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responses and progression of meiosis at fertilization of ascidian oocytes

Keiichiro Kyozuka 1#, Ryusaku Deguchi 2*, Tatsuma Mohri 2 and Shunichi Miyazaki 23

1Asamushi Marine Biological Station, Tohoku University, Asamushi, Aomori, 039-3501, Japan

2L aboratory of Intracellular Metabolism, Department of Molecular Physiology, National Institute for Physiological Sciences,
Myodaiji-cho, Okazaki, 444-8585, Japan

3Department of Physiology, Tokyo Women’s Medical University School of Medicine, Shinjuku-ku, Tokyo, 162-8666, Japan
*Present address: Department of Biology, Miyagi University of Education, Aoba-ku, Sendai, 980-0845, Japan

*Author for correspondence (e-mail: kkyozuka@mail.cc.tohoku.ac.jp)

Accepted 6 August; published on WWW 14 September 1998

SUMMARY

Sperm extract (SE) of the ascidianCiona savignyjinjected  an arbitrary cortical area after 30 seconds, probably after
into oocytes induced repetitive intracellular C&* increases SE had diffused to the cortex. The sensitivity to SE is
with kinetics consistent with those at fertilization and thought to be preferentially higher in the cortex. The
caused reinitiation and progression of meiosis as in effective component of SE was heat-unstable, and its
fertilized oocytes with the formation of polar bodies. The molecular weight was estimated as in the range between
Ca?* response comprised two sets of €& oscillations  10x10* and 3x10* using membrane filters. These results
separated by 5 minutes and correlated with the first and suggest that, in ascidian fertilization, a cytosolic sperm
second meiotic metaphase. The effects of SE were doseprotein factor is introduced to the oocyte cortex and
dependent and the critical dose corresponded roughly to a induces C&* waves and thereby meiotic resumption,
single spermatozoon. In the first C&"transient observed by  leading to cell-cycle-correlated C&* oscillations.

confocal microscopy, a C& wave started from the SE

injection site at the peripheral region of the oocyte and

propagated across the ooplasm. The similar wave was Key words: Fertilization, Ascidian oocyte, Sperm factor, Meiotic
produced by injection at the central region, starting from  division, Intracellular calcium, Calcium wave, Calcium oscillation

INTRODUCTION mammalian fertilization (Miyazaki et al., 1993). In sea urchin
eggs, injected sperm extract causes breakdown of cortical
A dramatic increase in intracellular €aconcentration granules (Dale et al., 1985) and, in the marine worm
([Ca2*;) is one of the early events in oocytes at fertilizationCerebratulus lacteysit causes fertilization-like responses
that is common to all species studied to date. The increaseiimcluding C&* oscillations (Stricker, 1997). Interestingly, in
[Ca2]; triggers egg activation and the reinitiation of meiosismammals, sperm extract is capable of inducing?*Ca
and also affects subsequent embryonic development (Whitakescillations in heterologous oocytes (Swann, 1992; Sousa et
and Swann, 1993; Swann and Ozil, 1994). In deuterostorrad., 1996; Wu et al., 1996). Furthermore, it has been shown that
oocytes, the [CH]; rise is caused by release of2Cfrom  activity can extend between phyla; human sperm extract
intracellular stores (Jaffe, 1983), and the 2Qalease produces repetitive Caspikes in ascidian oocytes (Wilding et
mechanism has been extensively analyzed in various specigls, 1997), and sea urchin sperm extract causes membrane
(Whitaker and Swann, 1993; Miyazaki et al., 1993). Howevercurrent changes similar to those observed at fertilization in
the mechanism by which the sperm trigger3‘@elease is still  ascidian oocytes (Dale, 1988). Thus, ascidian oocytes are
unclear. It has been proposed that soluble cytosolic sperresponsive to heterologous sperm factors. Although some
factors, which possess %€aelease-inducing activity in calcium changes have been shown to be induced by injection
oocytes, may be introduced into the ooplasm through thef ascidian sperm extract (Wilding et al., 1997), ascidian sperm
cytoplasmic continuity formed after sperm-egg fusionfactor-induced C# oscillations have not been analyzed
(Whitaker and Swann, 1993; Swann, 1996). This is supportguorecisely. Therefore, we have investigated the function of
by the fact that intracytoplasmic injection of sperm extract intesperm extract in egg activation in an ascidi@iona savignyi
various mammalian oocytes induces?Cascillations (Stice Ciona oocytes obtained from the oviducts of matured
and Robl, 1990; Swann, 1990, 1996; Dale et al., 1996; Wu @nimals are arrested at metaphase | (MI) of meiotic division.
al., 1997), which are the common Zaesponse pattern in After fertilization, the oocytes reinitiate meiosis, protrude the
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first and second polar bodies, and complete meiosis (Conkliaxtraction buffer) and SE (1:19, FITC-SE) under an inverted
1905). Fertilized oocytes exhibit a transient increase iAffCa microscope (IMT-2, Olympus, Tokyo, Japan) equipped with a
followed by ca+ spikes (Speksnijder et al., 1989, 1990). Thephotomultiplier. The extrusion of polar bodies was examined 45-60

overall C&* response comprises two sets ofQzscillations, minutes later. Oocytes freed from the chorion with fine needles were

which correspond to the first and second meiotic divisionused for this experiment since several dechorionated oocytes could be

. ‘2 injected with SE using a single micropipette in a short period, without
respe_ctlvely (Russo et .a.l" .1996)' This 'Caequns_e .Of lugging the pipette. Dechorionated oocytes were used to observe the
ascidian .Oo,cytes at fertilization a”‘.’ during MEIOSIS 1S SQmper of polar bodies formed on the egg surface, since test cells and
characteristic that the Sperm-extract-lnducec?n_”.i‘,_alses can follicle cells that adhere to the chorion would hinder the observation
be correlated with the Caresponse after fertilization and of polar bodies. The fluorescence intensity€) of individual
distinguished from an artifactual [€% rise due to injection oocytes was measured by a photomultiplier using 488 nm excitation
procedure as occurs in sea urchin eggs (Hafner et al., 1988ter and 530 nm emission filter. The relationship between F and the
Shen, 1995). Furthermore, the effect of sperm extract on eggjected volume of FITC-SE was first obtained by injection of certain
activation and meiosis can be precisely examined, as the figmnount (8 or 14 pl) of FITC-SE in some oocytes. Other oocytes were
short as 30 minutes @ionaoocytes. In the present study, we TFiTc: All of these procedures as well as t@a measurement
examined the effect of injected sperm extract on thédescribed below)were performed af@8
resumption and progression of meiosis as well as on temporgkasurement of [Ca 2*]; using photomultiplier
and spatial C# dynamics, by simultaneous observation of o (c2+); measurement during fertilization or after injection of SE,
morphological changes and [€h rises using video image oocytes were preinjected with the fluorescent*Gadicator dye
acquisition with infrared light and €aimaging with confocal  Calcium Green Dextran (CGIM, 1x10% Molecular Probes Inc.,
laser scanning microscopy. Changes in?[GGawere also Eugene, OR; 2 mM CGD in extraction buffer). The amount injected
monitored with a photomultiplier. was about 2% of the egg volume. The intracellular CGD
concentration was calculated to be about |#0. The [C&%;
measuring system has been described previously (Kyozuka et al.,
1997). Briefly, 488 nm and 530 nm band-pass filters for passing the
excitation and emission light, respectively, were combined with a
) computer-controlled photomultiplier system (OSP-3, Olympus). F
Materials was continuously measured and normalized against the initial value
Ciona savignyiwere collected near Asamushi Marine Biological of F (Fo) by the equation (F —f/Fo (Cornell-Bell et al., 1990). As
Station during May through July 1997. The thick oviduct wasit was necessary to start [&h measurement in the oocyte during
dissected from a full-grown animal with small scissors and the oocytesjection of SE, bright-field observation with red light was performed
were transferred to a Petri dish filled with sea water using a finasing 630 nm long-pass filter during B measurement though an
pipette. Oocytes with the intact chorion were used for fertilization oeyepiece.
injection of sperm extract after removing the surrounding follicle cells ]
by gentle pipetting. Spermatozoa for fertilization were obtainedconfocal microscopy
directly from the ductus and kept as dry sperm, which were dilute@he spatiotemporal distribution of [€% rises was observed by

MATERIALS AND METHODS

in sea water immediately before insemination. confocal laser scanning microscopy (CLSM; RCM 8000, Nikon,
) Tokyo) attached to an inverted microscope (TMD-300, Nikon).
Preparation of sperm extract Ratio images with two dyes were obtained by injecting 0.4 mM

All procedures were performed at@ Spermatozoa released from CGD and 4 mM Texas Red Dextran (TRD2Gisensitive dyeM;

the ductus of 100 animals were suspended in 100 #fHGze sea  1x10% Molecular Probes) into an oocyte. For excitation of the dyes,
water (CaFSW) and resuspended in CaFSW containing 1 mM EGTHght from a 488 nm argon laser was led to the oocyte throud®a
after centrifugation (4,009, 5 minutes). After washing in CaFSW objective lens (Fluor 20; NA 0.75; Nikon), after being reflected by
plus EGTA twice by centrifugation, spermatozoa were suspended the first dichroic mirror. Emission fluorescence (green and red)
10 ml of CaFSW. The sperm concentration of this suspension wgmssed through the objective lens and the same dichroic mirror.
4.5x10" sperm/ml, counted with a hemocytometer usingill€perm  Interference between excitation and emission lights was avoided, as
suspension mixed with 9@ CaFSW containing 1% formalin. the dichroic mirror had two band-pass ranges only for emission
Sperm suspension was divided equally into 10 small tubes ar@ht: between 510 and 535 nm and between 570 and 680 nm. The
centrifuged. Spermatozoa were resuspended in 0.2 M phosphamitted light was then separated by the second dichroic mirror at
buffer (pH 7.4) and centrifuged again. After removing the565 nm after passing through the pinhole. Each signal passed
supernatant, packed spermatozoa (aboutd@dthe volume) were  through a band-pass filter (520+£15 nm) for green channel and a long-
obtained in each tube and they were kept frozef®&iC until use.  pass filter (>610 nm) for red channel, and was detected by separate
To obtain sperm extract, frozen spermatozoa in each tube wephotomultiplier tubes. The focal plane of CLSM was adjusted at
added with ‘extraction buffer’ containing 140 mM KCI, 1 mM center the oocyte.

MgClz, and 5 mM Hepes (pH 7.0) to obtain the final volume of 350 ) ) )

pl, and then homogenized in the same tube using d4recording and image processing

microhomogenizer. After centrifugation of the homogenate (20,000wo-channel fluorescence images were acquired every 1.5 to 3
g, 10 minutes), supernatant was collected as soluble sperm extragiconds until the completion of egg contraction (about 2 minutes after
(SE). The protein concentration in SE was about 10 mg/ml. SE wdsrtilization), and subsequently every 5 to 10 seconds to avoid cell

divided into tubes and kept frozen until use. damages caused by continuous irradiation with the laser during
) meiosis. Each image was constructed by accumulating 32 frames to
Bioassay of sperm extract improve signal-to-noise ratio. Images were led to an image processor

The relation between the dose of SE and the induction of meiotifMAX VIDEO) and stored on an optical memory disc recorder
resumption was examined by co-injection of a mixture of fluorescenfModel TQ-3800F, Panasonic Co., Tokyo). Processing was performed
isothiocyanate dextran (Sigma, St Louis, M@;7x10% 10 mg/mlin  with built-in image analyzing software for confocal laser unit
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controlling system (Nikon). Fluorescence ratio CGD/TRD wasCa* oscillations. Thus, the injected SE caused the reinitiation
calculated in a pixel-to-pixel manner. and progression of meiotic division as well as the induction of
Ca* oscillations. Neither cleavage nor further development

vid te Bright-field i imult | ired Usi roceeded after the completion of meiosis following injection
laeo-rate brignt-rield Images were simultaneously acquirea usin qH H
transmitted infrared (IR) light at video-rate. IR images did not f SE, although they proceeded normally after fertilization. The

interfere with fluorescence images of CLSM, since a dichroic bearmeasurement of [di using photomultiplier with 488 nm

splitter at 650 nm was inserted between the objective lens and the fifé{Citation wave did not block embryonic development.
dichroic mirror described above. Images were led to an IR camera 1 Ne characteristics of €soscillations induced by injection

(VC 820L, Tokyo Electronic Industry Co., Tokyo) through a band-Of SE were precisely compared with those after insemination
pass filter (735-770 nm) and were recorded on an SVHS video cassefféible 1). There was no significant difference in the number of
recorder (HR-VX11, Victor, Yokohama, Japan). Other details havé&Ca?* spikes in the first and second set of Guscillations. The
been described previously (Mohri et al., 1998). duration of the first set of aoscillations including the first
Characterization of sperm extract Cazf transient, the interval between the two sets of*Ca

i . . oscillations, and the duration of the second set of*Ca
To examine the heat stability, fil0of SE in a 1.5 ml tube was treated o i|lations were quite similar between sperm- and SE-induced

in boiling water for 10 minutes and then the ‘boiled SE’ was~ o+ S . .
injected. To determine the approximate molecular size of th(g:a2 responses. Thus, injection ofiona SE precisely

presumptive active factor, membrane filterVbf3x10* and X106 mimicked f_ert|I.|zat|on by the sperm in terms pf t.he induction

(Artkiss, Artchem Co., Tokyo) were used. Samples were centrifuge@F C&* oscillations and the completion of meiosis. .

at 4,000g for 5 minutes. Both passed and non-passed fractions were The dose effect of SE on egg activation was examined by

collected and examined for ability to induce ?@arises in  injecting different volumes of FITC-labeled SE and identifying

unfertilized oocytes. the formation of polar bodies (Fig. 2) in dechorionated oocytes.
Injected volumes were estimated by the fluorescence intensity
of FITC (Fritc) measured after homogeneous distribution of

Bright-field images with infrared light (IR images)

RESULTS FITC throughout the oocyte was attainegr€ for injection
- S _ of 14 pl SE was about 400 (arbitrary unit). Injection of SE less

Ca?* oscillations and meiotic division following than 14 pl failed to induce the formation of polar bodies or

fertilization or injection of sperm extract caused the protrusion of only the first polar body. With volumes

Fig. 1A shows the typical Garesponse in th€iona savignyi more than 14 pl, two polar bodies were formed in most oocytes
oocyte at fertilization and after reinitiation of meiosis. The
response comprises two sets of2Cascillations correlated
with the first and second meiotic division, respectively, similai A Fertilization
to the response in th&ona intestinalisoocyte (Speksnijder et 3 -
al., 1989, 1990; Russo et al., 1996; Albrieux et al., 1997). Th
Ca* response showed a relatively large?Qaansient with a
rapid rising phase, a slower declining phase and the tot
duration of 3-4 minutes. Egg contraction associated witl
ooplasmic segregation, which is one of the earlies
morphological indicators of egg activation @ona (Sawada
and Osanai, 1981), was recognized about 2 minutes after t
onset of the [C&]; rise, during the declining phase of the first
C&* transient. The first Catransient was then immediately ’ | | | | | |
followed by several G4 spikes of the much shorter duration 0 20 3 4 50
(Fig. 1A). There was a gap of about 6 minutes after the firs Minutes
set of Ca&" oscillations before the second set of2Ca
oscillations which then continued for an additional 15 minutes
The first and second polar bodies were formed at the end
the first and second set of €ascillations, respectively.

A Ca&* response that was quite similar to that following
fertilization was induced by injection of 14 pico-liter (pl) of
Ciona sperm extract (SE) into the oocyte (Fig. 1B), a dos¢

27

Relative Intensity [(F-F)/F]

(o8]

Injection of Sperm Extract
3 —

Relative Intensity[(F-F)/F]

roughly comparable to the extract from 1.8 spermatozoa (s¢ 17 sE

Discussion). The first large €dransient was generated soon \

after injection of SE and lasted for ~4 minutes, associated wit 0

egg contraction in the declining phase. The first*@ansient ‘ ‘ ‘ ‘ ‘ ‘
was immediately followed by several €aspikes, before 0 10 20 30 40 50

[Ca2"]i returned to the basal level. The protrusion of the firs
polar body was observed at the end of the first set &f Ca
oscillations, about 10 minutes after injection of SE. After &g 1. Changes in [C4]; following fertilization of theCiona savignyi
resting period of 6 minutes, the second set 8f Gscillations  oocyte (A) or injection of SE into an oocyte (B). Arrows indicate the
consisting of C#& spikes was generated for another 10 minutesime when sperm suspension was added or SE was injected. The onset
The second polar body was formed at the end of the secontithe first C&*transient was taken as the zero time.

Minutes
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Table 1. Characteristics of C&* oscillations induced by fertilization and injection of sperm extract

Number of C&* spikes Duration (minutes)
1st set* 2nd set* 1st set* Intermission* 2nd set*
Fertilization (=8) 4.5+1.3t 14.5+£4.2 8.1+1.0 6.4+2.3 14.8+2.4
Injection of sperm extrach€8) 3.8+1.2 15.0+4.1 7.4£1.2 5.7£2.0 13.8+1.3

*1st set and 2nd set of &zoscillations
tmean £ s.d.

(Fig. 2). Where no polar bodies were observed, they mighjenyine [C&'; rise began at the injection site 7.5 seconds
have detached from the oocyte before observation, or formegier the completion of injection and led to 20&ave. The

on the opposite surface of the oocyte. Fig. 2 demonstrates thahye propagated not only in the cortex but also in the central
the reinitiation and progression of meiotic division are mduceqiegion of the cytoplasm, and arrived at the opposite pole in 15
dose-dependently by the injected SE, and that 14 pl SE wagconds.

the critical dose for egg activation in the present experimental ywhen the same amount of SE was injected into the central

condition. region of the oocyte, no [€Y; rise was observed for a while
o o s except the small artifactual [€3; rise at the injection site (see
Ca™ waves at fertilization and upon injection of SE the image marked by12.0 seconds in Fig. 3C). In Fig. 3C, a

Spatiotemporal dynamics of the [Ch rise in the first C&  clear [Ca*]; rise began at the 2 o'clock position of the egg’s
transient were investigated by £amaging every 1.5 10 3 ¢ortex at 22.5 seconds after the completion of injection. The
seconds using confocal microscopy. At fertilization, #*Ca Ca2*]; rise led to a Ci wave that propagated toward the
wave started from the sperm binding site and propagated fgnosite pole in about 20 seconds. Thus, th& ®ave was

the antipode across the deep cytoplasm in ~20 seconds (Fifenerated from a cortical area instead of the injection site in
3A). A S|m|lar.C£+ wave was induced by injection of 14 pl {he deep cytoplasm, and was preceded by a long lag time. The
SE at the peripheral region of the oocyte (Fig. 3B). SE wagjgger region of the Gdwave was often near the micropipette
injected at the 9 o'clock position of the peripheral regionyenetration site as in Fig. 3C, at which }¥Gawas slightly
opposite the micropipette penetration site, to avoid any effegjevated probably due to leakage oPCaiowever, the trigger

of a slight elevation of [C]; at the penetration site (probably region was sometimes a site of the cortex other than the pipette
due to Ca*leakage from outside the oocyte) on the initiationpenetration site (at the 3 o'clock position of the egg's cortex)
of a C&* wave. The time when injection of SE was finishedj, g of 14 oocytes.

was defined as the zero time. A small {arise occurred  The characteristics of €awaves induced by injection of SE
during injection at the injection site near the tip of theyere precisely compared in terms of the injection sites and
micropipette (see the image marked-#.5 seconds in Fig. wjth those after insemination (Table 2). The lag time was
3B) and ceased after several seconds. This localized transiggfined as the time difference between the completion of SE
[Ca?*]i rise was considered to be an artefact, since a similggjection and the start of the Zavave. The mean value was
[Ca?"]i rise was produced even by injection of buffer withoutg g seconds for injection at the peripheral region, as opposed
SE (not shown). A small amount of €anight be introduced o 33.8 seconds for injection in the central region. The
to the cytoplasm from the tip of the micropipette into Wh'Chpropagation time of the SE-induced2Cwave to traverse the

sea water had diffused before insertion, or localized" Ca gocyte was about 12 seconds in average, irrespective of the
release might occur from the ER subjected to mechanical

stimulation by the stream of injected solution. In Fig. 3B, the _
Relation between Dose of Sperm Extract

and Polar Body Formation

Table 2. Characteristics of C&* waves induced by 2 PO—CD-0—CD-0-0—
fertilization and injection of sperm extract (SE) |
"
- - - |
Lag timé Propagation timé 5 |<— 140l SE
(seconds) (seconds) § \ (1.8 sperm)
ks |
Fertilization f=5) - 14.0+3.2 21 O>—00—
Injection of SE s \
At peripheral regionr5) 6.6+3.9%t 12.043.2 & }
At central regionr=5) 33.8+17.8t 11.7+3.6 E |
z \
*mean + s.d. \
tDifference significanP<0.02 by Student'stest. ol—ooo-o—ao—oad—oooo—t— !
1The time required from the completion of SE injection to 10% increase of 0 100 200 300 400 500 600 700
fluorescence (the difference between the basal level and the maximal level Fluorescence Intensity
was taken as 100%). Average fluorescence intensity in the optical section of (dye + sperm extract)

the oocytes (observed by confocal microscopy) was measured in a concentr..
circle of about 2/3 of the oocyte diameter, in order to eliminate the change ofFig. 2. The relationship between the amount of injected SE and the
the peripheral area due to egg contraction. number of polar bodies formed in the oocyte. The amount of SE was

“The time between 10% and 90% increase of fluorescence intensity whichestimated from the fluorescence intensity of FITC dextran which was
was measured as described above. co-injected together.
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injection site (Table 2). The propagation time tended to bexduced by continuous application of Inskhrough a
slightly shorter than that of the €awvave at fertilization, but micropipette (Albrieux et al., 1997). These results suggest that

not significantly different. the function of the sperm factor is not simply to trigger the first
o _ Ca* transient which is followed by the first set of 2€a
Characterization of ~Ciona sperm extract oscillations but to act continuously to induce the second set of

Injection of 22 pl of boiled SE caused neither increase itCa*oscillations and that the primary action of the sperm factor
[Ca2*]i nor reinitiation of meiosis, as shown in Fig. 4is to induce [C&]; rises, which cause the reinitiation of
(examined inn=5 oocytes). The responsiveness of theseneiotic division.
oocytes to SE was confirmed by injection of heat-untreated SE Interestingly, sperm-induced &aspikes are cell-cycle
20 minutes later (Fig. 4, right half). No €aesponse was dependent. Long-lasting €zoscillations in fertilized mouse
produced even by injection of 65 pl of boiled $SEJ). Thus, oocytes cease at about the time of pronucleus formation,
the activeCionasperm factor is heat-unstable. whereas C# oscillations continue for longer than 18 hours
To examine the approximate molecular weight of the activevhen fertilized oocytes are arrested at the metaphase Il by
factor of Ciona SE, the sample was filtered using membranepplication of colcemid (Jones et al., 1995). In the pronuclear
filters of My 3x10*and 1&10% The filtered solutio
throughM;, 3x10*filter had no activity (Fig. 5A, lef
n=6), whereas the non-filtered solution possesse
complete C#t oscillation-inducing activity (Fig. 5/
right half) as well as the ability to reinitiate ¢
complete meiosis nE4). The filtered solutio
throughM;, 10x10*filter had complete activitynE7).
It is likely that the molecular size of the active fa
is between 810*and 1&10%

DISCUSSION

Effects of injected Ciona sperm extract

It is known that fertilizedCionaoocytes exhibit wel
regulated [C&Ti changes, comprising two sets
Ca* oscillations that are correlated to meiosis |
I, respectively (McDougal and Sardet, 1995; Ri
et al.,, 1996). The present study demonstratec
CionaSE injected into an unfertilized oocyte indu
in a dose-dependent manner the reinitiation
progression of meiosis as well as two sets of
oscillations that have kinetics almost identical \
those at fertilization. Thus, the &aoscillation-
inducing factor exists in theCiona sperm an
injection of SE faithfully mimics fertilization.
The critical dose of SE for the induction
complete meiosis was 14 pl. As 350 SE wa:s
obtained from 4.810° spermatozoa, 14 pl ¢
corresponds to extract from 1.8 spermatozoa.
estimated value will be closer to 1 spermatozoc
some fraction of activity of the effective sperm fa
was lost during preparation of SE. It was, there
reasonable to consider that the sperm f:
contained in a single spermatozoon is capab
inducing the fertilization responses. Injection
smaller amounts of SE failed to cause egg activ
and no polar body or only the first polar body
induced. It has been shown that a single injectic ~ Fig. 3. The C&*wave in the first C# transient induced by fertilization (A),
inositol 1,4,5-triphosphate (InsP into ascidial injection of 14 pl SE at the peripheral region of the oocyte (B), or injection at

cocytes or_photolysis of injected caged ts ;eS8 GE njection & ahown lop Ief i
produces a series of &a oscillations, eg g Y ) P

; - . > each figure. The injection pipette is seen in B,C. The distribution of t#&]{Ca
contraction and flrs_t polar body formation (Tosti rise is presented by ratio imaging (fluorescence of CGD divided by that of
Dale, 1994; Roegiers et al., 1995; McDougal TRD). The number presented in each image is the time (in seconds) of
Sardet, 1995; Wilding et al., 1997). The secont  acquisition after the initiation of the [2%; rise (A) or after the end of SE
of C&* oscillations and second polar body forma injection (B,C). The color bar indicates ranges of fluorescence ratio. The blue
are not detected (Wilding et al., 1997), but they  bar (top left) is 10um.
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Fig. 4.Changes in [C&]; following injection of boiled SE and Minutes

subsequent injection of non-treated SE in the same oocyte.

us]

stage mouse embryo after cessation of*Quscillations,
injection of InsR hardly induces C# oscillations (Jones et
al., 1995). The correlation between the occurrence 8f Ca
oscillations and the stage of cell division is demonstrate 1 100,000
more clearly inCiona oocytes in which meiosis progresses

in a short period. C4 oscillations can be easily generated at \l

the metaphase, but are prevented after exit from th

metaphase. The ability of oocytes to releasé*@am the : ‘ ‘ ‘ ‘ ‘ !
endoplasmic reticulum may be reduced after the metapha 0 10 20 30 40 50
and the sperm factor may be unable to overcome thi Minutes

perturbation.

1 se

Relative Intensity [(F-F,)/F]

Fig. 5.Changes in [C&]; following injection of SE solution filtered
throughM;, 3x10* filter (<30,000 in A), non-filtered solution

Preferential action _Of_ _SE on the Corte).( o ) (>30,000 in A), and solution filtered throuty 10x10* filter
A Ca*wave was initiated from the injection site, when 14(<100,000 in B).

pl SE was injected at the peripheral region of the oocyte. In

contrast, when SE was injected at the central region,2a Ca

wave was initiated from an arbitrary cortical area, associateooth InsB-sensitive and ryanodine-sensitive?Csatores after
with a delay of 25-35 seconds after injection without anya delay of at least 100 seconds. They suggested the
preceding [C&'; rise except the artifactual transient f&a  involvement of a cytosolic egg factor that is activated by the
rise upon injection. Once a €avave was initiated, the wave sperm factor and leads to €aelease, since SE pretreated
per se appeared to be identical as observed in the propagatigith the sea urchin egg cytosol remarkably reduces the lag
velocity. It is likely that SE injected in the central regiontime (Galione et al., 1997). This presumptive process may take
diffused to the peripheral region and then caused th&JiCa place more readily in the cortical area than the deeper
rise at the cortical region. These results indicate that theytoplasm.

sensitivity to the sperm factor is preferentially higher in the

cortical area than in the interior, although the exact site ofparacterization of the sperm factor

action of the sperm factor is still unknown. Igseceptors The present study suggests that the presum@iiveasperm
alre {gg?,l)n the cortical area, ash showrv(mhnopulT(Fl\bljmhel €l factor is heat-unstable and Hds between 810* and x1(0°
al., or mouse oocyte at the metaphase ehlmann & ! ; . :
. . o e factor is probably a protein, as suggested in the hamster
er.l’taglc?ngigt) ' Olfn %ggare?:%?geri B?Opcign’ @g S%?lgzet'gg/ € (Swann, 1996) and marine worm sperm (Stricker, 1996). The
i active component of the hamster sperm has been identified as

fertilization (Russo et al., 1996; Albrieux et al., 1997). If . . . ;
- ' ! : o~ a 33 kDa protein designated as oscillin (Parrington et al.,
InsPs receptors distribute abundantly in the cortexCidna 996). Further studies are expected for purification and

oocytes, this Cofld be one of the causes qf_pre_ferenn% aracterization of th€iona sperm factor. As injection of
initiation of a C&*wave at the cortex following injection of human SE into ascidian oocytes induce€*Qecillations
SE. This higher sensitivity to the sperm factor in the Corte)fWiIding et al., 1997), comparison of sperm factors among

\évogrlg]_reesultclntoaIggn\i/(\éavgogﬁgﬁirtateitasfe?ﬂIritzezltJiI;nof amgspecies is one of the central subjects for the study on the
P 99 cytop Y mechanism of fertilization. Furthermore, the fertilized

supports the sperm factor hypothesis. -
There was a lag time of ~7 seconds between injection ar C'qéan. oo?y:]e C(I)UI.d bﬁ. at‘) usefulzcmod_ﬁzl _systemd for
the first [C&*; rise, even when SE was injected at thee ucidation of the relationship between<Cascillations an

peripheral region. Beside a slight delay due to diffusion of SE(fe” cycle.
there may be an inherent delay in the action of the sperm faCtorThe authors thank Dr S. Oda for advice on the preparation of sperm

leading to Ca&' release. _Galione et al. (1997) havegexiract and useful discussions, and Mrs Y. Nakajima for technical
demonstrated that the application of hamster sperm extract #@sistance. This study was supported in part by a Grant-in-Aid for
homogenates of sea urchin oocytes induce @tease from  Science, and Culture of Japan (06044023 to K. K.).
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