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Abstract: Changes in the distribution of endoplasmic 
reticulum (ER) in porcine oocytes during meiotic matu- 
ration were examined. In the Germinal Vesicle (GV) 
stage oocyte, there were many bright clusters of ER 
present in the peripheral cytoplasm, and some of them 
formed a mass. This mass was absent in the 
Prometaphase I (Pro-MI) and Metaphase I (MI) stage 
oocytes, and the clusters became fewer than in the GV 
stage oocyte. ER accumulations that appear to be gen- 
erated by scattering of the cluster or the mass were 
uniformly distributed in the peripheral cytoplasm and 
formed a thin layer beneath the plasma membrane. In 
the Metaphase / I  (MI) stage oocyte, the layer became 
more evident and wider, and a space with a relatively 
sparser distribution of ER was observed beneath the 
layer. From these results, i t  is clear that the distribution 
in the ER of porcine oocytes is changing during miotic 
maturation. 
Key words: Endoplasmic reticulum, Porcine oocyte, 
Meiotic maturation. 
---- - - 

It is well known that the endoplasmic reticulum (ER) 
is not only the site of protein synthesis and assembly [ I ]  
and lipid synthesis [2, 31 but also the site of a Ca2+ store 
[4-61. It has been demonstrated that the ER contains 
inositol 1,4,5-trisphosphate (IP,) receptors (IP3Rs) and 
ryanodine receptors, both of which mediate Ca2+ re- 
lease from the ER [7-g]. It has also been shown that a 
dramatic increase in the intracellular Ca2+ concentration 
([Ca2+],) at fertilization initiates activation of the eggs, 
and then a series of repetitive [Ca2+], rises (Ca2+ oscilla- 
tions) continues during fertilization [I 01. Both the [Ca2+Ii 
and the Ca2+ oscillations are caused by IP3-induced Ca2+ 
release (IICR) from intracellular stores, as demonstrated 
with a function-blocking monoclonal antibody to the IP,R 

[ l  11. Moreover, it has been reported that the llCR 
mechanism develops during maturation of hamster [ I  21 
and mouse [13] oocytes as a factor in the acquisition of 
the ability of an oocyte to undergo normal fertilization. 
These findings make it clear that the ER developing 
during maturation plays a very important role in fertiliza- 
tion. 

Fluorescent lipophilic dye (Dil) diffuses from an oil 
drop into the continuous membrane of the ER, but does 
not label other cytoplasmic organelles, so that dramatic 
structural changes in the ER of living oocytes can be 
visualized after injection of an oil drop saturated with Dil 
[14]. Recently, structural changes in the ER of the 
oocytes in some species (starfish [15], mouse [6] and 
hamster [16]) during meiotic maturation were investi- 
gated with the Dil labeling method, but there are few 
reports on porcine oocytes. 

In the present study, the ER of porcine oocytes ma- 
tured in vitro and then labelled with Dil was observed by 
confocal microscopy to clarify the distributional changes 
in the ER during meiotic maturation. 

Materials and Methods 

Oocyte collection and culture: Ovaries were col- 
lected from prepubertal gilts at a local slaughterhouse 
and were transported to the laboratory in 0.85% NaCl 
with 0.1 mglml kanamycin (Meiji Seika, Tokyo, Japan) 
at about 30°C within 2 hr. Oocytes were collected from 
follicles measuring from 3 to 8 mrn in diameter by dis- 
section with a razor blade. Oocytes possessing a 
complete, compact cumulus mass were selected and 
washed twice in Dulbecco's phosphate buffered saline 
(PBS) supplemented with 1% bovine serum (Nacalai 
Tesque, Kyoto, Japan) and 0.1 mglml kanamycin. They - - --- 
were then further washed two times in the culture me- 
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(Sigma Chemical Co., St. Louis, MO) in a 35-mm poly- 
styrene culture dish and cultured at 39°C in a humidified 
atmosphere of 5% C02 in air. The culture medium was 
TCM-199 with Earle's salts (Gibco BRL, Grand Island, 
NY), supplemented with 10 IUIml hCG (Teikokuzouki, 
Tokyo, Japan), 10 IUIml PMSG (Teikokuzouki), 1 pg/ml 
17pestradiol (Sigma), 50 pgl ml gentamicin (Sigma) 
and 10% fetal calf serum (Gibco). The medium was 
sterilized by filtration through 0.45-pm Millipore filters 
(Millipore Ltd., Bedford, MA). 

Treatment of oocytes and labelling of ER with Dil: 
Before and after cultivation (24 and 48 hr), oocytes with 
cumulus cells were denuded enzymatically with 0.1% 
hyaluronidase (Sigma) and mechanically with a finely 
drawn pasteur pipette. Labelling the ER with Dil was 
basically done according to the method described by 
Shiraishi et a/. 116). To inject fluorescent dye, the de- 
nuded oocytes were transferred one by one to a 20 yl 
drop of PBS in a 35-mm polystyrene culture dish. The 
dish was mounted on an inverted microscope (Leitz, 
Flovert FU, Germany) with two micromanipulators (Leitz, 
Micromanipulator M, Germany) and heated to 37°C. 
Injection of Dil was carried out on the dish. To stain the 
ER, a saturated solution of Dil (Molecular Proves lnc., 
Eugene, OR) was prepared by dissolving the dye in 100 
pI of soybean oil. The Dil solution was injected into the 
denuded oocyte with holding and injection pipettes at- 
tached to the micromanipulators. According to the 
procedure described by Hogan et al. [ I  71, these pipettes 
were made of microglass tubes (Microcaps, Drummond 
Scientific Co., U.S.A.) and their tips were prolonged by 
a puller (Leica, Micropipette Puller, Model PC-98, U.S.A.) 
and they were finely finished with a microforge (Leica, 
Microforge, Model MF-1, U.S.A.). The injection was 
done with a cell injector (Shimadzu, Model ClJ-1, Ja- 
pan), and approximately 9 pl of Dil solution was injected 
into an oocyte. 

Observations of the ER and nuclear stage of oo- 
cytes: Dil-injected oocytes were cultured with the 
abovementioned culture medium for 1-2 hr to atlow Dil 
to diffuse through the oocyte and then washed several 
times in PBS. They were observed under a confocal 
laser scanning microscope (CLSM; Meridian, ACAS-570, 
U.S.A.). After focusing on the top surface of the oocyte 
four to six optical sections were recorded in each oo- 
cyte. The depth of each section was 3.6 pm. The 
object lens of the laser microscope was used at a mag- 
nification of x 100. The excitation was blue with 488 
nm emission. The wavelength of the detectors was 630 
nm. Laser power was 200 mW. After observation of 
the ER with the CLSM, the oocytes were fixed for 48 hr 

in acetic acid and ethanol solution (at a ratio of 1 :3, vlv) 
at 1O0C, stained with 1% lacmoid in 45% acetic acid, 
and examined with a phasecontrast microscope to clarify 
their nuclear stage. 

Results 

ER in oocytes at the Germinal Vesicle (GV) stage: 
The GV stage oocytes were obtained from non-cultured 
oocytes. Examination of the immature, GV stage oo- 
cyte with CLSM after Dil staining revealed a reticular 
network. In addition, there were many bright clusters of 
ER present in the peripheral cytoplasm of the oocyte 
(Fig. la). Although most of the clusters were uniformly 
distributed in the peripheral cytoplasm of the oocyte, 
some of them formed a mass (Fig. la). Scanning deeper 
into the oocyte revealed the presence of a mass in the 
peripheral and the central cytoplasm of the oocyte (Fig. 
Ib). The mass exhibited no polarity. There was no ER 
in the germinal vesicle of the oocyte. 

ER in oocytes at the Prometaphase I (Pro-MI) and 
Metaphase I (MI) stages: The Pro-MI and MI stage 
oocytes were obtained from the oocytes cultured for 24 
hr. In the Pro-MI oocyte, the mass was absent and the 
clusters became fewer than in the GV stage oocyte 
(Fig. Ic).  ER accumulations that appear to be gener- 
ated by scattering of the cluster or the mass were 
observed in the peripheral cytoplasm of the Pro-MI stage 
oocyte (Fig. l c ) .  In addition, the accumulations were 
uniformly distributed in the peripheral cytoplasm of the 
oocyte and formed a thin layer (about 2 pm in width) 
beneath the plasma membrane (Fig. Id). The ER in 
the central cytoplasm in the Pro-MI stage oocyte be- 
came more uniform than that in the GV stage oocytes 
(Fig. Id). There was no ER near the chromosomes. 
Distribution of the ER in the MI stage oocyte was al- 
most same as that in the Pro-MI stage oocyte (data not 
shown). 

Fig. 1. Distribution of the DiI-stained ER in oocytes at the 
GV (a and b), Pro-MI (c and d), and MI1 (e and f) 
stages. Confocal sections of the oocytes in the pe- 
ripheral cytoplasm (a, c and e). Confocal sections 
of the same oocytes at a location 14.4 pn from the 
peripheral cytoplasm (b, d and 0. Each arrow head 
in a, b, c and d indicates a cluster of ER. Each 
arrow in a and b shows the cluster mass. The ar- 
row in e indicates the polar body. The arrow in f 
indicates the injected oil drop. "an opening of a 
white line" in d and f shows the layer the ER accu- 
mulation. " S  in f shows the space in which the 
distribution of ER is relatively sparse. 
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ER in oocytes at the Metaphase I1 (M 11) stage: The 
mature MI1 stage oocytes were obtained from the oo- 
cytes cultured for 48 hr. The mass andlor the clusters 
observed in the GV and Pro-MI stage oocytes were 
absent from the MI1 stage oocyte. In the MI1 stage 
oocyte, the layer observed in the Pro-MI and MI stage 
oocytes became more evident and was reorganized as 
a fine, reticular net work beneath the plasma membrane 
(Fig. le). It was 6-8 pm in width (Fig. If), and a space 
10-13 pm in width, in which the distribution of ER was 
relatively sparse was observed beneath the layer (Fig. 
I f) .  The ER in the central cytoplasm in the MI1 stage 
oocyte was distributed uniformly same as in the Pro-MI 
and MI stage oocytes (Fig. If). There was no ER in the 
polar body or near the chromosomes (Fig. 1 e). 

Discussion 

There were many bright clusters of ER present in 
the peripheral cytoplasm of the GV stage oocyte, and 
some of them formed a mass. The mass was absent 
from the Pro-MI stage oocyte, and the clusters became 
fewer than in the GV stage oocyte. ER accumulations 
that appear to be generated by scattering of the cluster 
or the mass were uniformly distributed at the peripheral 
cytoplasm and formed a thin layer beneath the plasma 
membrane in the Pro-MI and MI stage oocyte. The 
mass and/or the clusters observed in the GV, Pro-MI 
and MI stage oocytes were absent and the layer be- 
came more evident and wider in the MI1 stage oocyte. 
A space containing relatively few ER was also observed 
beneath the layer in the MI1 stage oocyte. From these 
results, it is considered that during maturation the clus- 
ters of ER migrated and scattered near the plasma 
membrane, forming a uniformed layer beneath the 
plasma membrane. The formation of the layer might 
also be attributed to the migration of ER present in the 
subcortical area of the oocyte to the peripheral cyto- 
plasm. After all, it is clear that the distribution in the ER 
of porcine oocytes changes during meiotic maturation. 

Concerning the changes in the distribution of the ER 
of mammalian oocytes during miotic maturation, it has 
been demonstrated in mouse oocytes that cortical ER 
accumulation comes into existence [6]. Moreover, 
Shiraishi et al. [16] have also shown that in hamster 
oocytes after the Pro-MI, surface ER masses gradually 
disperse to form a number of much smaller ER clusters 
near the surface and are incorporated into thicker ER 
networks. ER accumulations in the peripheral cytoplasm 
of oocytes during meiotic maturation therefore seem to 
be a common phenomenon in mammalian oocytes. 

It has been shown in hamster [lo], mouse [I81 and 
human [I91 oocytes that during the period of sperm- 
induced Ca2+ oscillation, each individual [Ca2+], invariably 
begins from a focus in the oocyte periphery and spreads 
throughout the entire peripheral region before propagat- 
ing to the central ooplasm. The developmental changes 
in the distribution of the ER and IP,Rs which are asso- 
ciated with [Ca2+Ii [I 11 and the spatial pattern of Ca'+ 
release during maturation of hamster oocytes were ex- 
amined by Shiraishi etal. [16]. Their results demonstrate 
that when immature oocytes (GV stage) were insemi- 
nated, clear [Ca*+], did not occur and the distribution of 
IP,Rs changed dramatically during maturation, in paral- 
lel with the distribution of the ER. They have also shown 
that the ER shifted to the peripheral surface during matu- 
ration in apposition to cortical granules. From these 
reports and the present results, it is considered that the 
changes in the distribution of ER in porcine oocytes 
during meiotic maturation, such as the formation of the 
layer at the peripheral cytoplasm, be closely related to 
immediate [Ca2+Ji and cortical granule exocytosis at fer- 
tilization. The formation of the layer in the peripheral 
cytoplasm may account for the acquisition of the ability 
of porcine oocytes to undergo normal fertilization. 
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