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The Ionic Basis of Membrane Potential Changes from
Before Fertilization Through the First Cleavage
in the Egg of the Frog Rana cameranoz

S ERDOGAN G LOGOGLU and 1T OZGUNEN

Cubhurova Uniwersity School of Medicine Department of Physiology
01330 Adana Turkey

Abstract. Expenments were performed to identifv the 1onic basis of membiane
potential changes i the Rana camcranor egg from prior to fertilization through
the fitst cleavage The membiane potential was monitored continuoush durmg
this petiod Ten per cent Ringer was used as the recording solution w the contiol
group The effects of Na™ 01 Ca’F conductances were observed by altering «xternal
concentiations of these ons Kt and C17 conductances were tested by adding
channel blockers of these 10ns (TEA and SITS 1espectively) to the extiacellular
medium

The 1esting potential of the unfertilized egg 15 mamly affected by Kt con
ductance Chlonide conductance 1s 1esponsible for the depolanzation phase of the
fatilization potcutial evohed Iy speim enty and KT conductance 15 1esponsible
for the 1epolatization phase of tlhis potential We suggest that Na™ pereabihity
does not duectly contubute to the fertilization potential however fertilization po-
tential peak 15 significantly 1educed upon a reduction of extracellular sodnun The

2+ and eggs

tertilization potential 1s not significantly mfluenced by extiacellular Ca
fertilized m calaum-frec solutions mamtam then normal development these vesults
suggest that estracellular Ca?* does not sigmificantly contribute to the elcctiical
and mechanical blocks that prevent polyspermy The membiane poteutial of the
fertilized egg does not alter sigmificantly until the fust cleavage Potassium conduc-
tance contitbutes to hvperpolarization generated upon the first cleavage wheareas
sodium 1s the basic 10n 1espoustible for the phase wlich follows peak iy perpolatiza-
tion and which plavs a 1ole m the 1etuin of the post-cleavage membiane potential
to a steady level C17 conductance which 1s important as the 1ounic basis ot the ter-
tilization potential does not significantly mfluence any parameter of the cleavage
«vele
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Introduction

[t 15 essennial tor the viability of the embiyos of many animals and ey en some plants
that only one spermatosoon fertilize the egg Block to pols speriny 1s assived 1 most
cases by two o1 thiee phenomena The first blodk 15 the fast transient electiical
block which 15 the sudden potential change 1 the oocvte plasma membrane when
the cgg s fertilized by a spermatozoon (fertilization potential FP) (Chaithonuean
ot al 1983 TJafte et al 1985 TJaffe and Schhichter 1985 Jafte 1986 Inhine et al 1983
Webh and Nuatelh 1985a b IKhne et al 1986 Brawley 1991) In most species
FPis the clectiical depolanization of the oocy te plastna membrane and 1t prevents
polyspermy until a permanent and a relatively slow mechanical block 15 estabhishied
(Jaffc et al 1985, Jatte and Schilichter 1985 Iwhine ot al 1985 TJaffe 1986) FI1s well
documented 1w varous species of anmals such as statfish Uirechis and amplhiubia
and 1w plants ke Fucord algac but its 1onic basis 1s different for different species
{Jaftc 1986 Brawlcy 1991)

Duing caily dleavage of fiog eggs electiical Iy perpolarization of the fertilized
(g8 plasma wembrane 1s followed by aretuin of the membiane potential to a stable
value (WebDh aud Nuatellt 19834 h) Woodward (1968) and de Laat and Bluennnk
(1974) stated that this iy perpolatization might develop due to the addition of a
new membrane with a ugh potassium permeabihity (Cross and Elinson 19%0) In
another study partormed by mcasuning extiacellula won cunents duting (leavage
of Xenopus eggs 1t was repotted that Ikt nught be respousible o1 wewbrane hy-
paipolatrzation and NaT, Ca?t and Cl™ together for the retuin of the membiane
potcutial to a stable value (Khue et al 1983) Manbrane potential changes have
been documented from fertilization through the first deavage stage especially m
amphibia such as Xenopus lacirs and Rana pepeens but the 1onmic basts of these po-
tential changes lias not been evaluated enturely by continnous recordings mcluding
this parod

The ami of this study was to determnine membrane potential chauges and then
1onic basis from prior to fertilization thiough the fust cleavage stage m the Rana
cameranol frog egg by 1ecording membrane potentials continuously duning this
caily developmental pciiod

Materials and Methods

Selected frogs of Rana camerano: species were kept until use at +4°C. 1 plastic
boxes which were filled with small amounts of stock solution ( Webl and Nucitelh
1955a)
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Obtawnang eggs and spermatozoa: insemanation procedure

The study was statted in November. and teiminated in June. The pituitary glands
were removed from the female frogs, homogenated, and injected intraperitoneally
into the sexually mature female frogs (Perkins et al. 1981). The number of pituitary
glands injected to one individual was adjusted according to the season (Rugh 1962).

Progesterone (Sigma. P-0130) was dissolved in vegetable oil at 10 mg/ml by
gently heating the test tube, and the stock solution was stored at room temperature.
Progesterone was injected into the female’s thigh muscle. Pituitary homogenates
and progesterone were injected consecutively The amount of the injected proges-
terone was also adjusted according to the season (Jaffe et al. 1985). The injected
frogs were kept at 18°C for 36 h, or at 25°C for 24-36 h. and mature eggs werc
then obtained by squeezing from the cloaca. To obtain mature eggs over 2-3 days,
female frogs were kept at +1°C.

Mature eggs approx. 1.75 mum in diameter, surrounded with vitelline membrane
and the jelly envelope, with a pigmented animal moiety and a grevish-white vegetal
moiety were included in the study (Rugh 1951).

Sperm suspensions were obtained by macerating frog testes i 10% Ringer,
2 5 kL after a male was injected with 300 TU human chotionic gonadotropin (hCG.
Sigma CG-2) intraperitoneally For the activation of sperms, the suspensions were
kept at 1oom temperature for 5-10 min. To remove debris. sperm suspensions were
then filtered through a fine nylon mesh. Sperm was examined for motility and
morphology under & microscope at 1000 x magnification.

Five to ten matme eggs were placed m a div plastic Petri dish: thev were
nuuiobihzed by the natural sticking of thenr jelly to the plastic. For fertilization,
the eggs were covered with a few drops of a sperm suspension (approx. 5 x 10°
sperm/ml). After 1 min. the recording solution was added to the dish. and the eggs
were impaled with a micioelectrode. Fertilization oceurred approx. 5 min after the
insennination Normally, more than 90% of the inseminated eggs were fertilized.
Notmal fertilization was scored by a shuft m membrane potential towards positive
values (about 5 minj. 1otation (about 30 min), normal first cleavage (about 2 5
h). and embryo formation {Jaffe and Schlichter 1985) Records obtained from eggs
that showed membrane depolarization and rotation but did not cleave normally or
did not develop until the embryo formation stage, were excluded from the study
Expenments were pertormed at 21-257C.

Control and caperunental groups

Control vecords were carried out in standard 10% Ringer solution which contained
(in muol/1): NaClL 11.1: KCL 0.19. CaCl,. 0.11, MgSOy, 0 08; NaOH, 0 4: HEPES.
0.25; pH 7.8 (Jaffe and Schhichter 1983) Solutions to he tested for the effects of

1ons were prepared by modifying the Ringer solution. and records pertormed in
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these modified <olutions seived as experimental gioups Fertihization. first cleavage
and eaily embiyonal development were noimal m all these solutions

Ten mmol/l tetraethylammonium chlonde (TEA, Sigma) and 1 mmol/l 4-
acetamido-+-1sothioc vanatostitbene- 2, 2'-disulphonic acid (SITS, Siguia) were used
to block Lt and Cl1= channels. 1espectively The composition of the solutions
1n the expernnental gioups were as follows [Na+]0 5 and [N(ﬁ]m solutions were
prepated by reducing Na®™ to 05 o1 01 of that found m the standard solution
[Nat]y solution which was fice of Nat TEA and SITS solutions weie prepated
by adding blockers of KT and C1™ chaunels 1espectively [Cd“)+]0 5 solution was
prepared by reducing Cat to 0 5 of that found i the standard solution, [Ca®*],
solution. which was fice of Ca®t All solutions weie adjusted to he 1500smolar
with 10% Ringer, by substituting choline CI for NaCl and MgCl, for CaCl, To
avold Ca?t contamimation Ca®*-fiee solution contained 5 mmol/l EGTA (ethvlene
glvcol bis( J-ammoethy1 ether)-IN N N/ N'-tetiaacetic acid Sigma)

Electrophysiological measurements

Microelectiodes wete normally pulled (Harwaird Micioelectiode Puller) fiom 12
mm OD thin glass capillanies (Intracel Ltd) and filled with 3 mol/l kC1 They had
tip resistances of 10 20 M2 and tip potentials of 2 5 mV These mncroelectiodes
were used to wmeasue membiane potential with 1espect to the solution hath, which
was giounded thiough an agar bidge that served as the 1eference electiode Under
a stereomucroscope (Olympus VMZ). the tip of the electiode was gently pressed
on the egg < amimal moiety by the aid of a hydraulic nucromampulator (Narishige
MO-203) The electiode was mserted mto the egg by transiently mcaeasmg the
negative capacitance of the preamphfier (Nihon Kohden MEZ-7200) to produce
an oscllating curtent Electiical recordings were made contimuously until the end
of the fist (leavage Membiane potentials were monitored on a storage osallo-
scope (Nihon kohden \ C-10) thiough an amplifier (Nihon koliden AVB-10) and
recorded on a chait 1ecorder (Palmer Bioscience) The following parameters were
measuted duting electiwcal 1ecordings

Resting membiane potential of the unfertiized matuie egg (RMP) tertih-
sation tume (Fy) peal fertibization potential (FP,), duration ot the tertilization
potential (FP;) membiane potential of the fertilized egg (MPr), the peak of mem-
brane hyperpolarization observed dutng the fust deavage (CP,), time f1om the
onset of membrane Iivperpolaiization upon the fiust cleavage, to the return of the
potential to a steady value (ceavage ¢vde C0om this evele phiase 11 the tine to
the peal liyperpolatization and phase 2 15 the tune fiom peak hy perpolariszation
to the generation of a steady membiane potential), membrane potential after the
fust cleavage (MP,.)
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Statistical analysis

All averages were expressed as mean + S E M Sigmificance of differences hetween
meaus was deternmned usimg one way Anova test and Student s #-test for panred
data The citerton for sigmficance was p < 005

Results

Fertilization of the Rana cameranor fiog egg was accompanied by a sudden and
1apid depolatization of the membiane The duration of this potential change was
approx 15 min The membriane potential of the fertilized egg which did not change
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Figure 1. Continuons tccordimgs of the membiane potcntial fiom mmpalement thiough
fatilization to the Ist deavage m Rana cggs 1 In 10 % Ringer B In Na™ tice solution
¢ Insolution with TEA D In solution with SEIS
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Table 1. Llectiical propetties of Rana cameranor egy, duimyg fatihzation m different
solutions (ican £ S 1)

Aembrane potential (m\) Linic (1mn)

Solutions

RALP Fr, MPy I re,

10% Riger —26 35 £+ 1 26 6252079 =22554+058 630£053 1508 £ 103
(V=80 =20)

NaJ. —2975 £ 119 224 1210 =2037 165 530+ 028 1H0OS £ 08T
(N =75 1= 20)
Nat, —205] £ 0N LOT 008 —2371 2099 549+ 013 1251 £079
(N =3 n=21)
NaF —12069 £ 196" 102003 —2TS1 215 5252057 1313 £ 009
(N =2 n=10)
Cgt —283T £ 192 D624+ 123 =225 +11 (10£01 1920125
(N=2n=21
Cagt —2T81 £ 133 TTO A 121 20104+ 105 555 £0TH 1TR2 £ 133

(N =3 n=19)

SIS =257 £ 153 —t05 £ 1017 =209+ 123 5100058 716112

'l \ —2015 £ 0806 1276 209 =153 k0N 151203 1700 £ 1 12
(N=1n=21)
* o

Nunber of frogs Numbhar of cges @ Significant vs the control group p < 005

Significant ve otha Na™ roups p <003

stemificantly until the st dleavage showad a slow negative slaft at the ouset ot
the cleavage This potential change m the hyperpolatizing diection lasted approx
25 mn aud was followcd by a1etmn of the memnane potential toward the leved
of the unfertilizcd state (Fig 1 1)

Resting micmbrane potcntiad of ihe unfortili=cd cqq and Jortdr atvon potential

When the tracng of each egg was exammed mdnadually the 1esting potontial of
the untertihized ege (RAP) was more negative m [Nd+]l) solution but generally less
ncgative mm TE A solution (Fig 11 B ) The mean RA/P values i the coutrol
Na and TEA groups were =20 3541 26 m\V — 126941 960 m\ and =20 452050
m\ respoctively the more negative value m the Nab gronp and the Tess negatine
value m the TEA group were both statisticalls significaut ( Lable T Figs 2 5)

The mean fertihzation tume did not diffar signihcantls 1w modified solutions
compared to that m 10% Ringer (Table 1)
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Figure 2. 1 lectitcal propertus of Runa camcranor egg hom fertilization until the finst
cleavage contiol and Nal groups (mcan + SL) (%) Significant vs the contiol group
(p<00%5)

Blocking of the k™ conductance mcreased the peak of the fertilization potential
(more po~sitine FP,} whereas blocking of the C17 conductance 1educed 1t (more
nepative FPL) (Figs 1C D, 4 5 Table 1) Reducing of extiacellular Na™ reduced
the FP, level m a coucentiation-dependent manner, and 1esulted m sigmificantly
less posttive mean FP, values (Fig 2 Table 1) Reducig of extiacellular Ca?™ did
not change the amplhitude of the peak sigmificantly (Table 1 Fig 3)

Bloclang of the Wt conductance prolouged the duration of the tertilization
poteutial (FP;) whereas blocking of the €17 conductance shortened it marhedls
{Fig 1C D) FP,; did uot change sigmificantly m solutions of different Na™ concen-
tiations and m Ca?T-fiee groups The mean FP,; values m SITS and Cdf;t, groups
diftered significantly compared to that m the control group (Table 1 Fig 4)

As also observed with the membrane potential of untertilized egg stable mem-
branc potential following tertibzation (AP ) was alway s more negative m .\dj solu-
trons and less negative i TEA solutions comparcd to those m the control tracigs
(Fig 1B.C") The mean MP; values m all groups were significantly less negative
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Figure 3. Elcctiical propatics of Rana cameranos gy, from fertilization until the fnst
cleavage  control and ( df,+ groups (mean £ S LY (*) Significant v the contiol group
(p<003)

compared to the mean RMP levels (p < 005 Table 1) As also deternuned to
the mean RMP value the mean MP; levels differed siguthicantly m Naj and TEA
groups cowpated to that w the control group (Table 1 Figs 2.3)

Clecavagc-associatcd mambranc potential changes

Upon deavage, first the membrane gradually Inperpolanized (phase 1) and thns
Iy perpolatization was followed by a 1ecovery of the membrane potential to a new
steady value (plase 2) {(Fig 14) This post-cleavage wembiane potential (MP,,)
was mote negative moall groups compared to the membiane potential following
tertihzation (AMPy) (Fig 14 B ¢ D)

The peak potential of hypeipolatization upon the fust cleavage (CP,) was
always less negative m TEA solutions (Fig 1C7), whereas it did not marhedly difter
m the other groups The mean P, value of —4512 4+ 223 m\V tor the contiol
s1oup was sigitficantly less negative m TEA group (=2563 £ 186 mV p < 005,
Table 2 Fig 3)

The new membiane potential generated following Iy perpolarization (AP, )
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Figuwie 4 Llcctucal properties of Rana cameranor cgy from fertihization until the first

ceav e control and SITS groups {(mean £ STY (*) Significant vs the contiol group
(p<005)

diffcrcd signthcantly m Nal Naf and TEA groups compaied to that m the contiol
group (1espectnnely =44 794416 m\y ~4325+33m\ 1844 £ 103wV and
—3224+128m\ Table 2 Figs 25)

The deavage «vele (C ) 1¢ the tunc hhom the onsct of momibrane iy per
polatization npon ccavage to the 1cturn of the potential to a stcady value was
26 42+ 1 73 nun 1w the control group The duration of this cvcle was significantly
shorter i TEA and Ca™ groups the mean £ S E values bang 17 36 £ 1 29 mim
and 1738 £ 195 mm 1cspectinely (p < 003 Tables 23) The durations of the
cleavage ¢vcle phases are also shown in Table 3

Discussion

Rosting membranc potential of unfertili.cd g

In the present studs the resting potential of the wnndatilizcd Rana camcranor coy
bathed m 104 Ringor was =26 35+£1 26 m\ Sumlar values have becn 1reported for
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Figure 5. Elcctnical propetties of Rana cameranor egg, from faitilization until the first
deavage m the contiol and TH A groups (mcan £ SE) (*) Significant v« the control
group (p < 0095)

Rana piprens Rana ¢sculenta o ad Rana temporaria eggs bathed m solutions ot 1omic
content similar to 10% Ringer (Cross and Elmson 1980 Schilichter and Elinson 1981,
Jafte et al 1985 Jafte aud Schhichter 1983) For Rana pipicns aud Xenopus lacors
eges bathiod m solutions of different composttion the reported 1esting potential was
approx. =55 mV and —19 wV 1espectively (Webh and Nuatelh 1985a)

In solutions of reduced Nat (Nafs and Nag, groups) the resting, potential
was wmsiguificantly more ncgative whereas by perpolaiization observed m Nat-fiec
solntion (NaJ group) was sigmficantly different from the control and other Nat
groups (Table 1) Significant hypeipolatization detected m Nat-fice solution was
constdercd to he due to Nat efflux thiough the membiane and thas condusion
was stuppotrted by msignthcantly more negative resting potential values 1 oocs tes
hathed m low external sodim (Table 1)

As also tepaorted for Xenopus lacvis eggs (Peres and Mananelll 19853) calaum
and chlonde 1ons did not sigmificantlv aftect the 1esting potential m Rana camecrano

eges {Table 1)
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Table 2. Electiical pioperties of Rana cameranor egg upon the first cleavage 1 different
solutions {mean + S k)

Solutions CPp ' MPy.
(mV) (min) (mV)
10% Ringer (N =8 n=17) —45124 223 2642 £ 173 —3224 £ 128
Nag . (N=5n=14) —5220+ 118 1956 £ 3 24 —44 79 £ 1 16¢
Nag, (V=3 n=19) —1311 4+ 231 1936 4+ 1 8 —3647 £ 213
Na7b (N =2n=12) —5167T+ 30l 1900 £ 130 —432%5 4+ 3 3¢
(‘dét, (N=2n=19) —5111% 156 2108 £ 185 —2953 & 139
Cact (N =3n=14) ~3779+ 363 1738 £195¢ —=2520 % L 17
SELS (N=2n=22 —=3505=% 323 2013+ 1 33 —38 11+ 255
(RN (V=4 n=106) —28063£18"" 1T36+£120" —1844+103°

Significant vs the contiol group p <005

Table 3. Duiations of phases of the fust deavage m different solutions (mean = ST1)

Phas 1 Phase 2 lotal

{1mn) (min) (mn)
10% Ringer (n = 17) 13204213 1318 + 092 20024173
Nag (n=11) 1132+ 1147 5234223 1956 = 3 21
Nat, (n=19) 218 +£11 T19 £ 148 1030 £ 1 S
Nag (n=12) 1106 + 096 750+ 123 1900 £ 130
(gt (1= 19) N 25 4+ 092! 2134119 2108 & 155
Cait (n=14) 529 £ 078 90% £ 163 17 38 & 195
SHES (n=22) 912 + 097 12 31 4+ 09% 2013 £ 133
IT A (n = 16) 730 4 0 76° 916 + 080 1736 4129

Significant vs the control group p <005

In ~olution contaimng I channel blocker the membiane potential dccteased
sigutficantly compated to the contiol group (Table 1) It Las been 1eported for
Ruana pepecns eggs that potassium 1ons ate present 1w lngher concentrations i the
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ICF (approv 121 mmol/l) than m the cell extenior (appron 019 mmol/1) and they
tend to diffuse out of the cell along this concentration gradient (Jaffe and Schlichter
1983) We suggest that the sigmificant depolaiization observed m the FTEA gioup
15 duc to decicased KT etu due to the blockine of K™ chanunels

In summary the 1esting potential of the unfertihzed Rana cameranor egg s
strongly mfluenced by the chemical and electiical gradients of K™ (Er = —150
m\ ) (Jaffe and Schhichter 1985) and 1t also differs significantly m sodnun-fiee
solutions

Fortidi~ation tine (Fp)

The mean tertilization tine was 6 3040 53 mm 1 the contiol group and 1t did not
differ significantly 1 anv of the modified <olutions (Table 1) Sunilar findings have
been reported for vanous fiog eggs msemmated by sunilar spermn concentrations
(Charbhonnean et al 1983 Jaffe ot al 1985 Jaffe and Schilichter 1985 Wobb aud
Nucitellr 1983a,b)

The peak fertibzation potential (FP,)

Fertilization 1s accompanied by membrane depolatization In 104 Rmger the peak
ot this potential change was 6 2510 79 m\V (Table 1) For Rana pipicns cggs bathed
1 the same solution it hias been reported to he 13wV (Jatte and Schlichter 1985
different values have heen measured tor Rana piprens and XNcnopus eges (=5 1 and
+3 0 m\ 1espectively) bathed m solutions of different composition (Webh and
Nucitellr 1985a)

Taffe and Schlichter (1983) has 1eported that C17 channdd blockers (SITS and
DIDS) had no effect on the fartilization o1 activation of Rarna pepecns cges but
1 another study pertorimed with Xenopus eggs DIDS was tound to deacase ¢
conductance which mercascd upon tertilization (Webh and Nuatell 1952) Wlen
C1™ channels were blocked by SITS m owr experunents the fertilization potential
peak (FP,) was sigmificantly mote negative (=405 £ 104 m\ Table 1 Fig 1)
compared to the control group m contrast blocking of W™ chanuels by TEA caused
this peak to become significantly more posittive (1270 2096 m\y Table 1T Tig 3)
In the TEA eroup I'P, wasvery dose to the C17 cquhbinun potential (E¢ ) winch
for Rana piprens egg 15 +18 m\ (Jaffe and Schlichter 1953) 1 the SITS group on
the other hand FP, slifted towards the calculated £y of =150 mV (Jaile and
Schlichter 1985) but this shuft was not as promment as that scen m the TEA
group These results support the conclusions that K and (17 conductances which
are both present m lugher concentiations i the ooplasm than m the egg exterio
{Taffe and Schilichter 1983) contubute to the fartilization potential and that the
depolatization 1s due to a larger efflux of chlotide 1ons thnough the Rana camciunor
cgg membrane
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In eggs bathed m low [NaT}y o1 i sodi-tiee solution the fertilization poten-
tial peak was found to decrease siguificantly, Nat-free solutions did not wteifere
with the development of the depolaniziug fertihization potential (Table 1 Fig 13)
Sodium channels which open when the membiane potential 15 brought to positive
values have been 1epoited m eggs of Rupa and Yenopus (Baud et al 1982 Schhchter
1983) 1n low external sodiun as i pond water sodium cunent thiough these chan-
nels will be outward and theiefore 1t will have a by perpolanzing effect causing the
potential change to become less positive When the 1esults 1eported 1 our work are
compared with those of other studies, it may be suggested that sodium does not
duectly contuthute to the development of the fertilization potential hut Nat efflux
thiough the Na™ channels which are opened by the C1m-induced depolaiization
will prevent the peak tertilization potential from 1eacling more positive values
eggs bathed wn low external sodim

We could oh<erve no sigmficant effect of extracellular calcium on the fertiliza-
tion potential (Table 1 Fig 3)

Duwratron of the fertilization pote ntial (FPy)

The dutation of the feitibzation potential was 1508 £ 103 nun sumilar 1esults
have heau reported for Rana pipiens and Xenopus laems eggs (Jatte and Schlichter
1983 Webb and Nuatelh 1983ab) Blocking of (17 channels by SITS 1educed
this value signtficantly (746 £ 112 mun Table 1 Fig 45 wheareas bloching of
L™ channels by TEA prolonged this dwnation wmsignificautls (1705 = 142 mnu
Table 1 Fig 3) These hindmgs suggest that when C17 conductance 1esponsible
from the depolatization phase of the tertilization potential 1s huuted  the eftect of
KT conductance becomes more pronncnt caunsing the fertilization potential peak
to become significantly 1educed (Table 1 Fig 4) and the meambrance to hecowme
polatized again more casihy and hence m o shorter tune On the contrary when
L channels are bloched the morc promment effect of C1I7 condnctance cases
the tertilization potential peak to merease and the 1cpolatizing torces to hecome
weaker m this condition the membiane will he polaiized for a longer tune causing
an msignificant prolongation of the dmation of the fertihzation potential The
effects of blocking of W™ and C17 channels on the dutation of the tertilization
potential have been observed dearly 1 the tracmgs wccorded trow eact Rana egg
(Fig 1C D)

It eggs hathed m low «xternal calaum  the dwation of the tertihzation poten-
tial was sigmficautly prolonged wheteas it did not change sigmificantly m calamm-
fice solutions (Table 1) NMorcover Ca*t conductance did not secm to play a sig-
utficaut 10le 1 other parameters of the tatihzation potential and low extracellular
calam o1 Ca<F-free solntions did not mtcifere with the morphologieally normal
devddopment of tertilized (ges thiough the newral fold stage Those 1esults suggest
that extracellular calcnun plavs no siguthcant 1ole i the generation of the tast



384 Lidogan «t al

transient electiical bloek and the relatively slow permanent mechamcal block nec-
essaty to prevent polyspermy This conclusion 1s partly supported by the results
of Busa et al (1985) who have 1eported that mtiacellular calaum stores can be
nnportant m producing the permancent mechanical block In the hght of all these re-
sults we conclude that the significantly long-lasting fertilization potential observed
m the Cdé-t) group can be explamed as an effect ot a leakage conductance of other
wns which mav have developed dmmg the experiments

The msigmhicant effect of Nat conduc tance on the duration of the fertshization
potential (Table 1) supports om findings confiinung that Na™ does not diectly
contitbute to the tertilization potential

In summary C17 conductance 1s respousible fm the depolatization phase
whereas Kt conductance 15 1esponsible for the repolatization phase of the fei-
tilization potential m the egg of the hhog Rana camcrano:

Mecembrane potential of the fartihized cgg (MPy)

In all groups, the membiane potential of the tertihzed egg was signthicantly less
negative than the resting potential Similar results were reported tor Rana pipee ns
and Xcnopus lacos eggs aud the less negative MP; values have been explamed
as an effect of leakage currents which mav develop duiing measurements with an
mtracellular electiode (Webb and Nucitelll 1985a, Peres et al 1986)

The menbirane potential ot the tertihzed egg was =22 55+£0 86 wm\ 1w the con-
tiol group In solution with a K™ blocker this value was significantly less negatve
(=1535+ 05+ mV Table 1 Fig 3) leading to the couclusion that k' s one of
the 1ons 1espousible for the repolatization phasc ot the fertilization potential 1e
for membiane 1epolarization

In egg~ bathed m Na®-fice solution MP; was significantly more negative
(=27 81 £ 150 m\V) compared to the contiol group (Table 1 Fig 2} this re-
sult cau be explamed as an effecr of sodim efffux developimg m tlns condition
Although sodimm-free solution produced such a by perpolanizing effect the mean
MP; v alnes of the Nag . Nag, and Nagf groups did not show 1elative and significant
Liy perpolanizations when compared to each other (Table 1), morcover Na™-tiee so-
lutions did not mterfere with the development of the fertilization potential and
these solutions did not siguificantly affect the dmation of this potential (Table 1
Fig 14 B) These indings suggest that Nat conductance does not contibute to
the generation of the tertilization potential and the membiane potential tollow g
fertilization

Our 1esults also show that chilotide o1 calamm conductances do not signihcantls
affect the membrane potential of the fertilized egg (Table 1)

The peak potcntial upon the first cdlcavage (CP,)

I the contiol group the peak value of membiane hy perpolatization upon the fist
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cleavage was —45 12+ 2 23 mV Upon blocking of KT channels, CP, changed to a
significantly less negative value (—28 63+ 1 86 mV Table 2, Fig 5), whereas Na¥,
Cl™ and Ca?* conductances did not affect it sigmficantly (Table 2) It has been
suggested by Woodward (1968), and de Laat and Bluemink (1974) that membrane
hyperpolarzation obseived duting the first cleavage 1s due to the addition of a new
membiane with different electiical properties, and a high potassium permeability
The mncreased K* conductance upon cleavage will cause the membrane potential
to become much closer to Fp (which 1s approx —150 mV), leading to membrane
hyperpolanzation Therefore, blocking of K channels by TEA will cause this peak
potential to become significantly less negative, as observed in the present study

Cleavage cycle (C.)

In the contiol group, the cleavage cycle lasted for 26 424+ 173 mun Calcium-free
solutions and blocking of k¥ channels by TEA shortened the duration of this
cycle compaied to the contiol group (Tables 2,3, Figs 3,5) We suggest that the
siguificantly less negative peak potential measured in the TEA gioup upon the fiist
cleavage may lead to a shortening of the cleavage cycle and hence to the retuin of
the post-cleavage potential to a steady value in a much shoiter time This suggestion
1s supported by our finding of a significant and stiong correlation between the peak
potential upon cleavage and the cleavage cycle, when Ik channels aie blocked by
TEA (n =16,1 = —-0678 p < 001) In owm expeniments, phase 1 of the cleavage
cycle (the time fiom the onset of membiane hyperpolaiization to the peak value of
hyperpolaization) was most strongly affected wlhen L™ conductance was limited
by TEA As shown in Table 3 the duration of phase 1 was significantly shoiter in
the TEA gioup wheleas the shortening 1in phase 2 was not significant compared
to the contiol group

In eggs bathed 1 low exteinal Ca?t o1 1n Ca’t-fiee solutions we were unable
to detect 1easonable and significant differences in the mean peak hyperpolarization
values (1e 1elatively moie negative peak hypeipolaiization with the 1eduction
of extiacellular Ca?*) as compaied to the contiol gioup (Table 2), so, the effect
of Ca’* conductance on sigmficant shortening i phase 1 seen m these groups
(Table 3), could not be explained by our present knowledge

Membrane potential of the cleaved egg (MP,.)

Reducing of extiacellular Nat shifted the membrane potential of the cleaved egg
towards more negative values the differences i Nagl s and Nag gioups being sigmi-
1cant compaied to the contiol gioup (Table 2) 1 addition phase 2 of the cleavage
cycle was shoiter in all Na™ gioups as compaied to each of the other groups (Ta-
ble 3), these findings suggest that sodium 15 the basic 1on contributing to phase 2 of
cleavage (1 e to the phase which follows peak hypeipolaiization, and which plays
a 1ole m the 1etuin of the post cleavage membiane potentigl to a steady level)
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Kline et al (1983) have 1eported that Ca?™ and €17 conductances m addition
to that of Nat, may also be unolved m the generation of plase 2 howevar we
could demonstiate no sigmificant effect of C17 conductance on any parameter of
the dleavage ¢ydle (Tables 23 Fig 4), upon changing extiacellular calcium com-
position, we could not explamn the contibution of Ca’* conductance to phase 2 In
owr findings 1elated to cleavage

In all gioups the membiane potential of the deaved egg (the potential which
tollows the v perpolanizing deavage potential) was siguificantly more negatine as
comparcd to the membrane potential of the fertilized egg Stumlar results have been
reported for Rana piprens and Xcnopus lacors eggs (Webl and Nucaitell 19854) Wi
suggest that the addition of a new membiane with a Ingh potassium permeability
(Woodward 1968 de Laat and Bluenunk 1974) may causc the membiane potential
ot the cleaved egg to become more negative, this suggestion 15 supportcd by ow
finding that this potential was sigmificantls less negative when a k™ channel blochat
was added to the extiacellular medinm (Table 2)

The oveirall compatison of our results with those reported m the hiterature has
led us to conclude that the 1esponse to fertilization with a 1apid membiane depo-
larization 15 an actrve plenomenon evohed by the sperm entiy wto the Rana cam
erunor egg. whereas membiane hy perpolatization observed duriug the first cleasvage
appeals to be a passive process which develops slowly and lasts longer and which
15 produced by the addition of a new membiane with different electiical properties
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