stage7tA] WAlo]l A A AW (Bae & Park, 1987) FIFHoZe Zujv)
(blastocyst)E 2L 32 Ean FxelA Hztdth(Bae & Yoon, 1995). 8-cell
AN7lel Ca*g RolFW compaction(X g3 4ol deold F Fuj7]2e dAo]
758 tHKim & Bae, 1994). o] & #Ho| M= Ca*-channel& $& Ca’-influx7t <
Ui ¥ 273 AW o)Wl typed Ca’-channelel FEHIZ YEA ¥ &
2lA A ¥& Aeold.

u}e}A] # ol confocal laser scanning microscope’t FEEHD o] HFE

Ca®*~channel antibody®} fluorescent dye$} E “Ca®*& o] 43 B-counter 5& &

1o 32



FHog olfatH Aol HA Wl ol277R 9 Ca*-channel?l EAL
& g A& AR oAET I o] Yo A7 Ae)Ed wido|) Kzl AEEHE
FHPoRE HE & 4 I8 Aoz Az



. A7 g 2 ¥y
LIRS A7oge yg 2 ¥e

7h AFe odxdal, wigd IR 2 A d(fertilized ovum)ol A ¢ voltage-
dependent Ca®-channel(® P/Q-type @ N-type ® L-type(a1C 2 1D type) 2]
EA € immunocytochemistry WY& Ab&3te Zwshch(Bae et al, 1999).

U 32 #nFE S o83t} 2-cell embryooll A Ca’’-leak channel® A&t ub
¥

2-cell embryor & AHAM Astu Y AFE 55 @ FANFH PMSG 2
hCGE FAlsta vtz £4 715d £A7 FAANA FAE $HA 9|2 hCG FA
F 33hrofl Al B&E A A3t 2-cell embryo® 7@tk 2-cell embryoS 7] & )
Fder 33 MHHT £ 25mm cover glass®] FA R cell take SuAAH Y
cover glass #1olt 1549 vWiFHel ol 2-cell embryoE cover glass Z4 &
otk FAAZY. o) F S5MEGTA(Ca” ~chelator) 513mM< 1ml A7) 30G 3
AtibE S o 8stol 15l el Lotk Yol uikel o] Ca¥g WY EGTAZ 78
A X chelation AlZ1c}.

o7 EGTAE A&l group® EGTAE Aalstx &€ groupolitt Al Img =
A7V 30G HbEE ol&3ke] Ni¥' ImM, 5u¢ HEld ¥ nlz T2y dAv|goz
2-cell embryoy intracellular Ca®*& scanning @tk (Ni¥* Hg]A] MEUW Ca® store
ZRE Ca” releaase’t Yol AT WL AL E@alel W)

2. 230459 AFNEe g 2 MY ! early 2-cell embryool A 9] Ca?*~channel®]
A

2-cell embryool 48] Ca®-channel®] $#&o] 221359 AT Lot = zygotedl|
A 2-cell embryo® WAstE F¢rol oW typee Ca’-channelo] &4l = o]
£ Ca’-channel®] 2-cell embryo® WA#A Zo| Ca®-channeld] W37} YP=
A& #AJ

7}. 2-cell embryool 419} Ca®-channel®] %3

(1) ZorolE MEY Ca¥e) 27

dimeltylsulfoxide(DMSO)ell &3{A1Zl Fluo-3AM 5xM-E perfusion &0 Yol
458 -1AF  F  incubationAl 1T}, Perfusion ¥ AXUWE  £35kr e
Fluo-3AM=E AAAZI7] 98 718 sigdeoz 33 AHdd. we Ay 93



25mm cover glass FYE ol cell takgs =T B Yo} 7jE ujgo
(BSA-free) 50pui gl drop wHE I 10-20702] wlE 2o] cover glassd 45
el ©ets] FRExs 5 GEE sn A WAAE. FPUPces
Fluo-3AM¢] excitation?! 450-490nMell ol& &AHsla EE &AL Olympus laser
scanning microscope(l X70 3 & v, Olympus, Japan)2 & 5% tF 22 20-100
& scanning?¥ ¥ fluoresence intensity® ¥ 3& micro-softA}] excel(Excel 97)
2 H#3 % fluoresence intensity®] ¥ #(average), WAHSD), Hig, HAige
TR Ca® vE AUAe

[Ca®']=Kd(F-Fmin) / (Fmax-F)

dissociation constant(Kd)=316nM
Stachecki et al.(1994)7} AM&-§t A did vl WUye& ALEdo)

(2) Immunocytochemical method& ©]%3% Ca®-channel?) £3 ¥ ca’-channel?]

Wk Fo o3 A

2-cell embryore £ nAelAM 45 Ae UYL o]&3ld early 2-cell

embryo® T 3 FEH 2-cell embryoE 1AJEE9  immunocytochemical

methodE ©]&3% whole cell mounting staining W€ A23t4cH(Bae et

al.,1999).

hCG FAF F 30-33A17Fel 348k W& zygote$} early 2-cell embryoZt 4394l

early 2-cell¥} zygote& hyaluronidase® A &ld ¥ zZzt @2 groupg HEUC

7] 24 E7] vl hCG FAF $ 48-50A12ke) 348 wj& Tjio)

A Wi gz we WA & AolE vlmstaal A9 wige] A$ Ni¥ 504M

S At 20/ MFF22ZA 2-cell blocke] FE © F7] 2-cell WlE A3}

pii=

Immunocytochemical method& AM43¢ Ca*-channel® $43% groupe 3

¢ @ &7] 2-AXu @ 20717 M wjgH 2-AEH @ 20 ANRF¢ N AW
- T ® 7] 2-HA T 59 5714 groupe @ U9 Ca®-channel® A8

o}

(3) 324 dvAL o] &% Ca’-leak channel®] A

Z7] 2-HAZu]E hCG FAF F 33A o)A 3 Fdte 7|BuGRoz 35 A3
$ Fluo-3AM 5u/meo] ol perfusion &HolA 37CO A 458-1A17F u) ks3]
A AE HE Fluo-3AME JFA AT AFHA ¥E Fluo-3AME A A7 $4)
Al 71 difd o g 33 AlFHg

25mm cover glass®] FAHol cell take E=T3 9 cover glass®] FARd A=
b @9 FEAHEE 78 Ax 7™ EGTA 513mME A& groupd
EGTAE AHEstA &2 groupd] ¥ 7HZ UE F T2 @vl7 oM =34&



#EY 24E #E F image scanningg AFHE F HLE Ni¥' ImM, 5u0-& A g
¥ ¥ A% imaging€ scanningg 3t

image scanning® ¥4 ¥ imaging intracellular Ca™ curve® AZ A Zit},

3 3adEe AFAEe WE 2 oHY 0 AFH 2-AE - S-AEujz @ o
Ca”-channel®] 53 % B3z}

Ca*’-channele] #jo] WAFHHY 2 Ca’-channeld) W37} QEx] dBol = o)A
channelo] ujo] WARA Fo] BEZE Wis}l dojuex e ws|ux 3
o 9A AFEHG o] Ca¥ dA} 27) 2-A Xl Fr) 2-AMEuldM HME
443 WS E FA4E HoF D 9o Ca¥-channeld] W37l dAHn o ®
%71 8-AxuoMe X IU3H A (compaction)o] ¥t ¥ Ful7|(blastocyst) 2
2AET. 2y 27 §-AEufelA dojue AYs AL W= wjgd
Ca’e] &Adg BFHoz a7stx o] A Ca¥-channeld W7} a4 =T 9)
7] WEel] 2-MEu) — 8-MEu|Z WY w BF3| Ca¥-channel®] #Wslel uig
T7F Qlojorgt Az g

7}. Immunocytochemiscal method& ©] &% Ca® -channele] 3

4-AFv) — 8-MFuje] £ 55 # ICR 4R AFH9 HZ PMSG 51U,
HCG 5IUE 48A17F 24 o8 FAIGT HCG FAF & w2 A4 o) 73 +£ARA
FAAA +3E FEF -8 @ o}3 vaginal plug® checkslte] positive® L&
FATE T AP AFE T HCG FAF F 564170 B4 & & Jd@g A3
o] 4-AFEujE A&l 27] 8-ATulE hCG FAME 72A oA FTH-L HH
o Y@=t} Immunocytochemical methode %A 8™ whole cell mounting %4
o2 3o,

. Ca®*-channel®] ¥X 43}

Immunocytochemistry el Z3} slide 49 embryooiAl Ca*-channel staining
of & 79 HA ¢ 79 F£E counting HHE FEi o] 371
Ca’'-channeld] th& R& poolingdte] 88 L XEE AT o]d 5 EXE
& A48 E odg dAY LA A Rsl(differentiation) 8] WEFL & F 5
AL Reg Wy,



V. A714 313
L 1apdse) A7z

7b Aol Mol Ca”'el A B

FEAFER0 / LB EANCP/MA, PQ3STE medel, ta7] 23871 4dA T
)2 oAxda M G @ =GRl intracellular Ca¥ A% AE og
¥13 2t

Table 1. Calcium concentration in oocyte and embryo.

) calcium concentration
C

oeYie (mean + SE)
2PN 1.78ng £ 0.08
MI 4.78ng +0.21
GV 1.50ng £ 0.06
seum 1.9375mM £ 0.07

3 replication
PN : Pronucleus, MII : metaphase of 2nd meiosis, GV : germinal vesicle

HA Aele Ao wek GV - MI— 2PN &7} "t}

germinal vesicle(GV) 489 intracellular Ca” ¥E& ®lud 2T X2 7}1R34A
£, 1.50ng=100nM & 7}1A & uj

1.50ng : 100nM=1.78 : x

x = 150 X 100 / 1.78 =118.6nMo| MO A Y w=

150 : 100 = 478 : x , x = 478 X 100 / 1.50 = 318.66nM

&, GV — MI — PN
100nM  3186nM  118.6nM

GAAE7L A4S ) intracellular Ca®’ $EE 73] Z7lss GAL HolR
@ gAst 3 HE oscillationo] FdAHEE basal levelZ So}ge ¢ 4

&, 92 4% A BY3 Ca¥ FUlEAel Bddos dojutm ges wa)
8L V1R Mgde] FERYD £& Rog YeEdn Yt 1.937mM £0.07

r
2
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. Immunocytochemical method® ©] %3 Ca®-channel® %%

D AFH AdFEdxtelA 371R] type?] voltage-dependent Ca®’-channel®] x| &
immunocytochemical method& #2135} 29 P/Q-typed localized stainingg o)
Ho]Fu N-typeZ MxE Aol FsA AR P/Q-types stainingel ¥
8] o} ofsirt

L-type2]l 7% o}F XMW 3§ localized staining patterng B olF3 k(e lC 2 o
1D type o Zo] &gt U2).

@ w@dE I JEdol A8 3714 voltage-dependent Ca’ -channel®] Z )
7b AEALY @ P/Q-typed] AS dExdAeA HuUE HA BE $9
localized stainingg 2 & AQH Hol EAolth, @ N-typedl AL X datoA
¥ 25 homogeneous staining pattern® B oF 1 il @ L-typed «1Co 7
$ localized stainingo] &3l F 8 o Edato|A] BUYE localized staining ¢

7t B

® AT @ P/Q-types] A5 dAMY v dAo) e @] localized staining
o] #71 44 SoEUR AR 1-27) A=t gEEoIUTY. @ N-typed] 2§ o
T dviPgE A2 E homogeneous staining®] patterne] thEEoitk. &
L-type9] A% «l1CY 7%= localized staining® 7} wjghdzlolA HO&E o
2o 1-20 4%, alDe Z$=E H[xdt ol

A A7e A3z F¢8 B u o4z wadda 2 £APA 25 371A
%79 voltage-dependent Ca® -channel®l ZA7} &=l ov wale] M) u}
2} Ca*-channeld] $ZAel7} Wol Waatn 1&g B

th FxA @n AL o] 83 Ca¥-leak channel®) 4

@ #7] 2-AEWM(hCG FAF F 33AI1ZHA F@-g A3l detholA EGTAE
Agsn AsA @ F groupdl A Ni¥'g HA2l& u intracellular Ca¥* %= %
7} patterne]l o}F @s}ti. & Fig. 6, Fig. 7MA¥E Ni¥ e ¥ EGTANE
group®} EGTAE A&tz &< groupolM curved peak’} Zatd S 31
AE R

EGTA + Ca” — Ca-EGTA-@

Ca-EGTA + Ni¥* — Ni-EGTA + Ca”-® oA fomation constant®] x}o}&
EGTAS} chelation® 9 € Cao]l Ni¥' Hel& X 35o] ion 4El9 Caog Eo}g}
o] o] Ca’-leak channeld £ influxg 24 UelttE @Atolt},



EGTA®}9] formation constant : Ca*'=10.61=log kf
Ni*'=1852=log kf
1852 - 1061 = 793 = 8 = log kf = logl0®
%, log kf=8=log 10" o]t} o|3:& Ni*'o] Ca-EGTA chelationoll 4] Ca® 5.t} X3¢
o] ¢ 10%Ny} 7| W&ol Cas} Nio] A X8 E= ukgo] dojdt},

@ = 71A FrlslM AFstH Fig. 69149 6A-1U, 6A-2U9) leak channel®
Fig. 79 EDTAE Hs}A & 2FoA Ca’-leak channel & ME Z& typeo]
obdgt MZ & type olgtxm A Fig. 79 Ca® peake ©]|FE Ca® influx
@43 Fig. 69 plat Aefe] Ca¥' influxe £93 A, Agdez mol gag.
%, Fig. 61X & plat #1487} 38 o] olut A&sln Yok, |

&, Fig. 7¢] Ca¥-peak: @ A|7tout opening ¥ & Ca®'-leak channelo]&ti X
ot o3& Clague et al(1993)e] F&& AMY 371 typed Ca’-leak
channelo] &A%t = F3405 g dch

Q@ = #71A g& 4 e Fig. 6 3 Fig. 7914 EGTA & %o 5.13nM, 5409}
256mM, 5uZ EGTAS F=& @AW #Idd g &AstE Ca¥ 1.7ImMY}
Mg” 0.85mM-g =5 chelation Al7]E %50]7) W&o Ca*-peakol: o}zl ¢
9. F 300nM BEE YE o 2L %ole peak(Fig. 791 EGTAXE group?
peak) 2 Ca’' %ol 79 Zthe ZA ot}
(40 : 100nM = 120 : X

X =120 x 100nM / 40 = 300nM)

2. 224329 AFA
7b. 2-A o) A 9] Ca¥'el =4

F23 ¥v7(Olympus, Tokyo, Japan)& ©]&38}9 fluorescence intensity® &3
Sl T& 2-A TS AXW Ca FAAAE GE3} 2t

...10..



Table 2. 2-cellell A ¢} calcium & %

) Average SD I\’I;X Min
1) GV oocyte(10) 12475 2334 1686.1 579.8
2) Zygote4(32) 648.9 1453 11799 398.8
3) Early 2-cell(52) 1131.1 2386 1761.8 532.3
4) Late 2-cell(51) ﬂ 17475 595.5 3351.6 719.6
5) Zygote oscillation(13) 1693.6 909.4 3969.7 568.9

2)8l zygotex o] 7| oscillationo] ¢+A3] B AE9 zygoteS Y.

14 A= da el A9 calcium A ZF(ICP/MSE o] &3] =43 A)3} vjmat
7l 918 germinal vesicle JE19] PlA 4% G AL A =AY
TABNMNE FEHEUHLE scanning€ e T A weT FEP ¥
Ca”'o] ME&No] B £33 wa ANSATHI/A5M). o] W ALEHE GV
oocytet= GVBD(germinal vesicle breakdown)e] ¥ojur] A zstes ©Alz Hopzl
. & dbcAMP 100 ug/mle] Eoile wlgkell WollA Fluo-3AMO 2 458 -1A)2F
perfusion 3 ¥ HFHZ &L Fluo-3AME A7 9814 33 7|Rujgdoz
AFstR o ou] 1AzE 7hE At Foly] g o] date] GVE GVBD7F dojut
7] A ExlHHo] WYH 2 Qe AlFolzt & & QU

ol el ATBY GV oocyte?t & F oscillation©] ""‘4 zygoteol A 2]
intracellular Ca*’ 2.t} 84 & Ago] gl

B\

!ﬂ-

zygote oscillation® Rt} & AE9 intracellularg Ca’'& §XA8tx Qom o
¥ oscillationo] 4ol W& Ca2+store°l])~']«] Ca’release’t #§H& o)j%1 iz
8IX| ¢ Ca’*~leak channel® $% Ca¥influx7} £93 gl 7;1 E FAHHY o]
#9l zygote oscillationo] A1 ¢] intracellular Ca®* $%7} ¥& ZAoz wugr) oA

T 27] 2-MEu7F F7] 2-AENE 2R F Be 9 calcium FH @A o
=2

, 27| 2-AE ¥ intracellular Ca®' levelo] 433 wou 37 2- L= o}

& 4H9Y intracellular Ca¥ € §A3T YE Aoz VYY) ojd VA=
_%71 2-AEulE Ca®-free HWIFYdolNes A HIEHAR F7] 2-HEu=
Ca”-free W% Ho]E= 4-cell, 8-cell, 16-cell T8 RBUstn &o] =PEYn
(Bae & Park, 1987), %£7] 2-AEuj7l Ca® §lo] AZELL AL 4 Q= AN
< & nYdA HE 2ASAY. oH FEALE AXo FHAEE Ca¥ ol B
Fol dojubA] AT F7] 2-AXWlE Ca¥ flolE Bdol dojun g FEA
EF FdE de £83 Ak

- 11 -



1} Immunocytochemical method& ©]-83F Ca®'-channel?] %3

@ AT : 12 A9 Ca’ ~channeld #z

@ %7 2-A Eu)

@ P/Q-type Ca®-channel : localized stainingo] 7ZHsbAl vebube] izl 270 oA
& BojF1 o

@ N-type Ca’ -channel : 8 &3} 2Zro] localized staininge] ZF ueluby] Al=
3l polar bodyol & 7% stainingg R F3 ).

@ L-type Ca” -channel : P/Q-type Th& 2 & localized staining®] $7} B4},

371 Z+ Agatol A B2 PE W localized staining® F7F £718txm ok

@ 2042 A9 wjgD 2-4 T w)

@ P/Q type Ca’*-channel : 27] 2-Auje} uwjmsld ¥ o}zl elot.

@ N type Ca”-channel : %7) 2-A%uvjo} wlmalA ¥ zo|7+ glch.

@ L type Ca®*-channel(a1C) : %7] 2-H Tl Rt} localized staining®] $7} 2
7hakd ot

@ 20 AzF Ni¥° A" 2-4) E v

NiZ" A&7}t ol 2-cell blocks] FEEH7} 9&o] wiug vl 9chBae & Yoon,
1995). 2+ & el Atolo]l 2 ato]& Rolx= Ao} N-type Ca®-channel
] 79 localized staining® 7} 7] 2-AEH ot =4 vguz Qo

Eg L-typest A5 7] 2-A X8 B} localized staining® F7} A Ve

S

® F7] 2-A =

@ P/Q-type Ca*'-channel : %7] 2-AXule} vl%d %A vl ‘
@ N-type Ca®”-channel : TF& A]719] 2-AFu] Bt} 2 uto] FMEE 7 go
Rk =

€ L-type Ca*-channel : localized staining®] t& Al7]9] 2-MEu] Rt A
e Q.

A& 4719 2-AEHANE 1AEAE M8 37}A voltage-dependent Ca® -channel
of EA7F gAHUY. 28y © 7] 2-AZu) @ 20412 AYuig B 2-AEH
@ 20417 Ni¥* A € 2-MEu] @ F7) 2-AZw) So)A Ca®-channel®) X ¥
8l7} o} wro] I E AL

_12_



t}, 223 oA 2 898 Ca®-leak channel® %34

(S

1a4bd =9 Ca’'-leak channel®] $43 Wgo] ZAvt & 7kA o F71ex 4L
L& Fig. 69 6A-1U% 6A-2U % 6A-3R S04 2 4 & sustained level®]
Ca? =5 Holx 38 olatolu} &AE3 9o voltage-dependent Ca®'-channel
o] openH o] dojutiE Ca” influx® H7IE o¥T. F, 4AY ’E-i““ﬂ"i?ﬂa
voltage-dependent Ca’ -channel®] influx® 7-¢(Fig. 2) 100mS$ 3£(180S)&

A Aolrt Wl 28R E 6A-1U, 6A-2U, 6A-3R 5olA Role sustained flat
Ca” level® Ca®-leak channel® 3] §o] & Ca-influx @W&o] E®3ith o

typed Fig. 7¢] Ca’ -leak channel#&= T} typel & 1A gt}

3.3Adxe AT+4
4-AE7) — 8-AE7] 9 Ca®-channele] ¥ 3t

7}. P/Q-type channel

@ P/Q-type Ca’’~channel : 2-A ¥ 7tA & localized distribution pattern& R
o 4-AE7] - 8-AHEZE wAFoE AE7F homogeneous staining pattern
& HBg. olF Eo]g Ca™-channel 49 Wslojr},

@ 4-AEu) A7|1EElE P/Q-type Ca’-channelel A& §lE & F(blastomere)7}
Uely] Alastgoh. P/Q-type Ca*’~channelol e @79 e 39 vlgo)
31 : 228 uey AA 265450 @ P/Q-type Ca’ -channelo] M3 & Aj8}A
Fe gFeEolt

ol HAe 4-AE7|ujolA FE MY {HHA 8o
3l 9 }7“ ANZxHQ ez FRHY. o¢
A3 ot = F UG dAdEelt

O

| Yeh} 3oz
2o @ae 2-AEujelAE

E@

l‘

¢

1}, N-type Ca* -channel

@ N-type Ca”-channel® o} EdtAo] A BE Hzlele]l +4-& AR zygoteo] o2
17X E @A el N-type Ca®-channele]l &aateE A7F dA2& HFEE
staining®] %2 polar bodye Z3tA @M= o] N-typee] &EA7} FA=HJAT
2-cell Woll & localized stainingo] o}F 7}ttt o] W3t HA| ofF Fo|d ¥
g 9 stvoln.

@ P/Q-type channel® @ 4-H Euj& wA)o] ZAEH N-type Ca*'-channel?] &
A7E AE gelgx ¢k vgo] FF FoY N-type channele] EAjste 79
ZASA @ FF uHlgo] 24 : 4302 ¢F 2/32 &I} N-type channele] A3
EAstA e otk

ol AL ul wAle] o] wel N-type Ca’-channel®] fHA7} wl&Ads ot
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7l 2k 101{“:}. 28 ‘:"'%‘ °F°ﬂ Me 7] 8- HISEHHOHH ?4014*‘“— 435} ‘4’“
I ule] E8he] Hzo] Adelgds Hu gloy oL ournAY 98y Hex
o8 Hoxe R AzoA YRHozE o9 e Ca’-channeld] #X¥3}l7}
MA dojd Folof ¥ Radua ¥ 4 o A 2HE 4+ U= @
Fojet stk

r.]

t}. L-type Ca* -channel( 2 1C)

O 4-AxEu2 dASH 2M9 7k P/Q- . N-type Ca” -channel €] A"
@1C type®] Ca’-channelo] EAat: @79 EAQsx @e 7o v|go] 36
272 YEtY L-type( @ 1C) channelol 91& & 171 94 Jebdo),

(L-type % @ 1D antibody® A7® #AE o o4 A%sx gu UL

€1 4719 37k voltage-dependent Ca®~channelo] &AslE= &7} ZA 81X

e €78 4 Aol EEEE B 89 28 882 1 B¥J) geR
.

Table 3. 4-MXulol A 37kA] Ca’-channele] EAse @39 &R 5tx] G= &F
o ¥Xx g5

[=) -f:__i 7
Channel ¢} _ A 7} _ FRRTREN
Channel type gad & - EANE & E o5
D HEA BT =
P/Q-type 31: 22 31/53 22/53
N-type 24 : 43 24/67 43/67
L-type 36 : 27 4/7 3/9




Table 4. && AR
P/Q-type channel?t @2 & 31/563X%43/67%3/7 = 3099/24857
N-type channel?t £@E & 22/53X24/67%3/7 = 1584/24857
L-type channel?t @9 8§ 22/53X43/67x4/7 = 3784/24857
P/Q-2 N-type channel?t X8 E & 31/563X24/67X3/7 = 2232/24857
P/Q-9t L-type channel?t Z&8 ¥ & 31/53X43/67x4/7 = 5332/24857
N-2} L-type channel? EH8E & 22/53%x24/67X4/7 = 2112/24857
374 type®l channele]l 25 EHE & 31/53X24/24/67X 4/7 = 2996/24857
37}A typed] channele] 25 EHYR &= &8 22/53X43/67%3/7 =2838/24857

o] A& histogram2.2 EA&H thgd 2o

25
20 -
15
i |
i
@ 10 -
14
5
O P | ; - S N
g gl glel e g o | o
= 2 > 2 2 2 R R0
S I e e A TR A
Q- = Al F A o8
® o o i) —
o1 o Q. S
o
| | |
= ]} = Uk i
o & 0y H
Ur
0|

channel type

Fig. | 4-A|¥8] — 8-AEZu2 BAY o Ca¥-channelo] Td &= &
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AE: 3adE AF A, 371A typed] voltage dependent Ca® -channel(®D
P/Q-type @ N-type @ L-type(eIC, elD)o] Y& @39} g &7 aam A
& Ca”-channele] §1& &3 2 379 Ca¥-channele] t} EAQsles dFEo) YE

Fo2H x7] 8-AMEWAA dojuhs NYUst HAol ¢4 F & ojur B3
B0l HollA BoW o] x2Us P4 Ca’~channele] X W slo] 7]008 &AA

o] obd7}t st FAol sMEatel Eul7)olA inner cell mass$t trophoblast 5 €]
AEZOR Folas Bty A2 4-AXujol A A &el= Ca®'-channel S5
R EEHUE FoA F5Y £ Y Rz EHHEC o)y wHoz MESA
mystery 2] gl E3AAL A & £ Ude fAwHo] ¥ Aol oldr} )

£ 47l £,
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V. AT d e 2849

& AT E ZREFEY AT IR RE 8-AFu2 L7 7A ] WA A
dlA  HEe2 Ca’-channeld FHIAI = Ca’-channele] EXRASE A
o2 ATSHAT. ERFFEY dAY we £=& 27 ANETAAAY Bo] Y& £
e APge 23 wEo o] Fofole AFst Wol A g RE AR
ojtt. o] #HL HAY dMF et wiol A Ca¥-channeld] Wi AF7} =
FEEY DAY WA ATRoE YN WIwl H(Steinhardt & Alderton, 1988
. Parys et al, 1992 : Kume et al, 1993)dl M= & £ Qith o]|RAL& A& A zZAQ
ol wWZolAdtt. v HIol oM FxAH dwAe A3 #23 fluorescent
dye| /W23 A4 ¢ handicape FEE F JAUY BAZ o] Bofol &
THA ] AlZE AT Y4 ET. EFEFEY G} ve Ao Ca® -channel?] 79
3t g Ca¥ thAle] g ATE szt Bofo A B wrslyof & Hololut o
T datd w2 2ast sty AAME o= 24T slBoz Rawg
old AellA uje] WA Ao] Yelube Ca*'-channeld] W7l B8 zxE3sle]
29 AEyol HEZ JdxloA 4 A wje] WA o] 27)7%)e Ca¥-channel
AZW calcium WALl dig AF7F BAE] ol Fo]ok s xste] EAdo AR
o Azheko) o)y HolA Ca’-channelol WdF AF= 2 glojof &tx E HIZ A
AAMok st dAZ T ALY AR SKAETe] FEHsla o 9o HXE
o] #%& A ¥E Aoz dutgozm &y gloy dx: Wy = 3
dA7F A W & e FHo] dojd T SR dxle £&3Ao| ofF
st dojui AR oo tE Muo]l REFPYU AL o9 e Ca¥ A}
% Ca”-channell W& AF7F %W srolatn B}

SEHANE T8 ATAME Ca¥ flole AZEE A7 doluA de 4
Aol FAE $EE Ca¥7t A G WAl NE 2ol dojuhx @

E FHZo| FEAES cloningo] B& #Ao] £olxm itk &, ) o4 W A
7l WAFHAl cloningg E3l o]Fo] A 4 1oy o] cloning® ) 3 (nucleus
transplantation)®] cloning®}3¢] 713 F23% AW g He AXEY &
M2 Ca®-free Wlgdoll A A sjol 8 Gy AHIE 44 & 4 7 9o} o] Gy 4
Ble] & X# g o]4s)ok cloningol ©]Fol A 4 Utk olA Ca¥ AT 9
HHE7} cloningell ol&Hi Ut E O& 7 4w GME 3L
Ca¥-free 4E12 BBl & w] o ojabe) ool WWL e 4 gz o Bee &
R0 2BEYAAY & 98 Ca¥-free HER VS F= ATES dgW
o AL Adstn ¢4& FH & F Ue ©E e gL olojam 4 e
HE &89 o] &8 £ J otz Alggr)

KU o
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summary

In the present studies, it was aimed to find out that what type of
CaZ+—-channel(s) Is present in the ooctye and preimplantational

embryos of the mouse, and how Ca®-channel(s) changes depending

on the developmental progresses.

Three types of voltage-dependent Ca® -channels (® P/Q-type @

N-type @ L~type) were identified in the follicular oocytes of the

mouse, and the 3 types Ca*-channels were also present in all type

of oocyte, zygote, 2-cell embryo, 4-cell embryo and 8-cell embryos

but it was found that depending on the developmental progresses,

the distributional changes of three type Ca”~channels were found to

be very variable. |

In 4-cell and early 8-cell embryos some of blastomeres have no
specific Ca® —channel(s) and some of the embryo even have no

Ca” -channel(s) at all.

Assuming 8-cell embryo\%l/e first step of differentiation/
distributional change pattern of Ca®'-channels it €ady In
4-cell embryos in advance. It is assumed that this early
distributional changes of Ca®-channel be the basis of differentiation.

In addition, two types of Ca’-leak channels were also identified in
the present studies, in which two of the leak channel showed quite
different Ca®'-influx.

Further studies are needed for the investigation of other types

Ca®~channel. ave| Ca=Asade. chamnd
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M A1d ME

AERARAAA Ca & olF 283% 842 A

At ol A g4 ZujAEN, NAMAFTAA ] AAA e, 2H5AXe 2
&34, memory M%, Z+ 7|@e] FE Hulo} 438 Aa¥u 9 AL zze w
A £ 2dsn o] AE W o8 A ol FeME 1B ZQ8351
A2l o] &olt](Marlene et al., 1989; Berridge et al., 1998).
ERTEY G5 HA ] doljd w) daiute] gE F(depolarization) T 4A ol U}
T3 B4 sl(activation) R AEe B AE U Ca¥'e 2717 A F o
2 T 848 FEsn Yoy Ca¥ol ME U Soj9E Ca’-channels)
A0 B ATE A AU 2§ AESH AAME SM = Ca¥-channelol
B A7Vt ol BE ZFF ojslE WEaln Bo] dArsoel gd AL Apdolt)
oJRAL HE AEAY oy wFoletn Atz dr}.

o] g} Ca¥& HETUY o
2

Ty THFY dAY F£ASGLS QB FP Yol ' zA e A= g
53 AdE 229 FAY FHFCZ Ca¥~channele] EAo) i3t AT77t oY
ov] B 9o Ao HE Ca¥- channel typed 93 d7E A9 ggout wds

Ca’*-channel®] E4& AQ# AF7} A8 ANTH Yoshida 1982, 1983, 1985, 1986;
Powers, 1982; Lefevre et al., 1995, Bae & Channing, 1985; Blancato & Seyler,
1990).

a2 v, Mattioli et al.(1998)o] =2 d=}oll A} P/Q-type Ca®'-channel inhibitor®} i
T2 K Ao o Axge g8Fs fEUY € F2Y #@nA S o835ty
P-type Ca”-channel®] &A1& 93 QA Ma) s3] oo dAahs|o)A abstract form
o2 Had o] AHgolUtk AT FFHo wat Mxue ZAEE voltage
dependent Ca’'-channelZ% L-type, T-type, P/Q-type, N-type 2 R-types-°l 3l
o1 ligand-gated Ca” -channel& & ryanodine receptor-channel, IP; receptor
channel, NMDA receptor channel 5] gle® o|¢d] Ca’-leak channelE 37}
typeel 2ATHClague et al., 1993; Durroux et al., 1992; Lotshaw & Li, 1996).
olgfgo]l 3 7}A FF9 Ca’-channelol L&A UA 9 Z+ typed] channelo]
@& AR MEe srigte 2ol wet 27 B typed) channelo] EA8HH
E g FFY ARAE & TFHY channeltto] EAdte Ao olUm 5 74z o)A
9] channele] F&83 e Ao wa A vk (Parys et al, 1992; Kume et al.,
1993; Bae et al, 1999) X3t  channelo]l AE Ro] ojgr B3lAxo] uwhal
channelo] whe} #ststa oty delx 9171 W& olH(Barahanin et al., 1989; Bae
et al., 1999).

MEdelA 9 Ca®e tiAlg ~100nM Ca® «A"n e AL 1 e
intracellular Ca®"2] ZE 3ol A& A o|Folx|1 Urie ZA ot HEo] =

- 21 -



ol Al M QI 2 Ca™o] o] F3dl= Ca’ -channelol o8] 7FA] F/F7F 9ow ME
Woll 4 Ca® & MEWOSE WUl Ca-ATPase, Na-Ca exchange pump system
o= Y44 FF9Y intracellular store &S 331 ¥ ER(endoplasmic reticulum),
mitochondria ¥ nuclear membrane 5°| 2o} calcium® A& 4&& s Qr}.
olglol e MEAeE #He FH9 calcium-binding proteinge] ol HA
intracellular calcium® o= A& FF22 {3t 7|&e] Ha ot o9} Zo]
o2 7}A FF¢ calcium control systemo] 220 2 2839 intracellular Ca®'
< 3N Y4 FFLE FA4sa 9

FHEE Ixol A A W2 Baste Aol Ca¥’ol WeAor aTHm
A= gAEel Usol WA AdoHBae & Yoon, 1995) oW typed
Ca” -channelo] &A8t=2E A9 0] 73 Are)ol® Mattioli et al.(1998)¢] =&
ge)2 A Fxlol A P-type Ca’ -channele] EA| sl ATE 351 Bae
et al.(1999)c] AF Aol A 37FA typeel voltage dependent Ca®*-channel®] &)
& FHE Aol A =& HEe Agolth IRl A4d wFe] E3aA
A Ca*-channel®] Ws}7t 041’?}5]31 det old g ATt AFG AEje
Ca’-channel $o] W31 %= Ca¥ tjAtg o] waAozn datelA A4 u)
29 E3HAH I B AR dE W £ g AR A4Ed.
Ca” -channel A7} BLE = stute] £8% ol ofdlgl & Ad w&olu).
TEO MEole ALLdo] dojuhy) A BEA XD W Ca¥ FE 7}
M-?: Zo| AEELHNAC] dojutn glod ojgt B Ca¥ BT F7F A4
Hatd MEEGol Ae dojubA ¢rout Ca¥'-ionophore ¥ [P 9 Ha @
2 HEF W Ca $EE EoFd oA £d9o] A= AcHSteinhardt
& Alderton, 1988; Kao et al., 1990; Kline & Kline, 1992, Hepler, 1994).

2-cell blockel Az Q& AF e wFde] Ca¥'g YolFA god vz Hiy
ARt 2-7] 2-cell o] wjFgel= C a s AF HolFA ¢olE 8-cell stagelt
16-cell stage7tx] HAo] A MEHATH(Bae & Park, 1987) FFH o2k ¥ulj7
(blastocyst)2 HA2 R Rt FTxolA EHIEB(Bae & Yoon, 1995). 8-cell
A71e] Ca®& ¥olF W compaction(X'23 d4ho] ol F Iujr|2e] wHAjo)
7b5 8 cH(Kim & Bae, 1994). ©]3 HelME Ca*-channel¢ £ Ca’-influx7t &
ojtn ® g3 YA oE typee] Ca®’-channelo] AEEH 1 ez A &
HA UA @& Adejolt ‘

mets o FxY dvlZol Lesodn ¥IY Ca”-channel antibody
fluorescent dye 52 A3t E PCa”% o] &% B -counter. %3 BilHgog o
Gt Gl Y A ujel 0137177}’4/] Ca”-channel®l $4¢ & % Ag
RoZ o e & o] ol 7] A2std o} £} *8%"’5}31 WHo R =
A ¥ 4 Ue Ao Alady,

ug }-F“ FIO

o)

z ox [
o

N do 2t o
O
0{
0{1

JiAA
lo
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M 2% =Ue ZlsHe &

HEAA Cae 7+ a8 jone & 2831 o]AE Ca”' 2 2nd messenger 59
shulet A s OLI— 9l th(Berridge et al, 1998). o]} Z-& Ca*& Z, ion AHH)
o] Ca”'& ol FEAE|ZL ol WA ok ¥F FFY FEE FY¥ A8z
QATH~100nM). AIFEWAM Ca™'& 94 FF08 §Aste 2ARPoRE

@ Ca®-channele % AZWE Ca®-influx

@ AT ol 5o Yt Ca'e AE Hog sule AEvade pump 4 &
= Ca’'-ATPase ¥ Na'-Ca™ exchange system® 2%

@ M EY Ca store 88 33 Y= ER(endoplasmic recticulum), mitochondria
2 &l 2 (nucleus membrane, 1% TEE 81 A&)Ulel Ca’'ol S0l A%
release’t ¥oivti A-§

@ MEA W Ca¥% bindingAl7]E= Ca®-binding protein©] o} o8 714 FF7}
i '

19} 28 4717 system®] ZH AL A MEUAE LAY Ca¥ o]
o] $AH: glovt AT Aol A @&A7] Ao HEA C BE 7t
ol A d g AEEE 2L d4o HAnan k. E olg 2 HX
W Ca®ol W% ®ol mitochondrial® E3}3el9) calcium A Fo] deold o A=
o] Z&(apoptosis) Aol gt

NENA By Eol THFY dAU FAToA Ca’'-channeld] 3 A7 A9
ARk ol R AR SRS tF Fs ok steH olAe] dE ZHAEANY
AX 7} &ol A EVFFAYE FAR F, ALY A wWEA EHF EAG
wjoll A ¢} Ca’-channelol #&§ A7} &¢dtx] £k a2 ojd A8E o
Zo] T & AYY 55, AW FAFoXNE Ca-channel FH @& A7}
19803 o] AEE AATF(Moody & Lansman 1983; Lotan et al, 1989; Umbach
and Gundersen, 1987).

Ze EHEEAAE dAY A wielA 23] Ca¥-channeld) EAE ¢
Z% A3 98 AMAA T (Yoshida, 1982, 1983, 1985, 1986; Powers, 1982; Leferve
et al., 1995; Bae and Channing, 1985; Blancato and Seyler, 1990) Ca?'-channel
type& W3 AdFE= Mattioli et al(1998)0] =A dR A P-type Ca*-channel
inhibitors} T2 v A& 0|83l LEF ZHo] HEolRoy oA oyt A
U 3w E u d abstract formol 1 Bae et al.(1999)¢] Identification of three
type of voltage-dependent Ca®'-channels in mouse follicular oocytes& W¥ & A
o] A4 =& HEHIZE AYd A dFolth

ojel HojlA B Aol EFFEY G HAA H ujel MY La2+—channel°ﬂ o 5k
AF2Ee A o= FFRUE FAZtR ok e AFstn Qo EREFES
Gy e BE AAZAY 71UE o] FI AE AH AT MESERE oo o

r-l

O

D%
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Gt o Aol Hal Qs A Holw e 3 B2 olojxe A olE
HEEo|th A &8} o)Fo] Yo wte Ca®~channel® & 7FA] FF U d& Aol
olat F 7}A| o]Ae] channele]l &3t = Aoz #EA dthHParys et al,
1992; Kume et al., 1993; Bae et al., 1999).

¥ o]E channele] LA A o] ole} E3AHEo] ule}l channele] wel ¥ 3}e}i
Ak LA 7] W&ol tl(Barahanin et al., 1989, Bae et al,, 1999 B 1A]).
a3y AR LHEFEL G H4 A wlolM e Ca®-channel?] FAl #E
A& Mattioli et al. (1998)3 Bae et al. (1999)2] 47 9] &g wxH =Fo| ¢l
t}(2000d 99 159 Medline check ZA3}).
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A 3z Ay g 2 2o

I a7gs Ws R 89

Zho12bd e ] AFEe] g 2 W9

(1) A odxdx, wigs dx 2 A d(fertilized ovum)ol A 2] voltage-
dependent Ca” -channel(® P/Q-type @ N-type @ L-type(a1C 2 o1D type)<]
Z A& immunocytochemistry ¥ & Ab-&3le] &9 3kct

(2) %% FuA & o] &3kl 2-cell embryooll A Ca*'~leak channele %A 3te 9
L3 N

2-cell embryor & WAdA Algsti e A 55 € SABFAA PMSG %
hCGE FAtstn wtz2 ¢4 7Hed AT AANA FAE FHAIIL hCG FAL
% 33hroll A &S AFHsl 2-cell embryod T3] Fluo-3 AM 5ub/mé& 45%-
1A ek wikelo] o] perfusion(embryoti 2 Fluo-3 AME HEAZIThHA
% 2-embryo& AuUle] ujddoz 33 MHE F 25mm cover glassel FAF-H
cell take =TAIAH T} cover glass Yol 1509 wjgade] S0y 2-cell
embryoZ cover glass ARt BEAAAY. olF 5UEGTA(Ca®-chelator)
513mME 1ml FAL7]1¢} 30G FAMEME S o] &3te] 15uul el oo}t o] wjokey
%9l Ca¥¢ 4% EGTAR 7837t chelation AZ1th.

ol@ A EGTAE A& g group® EGTAE AHgldx &L groupdtt gA 1wt F
A71ek 30G HHE& ol€del Ni¥ ImM, 5ue Aeg F vz 223 dvgoz
2~cell embryo intracellular Ca® & check &t}

U, 22hd £ 9] 04?7}1‘:“.4 W 2 ¥ early 2-cell embryool A2 Ca* -channel
o] F4

2-cell ecmbryodl M) Ca™ -channelel Edo] 23d%9 AFuygolth. & zygoteo]
A 2-cell embryo® HAstE Fel o typee] Ca®-channelo] &A}3H T o
E Ca”-channelo] 2-cell embryo® @A #A ZFo] Ca’-channeld W37} Y=
ANE AAZ

(1) 2-cell embryocl M ¢l Ca*-channel®] 53

7h) AollE MEU Ca'e &4 ¢

dimeltylsulfoxide(DMSQ)ell §-3}A1 2! Fluo-3AM 5u M€ perfusion £ ¥l 45

#-1A]7F &9 incubationA) 1. Perfusion & A X2 FYUstA %S Fluo-3AM
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& AAANANZ Y8 7R wjekdoez 33 AHE) wel nAL 9% 25mm cover
glass S 4HE Ll cell take T3 'tr"“r] Aelch 71E g (BSA-free) 50u0ull %
o dropg WHED 10-20702] WlE Yol cover glass® FUH o @ud] HAHAHE
E BEEA G5E sta A FdREETG. FLFEE Fluo-3AM9) excitation$!
450-490nMeoll 2elsll A5l BE Z74-2 Olympus laser scanning microscope(
70X8 38 v]7%, Olympus, Japan)o2 5% tHACE 20-100%¢ scanning® F
fluoresence intensity®] ‘H3E micro-softAbe] excel(Excel 97)2 H@g *
fluoresence intensity e 3 #(average), BHSD), Hx gk, A2 #4< T C& %
2o A=

[Ca”]=Kd(F-Fmin) / (Fmax-F)

dissociation constant(Kd)=316nM
Stachecki et al (1994)7} A}&-3F A& vl WH& AME-goh

W) Immunocytochemical method® ©]4-& Ca®-channel®] 5% % ca*-channel®]
W3Hf-Fol Bg AA

2-cell embryos £ RAA g4sta g WS o] &89 early 2-cell embryo
g 428 349 2-cell embryod 131X 9 immunocytochemical methodE ©]
€3 whole cell mounting staining ¥ & A&

hCG FAF % 30-33A17kell 343 W2 zygotes} early 2-cell embryoZ} 43¢ 1
early 2-cell#} zygote2 hyaluronidase®Z &3 & 2z} w2 groupd WHEUC
371 2ME7) W& hCG FAF F 48-50A1%to) 348 wjE @@}

A ekt A9 wgF A & AolE vlmstmat M v A Ni 50p4M
& A2t 20A)17F g oe M 2-cell blocke] S8 © F7] 2-cell W& A}E-3)
At

Immunocytochemical method& A}-8-3+9 Ca*-channel® $A% groupe @ $+3
Y@ &7) 2-AE @ 204 M8 NFE 2-AEd @ 20 AES NiPHEH
-A T & £7) 2-AXu] 59 57} grouplZ WUo] Ca*'-channel® EA34
}.

o} 2 Hu]A L o] &% Ca®-leak channel® £3

%7] 2-MEHE hCG FAF F 33A1ZHA A dg8te] 7 E2ujgd e 33] AAG 5
Fluo-3AM 5ut/mio] Eo}l& perfusion &Aool 37ColA 458142 ulFsiA
A WUZ Fluo-3AME A FEA7. AEHA &+ Fluo-3AME AAS7] A3 o
Al 718w o2 33 A HE

25mm cover glass® A% cell tak& =% cover glasse] FA Kol A E
7 @dd EAHEE 78 AE 7t EGTA 513mMe A& groups
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EGTAE Helstx] & groupe] F 71xz2 e 3 %23 dnA dolM 2H&
gk 28-S #& ¥ image scanningg AlESE F w2 NiZ' ImM, 54L& H g
& A~ O

3t & A4 imagingg scanningg %o},

image scanningS €W % imaging< intracellular Ca~ curve® A 3A| 71t}

o 3xdEe] AFiEe] W H R - AFH 2-HAE - g-AEHEZ 2 4

Ca*-channel?] 4 9@ S FEZA}

Ca’"-channelo] Hl¢] WAI#4 % Ca”-channel®] W37} &R A¥el = o)d
channele] uje] LHANA Fo] BEXEAE W/t dojyesx] AR E walnx &
o A AFEulel o] Ca¥ At &7] 2-MEujsl 7] 2-AEujelH M=
gH3 WoiEE A4S BAFD 9o Ca¥—channelel Walst AP glon =
Z27] 8-AEujoll M= X2 3E A (compaction) T A o] Yot £ Ful7)(blastocyst)
2 g, oy 27] 8-AZujol A dojues xds d@4e wt=Al ujdd
Ca”9 &Ae ¥4ez 8783 o} ¥4 Ca*-channele] #37} 4= 1 Q)
7wl 2-AEuf — 8-AMEWR W o B Ca’-channel®] Wale] g A
T7F Qlojokgtthar A z)gto)

(1) Immunocytochemiscal methodE ©] &% Ca’ -channele] 3

4-MEv} — -MFEHje] £3E& 557 H ICR 43 AF9 EZd PMSG 51U,
HCG 5IUE 48A17t Ztd o2 FARLh HCG FAF ¥ ulg Aol #§ £A5
AN A FAHE FEIY 8 @ olF vaginal plug® checkdld positive Y&
UARE Ft Aol ALEFTh HCG FAF ¥ 56417 =4 & $& G338 43
3l 4-AFujE A=vh Immunocytochemical method® A1 &9 whole cell
mounting WP LR {r} 8-HEHE hCG HeF 7222l A d#e AHse
=},

(2) Ca**-channel®) ¥ X3}

Immunocytochemistry ¥#¢ 23} slide 42l embryooll 4l Ca®-channel staining
of & ¥ HA 4& 7Y FE counting HHE FIHL o]E 37A
Ca**-channelel t% R-& poolingdlel B8 EXE=Z FAe ol 88 £¥IE
£ A EYE g dAle] TG AAN E3le] HEgS A2 &£ Js Ao A
EAn =%
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O 23

b1 ES) AT

(1) d=loll Aol Ca™o Ak

FEAgEeEet / AFFEANCP/MA, PQ3STE medel, A7 2337
£)8 AXxdA W@ b2 2 R ERN N intracellular Ca” A% AdE g
H13 Zo) '

Table 1. Calcium concentrations in oocyte and embryo

calcium concentration
oocyte
(mean + SE)
2PN 1.78ng £ 0.08
MO 4.78ng *£0.21
GV 150ng £ 0.06
seum 1.9375mM £ 0.07

3 replication
PN : Pronucleus, MII : metaphase of 2nd meiosis, GV : germinal vesicle

G Ao JAo wet GV - MI— 2PN €417} gt

germinal vesicle(GV) el ¢] intracellular Ca** ¥ E& HlZd =X 71459
%, 150ng=100nMZ 7}A & uj

1.50ng : 100nM=1.78 : x

x = 150 X 100 / 1.78 =1186nMe]v] MIOAHY W=

150 : 100 = 478 : x , x = 478 X 100 / 1.50 = 318.66nM

%, GV - MI - PN
100nM  3186nM  1186nM

GAAEL A58 W intracellular Ca® FEE F238 Z718s F4e Hol
A HAe £ £ basal level2 Eoldg & 5 Utk &, d& A4S Al
3] Ca¥ Z71d4ol "dHog dojum gee waz gHLS JE wge
FEEY ¥ A22 et ok 1.937mM £0.07

=

ML X
P o1l
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(2)Ca®*'-channel antibodies& ©] &8 Ca¥-channel®] &3

Zh A xdRoA 37bA type®] voltage-dependent Ca’'-channel?] ZEA&
immunocytochemical method2 #9189 P/Q-typel localized staininge 0]
B FE 0 N-typed AE9 Aol FLatA GAUHRA T P/Q-typed] stainingl ¥
3 ofF <fsiey,

L-type®] 79 o}F X 3§ localized staining pattern® ®BolZE 3 i elC 2 «
1D type ‘4 Zol EAst L)

() wMEd 3z - JEIANMAY 3744 voltage-dependent Ca*' —channele] &
A7t FAHAoY © P/Q-typed S AZxdAelA Ho: HY gL $9
localized staining€ & & UR™A Ho]l EHol}. @ N-type?) Z$ o X dxzlo)A
¥ X% homogeneous staining patterng RolF1 rh @ L-types «1C9 7

¥ localized staininge] ¥#3Y F2 g TdAA BU}E localized staining 9
T B

(@) FA3Z : © PQ-typedd S ¢AMe @ dAdAgE 28 localized
staining®| 7} A 42U AR 1-27) HE7} iR 2k @ON-type?]
B¢ Axdx wj@d dARle] A28 homogeneous staining®] patterno] ol E-Eo]
o @ L-typeq 2% «1C2 A9+ localized staining® $7} sj@daielA B}
E EEY 1-27MAE, 21D A% vl ol

3719 AHE FFeE 2w oJZda, widdx ¥ FABNN BF kA F
voltage-dependent Ca® -channel®] ZA7} #el=Egeoy wae AR “}E}
Ca”-channels] ®X4ej7} o] Walalz 1ee Bk

(3) %74 v AL o] 88 Ca’-leak channel® %3

(7h) 7] 2-AZul(hCG FA F 33X A dTe AHsd d=tholr EGTA
& ANEsn AgstA g F groupdlA Ni¥'& Hal@ W intracellular Ca¥* %=
F7} patterno] o}F @@t} & Fig. 6, Fig. 7MY Ni¥* M8 ¥ EGTAH
group® EGTAE A adtx %€ groupslX curves] peak’t Fax Hel& stz
As AL

EGTA + Ca® — Ca-EGTA-@

Ca~EGTA + Ni* — Ni-EGTA + Ca”-® olA fomation constant® =}o]z
EGTAS} chelation®®I 1€ Cao] Ni¥ 422 X@&5o] jon Aele) Ca¥o2 Eo}s}
o]R o] Ca’-leak channels £38) influx® 22X Uel}e d4on),

EGTA% 9] formation constant : Ca®'=10.61=log kf
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Ni*'=1852=log kf
1852 - 1061 = 793 = 8 = log kf = logl0®
%, log kf=8=log 10° o|t}. o] AL Ni*'o] Ca-EGTA chelationol A Ca® ®t} 2 &
ol ¢ 10" 7] wj&ell Cash Nio] 47 X85t whgo] <o)

(W) 2 Fig. 69149 6A-1UY 6A-2U & plat el 2] intracellular Ca®'c] 2 A%
¢ AFEE FAsE A A Ca¥-leak channele £ Ca’ influxs} AL E 2
A7) wWEolgtn A ®rt. A WEH membrane depolarization©. 2 Ca® influx
7t dold 4 9121} membrane depolarization #}#)7} L8 X &HEA ey W&o
HFZ 6A-1DNA A basal levelE 01717k 6A-1UY 6A-2U9 A% o]d 1
FE Ca¥ Au7) 3go|ldoz L HAFL A&EHE RS membrane depolanzatlon
ol 9% voltage dependent Ca®-channelo] open o] Yojy Hoz= g4 g
T7F 91tk &, Fig.7¢] EGTAZ AestA & groupd 19L AXEZ R o] =
& A% $2e 1YL vmaY e wYolth $39 1YL 100mSE plot
el 2Eolth o)A 125 1000mSZ WiE Wel 100mS ©loly] W 1/102
°of sFatA T Fig.78E MY Aololt) w4 6A-1US 6A-2D9 peak ¥o|&
Fig. 79159 EGTAE Hestx 4k w Ca’-peakst 2e =o|Solu}. Z,
Ca”-leak channelol 9& Ca? influx7} AN &S @3
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Fig. 2 Depolarization®. & <13t voltage~dependent Ca®-channel & £3% Ca®
influx9} ¥ @n|A 3t A check® Ca’-~leak channelol 9% Ca® influx H] i

Fig. 2A ¢} 2B9] AA A BFL v &sci(HMes 4 & 29

Fig. 2A9 sl &A= 1~300%71A8 EASQ T Fig. 2B2 100mS7} @92
= o qlrt.

1 second = 1000mS °]7] W&ol Fig. B9 Ca® influx(curveZ} XZ o|3t2 Wzl &
© peak¥#)< 100mSuiel] ©A] basal level® Eo}71R| %t Fig. 2A¢] intracelluar
Ca” (4% ERell A release® Ca™# Ca”-leak channel® $& Eo]zt Ca®-influx&
g A)E oF 300% Atolel AR E Fig. 2A9 calcium influx¥ membrane
depolarization®] &3k Aolgtie T 4+ ok

Fig. 2B7} 7322l membrane depolarization &, voltage-dependent Ca? -channel
o} opening2 2 E& Ca® influx® Ye Uz 9t}

we}A Fig. 2A9 Ca®-influx voltage-dependent Ca®'-channel 9] opening L2 &
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o}z Ca® ion influx”} okvt},

(Bh) = &7 F78lA AFEY Fig. 69142 6A-1U, 6A-2U9] leak channeld}
Fig. 791 EDTAE AH38A] ¢4& aFoA Ca¥-leak channel & M2 & typeo
ol M& o type ol&ti AZ @) Fig. 79 Ca® peakd o] FE Ca” influx
A3 Fig. 69 plat 489 Ca” influx= £93 &), ARPog Rl gag,
%, Fig. 69 A = plat F214E] 7} 38 ojAto|u} x&5t1 9

E4, Fig. 79 Ca”-peak® © AIZFol % opening®l= Ca’*-leak channelo]gti .
obxltt. o]F& Clague et al(1993)o] FA4% AHAF 37FA typee] Ca’'-leak
channelo] &xj3ttls FA34 % A}

() = @7k2 t& #4e Fig. 6 3 Fig. 7914 EGTA A&l %o] 5.13nM, 5
2.56mM, 5442 EGTA® ¥Et %A% wgd Uy &R8:s Ca¥ L7ImM
Mg” 085mM< =5 chelation Al7|& ¥Eo]7] w&o] Ca¥ -peakols #ol7t 9
O. & 300nM BERZ 4% o 2L 2o]9 peak(Fig. 79 EGTAXE group®
peak)2 Ca’*%o] 7o Zrhe Z7 ot}
(740 : 100nM = 120 : X

X =120 x 100nM / 40 = 300nM)
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Ca® -channel antibody

it

o] &3t Ca® —channel? %A

Fig. 3 Follicular oocyte(o} X =})

Fig. 3A Control
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3B P/Q-type Ca* -channel(anti- a 1)

Fig.

Fig. 3C N-type Ca®'~channel(anti « 1)
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Fig. 3D L-type Ca* ~channel(anti @ c)

Fig. 3E L-type Ca2+-channel(anti @ 1p)
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Fig. 4 Ovulated oocyte(¥] &9 J#})

Fig. 4A Control
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Fig. 4C N-type Ca’' ~channel(anti @ g)
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Fig. 4D L-type Ca* —channel(anti aic)

Fig. 4E L-type Ca2+-channel(anti e ip)
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Fig. 5 Fertilized eggs(5+3 &)

Fig. 5A Control

- 39 -



Fig. 5B P/Q-type Ca* —channel(anti- a 1a)

Fig. 5C N-type Ca* -channel(anti a 1s)
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Fig. 5D L-type Ca® -channel(anti a ic)

Fig. 5E L-type Ca®' -channel(anti @ 1p)
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. 2abdEe] AT
(1) 2-AEujell o] Ca¥e] =7
T2 o & o83t fluorescence intensity® ZAdto] &k 2-M Euje] M

W Ca¥d 44T E &9 2.

Table 2. 2-cell #joll A1 2] Ca® A &

Average SD Max Min
1) GV oocyte(10) 12475 2334 1686.1 579.8
2) Zygote (32) 648.9 1453 11799 398.8
3) Early 2-cell(52) 1131.1 238.6 1761.8 532.3
4) Late 2-cell(51) 17475 595.5 3351.6 719.6
5) Zygote oscillation(13) 1693.6 909.4 3969.7 568.9

2)¢] zygotex o|w| oscillationo] €8] B Arelel zygoteE Y.

12 Axe] da ol M9 calcium 4 F(ICP/MSE o] &3] &A% )3} ulms}r)
93 germinal vesicle A El9] Pl % e} £ATL FA =459,
TRBANE T2HE P L2 scanningS FE F £A dgn BEE XY
Ca’'e] AEdAo] s $HALL Wz ANsATHI/457). of o AHe" GV
oocytex GVBD(germinal vesicle breakdown)e] €ojut7] Alzsts WAZ HelxA
% & dbcAMP 100 g/mlo] Eoile g oA Fluo-3AMOZ 458 -1A17F
perfusion & ¥ AFFA & Fluo-3AME AAs7] JalA 33 7|8ujgdoz
AFeR oyt olu] 1AZE 7h3 A Fol7] wEdl dze GVE GVBDZF dojut
71 91 FulFFo] Ay JE NHolad & 5 gt

ol@ Aelel ATEY GV oocyte’t £8 F oscillatione] B¢ zygoted] A &)
intracellular Ca®’ Bt} ¥4 & Abefol Utk zelv g e obx whajx|x|
=

T zygote oscillationo] A 9] intracellular Ca** ¥ %7} =& Aoz mudt}, o)A
Z7] 2-AFu7} 27) 2-A T2 A F B %9 calcium SH Ao Hut
I A€ HAgFa it

, &7] 2-A )& intracellular Ca®* levelo] 493 oy %y] 2-HEuj:= of
¥ e intracellular Ca® & #X3ta e Aoz VYA ojd BAR
71 2-AEule Ca¥-free wFAolME HA HIPHAW Fr) - Eu=

¢

Pe I lu o
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Ca* ~free HH°k°“°ﬂ“ 4-cell, 8-cell, 16-cell $o8 Eds 1 Lol FHHYR
& 4

(Bae & Park, 1987), (£7] 2-M X ul7} Ca™ Qo] MEELL A4
< B mAdA 7‘1% WASIAT) ol FEAEE Aol dAXE =
Edo] dojur FAw F7] 2-ATulE Ca glolx —F'—"é"] dojui Y= FE
AEF FAT ool F3tm A

(2)Immunocytochemical methodZ ©]£ 3% Ca* -channel®] %%

(7h) A8 : 13 A59 Ca’-channelg =

(W) Z7] 2-~1xq)

@OP/Q-type Ca® -channel : localized staining®] 734 WYelud oz} 27) olAL
BoFm gl ' '

@N-type Ca*-channel : 43 o] localized staining®] & YetUr) Az
8} polar bodyels= Z 3§ staining® E.ojF i ot

®@L-type Ca’ ~channel : P/Q-type T+ 2 2 localized staining®] 47} 2},

A7) Z+ Aeldte] A B3 S w localized staining®] 7} F7Feba glo)

(th) 20A17F A 9] vide 2-4 )

@ P/Q type Ca™'-channel : %7) 2-A¥Xul9} ulma) B =o}s} glu}.

@ N type Ca®’~channel : Z7] 2-MTujel vlma)A ¥ 2ol Quoh

@ L type Ca”-~channel(21C) : %7) 2-A TRt} localized staining®] 7} Z7}
=

(8}) 20 AIZF Ni¥* A elgl 2-4) )

Ni* 27} olv] 2-cell block®] FE&xFH7F 9lgo] BuE ¥ ch(Bae & Yoon,
1995 Z A4 AT Alold] & Z}"IE HolA e ¥stey N-type Ca®'-channel
o] 7% localized staining®] 7} %7] 2-AXv] B A4 etz dch
E L-typed] 3% 7] 2-AIEu] B} localized staining®] 7} =4 ey

3 Qi

(m}) 7] 2-A1xn)

@ P/Q-type Ca®'-channel : %7] 2-A| Eu) 9} u]428 FAHL Rl

@ N-type Ca*~channel : Tt& Al7]e] 2-MZu} R} Fx9o] AHE ko)
ggistc},

® L-type Ca®-channel : localized staining®] Th& A7) 2-Axu) Rt} HA U
el gl

AE: A7 2-ATHAAME 1R3EE 38 37FA voltage-dependent Ca® -channel
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of EAZE gAHAY. avy @ 27 2-MFw @ 20417 A juik B 2-4) )
@ 20717 NiT° Ad ® 2-AFw] @ £7] 2-4Eu] Sol A Ca’’~channel®] ¥

s}7h ob% mo #@E AL}

(3) Fx4 A2 &A% Ca”-leak channel?] 3

1ZPdE 8] Ca’'-leak channel®] A3 W&o RA g 74x o Zrletm AL
HE&2 Fig. 69 6A-1U% 6A-2U0 2 6A-3R SolA & 4 Q& sustained level?]
Ca¥ $5& Holx 38 ooy SXH1 9o voltage-dependent Ca®'~channel
ol open®o] doluE Ca” influx® E7|= ol & gAe] Ao
voltage-dependent Ca*'-channel®] influx2] 7<% 100mSet 3E(180S)%& ARG A
o7} doh. I8 E& 6A-1U, 6A-2U, 6A-3R SolA Hol: sustained flat Ca*
level& Ca”'~leak channel® %38 Eo] & Ca-influx W§o] Ewai} o type-&
Fig. 7¢] Ca”-leak channel@ Th & typel.@ &4 §hc},
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Table 5. Number of localized staining and staining intensity of immunostained Early 2-cell (post hCG 30-33hr)

) Number of localized staining Homo.ge.neous
Antibody/ NoTi— 7 staining
Total No. of stainin. 1 |
oocytes g 2 3 4 5 ; weak
PB |Blastomere
Control :
0
( 32 ) 32(100)
Antia ia
1 15 4(6.0)
1:12 23.0 : 40(59.6)| 4(6.0 1(1.5
(1:120) BO | 15| (g [10098)] 460 | 105 (2C-2, 1/2C-2)
( 67 )
Antia s
5 24 4(6.1)
: . 27(40.9
(1:400) 6(2.0 (7.6) (36.4) | ( ) ' (2C 1, 1/2C-3)
( 66 ) !
Anti a 1c
7 20 2(2.9)
: . 8(55.1
(1:400) | 229 |54y (200) [BOBD (2C-1, 1/2C-1)
( 69 )
% Parenthesis indicate percentage of staining. PB: polar body

Five replicates were done
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Table 6. Number of localized staining and staining intensity of immunostained in vitro cultured 2-cell

. Number of localized staining Homo.ge.neous
Antibody/ Non staining
Total No. of stainin 1
oocytes g 2 3 4 5 weak
PB |Blastomere
Control
100
( 28 ) 28(100)
Anti a 1a -
1 22 2(2.6)
: . 1.3 7(9.3 3(3.9
(1:120) 22.7) 1.3) (28.9) 39(51.3) (9.3) (3.9 (1/2C, 2C)
( 76 )
Antia s
. 12 30 . 2(2.7)
: . 23(30.6 1(1.3 2(2.7
(1:400) 5(6.7) (16.0) (40.0) ( ) (1.3) ) (1/2C)
( 75 )
Antiaic
' 15 28 1(1.4)
1:400 4(5.6 16(22.6) | 5(7.0) 2(2.8)
(1:400) ©6) 11| (a5 |16 ( ( (1/2C)
(71 )
¥ Parenthesis indicate percentage of staining. PB: polar body

Three replicates were done
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Table 7. Number of localized staining and staining intensity of immunostained Ni 50uM treated
. Number of localized staining Homo,fge‘neous
Antibody/ Non - staining
Total No. of e 1
staining !
oocytes 2 3 4 weak
PB |Blastomere
Control
¢ 28 ) 28(100)
Antiaa
3 26 2(2.6)
: 2(2. 7(48.7)| 6(7.9
(1:120) (2.6) 39| (343) 37(48.7)| 6(7.9) (2C-1, 1/2C-1)
T B e R
Antia s
17 27 9(11.4)
: . 21. 2.
(1:400) | 7B |, ) ayn (1715 225) (2C-4, 1/2C-5)
( 79 ) ;
Antiaic
16 34 10(11.1)
: 7(7. 20(22.2); 3(3.3
L0 T g @ry PP D (2C-5, 1/2C-5)
x

2-cell

% Parenthesis indicate percentage of staining.

Three replicates were done

PB: polar body
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Table 8. Number of localized staining and staining intensity of immunostained late 2-cell

; Number of localized staining Homo.ge.neous
Antibody/ Non L , staining
Total No. of L 1 !
staining i j
oocytes 2 ! 3 4 ‘ 5 ! weak
PB | Blastomere §
Control ‘
2(100
( 32 ) | 32100
Antiaa
2 21 2(2.3)
1:120 1(1.1 51(67.3 6(6.7 6(6.7
( ) (LD (2.3) (23.6) ¢ ) ©.7) €7 (2C-2)
( 89 )
Anti a1
25 34 2 5(6.4)
1:400 3(3.8 9(11.5
(1:400) | 3B 1oyl wze | D (a6 | @ 4, 1/2¢-1)
( 78 ) P o ‘ -
Anti @ ¢ ; { ‘
6 44 | § ? 1(1.2)
400 20(23.3 14(16.3) . 1(1.2 i ;
(1:400) | 20@33) | 5oy | 5y | 14063 102 | e
| (8 ) 5 i 3 .
% Parenthesis indicate percentage of staining. PB: polar body

Three replicates were done
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Ca” -channel antibodyE °] €@ Ca® —channel®] =3

Fig. 8 Early 2-cell (Post hCG 30-33hr)

Fig. 8A Control

Fig. 8B P/Q-type Ca®* —channel(anti- @ 14)
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Fig. 8C N-type Ca® —channel(anti a g)

Fig. 8D L-type Ca* ~channel(anti i)
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Fig. 9 In Vitro Cultured 2-cell

Fig. 9A Control

Fig. 9B P/Q-type Ca® -channel(anti- @ 1)
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Fig. 9C N-type Ca®> —channel(anti @ 1g)

Fig. 9D L-type Ca’ ~channel(anti @ ic)
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Fig. 10 In Vitro Culture 2-cell in 50 # M Ni*'

(33

o

syuu

v

R el

b SO R
3 v

\.x

Fig. 10A Control

Fig. 10B P/Q-type Ca® -channel(anti- @ 1)

_55..



ig. 10C N-type Ca* —channel(anti @ 1g)

F

1 aic)

10D L-type Ca® -channel(ant

ig.

F
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11 Late 2-cell (Post hCG 48-50hr)

Fig.

Fig. 11A Control

—channel(anti- @ 14)

Fig. 11B P/Q-type Ca®'
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Fig. 11C N-type Ca® channel(anti a 1p)

Fig. 11D L-type Ca® -channel(anti @ c)
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o 3abd e AA
4-ME7} — 8-ME7] 2k9] Ca”~channel®} W &4

(1) P/Q-type channel _

(7}) P/Q-type Ca™ ~channel : 2-A4] Eu} 7k &= localized distribution patterng R ¢
o 4-A27] — §-HEVIE BAFd= ME7 homogeneous staining pattern
& BAE. o}F Eold Ca”-channel 42 @¥slolt},

() 4-A X A7) RE & P/Q-type Ca”'-channelo] A& ¢lx & (blastomere)7}
Ueturl Al&stdch. P/Q-type Ca’-channelo] ¢l & ¢le &7e ulgo
31 : 2282 YEhY AA 2/58 %9 T P/Q-type Ca®’~channele] A3 Z )3}
S T e

(th o]d FA4S 4-AZrwel A $8 My 484 F4o| ey FIHese
BHAAY Y A2 dges FdG. o de Ane 2-AmudAs

e ol & ¢ AU ddEolth

(2) N-type Ca’ ~channel

(7}) N-type Ca”'-channel& 3 Zdzlo]l RE Axtole] £AL AH zygoted] o]
2R E b wate]l N-type Ca’’-channele] EA)stE 27} 9Al~8]e HE
staining©] 2 24 polar body+® ZstA dAE ] N-typed &EA7F &l A o
2-cell Woll = localized staining®] ©}F ZF7tstch. o] W3 dA) o}F Eod W
3} 9 ghrfolry.

(\}) P/Q-type channel @ 4-ATuja walo] AAMEH N-type Ca’'-channel?)
EA7E A8 EAHA &L vl o] ¥ EoY N-type channelo] EA|3tE &7
o} EAstA] ¥ T ujgo] 24 1 4322 oF 2/39) #TF-7} N-type channel©)
e EASHA] ge gFolt,

o]Z& uj wAle] WAPo| wa} N-type Ca” ~channel®] @17} w843 fo)
T Z70M =% dA A7igke @8 Ca”-channel® W37l @A 3 HElyE Al
Z1gk3 Bt 88 IA BokME 27| 8-AEwoA doju: WA d4
o] ujo] &3le) Hxeo AHolgtm B oy oJRAL oUAAY FH e
22 Bxe R AFR)AY UEHoEE o9t e Ca’-channel®) EX W37}
A dojd Folof YA Bz B 4 dvie HAA 2AHE 4 = @
golat A

(3) L-type Ca*-channel( @ 1C)

O 4-Axuz EAshd dM e O P/Q- @ N-type Ca’'-channel® 743
a1C type®] Ca”'~channelo] ZAsl= &7 ZAsa Qe &2 v go] 36 :
272 e L-type( @ 1C) channele] gl &7) 9A vebdr)
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(L-type % 1D antibodye Q7Y BAE O o4 AstA]l ¥ AF)

AE: 479 37}A] voltage- dependent Ca® -channelo] #AlslE aTte &a)81x
Ze g8 4-AxuoA BEXEEE nd oSy 22 gE2 o FEU A1
ig=

Table 3. 4-# Eu]ol A 37}X] Ca**-channelo] &A)stE &7} 2A5A g &F
o] ¥y w 3§

Channel®] &7} )
. i EAstA BE&
Channel type geld g3 EAE & o
D) EA) BT oe
P/Q~type ( 31 : 22 31/53 22/53
N-type 24 43 24/67 | 43/67
— E B
L-type : 36 : 27 4/7 3/9
1
— | —_—

Table 4. & AR

P/Q-type channel?t X8 € && 31/53x43/67X3/7 = 3999/24857

N-type channel¥t T8 2 & 22/53X24/67X3/7 = 1584/24857

L-type channel?t 32 & 22/53X43/67X4/7 = 3784/24857

P/Q-2} N-type channel?t X382 it 31/53%24/67%x3/7 = 2232/24857

P/Q-¢} L-type channel’t X8 2 & 31/563X43/67%X4/7 = 5332/24857

N-9} L-type channel? X8 E 2% 22/53X24/67%X4/7 = 2112/24857

37FA typeQ] channelel 25 R#H = 35 31/53X24/24/67Xx4/7 = 2996/24857
37}A] type?] channelo] 5 X E X e 8§ 22/53X43/67%3/7 = 2838/24857

o] A& histograme 2 H A A ct}&3 2
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Fig. 1 4-AX¥) — 8-A¥ul2 24 o Ca¥-channele] TAHE 58
el 18

A& 3Fdxe dF A, 3717 typed voltage-dependent Ca*’-channel(®D
P/Q-type @ N-type @ L-type(al1C, alD))o] gl &F9 QU &7 agzn A
& Ca’-channelo] Q1 &F 2 3709 Ca¥-channele|l T ZA|ste &7 S0 e}
Ho BN 27] 8-AMEoA dojue XU ol £ F A dojuE £
Gold HolH Erid o] xUst AL Ca’-channele] £XWislo] 7% A4
o] ofdrl s FAHo| 71Esty Eul71olA inner cell mass$} trophoblast ¢
MEZLZ Yo E3aty (A2 4-AFujo A A &3tE Ca®' -channel §%
% REWS FAM f72 £ Yv Aoz ALY old w2 AR
mystery T &4 E5HAEE A & £ e o] HE Ao ol &
© 7ol 4.
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Ca® ~channel antibody & ©|43 Ca®-channel®] %%

Fig. 12 Post hCG 58hr(In Vivo)

2

Fig. 12A Control

Fig. 12B P/Q-type Ca*—channel(anti- @ 1a)
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Fig. 12D L-type Ca
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Fig. 13 Post hCG 64hr(In Vivo)

Fig. 13A Control

Fig. 13B P/Q-type Ca®'-channel(anti- @ 14)
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Fig. 13D L-type Ca®'-channel(anti @1c)
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Fig. 14 Post hCG 72hr(In Vivo)

Fig. 14A Control

Fig. 14B P/Q-type Ca® -channel(anti- a 1a)
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Fig. 14C N-type Ca®’-channel(anti @ g)

Fig. 14D L-type Ca® -channel(anti @ ic)
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M 4 & A7l S8 45 3 70

E Ao A 3dezAe dFe EFFEMAAY AxdAdMEE 7] 8-4
Fulol] o]2717}A 9] Ca*-channel®] A3 ©]E Ca’ -channel?] ®X@slo] ol
BEHES 2ALE Aol

EREEY dAY 3 F FY A7AA wolM e Ca’-channeld] #& ATE
A9 AR F, HEAEE Bol A R AF g oo uig AT o
oMY #A wWEelzty AgH olge B YAMRU FHFEEY AA F
oAl Ca”-channeld] #% ATE 238 THFY Iz 2 woAg @?EE}E
R olH¥E Y wBEe FH9 Ca”-channelel A=A (Moody and
Lausman, 1983 ; Lotan et al, 1989 ; Umbach & Gundersen, 1987).

2y ZHFAME Ca*-channel type ¥3lA= E o Ca¥-channelo] &
APte ATE 1980 d el A e AT 7] Al&sEA th(Yoshida, 1982, 1983, 1985,
1985 ; Powers, 1982 ; Leferve et al., 1995 ; Bae and Channing, 1985, Blancato
and Seyler, 1990).

H o] Mattioli et al. (1998)7} P/Q-type Ca’ ~channel inhibitore} #22 &v]7
& o] &3t HAGANA P/Q-type Ca*’~channele] EA3ris AL Hgoz
B o o] =L TN Aee3] W abstract form 22 R

g Aolg. o g B MM AFAFEIANA 371R  voltage-dependent
Ca®-channel, @ P/Q-type, ® N-type, @ L-type¢] Ca’ -channele] )&t}
THE =Fo] A=Y HEE ALy 74

2 AFE oA 3AEEAA AxGER, wi@ A, AQAdsEA, FAEA, 27 2-
AE, F7) 2-AEul, A9 g 2-MEH], Ni®° H2) 2-MEu), 4-4HLu], 2}
dd 4-MFul, Ni¥' A 4-AEu) 2L 7] 8-MEu] E|A voltage-dependent
Ca®"-channel®¢l @ P/Q-type, @ N-type ¥ @ L-type?| Ca”'-channel®) &A1&
FHAG (R FEHF)

g3 019 F 71A typed] Ca*-leak channel® EAE 2 A7o)A 3Helstgch
(A3 &4 F).

G2y FAES AATH Sl M Az SABHE MEo|dg FAHTo] E
45 2anAg AH z2Hoz Wi & 2FE0] 2o B &“‘*ﬂﬂ 71RE
ol g zMN stue JHA WA o] ojFojRTtE HolA BRY W2 £AT H 2
71 &4 A wjelA 9] Ca¥-channele UFo] 28AE, AAHNE 59 Ca¥-channel
g iAozt

ol HolA BW B mAo]Me Ca®-channeld] th& AFE THEEY s}
A Al A o AlEAAMEE AR A W e ozt T
Ca”-channeld]l W& AF7t AAHez FHHUT 29UEActE Holl A AMA <
o AT 2AFHUE M/t gler ol AMAFAAY LA e FEE ZRE

o
J of
a
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AT FgE sugigs HolM AL zta gl

o Z& VxATs) BEdil Hol $8dFE BHY Frb Utk E mdoME
Ca” -channel 9o AlEollA Ca® diabe] Bat AT E o2 A%l atxm ok old
ol £ A7 Ca™ tiAl A7 87 Nzaete] 5U8 g d9e 293
sti lem oz BARPoINE Be AX ATl B Aoz gt

a2, 32 =7k el AsolA 37FA]  voltage-dependent  CaZ*-channel 3
Ca’'-leak channelel #& $£Ao] o]foj&t. =z} o]S Ca’-channel o=
voltage-dependent Ca” -channel® T-type, R-type %°| 12w I ligand receptor
channel® Ca’'-leak channel 5= 37bA typeo]l otz Felx goyd ol
channelo] £HFEY daAtol e old AT F3 glo] o] th& AFE B
8] ubA Ao g

ol HollA olAx W&ok & Ca®-~channel @7} ©u}.
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M 5 & dsole Autel &EH E

B odAde ZHEEY da 9 FAGAMEE ZHA " uje] olZ7|7A g
Ca” -channele] o] % Aot FAdA Wa AHHE B dFe Ao
FEY dAt R wjolA e Caz*—channelsq TR BEWsel i@ Avolmz
Edi7t g0 & EE Zf3MAE ¢l8Eojofstal E B &ofe]
‘E:ul 1*15: T2 lgo] Haletn o ddr.
SAHNFNA A HEolmE BE 2N J|RE olFE
HEEo] ol7jXqEE Zude BAE dAS FHBNMY Ca’'-channel ATE
AzHel QXM AFol7] WiEe] MEEIANA ZHESE ooJd W ZF F
A Zel Ca’-channel?] F2 e ZHo] gt HAA ofF T o|FojHokste AF
F o] sttelt),
O MEANAHY ca” A ABEIAE HT animal cloningol Al 2@ st vro}rt
human cloningel]l ¥ o 20| =, human cloningg A& ¢ Aoke 238 o8
o] A& oY7AY FaY FHI A FHNAMY wrdo{ XY human cloning
HEF Fhoae 2388 2Zde 980 . &, cloning FANA 7t
F Fagh B i olysjor & & AHZL Go el de HE oo} st
¥ B4 % uz 29" AEE Ca¥o) AE flE Cal-free %Yot}
incubationA| 71 AEI2 §x 5 ojok sAY EE Ca’-channel inhibitor® ) 3}
Ca* influx7} A& ojux g AeolA fxISojol gt ek G AejE @A
T AXe e S A7l DNA EA7F dojyr] w&el] G de2 Eoi3t d8 A}
£ < Fo. o9k 2ol FE2 cloning®l“} human cloningAle} #Wr=A] o}
2 #8 Gy AHE FAA stedlE Ca¥'-free £l FAE AXE ASET
2 cloning A9 ol &3 gl
@ F dAe GAXY E£d& ¢ vidE FRAFeE EEstn vt GHAE B4
% Ca”-free WFgolXEe Az AXEdo] dojuix gtk Iy AL
Ca¥ 27%& BE A4 AX9 1/10 A=oit), FAAHA Axe v Ca” FEE
EH?'H]E L71mM Aeio]ld HAT GAXE FFHol e SHE Aol Ca’'-free 4
2 wEY FE Aol % °P7‘4°}‘4 ST WAE WA M E GHE
A BAe B YFTFEEE FonA Ca¥o) %M]EOH E7kA £ §ES
& device E’-C\’lf"}‘:}‘?ﬂ o }%7‘] Ao WAS e F 9n ¥ Cal'-free &
o] = ojwl FEAXo|A b o]F AFEE W= A E 3 (degeneration) H B2 ¢
o] HA o] dojut & As ¥ F A "k
olg} L& Ca’ iond] MEEAANNE JFe Ca¥ AA7F AEW tirtel] AT
AE A9 EE Aa9 activator §&E 1 =dlA 7ddg. ad] wsld
MEAM Ca¥'e AR glolwgd ATe 1242 ¢kl Halstr) Natsta 23 &
AL AT ZoAA )l oE® (7] flow A BE FAU BABE
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z ol A mE gAta Aol AXH7] diFelch ofd HelM <A AAHF Ko
Ca® jono] A Xl dup} 288 22U0AEF 44 & F£71 Aot

@ =3 Gzt = dvled 59 F0FFold Y uidd B2 AgEe] 1%L T
3 AR o)A HA FEANA Ca”ol BAFHEHA L& fAolth o3 HA
Ca®™ tiAtel AAE FAE 2tn Ye &4 T sideld. wd7d] £F AAAE
A Ca® F7t & HEE e ool ¥ drugd Mg Fo3s 2
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