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ABSTRACT : Bovine oocytes with compact and complete cumulus cells were cultured for up to 24h in TCM199 
buffered with 25mmol/l hepes and supplemented with 10% FBS (fetal bovine serum), Img/ml 17 -estradiol, 20IU/ml 
hCG(human chorionic gonadotropin). All of the oocytes were divided into at 6 groups depending upon incubation times 
(control, 0 hour, 6 hours, 12 hours, 16 hours, 18 hours). To all experimental media, 200 p. g/ml puromycin was added at 
different incubation times mentioned above. Following these culture times, in vitro insemination was conducted with 
frozen-thawed bovine spermatozoa in medium BO (Brackett and Oliphant medium for in vitro insemination) with 10 p. g/ml 
BSA(bovine serum albumin) and 10 mg/ml heparin added. After 22h culture, the oocytes were fixed with acetic alcohol 
solution and stained with orcein acetic solution to evaluate sperm nuclear progression. Addition of puromycin after 0, 6 and 
12 h of culture resulted in near of oocyte maturation at the Ml stage. Contrariwise, puromycin addition after 12 h of 
culture led to restoration of nuclear progression to M2 stage. On the one hand, puromycin affected the synthesis of Cyclin 
B protein that may be involved in the oocyte maturation and sperm capacitation for in vitro fertilization. The present study 
suggests the participation of protein synthesis, cyclin B, in the oocyte development from Ml to M2 stages in vitro. 
(Asian-Aust, J. Anim. Sei 2001. Vol. 14, No. 6 : 754-758)
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INTRODUCTION

In general, fully-grown oocytes in the ovary of 
mammals are arrested in prophase-1 of meiosis up to 
the time of their commitment to ovulation or atresia. 
The transfer of oocytes from their ovarian follicles 
into a suitable culture medium can induce resumption 
of meiosis. In the ensuring period of culture, oocytes 
undergo nuclear progression from diplotene to 
metaphase-2 (M2) and also have cytoplasm changes 
necessary for fertilization and subsequent embryonic 
development (Moor et al., 1997). It has appeared that 
the protein synthesis enables oocytes to acquire their 
competence. Our previous studies indicated that protein 
synthesis at the onset of maturation culture is 
necessary for inducing GVBD (germinal vesicle 
breakdown) and development from Ml to M2 with 
cycloheximide (Liu et al., 1999). It has been claiified 
that protein synthesis at the onset of oocyte maturation 
is necessary for oocyte development in vitro. However 
it remains unclear whether protein synthesis at the 
latter stage of oocyte maturation is a prerequisite for 
subsequent fertilization, or is not. Puromycin is a 
structural analogue of tRNA (transfer ribonucleic acid) 
that acts by causing release of a nascent polypeptide 
from the ribosome; puromycin also maintains bovine 
oocytes in meiotic arrest.

In the present experiment, we estimated that 

protein synthesis in in vitro oocyte maturation and 
fertilization in cattle.

MATERIALS AND METHODS

In vitro maturation
Ovaries were removed from cows at a local 

이aughterhouse and returned to the laboratory in saline 
at 35-37 °C within 3 h of collection. Oocytes were 
aspirated from follicles of 2-7 mm in a diameter with 
a 21-gauge needle and 20 ml syringe. The collected 
cumulus-oocyte complexes (COCs) were washed three 
times with PBS and maturation medium. Only oocytes 
surrounded by some compact cumulus layers were 
used in this study. Around 20 COCs were cultured in 
100 ml drops maturation medium under mineral oil at 
39 °C with 5% CO2 in air and high humidity 
atmosphere for 22 h. The maturation Medium 199 
included hepes and was supplemented with 10% FBS, 
1 mg/ml 17 -estradiol and 20 IU hCG. The time 
from aspiration to culture was about 1 h.

In vitro fertilization
A half of 0.5 ml straw of frozen semen obtained 

from Holstein was thawed in a water bath at 37°C. 
Spermatozoa were washed twice in medium BO by 
centrifugation at 300 g for a period of 5 min each. 
The supernatant was removed and 6% 
ionophoreA23187 solution (ethanol :DMSO (dimethyl 
sulfoxide)=3:l) was added to 500 ml, which was 
shaken for a period of 2 min in the dark. It was 
diluted up to 1 ml with capacitation medium BO 
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containing 10 mg/ml BSA and mixed. The mixture 
gave a final concentration of 4.38 X 107 spermatozoa/ 
ml. Oocytes were introduced into 100ml mixture drops 
and cultured at 39 °C with 5% CO2 in air and a high 
humidity atmosphere for 6 h. After insemination, 
oocytes were washed three times with the same 
culture medium, which was maturation medium without 
hCG, then transferred into 100 ml drops under same 
conditions for another 24 h culture in vitro (In vitro 
culture, IVC).

Evaluation of nuclear status
After IVC, oocytes were denuded by 0.1% 

hyaluronidase in PBS (phosphate buffered saline), fixed 
for 48-72 h at room temperature in 25% acetic 
alcohol, stained with 1% orcein in 45% acetic acid, 
and examined for the status under a phase-contrast 
microscope at 400 X magnification. The nuclear status 
was classified into three stages. They are A, B and C; 
A is to GVBD. B is Meiosis 1 (Ml). C is from M2 
to embryos.

Immunodetection of cyclin B
Electric pulse generator and electrode : Electric 

pulses were generated with an Electro Square Porator 
(Bex Co, Ltd Erectro-Porator CUY-21). Pulses were 
given to oocytes by a pair of L-shaped electrodes 
three times at 100 volts for 100 p. sec in a medium 
containing anti-human Cyclin B antiserum (Rockland) 
and cultured for 2 h in a 37 °C 5% CO2 incubator. 
Oocytes were recovered and washed 5 times with PBS 
and one time with goat F(ab')2 anti-rabbit IgG 
(H&L)-Fluorescein (Leinco Technologies) in PBS.
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Figure 1. Effect of puromycin on bovine oocyte 
nuclear progression. Categories are three: slanted line 
indicates category A, germinal vesicle break down 
(GVD). Dot indicates category B, Meiosis 1 (Ml). 
White indicates category C, from M2 to embryo; 0 h 
and 6 h is lower than 12 h. Those of 18 h and 
control indicate significantly high percentage of 
nuclear progression (p<0.05).

Time of puromycin addition of puromycin

Following this treatment, they were incubated for 30 
min at room temperature in dark place. Then each 
oocyte was mounted on a glass slide and covered with 
mineral oil to prevent it from drying. We estimated 
the production of Cyclin B inner oocyte cytoplasm 
with a laser microscope that can photograph the 
section of oocytes; fluorescent area was calculated by 
computer.

Western blot analysis : The COCs were recovered 
from maturation media in the presence of puromycin 
added at different times during maturation (control, 0, 
6, 12, 16, 18 hours). They were denuded of cumulus 
cells by vortexing and by pipetting with 0.1% 
hyaluronidase in- PBS. The oocytes were suspended in 
10 mM Tris buffer (pH 6.8) containing 5 mM EDTA 
(ethylenediamine tetra acetic acid) and 2 mM PMSF 
(phenyl methyl sulfonyl fluoride) and mixed with 0.75 
volumes of 3 concentrated electrophoresis sample 
buffer. Oocytes proteins were separated by 12% 
SDS-PAGE for immunodetection of cyclin B, and 
electro transferred onto Immobilon-PVDF (poly 
vinylidene difluoride) membranes blocked in 10% 
non-fat dry milk in Tris-buffered saline, containing 
0.1% Tween-20 (TBS-T), for 1 h at room temperature. 
Then, membranes were incubated for 3 h with 
anti-human Cyclin B antiserums (Rockland) in TBS-T 
containing 10% non-fat dry milk and washed three 
times with TBS-T. Thereafter, membranes were 
incubated with goat F (ab') 2 anti-rabbit IgG 
(H&L)-Fluorescein (Leinco Technologies) in TBS-T 
containing 10% non-fat dry milk for 1 h, washed 
three times with TBS-T, incubated with LumiGLO 
(New Endland Biolabs), then exposed to X-ray films 
to visualize the bound proteins. To quantitate cyclin B 
production, the intensity of the bands was measured 
using NIH image software.

RESULTS

Effects of puromycin on bovine oocyte nuclear 
progression

Distributions of oocytes at different developmental 
stages in the different treatment groups are given as 
follows; Category A is from germinal vesicle intact to 
chromosome condensation. Category B is Ml stage. 
Category C is progression from M2 stage to 
pronuclear formation. When a protein synthesis 
inhibitor was added at the beginning of the maturation 
period, the proportion of category C oocytes was 
significantly (p<0.05) lower than those of other 
treatment groups (figure 1). There was no effect on 
the development to category C when cultured for 18h 
in inhibitor-free medium, but when cultured for 12h 
under the same condition, the ratio of category C was 
slightly lower than the case of 18h and control group. 
Thus, judging from the results between 16h 
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preincubation treatments without puromycin and control 
group, it was obvious that puromycin addition under 
this condition has not been inferior to control group 
(figure 2).

Effect of puromycin synthesis on Cyclin B
After incubation for 24 hours under puromycin 

medium (PMOs) or puromycin-ftee medium (control), 
when the oocytes were treated with fluorescent dyes, 
PMOs had wide fluorescent spots at the cross section 
(figure 3). In the competition fluorescent area 
calculated with computer showed that PMOs was 
about three times as wide area as control group (table 
1). On the other hand, the comparison of computed 
density values for cyclin B bands, with NIH image 
software, showed that trial division (lane 1) was 
higher than control (lane 2) (figure 4). This result 
indicated that cyclin B synthesis takes place in the 
oocytes at the onset of the maturation process, but a 
significant difference in the amount of protein 
synthesized between PMOs and control group was not 
confirmed by western blotting method.

DISCUSSION

A previous study has demonstrated that the 
addition of cycloheximide to oocyte maturation 
medium at 25 “ g/ml final concentration was not 
effective for proceeding of nuclear progression to the 
stage of M2 or more than that (Liu et al., 1999).

On the contrary, the present study confirmed that 
the majority of oocytes non-treated with puromycin 
were arrested at the stage of GVBD and/or Ml when 
the chemical was added to the time of culture of 0 h 
or 6 h.
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Figure 2. Effect of puromycin on bovine oocyte 
nuclear progression at the latter stages of maturation 
culture. Categories are three: slanted line indicates 
category A, germinal vesicle break down (GVD). Dot 
indicates category B, Meiosis 1 (Ml). White indicates 
category C is from M2 to embryo.

However, a few oocytes reached the stage of M2 
to nuclear progression when cultured for 12 h without 
antibiotics.

On the other hand, oocytes at 16 h and 18 h 
treatments reached the stage of M2 to nuclear 
formation as much as the control group. This suggests 
that newly synthesized proteins are necessary for 
nuclear progression from Ml to M2, and this kind of 
protein synthesis is likely to occur at about 12 h of 
maturation culture.

The cyclin B protein was also immuno detected in 
bovine oocytes, suggesting an average molecular size 
of 46 kDa that was probably synthesized immediately 
after the onset of maturation in vitro (figure 4). 
However, cyclin B protein was synthesized in less 
abundance by the control group than by the other 
experimental groups (figures 3 and 4).

It was also observed that cyclin B was mainly 
synthesized during maturation of oocytes (figure 3, 4), 
though some of the oocytes used here already 
possessed cyclin B before mature culture (table 1; 
figures 3 and 4). This is probably due to a difference 
in development stage of oocytes that were collected 
from different sizes of follicles. Regarding this 
difference of protein content among oocytes, further 
study will be needed to clarify this phenomenon in 
the future. It has been hypothesized that a key factor 
controlling the resumption of meiosis is the synthesis 
of cyclin B. Immature bovine oocytes do not contain 
a stockpile of cyclin B protein but it is synthesized 
just before GVBD (Levesque et al., 1996; Sirard et 
al., 1997).

The present results lead to the conclusion that 
puromycin could maintain bovine oocytes in the stage 
of meiotic arrest, and that cyclin B could participate 
in stimulating maturation of oocytes. Moreover, some 
kind of protein in the bovine oocytes is presumably 
associated with maturation and/or fertilization process 
(Hue et al., 1997; Sakamoto et al., 1998). In addition, 
a lot of factors are related to oocyte maturation in 
mammal and birds, the main one being the role of 
protein synthesis in breaking the meiotic arrest, and 
resuming cell division and growth of embryo.

ACKNOWLEDGEMENTS

Authors are very grateful to Mr. S. Nishimura and

Table 1. Comparison of fluorescent area in laser 
microscopic field

PMOs1 control
12065.3 (4.93%) 41464.5 (16.87%)

()Shows ratio of fluorescent 
screen area.
1 Puromycin medium.

area to entire computer



PROTEIN SYNTHESIS AND OOCYTE MATURATION 757

Dr. T. Goto

kDa
46.5 —'
37.5 — I

20.5 ::
14.5 —

Figure 3. Comparison of fluorescence in laser microscopic field, la and lb are cross sections of oocytes were 
cultured for 24 h under puromycin medium (PMOs). At 2a and 2b, oocytes were cultured for 24 h under 
puromycin-free medium (control). Arrows indicate high-intensity fluorescent areas.
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Figure 4. Western blot analysis on control (lane 1) 
and PMOs (lane 2). Oocytes were cultured for 24 h 
under puromycin medium (PMOs) or puromycin-free 
medium (control), and treated with fluorescent dyes. 
Band is specific immunodetection of cyclin B. 46kDa 
was molecular weight of markers. Based on the 
calculated results with NIH image software the density 
of bands was determined as lane 1=750 and lane 2= 
945.
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