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Abstract : Voltage-sensitive ion channels contribute to establishment of the cell excitablity
and the generation of the cellular function. At hamster oocytes in the primitive stage during
developing process, an inward current elicited by voltage pulses was found to be carried mainly
by Ca®™. Even at present, Ca™* channels serve as the most probable route to pass this inward
current but there is no evidence of the presence of this channels in eggs. To date, both the
characteristic properties and the physiological role in the early stage of development remain
unclear. Here we examined the characteristic properties of the inward current and changes in this
currents at unfertilized oocytes, fertilized zygotes and two-cell embryos using whole-cell volitage
clamp technique.

The inward current carried reportedly by Ca™ was remained following removing external Ca™
but completely abolished by further replacement of impermeants such as tetramethylammonium
ion (TMA") or choline” instead of [Na'},. Tetrodotoxin did not affect on this inward current
remained at (Ca™),-free condition. Removal of Na* ion out of the experimental solution clearly
decreased the current. After adding 2mM Ca®™ to the Na'-free media, the inward current was
restored. Interestingly, this current carried by either Ca™ or Na' was decreased by the reduction
of intracellular CI' concentration, or by CI' channel blockers such as niflumic acid, DIDS and
SITS. When CI' concentration was lowered without changes in other ionic components, this
inward current was reduced. At fertilized oocytes and two-cell embryos, the inward current
carried by Ca™ and Na' was severely reduced. Also Cl" component could not be observed.

From these results, the inward current is composed of Ca™, Na" and CI component,
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suggesting that the channe! carrying this inward current is not selective specifically to Ca™.

During early stage of development, the voltage-sensitive ion current seems not to contribute

essentially to the cell cleavage and differentiation. The loss of CI' component after fertilization

suggests that CI' may play a role in maintaining the viability of unfertilized ova.

Key words : Ca® current, Na" current, CI current, fertilization, hamster oocyte.

M B

GAG &L o2 E2e g
A7t 2AHE T22 TR 8L A9 &
S EHd 183t AR 2E5FH 2L FEA AR
A & &goe] Y= Na' B2, K £ 2 G 52
53 2& YuAL A oEA o] 2F 2 (voltage-
operated channel, VOC)= H| S EA] M ¥olME &elx
ol e}, ¢ 3} ol A= tetrodotoxin-sensitive Na* £ 2, Ca”™*
B2 2 Y Fo GHS 4EA K BRI BEHAU
on FY(umon A TAME At &M K F27)
23150 ok 24 AEAM Y VOCS 28 v FE
A AXA e Voce AEH 75L& XY FF o
g A 289 FHAXY K FE2E AEFY
3 #o] glom FHAEY AT MY Na* 52
o G F2E AXLA - JdaE Aoz 2%
A =

HEEA AEFY s Bt £3} old e 9A
AZEA o] 252 dd FHE A9 oy 34
P28 BRpolq AT C&* Ee WP wtEAe
ohRehe) WEMSL AR G- 9&4 K AR (k)
7} & 3l o) 5]2101311634 Ttypch»} A} ca iaqun g
delayed rectifier K 257} Baso] Qio}*™. 1281} of
Jo = vjFPelA BHE Hdg4& Ad E3d
VOC7} £A5 1 A &4A g},

s £AF gud dgd 238 AF A2 T
Y9t gAXolng Hox $£A 27744 AXEF
2 giabel o 729 7|5 BR3E dn &
At o2 g YA JEHE T3 B 8§34
23 Foll #o3ts o] 2FR AT AL ko 5EE

Aske] Wt st

Adstne 2ol A &k tFy P2 Gt
A #BEHE B FFY o|2AFE AIEe B2 Y
gHA Q1 VOCY Zol gk N4 & Bole AYA &
9 ¢ dE 2AE EF RN FAo] o] FoAA G
£ 2%, YRARF 7150l HEetE dad A BE 4
T Ca” pENsie bty M EEHY 529
84& oo o]Foixy] e HAYH B2E §
Bto] FFHF o] ool Mg HAle wet o]
F3he Ao] Ay T&AAA FEE Aoz wud
th. 53] mouse dAto N FAHE tAY EY K Y
FHFE G WFAFY 22 J28 53 492 &
19 Aok, o)el @ A mouse FALY Ca® W F 7}
H 387 VOCE F3td o] g8t A At §l
o waty PAE dAdgAM FEEE GHY AEA
Ca* AFE WMYAQ) T28 53 Y AF4EY
7beAol ¥da *232}%5}

2o AAEL P2 v|FEA TN BEHE G
Wk &< "é’?}—% ZAM3te] Na® Aol 93t F3&
HETE AMAE fAsta o] AFAR] wAdg
FEE B39 o5 5 JAvE MRS U
olf g 7teAHE ZAR E dFdME F2H daty
WEAF A4S elsta £3-35 0 M3 E vjusly
Z7] Z2HAAANA of AFI} od d&E FPFEA
frstast stgloh

o

UL S

BAE O|SH2, 1-MEY| sH2E Y 2-MET| £H
2to| 2a| : AYFEEL AT 6~853 9 chinese golden
F2EE MRS oA SARE oF IANnA HF
3o P26 A7 E dANA FANHD P&

- 281 -



HHeL 237 63~68A 7ol pregnant mare serum
gonadotropin(PMSG, Sigma) 20 unit® B FA}stn
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Fig 1. Current traces and current-voltage(I-V) relations of the
voltage-activated inward currents in the unfertilized egg of the
hamster. A; representative whole cell current traces. B; the I-V
relation of inward currents. Step depolarizations of 300ms du-
ration was applied from -60mV to SOmV at every 10mV in-
tervals. Membrane potential was held at -80mV.
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Fig 2. Contribution of extracellular Na* on the inward current in unfertilized eggs. A; Representative current traces of Na* current com-
ponents recorded in Ca™-free solution. Currents wete measured from unfertilized eggs of the hamster. Applied step depolarizations
and their protocols were same as shown in Figure 1. B; I-V relation of the Na* current components recorded in Ca*-free solution. C;
Effects of extracellular ions on the voltage-dependent ionic currents. At four panels (a to d), current traces recorded in the normal
Tyrode solution (N/T, ©), in the Ca™-free Tyrode solution (0 Ca/Na, ®) except panel d, and in both Ca*- and Na'-free condition
(V), At panel d, current trace obtained from the Tyrode solution replaced by TMA’, instead of Na* ion(® ), was superimposed on to
the trace recorded in the normal Tyrode solution. Step depolarization shown as the inset above the panel a was applied to evoke vol-

tage-activated inward currents. These data were collected from the u

nfertilized egg.
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Fig 3. Decrease in the inward current by reducing chloride concentration. A; effect of niflumic acid on the inward current. Represen-

tative current traces recorded before(O) and after (@) applying 10pM niflumic acid was superimposed. B; I-V relation of the inward
currents before(O) and after(®) applying 10pM niflumic acid. C; decrease in peak current by reducing the intracellular CI° con-
centration({C1);). By substituting 120mM potassium aspartate(K-Asp) for 120mM KCl, (CI); was significantly lowered to 22mM
from 132mM(*, p € 0.05). Numerics in parenthesis indicates the number of observation.
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Fig 4. Changes in membrane surfaces and inward currents after
fertilization. A; the reduced membrane capacitance (Cy) after
fertilization. B; Peak currents before (open bar) and after fer-
tilization (bar in middle, fertilized, zygotes and bar in right,
two-cell embryos, respectively). C; changes in inward current
densities before and after fertilization. Current amplitudes di-
vided by the measured C, was calculated as the current den-
sities. Adopted current amplitudes used in this figure were ob-
tained from peak amplitudes evoked by -30mV step depolari-
zation from holding potential of -80mV. Asterisks represent
the significant difference(p ¢ 0.05) between two groups.

7] FATAME 682+ 75pF(n = 17))2] capacitance kol
A ATh(Fig 4A). o] & ZAZ v|FHTY AR
7] FRATAA ZaFHAGI 2-AE7] FABA A A
Z 713 th(*p € 0.05).

%o 9Het oEY o|RMFY W WHAF
9 Ay v$ATo| -1948+347pA(n = 16), 1-4E 7]
A kol -964+287pAn =102 A 743 QTHp (0.
05, Fig 4B). $3 ¥ Yojupe Ca™ AFY 7zt XY
o Zad & AQA o3 144*&24%91 Ajgkol 7

A%t UJEhY AQA pFEE7] Yt A F 2 density
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B oocyte zygote embryo
s (n=32) (n=11) (n=10)
> ‘t
B ;
c'510
32
T
mv
Z 05
0 |
pA
C 200
~60 -40 -20 § 20 40 mv
OUnferlilized oocyte
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Fig 5. Changes in Na" current component of inward currents. A;
decrease in peak Na* components after fertilization. B; Reduc-
ed Na' current density in fertilized zygotes and two-cell em-
bryos. C; Superimposed I-V relations of Na* current com-
ponents in fertilized eggs(Q), fertilized zygotes(®) and two-
cell embryos("). These current were measured in the normal
experimental solution freed of CaCl,. Numerics in parenthesis
indicates the number of observations.
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& v w3 thFig 4C). P A AR FHB 4 2-
AE7 FABANA Ca” AFY densitys T2 2.65+0.
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