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Intracellular Ca’" during fertilization and artificial activation

in mouse oocytes'
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AIM: To study the mechanism of cocyte activation
in  mammals. METHODS: Mouse oocytes
arrested at metaphase of the second meiotic
division were loaded with Fura 2-AM and then
activated with ethanol, calcimycin, electric pulse
or fertilization. Intracellular free Ca’" during
activation were measured by Spex AR-CM-MIC
cation system. Cortical granule exocylosis after
activation was detected under electron micro-
scopy. RESULTS: Sperm penetration initiated a
long lasting Ca?* oscillation in Ca’™ containing IVF
medium in mouse ova. The Ca’’ oscillation
lasted for over 3 — 4 h until the ova developed to
pronuclear stage. The Ca’™ oscillated faster as
extracellular Ca’* concentration was increased
from normal 1.7 mmol*L™ " to 5.0 mmol* L™ " and
ceased to oscillate when extracellular Ca’* was
removed. The ova resumed Ca’"* oscillation after
transferred back to IVF (Ca’* 1.7 mmol-L7").
The ova which exhibited Ca’* oscillation all
extruded second polar body and fermed pronuclei.
Suppression the Ca’* oscillation by intracellular
injection of egtazic acid (2 — 10 pL, 200 pmel
-L™") blocked the activation of cocytes. Heparin
(100 pmol * L™') injection failed to prevent the
Ca’* oscillation. In artificial activation, ethanol,
calcimycin, and a single electric pulse usually
induced a monotonic Ca®* rise and resulted in the
activation only in older oocytes ( >> 18 h after CG
injection)  Activation of freshly ovulated oocytes
required multiple intracellular Ca?* increases
induced by repetitive electric pulses. Artificial
activation elicited the similar cortical granule
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eiocytosis in oocytes as occuring at fertilization.
Suppression of the intracellular Ca** elevation by
introduction of egtazic acid into the cocytes
blocked the activation process. CONCLUSIONS:
The increase of intracellular free Ca’* is the
primary signal responsible for the initiation of
oocyte activation but there are distinct differences
between fertilization and artificial activation both in
ca’* change patterns and Ca®* sources. Young
oocytes reguire oscillatory Ca’*  signals  for
activation.

Mammalian unfertilized ova can be artilicially
activated by a wvariety of chemical and physical
stimuli such as ethanol, calcimycin, and electric
stimulation. Mammalian oocyte exhibits a regular

Ca®" oscillation in intracellular Ca** ([ Ca*" ],)

[,z

during fertilization It was assumed that this

Ca** oscillation played an important role in inducing

11=4" If artificial stimulation

the activation process
can induce exactly the same intracelluar changes as
occuring ar fertilization is an open question. In this
report we investigated the [ Ca** ], change patterns
and Ca?* sources in fertilized and artificially
activated mice cocytes and studied the role of Ca®*

in oocyte activation.
MATERIALS AND METHODS

Preparation of oocytes  Oocytes were collected and
manipulated in Ma'*!, and were recovered by flushing che
oviducts from mated and unmated Kunming albine mice,
superovulated by injection of equine gonadotrophin [EG)Y 10
11 followed 48 h later by imjection of chorionic gonadotrephin
(CGY 10 IV, Ffr woo fertilized ova were retrieved from
mated nuce with visible vaginal plug 13 — 14 h after UG
injection as fertilization usually occurs 13 h after the injection
of CG or mating'”'.  Qocywes used for artifictal activation
were recavered 13 h and 1B h after CG inmjection.  The
cumulus cells surroundimg the ococytes were removed by
culturing in M; containing ¢.1 % hyaluronidase for 3 - 5
min. Following each treatment the oocytes were extensively
washed with M;.
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Media and reapents
activated oocytes were cultured 1m an improved medivm by
Chatot, Ziomek, and Bavister { CZB}-*'. The mntracellular
free Ca®' in fertilized ova was measured m in o
fertilization medium {IVFY"!',  Electrie pulsing medium was

composed of mannitel 0.3 mot - L7 & Ca®” 80 umol
_LAIIG]l

Fertihzed ova and amificially

All media were prepared with AR and ultra-pure
water { > 18.0 MQ).
the medium prior o use. Fura-2 aceroxymethyl ester
(Fura 2-AM, Sigma) was used as Ca®” fluorescent probe,
which was disolved in anhydrous Me, S0 (2 mmol- L ™! stock
Heparin (Sigma, M, = 3500) was uced as the
inhihitar of IP; activated intracellular calcium store.

Artificial actéivation metheds and apparatus  Oocytes
were stimulaved by exposing to 7 % - 8 % ethand™® or
ealcimycin 0.95 pmal* L™ '™ for 5 — 6 min.  After several
rinses in M, the oocytes were culwured in CZB ac 5 % CO,
+95 % air at 37 T for 3 — 4 d to assess their developmental

Bovine serum alburnn was added 1o

solution) .

For electric activation, ococytes were transferred
)

capacitics.
1o a pulsing chamber contaming the pulsing medium'™ and
stimulated by DC pulse {at field strength of 170 kV/m and
duration of 80 — 100 ps). The pulsing chamber was arranged
in parallel by platinum electrodes glued ro a thin glass coverlip
{03.2 mm depth). The gap between the 2 electrodes was
0.75 mm. The diameter of platinum wire was (. 3 mm.
This modified chamber made oocytes pulsed and their [Ca®™ ],
changes monitored simultaneously uwnder the same set of
conditions. Oocyte acrivation was evaluated according ro the
formation of normal pronucleus 4 — 6 h afrer stimulation .

Measarement of iniracelllar Ca®’  The collected in
vivo fertilized ova and unfertilized ova waiting for artificial
sctivation were preloaded with Fura 2-AM S pmol-L 7" in M,
medivm + 10 % fetal calf setum at 37 T for 30 min. Afrer
loading the oocytes were extensively washed with M;. The
fluorescence incensities of fertilized ova were monitored for
>1 h., The Fura 2-AM loaded unfertilized ococytes were
artificially accivated and [Ca®’ ], was measured by an inverted
Mikon diaphot epifluarescence microscope equipped with =
Spex (1JSA) made AR-CM-MIC cation munitonng system.
The fluarescence of single oocyte was recorded every 2 s.

Microinjection of drugs intoe oocytes  To suppress the
intracellular increase of [Ca®” ], egtazic acid 200 pmol-1,71
was injected to the cytoplasm of the oocvtes. IP; activated
intracellufar caleium store was inhihited by injection of heparin
100 pmol-L 7! into the ooeyres.  The injection volume was 2
- 10 pl.

To assess the cortical granule exocytosis {ollowing
artificial activation and fertilization, the oocytes were fixed in
3 % glutaraldehyde!® after fertilization or artifimal stimulation.

RESULTS

Intracellular Ca®’* in fertilized ova  We

detected 20 in wivo fertilized ova and 16 of them
exhibited Ca®* oscillations ( from basal level of
40—~ 90 nmol- L 7! to the peak level of 500 - 800
nmol* L™ ') in IVF medium containing Ca®* 1.7
mmol- L™ H{Fig 1).
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Fig 1. Effect of exiracellular Ca®" on fertilization-induced
Cn*" oscillation.

The Ca®* csrillation continued until pronuclens
The increase of [Ca®" ],

was not observed in other 4 ova during the

was formed in the ova.

experiment. After the measurement of Ca”*, the

oocytes were evaluated for sperm penetration and

pronuclear formation under phase contrast
microscope.  The 4 ova showing no [ Ca' 1,
changes contained visible pronuclei. The [Ca®” ],

oscillated {faster when the fertilized ova were
transferred to the IVF containing Ca?* 5.0 mmol
-L." ! and vanished after transferred to IVF without
Ca’* and later resumed Ca®*
extracellolar Ca®* was restored to control level (Fig
1). Introduction of heparin (100 pmol - LY w
cytoplasm of cocytes failed to prevent the Ca®’

oscillation after

oscillation.

After the long lasting Ca®® oscillation the
fertilized owva extruded the second polar hody,
formed the
blastocyst in wifro while injection of egtazic acid
(200 pmol-L™!) into the cocytes blocked the above
mentioned process.

Intracellular Ca** during artificial activation
When oocytes were submerged in M; containing
7% -8 % ethanol [ Ca’* ], rised to the peak and
remained at that level {Fig 2) and declined to basal
leve] after the oocytes were transferted to M,

pronuclei and then cleavaged to

without ethanol.
Calcimycin induced a large monotonic Ca®’

increase in M, { Fig 2). In Ca®" -free or Ca®"-
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Fig 2. ©Oocytes in ethanol and after exposore to
calcimycin.

chelated M;, ethanol and caleimycin still induced a
small [Ca?* ], vlevation. While injection of heparin
to the oocytes suppressed the [Ca®* ], increase.

An electric pulse induced an abrupt {Ca®*
increase and the amplitude of [Ca®" ], transient was
determined by both the electric parameters and the
extracellular Ca?"  level.
higher the electric stimulation was, the higher the
[Ca®* ], was induced. A single pulse failed to

induce repetitive Ca®' rises unless an additional

The intenser and the

stimulation was applied. There was an exact one-
to-one correspondence between an electric pulse and
a [Ca®* ], transient (Fig 3}.
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Fig 3. Moultiple electric stimulations indoced repetitive

[Ca®* ], transients in mouse docyte. The arrows indicate
electric discharge.

In pulsing medium devoid of Ca?’, electric
stimulation did not induce any [Ca®" ], elevation
even 1f stronger field strength and longer pulse
duration were imposed.

A single increase of [Ca’” ] was enough to
induce activation in older oocytes (> I8 h after CG)
but was futile in activating the young oocytes (<13

h after CG). The young oocvtes were activated
only by multiple [Ca®" ], rises induced hy repetitive
pulses.

Electron microscopy study showed that

articially activated oocytes exhibited a similar

cortical granule exocytosis as occurring  at
fertilization.  The parthenogenetically activated
oocytes resumed second meiotic division and

developed to the morphologically normal blastocysts

in vitro just hke fertilized ova.
DISCUSSION

In mammalian animals, fertilized ova showed a
regular Ca®' oscillation.  Artificially increasing
intracellular Ca®” concentration im M 1 oocytes
induced the activation process such as cortical

Pb 11

formation, cleavage and embryonic development.

granule exocytosis, extrusion, pronuclear
Suppression the elevation of [Ca®" ]; blocked the
activation of oocyte. This demonstrates that the
increase of intracellular free Ca®?’ is the primary
signal rtesponsible for the imitiation of oocyte
activation.

High level of extracellular Ca®* accelerated the
fertilization-induced Ca®* oscillation while removal
of the extracellular Ca®" hampered the Ca®”
oscillation. It suggests that extracellular Ca®*
plays an important role in maintaining Ca®"
The detailed pathway of Ca®" influx is
Some

activated intracellular calcium release { IICR) was

oscillation.
unknown. authors proposed that IP
the main mechanism in fertilization-induced Ca’*
oscillation'? . In our experiment heparin failed to
suppress the Ca®" oscillation, implying that Ca®"
oscillation is not solely dependent on IICR in mouse
ova. It is difficult to find a strong inhibitor to
completely block the influx of extracellular Ca®*, so
the role of IICR remains to be investigated.
Ethanol and calcimycin-induced monotonic [ Ca®* ],
elevation was produced both by 1P activated
intracellular calcium release and influx of
extracellular Ca?*. Electrically induced [ Ca®* |;
increase came mainly from the influx of extracellolar
Ca®* through electroporation on cell membrane™!'.
This suggests that artificially induced [ Ca®* ],

increases are different from fertilization-induced
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Ca® " oscillation both in Ca*' change pattern and
Ca*" sourres.
It seems paradoxical that if a single increase of
[Ca"* 1, is enough to initiate the oocyte activation,
what is the biological significance of Ca®™ oscillation
in fertilized ova? It should be noted that artificially
inducing the menotonic [ Ca?” ], elevation activated
only older ococytes effectively but was futile in
activating recently ovulated cocytes which were

The freshly
activated by

normally fertilized by spermatozoon.
ovalated ovocytes  were repetitive
[Ca™" ], rises induced by multiple electric pulses,
suggesting that the activation of recently owvulated

oocytes requires oscillatory Ca®" signals.

ACKNOWLEDGMENT To Assoc Prof WANG
TIin-Xin in the Department of Chemistry for his help

. 1 Ev
in Ca°" measurement.

REFERENCES

1 Whotaker M, Swann K.  Lightng the fuse at fertilizanon
Development 19535 117! 1-12
Muyazak 51

(]

IP, receptor-mediaved spatml and temporal Ca'™
signalling of the cell. Jpn J Physiol 19931 431 409 - 34,

3 Whitaker M, Parel R. Calcium and cell cyele control.
Development 19203 108 525 — 42,

4 Kloe D, Klne JT. Repetinive calejum transients and the role of
calcium 1n exocytows and cell evele activotion in the mouse egg.
Dev Biol 19927 149 80 - 9.

5 (hator CL, Zwmek CA, BHawister BD, Lewis JE., Forres |,

An mproved cultuec medium supports development of random-
bred I-eel]l mouse embrves en wire.
] Reprod Fert 188%- 86 679 - 88

6 =l JP.
after repetitive pulsaule electrical stunwiation
Development 19902 109! 117 - 27.

7 Rubak JZ.
actvatwon during cthe metaphase 11 arrest.

Dev Biol 19897 136: 537 — 43,
8 LCuthbertson KSR. Parthenogenetic activation of mousc oocyres

The parthenogenetic development of rabbir oocytres

Mouse oocytes gradually develop the capaeity far

2 veirn with ethanol and henzvl alochol
J Exp Zool 19335 2267 311 — 4.

9 Schuel H.  Secretory Tunetions of cortcal granules in ferulization

2t

Gamete Res 13787 1! 299 - 382
Cell signalling at fernlization of hamster eggs.

and development.
1N Muiyazale S1.
1 Reprod Fert 1990 Suppl 42: 5163 — 75
11 Zimmmermann U.  Electne field-mediated fusion and related electneal

phenomena.  Biochim Biophys Acta 19825 694! 227 - 77,

L
RRENMATIHEESI/DEIPAESSEFEL

T EL, kB

(L7 & Ak fl B, M 210014, FE)
SHE R BREURER R §5 BRS BRI

AEHN: WRWAEMINSHEBEENLS &
FEBARETFEDRRRAS RPN/ BOpEHE
Mo figk Fura 2-AM IS FIZ B8, $5&F #4, HBBkd
R ESHE, R A Spex AR-CM-MIC HE T4
MBGNEMHE TR HARRBE Ca’ RET
o, BETFTRMNIMEIERARMEY 2R
EECaT (1 7 mmob LTS IVF RS, TR
WEIBHN Ca® T AREITN, Xib Cat T BYIS A 3
-4 hHERRBPLEEFZBAL X9 ca®”
ASE 5.0 mmol- L7 Bt Ca* " i Eh ot ; B8 b
Ca’* Ia Ca’* InhiRER Mk WA & ca®™ IvF
EX%E ca®t sy HI ca’t iR ER AR IS
HEHE_REHBRFEZ Badica %S
FRAMLES (200 pmol- L™ ") HFIREFE SR ca’ T i
ZHUPE L BREE . M A S R E (Mw = 3500,
100 wmol- L™ ") FEERR 1L B %5 Ca’t Bny L,
AR 1 R ARHRSIIR ca¥t IRE
Ha 1 RHARBESARI(>18 h CG) #E
MBI BB UWEE(ca’ |, $RFAEFES
ATHEZESRHUESZFHHEUNR AT RNE
. IPPNES ct BERIMRI[ AT ], FENER
BroR BRI — RIS it ARREE
Ca'ABRBESINHEINETELSS, TREAT
BEEFEM[(cT | ABR c RIEFHRAR =
R NEBIEUERE(CaT ] HEESEE

R3z)2
R33 927


http://www.cqvip.com

