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Characterization of the Stretch-Activated Channel
in the Hamster Qocyte

Y. M. Kim and S. G. Hong''
Department of Physiology, College of Medicine, Chungbuk National University, Jinju

SUMMARY

Stretch-activated channels (SACs) responds to membrane stress with changes in open
probability (P.). They play essential roles in regulation of cell volume and differentiation,
vascular tone, and in hormonal secretion. SACs highly present in Xenopus oocytes and Ascidian
oocytes are suggested to be involved in the regulation of pH and fluid transport to balance the
osmotic pressure, but remain unclear in mammanlian oocytes. This study was investigated to
find the presence of SACs in hamster oocytes and to examine their electrophysiological
properties. To infer a role of SAC in relation to the development of early stage, we followed
up to the stage of two-cell zygote with patch clamp techniques.

Single channels were elicited by negative pressure (lower than —15 ¢mH,0). Interestingly,
SACs were dependent on permeable cations such as Na' or K'. As permeable cation removed
from both sides across the membrane, SAC activity completely disappeared. When permeable
cations present only in intracellular compartment, outward currents appeared at positive
potentials. In contrast to this, inward currents occurred only at the negative voltage when
permeable cation absent in cell interior. These result suggests that SAC carry cations through
the nonselective cation channel (NSC channel).

Taken together, we found that stretch activated channels present in hamster oocyte and the
channel may carry cations through NSC channels. This stretch activated-NSC channels may play
physiological role(s) in oocyte growth, maturation, fertilization and embryogenesis in fertilized
oocytes to two-cell zygotes of hamster.

(Key words : stretch activated channel, hamster oocyte, nonselective, cation)
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go] Ydojt of *1135‘ Ezol ¥4 Wty
ol Fe] A wWalol] Wt MEE 87 FollA
= &%*é(homeostasxs)— LA}, AEQ} =

stretcho} 702 E2]3 wWAjo] o] R of gAdo]
o]0 = EFEE stretch-activated channel(SAC)

g3 vt 4EFH 02 E pipetteo] ¢S 7halH
Aaxutdt Hely Q= pipette tip Sre] AlEur 2
F(membrane patch)o] pipette W= Wz S0} o

A A F(stretchyo] o] FolF wff F¢to] ¥ m

brane patchol] Exjsl= 229 AL ¢ /\]71
t} o]# SAC+ Z73<X(Guharay & Sachs, 1984),
gafole] 4 Z(Brezden et al., 1990; Sigurdson et
al., 1989), A7 A ¥(Yang et al., 1987), &&A Y]
M ¥(Lansamn et al, 1987) Alx# AFAE
(Sackin, 1987), =}¢} A& (Yang and Sachs,
1988) 5ol AFE T Yrt. ¥wt ofe} vAE
¢] bacteria(Martinac et al., 1987), yeast ©]2Jo]%L
2] 2-A] E(Falke et al., 1988) = A2 RE WEH
oA BE313 9t o] £E+= mechanoreception
(Guharay & Sachs, 1984), Al 2] £ %A (Chri-
stensen, 1987), ¥ &:AvYFAK(Lansman et al, 1987,
Lansamn, 1988; Olesen et al., 1988)v} A 2] £3}
(Franco & Lansman, 1990) % atrial natriuretic
peptide(ANP or ANH)®| #-u]o] 7]o g}, o] s} 7
o MEAZO YA AW £HY Ao F
Z5E SACE ¥ol29l Na', K™ ¥ opvgt &
o] 22l ClI'el F34dE 7He Ak ArkSi-
gurdson et al., 1989; Martinac et al.,, 1987). 53]
cation selective SAC= inward rectifying& H.©]7]
= 39 K', NHy, Cs', Rb', Na', Li’, Ca" 5o &
AL BTy ¥uiA UtiYang and Sachs,
1990, 1993). NSC ¢} SACe] @A 7hsAlo] 7e
Al AJAYE 2 Sl tHReifarth et al., 1999).

T So] Az}o A cation channelo} Ca®* &
(Ca®"-entry)& A 25t] 44 A acrosome reaction
& ZE3TE Br)r 9o NSCo $840] 20X
7] Al2H tiJungnickel et al., 2001). YA &
Ca'entrys MEehAgte) Walel el $43
Aol g o|A gk =42} 7ho] NSC channel 2
g B¢ AL ZAsA #7 Qv

A xete] Ao o 4Ee A4 &(hypotonic

shock)ol] 2|8k A 1qA) 2(parthenogenesis)2] HA
(Kaufman and Surani, 1974; Kaufman, 1983)2 %
Y7t Rushs MEwe) W3E frste Aaxwy
AlAel os) gAsE = SACH &) 2EE 7HF
Adol Atk SAC7F NSCé A#so] girtd o5
] 4 B2 AWAAA vake g4AES dH
b oA Fas gME ATE & AE A
olt}. ol& 7}5AE Xenopus oocyteo] A9} SAC
7F Ao} A, 54, £3) sfobdAle] Hedd 7t
sl dvke dArdznE: HHE 5 Yot
(Wilkinson et al, 1998; Weber, 1999a; Weber,
1999b). 9j9} o] AgHog Ay &4A &
T QA& Xenopus oocyte\} acidian oocyted] 4]
SACS) ZAlsk 44 2 7ol ha A7 gol
2 A 2K Yang and Sach, 1988; Moody and Bosma,
1989; Hamill and Macbride, 1992; Medina and
Bregestovski, 1988), A& 7% &0} oj&l ¢ A3
EHF WA SACO] T AR HY FAE of
A gegA) %3 otk olo] ¥ ATE EFF
F2e 9] FAbel HH patch clamp 71HE 43}
o AEet AHe) ojsf ggstEle 25 FHE
T 7 AAE S Yok

Mz 2 U

1. HAH LXK 22|

6 5% ol’F2| Chinese ¥2E UL WFo =
AHRA A 60 A7+ Aol 20 IU PMSG (pregnant
mare serum gonadotrophin)&, 12 A]7F ol 20 IU
hCG (human chorionic gonadotrophin)-g E7h) +=
Abste] sl @S Fstgch vide] o] Fo Tt
7 sy @ Ao Be d7 uH By
HE BEgdte] AA Tyrode N0 G2 757
B2 glass tube S AWl A3t flushing s}
dAg G 3IE dRE FERAL e
cumulus cell2 hyaluronidase & ¥ A7 £y
(zona pellucida)2 o} A xute] Aate] Wa}=A|
HEF AT EHAIL AAE GAE TR
o W AFHI}T A 1~2 74 35 mm petri
dishol] Fo} A¥e] ALEE AT GAFIL 4 T
H#Ast A&AY o] &atH o £ EA 8 A
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SAC 7129)] AM-EE 7]E pipette 2902, NaCl
140 mM, MgCl;,, 2 mM, CsOH/EGTA 2 mM,
HEPES 10 mM (pH 7.4)2 ZA ¥ 2948 AL 3}
I, cation selectivityS #a3}7] 98] Na® o2,
72& 2x2 (s, K, Li, TMA'(tetramethyl-
amonium), Ba’*, Choline & Al&3gch 2@
g kol 9] olF & 7] 95t NMG (N-methyl
D glucamine, ¥% meglumine)} methansulpho-
nateE Al2&9t). HEPES buffers Q3 Ao
Al Tricine buffer2 wv}9 AlL-stHA B2 &g}
P88 AL dimethylsulfoxide(DMSO)E &ujg
3= A AMEE W= DMSO09] 5271 0.1%
oM FAHEZE zF3}Hch

4. 0|2 E&2| 7|8

1~2 MQ =7]9] pipette- sylgard coating3}a]
AFE-3L 3L cell-attached(C/A) patch ZFEjl A 2 o]
T 5% oY VST & 54E Fo ST
Pipetteo] 7}8iAle &<t G449 F8 E7159
FHE oo EFFs Tk 4y Hees 7%
o] ol A3 SACE ¢l 71 AA Fo
| SA43EA 7] Wil 34 el AW 4
elol A 10~30% Ft 71E3PT o EioA
inside -out(I/0) patch® A& ¥ & AYthol
A Holm 5 B o]y 71&& At Al PCM
S E£3}lad VCR taped] AA3s 2 kHz 8-pole
Butterworth filterE& A}2-3} h

A= pClamp(V6.04, Axon, USA)9] EA =2
I9-g o]&3le] Zb parameter® T ol
kx| 8AI7E o] F e gateiA 715 AAe
AT gel A A 9] 3y o

2 I

—_

AR XIONA M ES MEo) Qe Zdst
E= 82

#2E oA pipette ol 140 mM KCI3}
e A ENoR A% dElel A ApAH o R
gele Y F2E A9 #EHA FUth 1
+4< 7IBlE 9 B2 @A #AHUY
(Fig. 1A). &4 F7] H(-9) BUdFEE E¥
2 ggkot —15 cmH09) S¢& FH(+S) B2
ol 715Ut 0|8 22 B2 &4 7A
Y- EE Yolr 7| A3t S¢e] 7hskr] Az
2-qto] Foz Ao Al -100 mVEE +100 mV
7A@ Z &2 (ramp pulse, 400 ms, upper panel in
Fig. 1A)efl Ol g & B2 WS E vwstHrh
(n=25, Fig. 1B). Fig. 1Bol A A3 A3} Zro] &<
o ozle] P TGUEE AR+ S HA(nega-
tive potential) tholl Al F3sHA F29 AA} +
Bl o} okAl 9)(positive potential) Tl A= &
A et L F7]9 FEAFI AL dEle
E4FA %3S el Adstdlol et 2
vehts SR8 5L 1HgE A&H R
FAFAA 7158 A A EHEA AT 7
AT +50 mV A= 0.5 pA(10 pS) W9} €] 7]
Aoy, -50mVY Wi 1.5 pAG36 pS)OIRT E
29} 23o] +50 mVHEY} M5 #&AFE UG (Fig
1C). oA vehes DUEE AFE AdHY
A (current-voltage relation, 1-V curve)2 ehH
7 Fig. 1D A HojFE ukeh o] 0 mVelAd A
Fol wako]l MEE ™, F WEARAAM AFHF
(v I )2 vy iRy 2717 A%
AFH AHez A Jelds inward rectifi-
cation YAHS H S tiFig. 1B and D). ¢]& & [V
A A7} dRelAM FEE SACY -V #
A ¢t A} Yang & Sachs, 1990). Y AH &
Zpol| A Sfel 2lste] FAdo] o]Folx = v B
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Fig. 1. Single channel currents activated by negative pressure in the hamster ococyte.

A, Single channel currents before (-S} and after applying suction (+S) in cell-attached patch configuration.
Currents were recorded by applying the ramp pulse from -100 mV to 100 mV at the holding potential
of 0 mV {upper panel), with 140 mM KCl in the pipette. Note two channels elicited upon applying negative
pressure. B, Current-voltage (I-V) relation of the single channel current components activated by negative
pressure. This I-V relation was obtained by subtracting the ramp current without pressure (-S) from that
glicited by the negative pressure (+S, -15 cm H;0). This subtraction reflects the component of
stretch-activated channel (SAC) current. C, Example traces of single channel activities by stretch at +50
mV (upper trace) and -50 mV (lower trace), respectively, under the condition of negative pressure (solid
bar, +8) in cell attached patch configuration for 30 sec. Pipette solution contained 140 mM KCI. Voltage
protocols were shown in the upper pannel. D, Inwardly-rectified |-V relations of SAC. Each IV curves
were obtained from the data observed in cell-attached patch (@) and inside-out patch {O) configurations.
Note similar I-V curves in both configurations.

oH FFHATH=15). ole FXLH dadlA A

29 inward rectification %4} C/A patchol Ao}
cell-free /O patchol MU} A9 7244 Yelhvz 92
€ A3 AHFig. 1D).

P2E A AT A Sl g3 A2 A
gHol gL W WYL E A= EEE
pipette 8o E3} 753 Fol& (K', Na)ol gl

Zohe] Aol o8l gHAHE BR(SAC)T 3
g AT AT

Fig. 1614 ®akalA S¢to s dels 5=
7} Ages A BAT + AU I O U
2 gl ojs BHE AR oW ol2o] o
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a o)A = =R dotr ] ke 1/0 patch 3}l
A Al 8l (pipette) % 2Hbath)o] ¥ol29] A&
HSAF|H A A e A THFig. 2). ME bzt whof
Axetoin} FEE B3t o]FdtA] Edhs NMG-
Cl(140 mM) §9c2 A3y &4g 718 o
SUEE AFE A9 B 4UrkFig. 2B).
a8y A EWel] 140 mM NaCl £ 02 u}ito]
FUL of Fig. 244 AAE RAA P gl 95t
of S oMt EAFIE FFEYHN=15,
lowe panel in Fig. 2A). oJ& A E9e] AlAd] 9
g o] 2BEE Fd| Folio] AE gloz g
a1ty o2 CI7F MEUE Y99S

<3

| SAAHAN HFAFE FEHA FROER
CI7} o) &3 232 4T 4 YIeBE S
o8l FolZo] olFg AFAE A TholH &
ol eJate] Vel dYEE AFE 140 mM
KCl &4 M= #2= B 2(data not shown) )
29 o} F2 v A8 Al Yol F 2 (non-selective
cation channel, NSC channel)E %3 Aoz 5=

Hich

15
NMG-CI
10k 1; ;-'-' 8)
g- s NaCl
(-8}
0
-3
100 & O 80 100 -100 0 100
8 6 6
‘. 4l 41 [(a-Bb)-(cid]
{a-b) 5
< 2 2
o {
0
0 0
2 . 2 . -2 :
-0 60 0 % 100 ‘100 S0 0 5 100 -100 0 100
mV mV mV

Fig. 2. Effects of the internal cationic permeant on channel currents through SAC. A Stretch-activated currents
elicited by ramp pulse in the presence of internal 140 mM NaCl. Both traces a and b were recorded
with (+S) and without negative pressure (-S, -15 cmH,0). The difference between two currents, reflecting
the SAC current component, was shown as (a-b) in the lower panel. B. Disappearance of the SAC
component in the absence of internal cationic permeant, NaCl. Sodium (140 mM) was replaced by equimolar
impermeable cation, meglumine (NMG). Both traces ¢ and d were recorded with (+S) and without the
same negative pressure (-S) in panel A. (c-d) was difference between trace ¢ and d. C. Outward current
component carried by internal Na' through SAC by negative pressure. Traces designated by (a-b) and
{c-d) were adopted from panel A and B, respectively. Experimental solutions were shown as insets with
inside-out patch configuration in each upper panel.
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S 9)stel FelE %271 NSC channel 9 £
elstr] 91ate] Fig. 200 A A3l A 2 Wil
2 A ipipette EH)oll= FAF 7H5 ¢ 140 mM
NaClz ZAskal A Qb &9 £4& ulfo] F
HA 7|28} thFig. 3, n=35). VA AX Jgs
Fd3tA 140 mM NaClg2 zA3te & 52
MBS 7158 F(Fig. 3A), AlE ol H]F34] 2
tetramethylamonium chloride(TMA-Cl, 140 mM)
gloE THY 5 ¢ A% WHE %8G
UHFig 3B). 1 A3 &2 49 dloA Wk
F7F 2= A cHlower panel in Fig. 3B). %ol
olated @A) ol R AL AFAFTE U35}
&te] A E Qo] 140 mM NaClY wo} 72 =w
°] TMA-CIY wje¢] AF zol& ZAMAT

(lower panel in Fig. 3C). &=58}#] NaClel ¢} 3}
UehteE B2 ARe FHPdAeE AR A
TAHAA @I AQEel Big EA4 A A AL
o} 3}8h3 FAel ofs] iR AN M WE
57t #4520t Fig. 29} Fig. 3o yebd 23
of 93t YE] datel Al Ffol o& FeEle
22 BAgzd ofeol2 EH(stretch-activated non-
selective cation £, SA-NSC channel)} & AJA}
gt} o] RE HF= 240 patcholl A 55 patchol

A @& HolHE Hasted Uekd Aol

2. SAC E40f thSH cAMP-dependent protein kinase
PrAl FEa}

Axh Aol B WY AZuE 2

100

6| [(d-Q)4b-a)]

10 b
i (-
< D-%/ i
G -10¢ b "|NamE'-
D>(+S) NaCt
-2
-100 0 100 -100
5] (4]
F (b-a)
0 ol 0
< I |
6 & | Md-c)
-12 it _12r et
-100 0 100 -100

100 -100 0 100

mV mV

Fig. 3. Effects of the external cationic permeant on SAC cumrent. A. Stretch-activated currents in the presence
of both internal and external 140 mM NaCl. Both traces b and a were recorded with (+S) and without
negative pressure (-S). The difference reflecting the SAC current component was shown as (b-a) in the
lower panel. B. Appearance of the SAC component in the absence of internal cationic permeant, NaCl.
Sodium (140 mM) was replaced by equimolar impermeable cation, tetramethylammonium (TMA). Both traces
d and ¢ were recorded with (+S) and without the same negative pressure (-S). (d-c} was difference between
trace ¢ and d. C. Inward current component carried by external Na® through SAC by negative pressure.
Traces designated by (b-a) and (d-c) were adopted from panel A and B, respectively.
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Al Al E F2A A (cytoskeleton) o] WL o)n| 3}
B2 SACY 71%2 cytoskeleton®] 7153 D%
Ao F5H3 Utk T3 AEZAAE FA4st
= tubuleo] L} filamente] ZAo|E Ca’'-dependent
protein kinase(PKC)7} HHAA 02 Hod3dlz Aot
I geEA vk B AFdAL dRpel A F&E =
SAC9] &40} cytoskeleton} A 7} ATHA cyto-
skeletong 333} cytochalasin B 1} Dof| 2] 5}
SAC 84 9] 345}7} A AoE FA}A G &
AN E Fog Aozt #EHA Ut ¢
FH F %"é‘?} AZREEE AX NAZE B
3l A wAle] AEZA gdRe A dojuvts +¢F
3 237 Ca¥ % PKCo A7} $2% 988
FPtr & 48 Aok B A7AME PKC
oA A 2] sphingosines} PKC activator?l phorbol
esterE Al23t SAC @Ao] thg PKC EH4EF
FEsG o vty WA dste R 2
#E 228 F JUHn=5). ZLev PKCaE &
7] 238 #2F Wzt SACH tisied PKA7}
o a3E Jehles Z2E 3@ A rHFig
4). A EF o] EA3t+ C/A patch Ao A 2ol

r\r

M

8-Br cAMP H-7
L

- -20 cmH,0 1 min

Fig. 4. PKA-induced increase in SAC activity. Inward
currents was evoked by stretch stimuli applied
to the cell-attached membrane patch held at
-50 mV in the fertilized egg. SAC activities
were recorded under the same negative pre-
ssure{ - 20 cmH0) before adding 8 - Br cAMP
(a), in the presence of 8- Br cAMP(b), and H-7
(c). Membrane permeable cAMP analogue,
8-Br-cAMP(10 «M) and a selective PKA
inhibitor, H-7(20 «M) was directly applied to
the bath solution This antagonistic effect
between 8-Br cAMP and H-7 was tested in a
same patch. Interruptions between tracing were
deleted recording artifacts occurred during
exchanging perfusates.

olste] AAE 0.8 pA 719 WFAF FE (@)
A Z2 2314 cAMP analogue$] 8-Br cAMPol| £]
5t 2.4 pAZHAl Z7b3tATHD in Fig. 4). S7H
SAC WaHF AE-L 8-Br cAMPE A 7T o] %
qNE AL 11%514 PKA &= A<l H-79] 2|38}
50% 22202 714319 tHn=3). cAMP &3+ T
7§ PKAE ‘6}0:] waHEe HE 718z =

Aol A g SAC Aol PKA7} Belals Aoz &
z59 9k

3 4 HR0| BAEE SAC BEHS

dAE $3e Fshd GTETo) AAHEE

Qe *] °l—r°1 Ae IE o2 HEe 2 SAC &

"1 ZP‘“* o ?‘1‘}1“ AL FEETE A
£ da g8A itk o)y g ddele SAC 24
o] FutHER SAC7} METEI A2ol AAH
ol 98 Y Ao 2 AzbEh §¢] ATl A
SACE tget €594S vl glen 3
Az SAC &40l oJFA WaleA AFsTh
B A7g AgsAA Az A o) €43
e 225 UFgl kineticsE H Hti(data not
shown). ol @ 29| 5o +4 AF9 ¢
Aol A &4 ATl tizte] BF FAH £HF
ol WEE FsA Eatch 18y SAC 852
D% 28t ©d $=29] amplitude  histogram 2.

2 pAS BE £ A3 3 F SAC &8
o] Wslel g tHFig. 5). Fig. 5+ 2 &A o wal
45709 da 2 ST 715 SACEFS
all-point histogtamo. 2 ®A3le] AFA7|E HF
NESo] st B FHEAL FAHA
o) Ao A 0.6~0.8 pA Atele] B B2 A7
1.5~2.0 pA W99 g E2271 SAC 8F9 o)
BB atslEd Wl (arrows, left hlstogram in
Fig. 5B), 38 & 1-AZE7]d]A 24 2 32 pA =7]
o] SAC %] Z7}3}% tmiddle in Fig. 5B). 2-
ME7|NME 2 amplitude®] SAC BAL AR 3}
A 7233 03~0.6 pA A7]2 9 dElE SAC
7t &gl 93 WRHARE B3t Ao F5
). (right in Fig. 6)
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Fig. 5. Changes in SAC activities after fertilization. Amplitudes of SACs observed in three stages of development
were plotted against the number of observation. Representative plots of the current amplitude at -50 mV
in unfertilized eggs (left panel), 1-cell zygotes (middle) and 2-cell zygotes (right). Highest peaks in each
plot at 0 pA stand for the channel closure. Amplitude peaks were fitted by the Gaussian function with
Marquqgart least square method supplied from the analysis program (pClamp6 V6.04, Axon, USA). Plot
for unfertilized egg (left panel) was well fitted by oder of 3, for the 1-cell stage egg (middle) by order
of 4, and for 2-cell zygote (right) by order of 3, respectively. Histogram of SAC amplitudes were plotted
against the number of observations, Number of observations in each plot were total sum from data in
6 unfertilized eggs, from 4 fertilized eggs in 1-cell stage and 4 zygotes in 2-cell stage.

NLEE S

2 AFE Fo9 fEle d2H dREAR
stretch activated channel(SAC)o] £xj3ls 1 &2
7} fol2uhS N MEFHOFT =AY nonse-
lective cation channeld S #<13 4 AN} o)A

=
A7) got o] S TAR g Baje]
71 ol@th SACE ¥R AElA 2
Al ZAste AEEHCY pH 23, AXRI
% Bajeh ol AZFYY AA) 71 RH 9T
2 HYHL AUt oF AAE B B A7l
A BAg W2E dRke SAC FRE v
EFol5olt WA A BANE RIS
eig Rl 22 WY & ok
eERY BAF AT Frioe BARE
ascidian embryo, B lymphocyte(Block and Moody,
1990; Bubien et al., 1990; Coombs et al., 1992),
fisht} mouse embryodl] A} A} Al ] 1 tHMedina and
Bregestivski, 1991; Day et al., 1993). Fish embryo
M= FAHYZHOZE stretchol] WAl w23t

o] stretchol] Wh-3-&t= E27} A F7)0) wat &
A m M EZE s 7)o sttiMedina & Bregesto-
vski, 1991). 28 T8E U= g4 AA 5
A 5= dad(oviductal fluid)ol Al EA)817] of
ol F2E Ut SACE MEZEE ¢ BE3hady
9 |E Fo% 3LE FPYY AR FFHD.
olgl &2 FX2E Pt SAC E4d0] PKAY
&l Z - EE AINFig HEE 7538 ¢ Utk
APAR FTAE AT 49 dRJA PKAE
#A311 7= cAMP+ follicular cocyte 4] < 2} Hj
wge] Wi 7183 AR deA Joerz
(Guixue et al., 2001), PKA Z3-& dr= SAC 94
F3 A% 9 A widged JFHo S
< @A) mWEo|th

B dqoA FE2 98k AL SACo] Na'oluh
K's} 72+& U7} 9Fo] &(monovalent cation)?] £
2 AL3hs Ho|tiFig. 2 & 3). & SAC7H NSC
FREANY 715E HYE & AvE #ed 4
A3 T83 o] E3lE AEAdAM FEHE MY
ol =2 F £8E o|RFEE ZAFL U #
T AEY Zf T FASAT olghE g
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activated channel(SAC)Z A ¥ 9] BuZE, AXE
o ¥3l, ¢ 1359 2, 328 B 2H
FF 4EE vk B AFAME F2H B
A SAC ZA) $22 el3t7] 315k patch clamp
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