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SUMMARY

Tons play important roles in various cellular processes including fertilization and differen-
tiation. However, it is little known whether how ions are regulated during early embryonic de-
velopment in mammalian animals. In this study, we examined changes in Ca®™ and K concen-
trations in embryos and oviduct during mouse early embryonic development using patch clamp
technique and confocal laser scanning microscopy. The intracellular calcium concentration in
each stage embryos did not markedly change. At 56h after hCG injection when 8-cell embryos
could be isolated from oviduct, K' concentration in oviduct increased by 26% compared with
that at 14h after injection of hCG. During early embryonic development, membrane potential was
depolarized (from —38 mV to —16 mV), and Ca’" currents decreased, indicating that some K"
channel might control membrane potential in oocytes. To record the changes in membrane
potential induced by influx of Ca™ in mouse oocytes, we applied 5 mM Ca”" to the bath solu-
tion. The membrane potential transiently hyperpolarized and then recovered. In order to classify
K" channels that cause hyperpolarization, we first applied TEA and apamin, general K" channel
blockers, to the bath solution. Interestingly, the hyperpolarization of membrane potential still
appeared in oocytes pretreated with TEA and apamin. This result suggest that the K channel
that induces hyperpolarization could belong to another K™ channel such as two-pore domain K*
(Kzp) channel that are insensitive to TEA and apamin. From these results, we suggest that the
changes in Ca*" and K" concentrations play a critical role in cell proliferation, differentiation and
reproduction as well as early embryonic development, and Ky channels could be involved in
regulation of membrane potential in ovulated oocytes.

(Key words : Ca”" current, membrane potential, potassium, oocytes, oviduct)
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Fo] AT e AFE 7IBsH] AfAME
dAe] E4(zona pellucida)E 0.5%9] protease
(Type XXIV, Sigma, USA)dl| 302 F<+ w=ZA17]
% J(pipette) 22 H-T @A A 2 ste] A) 73
t}. Proteaseo] 2]%+ F71& Q) MEZY £48 o
7] Slste FHYrt AdEE 54 HEPES-
buffered cultured medium (M2)2. & 3 oA+ A &
sto] AP o] &tk

3 4% 8

Zrg AFE 7123)7] S8 A€ HEPES buf-
fered Tyrode £2§(125 mM NaCl, 6 mM KCl, 0.3
mM Na-pyruvate, 10 mM Lactate, 2 mM MgCl,, 10
mM HEPES, 1.7 mM CaCl) NaOHE ©]| &3}
25Coll#1 pH 732 HA A M X H(EE pi-
pette) £ 9% AFES AA /] Aste 'L
FARo =R 3o 130 mM CsCl, 15 mM TEA-Cl,
1 mM Mg-ATP, 2 mM MgCl,, 10 mM EGTA, 10
mM HEPES, 5 mM di-Tris creatine phosphate 2 =
335, pHE CsOHE o3t 7302 g6}
Aok AE e 49 AFE4S K5 280 mOsm
2 ZAsgch 2 Ao o]43 whole cell
recording 71 & M E=e] <HA 3 gigaseal 34
& 7317 93t g FE= AYH FSEET
=9 10 mMeE AME-stAth Zd A7 54 9
W AY R XY B4 B8 4L M2 o)
S AHgstslon, A4d FFo wet 04% bovine
serum albumin(BSA)2] 7t HF& A4St rh

4. 0|2 MR 7|E

FHO g AAS GAE S5 o AX
H 8718 &7 % A2 71(WR-88, Narishige,
Japan)E o] &3} tip 3ol 4~8 M2l HalA
& A A Z=) HZAF) L 10~20 cmH0
Ar o] &U4g 7tehe] giga seal(seal resistance >
1IGR)E FAANZ & 702 2342 549 A
T8 3 gAlA whole cell patchs A st th
AE &AL 1 mlming] 2= AFA7IH, AL
o)A AHL 8 3A ). Patch clamp &% 7|(CEZ-
2100, Nihon Kohden, Japan)2} pClamp(V6.01, Axon,
USA) 2 A/D & D/A converter(TL-1-125, Axon,

USA)E A1&ste] ot Ay 233 test pulses &
L9 9 At -80 mVE £X|8t7Z —50 mV
HE 10 mV 204 22 50 mV7EA] 250 mse] €
= AT 15529 Y Theted ARE 7St
At} Patch clamp $E71E S3iA 2 AR
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nix, USA)¢} pen recorder (Harvard, England)Z
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505, Copenhagen)E o] &3}o] A& Ll TEME
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AL 7 Al AR #4595 A7 o
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Fig. 1. Representative Ca’* oscillations during ferti-
lization and activation current in mouse oocy-
tes. A. Ca®* oscillation appeared by sperma-
tozoa. The mouse oocytes were exposed to
mouse spermatozoa for 30 min. B. Typical
trace of the activation current in mouse oocy-
tes. The mature oocytes were whole-cell
voltage clamped at 0 mV. A bell-shaped out-
ward ion activation current was recorded when
the addition of sperm factor to the oocytes.
Pipette and bath solutions contained 150 mM
and 5 mM K, respectively.
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hCG Mgl ¢ xv] F 9xh, JFA 2427, 4
A7), A E7], Al B xujyt sleE 5 Sl
= A7l G ERE SR oR AlHg ¢
AL AFEHE hCG el 3 56A7H AN A 8
AE717F B5HE A7) A E 2eg 5574
et ojn] FAPo] AFLF ol FEHIS A
S Z JddEE AZICG A7 F 64A17+3 724
7hel daeAe Xeg sevt Faste As &
4 JthFig. 3A). L&y} wdgol] whE W)
Zg e o "WEE HolA aygrh oj# g
AzeE W3 J Zebg 0t iEgd F2s5H
28 FHsA S AAg 3 O 2EE 7529
WH3}7h hxbe] oAt Hgte] AT Ao R A7}
Hol, da ¥ FATANAN AF IYYPE o] &35
A 7153k Fig. 3BolA] B uhel 2ol
FA ko] g Moto] WAlolA KT 3844 mV
of mg] widtgo] Al He wet dRIHES ¢
5 Atk wEEAAE ~1624 mVE Ve
v}y 23 widrge] X g wet Zgel AlEY
2 §9 AT E whole cell modedl| X &el1dHth
(Fig. 3C). 1.7 mM#} 10 mM¢] 24 E2o]A] w)

Wt mE Zg AT Wk ¢S Has] ®Hgt

Early 2-cells

AZHZS) Zg fFU0l

4. ZH5 AM2lof| M2 MF Lxto| 9F MQF HE)

AZNZ) 2 FYL o8 Do) wjolrtt
@A AAEA Sorstanh ZEe AEW F
Yol wh2 = Ate] WakE E#R17] 5t 5 mM
o] Z+4-& bath solutionol] AT &Att ZAFS A
PatAeial g A2 XA HEF AL B
Atk A 2R @S Boltprt Zg A
Ao o zAgo R 3B THFig. 4A). AHAH A
2o Ao AEF dAFS LA FEH
Aoy RS ArnsE A HET HE A
ZHA el TH(Fig. 4B). ZF A A YEde
Ao M) dgo 9 B4gHE XEE
2o 71908 Ao 2 FAH ZElg T2 JAA
£ A2lstQ ) Fig. 4ColA W& upep o] & &
HA el 28 9704 TEA | mME A<
o iz ¥E] o3 Wsks g9 F YN
tHp>0.05). TEAS} 3§17 small conductance EE}gF
229 oA, apaminS X2 & Ax} HEF] A
T7F A st A Edvk Qe 1 4
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Fig. 2. Basal Ca”concentration in mouse oocytes and embryos. A. Ca® images in oocytes and embryos. B.
Fluorescence intensity of ca® changes. Each bar is the meantSD, and the numbers inside the bar

represent the number of eggs used.
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Fig. 3. Changes in K' concentration and Ca” cu-

rrent during early embryonic development.
A. K' concentration in oviduct. Each bar re-
presents the meantSD of 10 determinations.
Asterisk indicates a significant difference
from the media K" concentration (p< 0.05).
B. Depolarized membrane potential with the
embryonic development. Asterisk indicates a
significant difference from ococytes (p<0.05).
C. Reduced Ca” current with the embryonic
development. The whole-cell currents were
recorded from mouse oocytes and embryos
in bath solution containing 1.7 mM (O) and
10 mM () Ca”. The membrane potential
was held at —80 mV. Each data represents
the mean+SD of 10 determinations. p14h-
p72h: 14h~72h after injection of hCG.
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Fig. 4. Hyperpolarization induced by Ca® in mouse
oocytes. A-B. ca® hyperpolarized membrane
potential of mouse oocytes. C. Effect of TEA on
hyperpolarizaton of membrane potential in mouse
oocytes. D. Apamin failed to change Ca”-indu-

ced hyperpolarization in membrane potential.
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L2 FAHRE dFAA =4 YeElTHGrip-
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2] 8+ thFig. 2). ol# st A}
dao] W8 B Ao E AXE
ARILRRE Zg dH7E Sobste A
7tk Tt B AN s1SE AY
&Y TE TEE ALY O ZE /1 B2
R FEAd g3 2 §9 FedT ok
@ Aotk £AAYIA Bxsk ARt A )
I AGE 2 FEIH dole wEF WYE n
QI THTosti®} Boni, 2004). E &2 A Z4 &9
o]] o2 2 Ao Wals FARHNA veuE
o S AN T e fud
B A4S Bo FTKFig 4). olE e o
A Eh; T2 o3 vEht
o E dFoM e ous =
TEZF HAY] AT d4E Fuste A

ZAEt A & e Xeg 5E AEAQ
EAE A3t 1812 TEAY & AdAHA
e TEE BE(Fgd o8 2439E small
conductance X ElF 5 =Z)9 XAI¢] apamind
A A stdnh 220 Gt Yehe 2
ol 28] KT u Aske) ART WAL TEA
o apaminol o3} AAHA) skch WA vt
o u A 2FelE AFAA LER TElg F
27} ohd E 02 Zelg $27) BT R0E
Az,

i
"L_]E_,r\i‘é
éé

i

% od X L

O A I VR
ol #y ¥~ O
Loy mY gy Ho
&% H lmn#
o X2
rLE

oy A g
Jo
hinc
1o
N

ez}
i
il
Jo

[o 2 rr MY & e
oy

Hujgnmizoi

fr

o

)

fu4

m]m oorr > oo
Ny &
i Ju olﬂ
dr
A

=

A F XK EX S Two-pore Domain EEMS
%E

Ky 2= A9 AAA7} obd] g4 UA

_41_



ok I Ko
u A A Q) TEA(I mM), Ba™(1 mM)el] <J3) %
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