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ABSTRACT : Bovine oocytes with compact and com
plete cumulus cells were cultured in 6 groups for up to 24 
h in TCM199 buffered with 25 mm이시 HEPES and 
supplemented with 10% FCS, 1 mg/ml 17g-estradiol, 20 
lU/ml hCG. Half of the oocytes at each group cultured in 
the presence of 25 /zg/ml cycloheximide at different 
times during maturation (0, 6, 12, 18, 20, 22 h) were 
fixed at 24 h of maturation to ex긴nine the nuclear 
progression. The rests of them were inseminated with 
frozen-thawed spermatozoa in medium BO with 10 mg/ 
ml BSA and 10 mg/ml heparin and fixed after 근ddition근 1 
18-20 h culture to evaluate the sperm head transformation. 
When a protein synthesis inhibitor was added at the onset 
of the maturation, the oocytes were prevented to proceed 
GVBD. A few of the oocytes (16%) were able to be 
penetrated and sperm head decondensation was inhibited 

either. Addition of cycloheximide after 6-12 h of culture 
resulted in an increasing percentage of GVBCD (more 
than 80%), but the oocytes became arrested in M-I (69.2 
%), More than half of the oocytes was penetrated with a 
decondensing sperm head. Form근tion of male pronucleus 
was first obtained at 12 h of culture in the presence of 
cycloheximide. When cycloheximide ms added from 18 
h of culture onwards, nuclear progression to M-II was 
increasingly restored (80.4-85.5%). The proportion of 
male and female pronucle근r fbim근tion increased from 17.9 
% to 46.2%. It is concluded that protein synthesis is 
necessary not only for GVBD and development from M-I 
to M-II, but also for sperm head decendens그tion 근nd male 
pronuclear formation in bovine oocytes.
(Key Words: Protein Synthesis, Bovine Oocytes, Matura
tion, Sperm Nucleus)

INTRODUCTION

Fully grown oocytes of mammal species are arrested 
in prophase-I of meiosis until they are committed to 
ovulation or atresia. Resumption of meiosis can be 
induced by the transfer of oocytes from their ovarian 
follicles into a suitable culture medium. In the ensuring 
period of culture, oocytes undergo nuclear progression 
from diplotene to metaphase-n (M-口)and the change is 
characterized by dissolution of the nuclear membrane 
(Germinal Vesicle Breakdown, GVBD) and extrusion of 
the first polar body. Both the r이es of protein synthesis 
and the pattern of proteins synthesized are involved in 
oocytes unde电。ing maturation. However, mature oocytes 
have not only undergone nuclear, but also cytoplasmic 
changes necessary for fertilization and subsequent 
embryonic development (Moor and Trounson, 1977). 
Structural reanangements of organelles (Cran, 1985) and 

major changes in protein synthesis p근tterns take place 
during cytoplasmic maturation and have been described 
for several mammalian species (pig and mouse, Fulka et 
기., 1986; cattle, Sirard et al., 1989 and Kastrop et al., 
1990; horse, Alm and Henrichs, 1996). Our previous 
studies indicated that the period of 2-4 h 근fter nuclear 
maturation is important for fertilization and subsequent 
embryo development (Qian et al., 1994).

So fer, although it has been known th근t protein 
synthesis is necessary for oocyte nuclear maturation in 
vitro, it remains unclear about the relationship between 
protein synthesis during oocyte maturation and sub- 
esequent fertilization as well as sperm he근d transforma
tion in vitro. Cycloheximide, which inhibits peptidy] trans
ferase, suppresses oocyte maturation by blocking synthesis 
of stage-specific protein. In the present experiment, we 
h그ve examined the effect of cycloheximide on bovine 
oocyte nuclear progression and sperm head transform근- 

tion post inseminated in vitro.

MATERIALS AND METHODS

Cumulus-oocyte complexes collection and treat
ment
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Ovaries were removed from cows at a local 
slaughterhouse and returned to the 1 겸bor겸tory in saline 겸t 
30-3212 within 3 h. Oocytes were aspirated through a 24- 
gauge nee리e into a disposable 10 ml syringe from 
follicles of 2-7 mm in diameter. The collected cumulus
oocyte complexes (COCs) were washed three times with 
maturation medium. Only oocytes surrounded by a 
complete coronal cell layer and 2-6 compact cumulus 
layers were used in this study (figure 1). Dark- and p겸le 
yellow-looking cumuli were also discarded from this 
study, Ten-15 COCs were cultured in 100 ml drops of 
maturation medium under paraffin oil 겸t 391。with 5% 
CO2 in air and a high humidity atmosphere. The 
maturation medium was TCM199 medium (with Earle's 
Salts, GIBCOBRL) buffered with 25 mmol/1 HEPES 
(Sigma) and supplemented with 10% fetal calf serum 
(FCS, GIBCO), 1 mg/ml 】7g-estradi어 (Sigma) and 
201U/ml hCG (Mochida Pharmaceutical CO. LTD.). The 
processing time from aspiration to c비ture was 1 h.

After culture for 0, 6, 12, 18, 20, 22, 24 h (control), 
cyclohex imide (Sigrm) was added into the maturation 
medium at 25 “g/ml final concentration for each group 
respectivity. All groups were cultured for a total of 24 h 
before being processed for the next.

Figure 1. Cumulus-oocyte complexes x 80.

In vitro fertilization
One 0.5 ml straw of frozen semen obtained from a 

Japanese Black Bull was thawed in a water bath at 37t- 
Spermatozoa were washed twice in medium BO supple
mented with 3 mg/ml BSA (Sigma) by centrifugation at 
600 g for a period of 10 min each. A 50 ml sample of 
final sperm suspension (5 -10 x 106 spermatozoa/ml) 
with capacitation medium BO containing 10 mg/ml 
heparin and 10 mg/ml BSA was introduced into 50 ml of 
the capacitation medium that include the oocytes. The 

mixture gave a final concentration of 2.5-5 x 106 
spermatozoa/ml. Eight h later, oocytes were washed and 
transferred into maturation medium without hCG for 
another 10-20h culture.

Half of the oocytes at each group was inseminated 
after 24 h c비ture and the rests were fixed for examina
tion of oocyte nuclear progression.

Evaluation of nuclear status
Oocytes for 24 h maturation c니ture and at 18-20 h 

after insemination were denuded and mounted respec
tively between slides and coverslips supported by vaseline, 
fixed for 48-72 h at room temperature in 25% (v/v) 
acetic alcohol, stained with 1% (w/v) orcein in 45% (v/v) 
acetic acid, and examined fbr evidence of nuclear status 
under a phase-contrast microscope at 400x magnification. 
Germinal vesicle (GV) stage defined by intact visible 
nuclear membrane, and GVBD by absence of visible 
nuclear membrane, chromosome condensation character
ized by a cluster of DNA material without individual 
chromosomes.

Statistical analyses
Data were analyzed using the chi-squared test with 

p < 0.05 considered statistically significant (Steel and 
Torrie, 1980).

RE 용 ULT 용

Effect of cycloheximide on bovine oocyte nuclear 
progression

Oocytes were fixed 24 h after the beginning of 
maturation and were therefore c니tured in the presence of 
cycloheximide for 0-24 h. The total numbers of oocytes at 
each time point (117-165) are from four replicates. 
Distribution of oocytes at different developmental stages 
in the different treatment groups is presented in the table 
1. When a protein synthesis inhibitor was added at the 
beginning of the maturation period, the proportion of 
germinal vesicle stage oocytes (figure 3) was significantly 
higher than that of any other treatment groups (p < 0.01), 
and the cumulus cells expansion was inhibited. None of 
the oocytes reached metaphase-I (M-I). When cultured for 
6 h in inhibitor-free medium, more than 80% of the 
oocytes underwent GVBD and developed to chromosome 
condensation stage, but when cultured fbr 12 h under this 
condition, 69.2% were able to attain M-l. There was no 
significant change in the proportion of these oocytes 
developed to M-U between 18, 20, 22 and 24 h (control) 
preincubation treatments without cycloheximide (p > 0.05). 
No typical spindles were formed in M-I and M-U when 
cycloheximide was added. In control, 88.9% of the 
oocytes reached to M-U with normally developed spin이es.
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Cycloheximide was ineffective in suppressing cumulus medium without cyclohex imide, 
cells expansion (figure 2) after 12 h culture in the

Table 1. Nuclear status when protein synthesis inhibitor cycloheximide was added at different times during maturation 
culture

Time (h) of cycloheximide addition (25 "g/ml)
Nuclear configuration -------------------------------------------------------------------------------------------------------------------------

0 6 12 18 20 22 24 (Control)

Germinal vesicle intact (%) 
Genninal vesicle breakdown (%) 
Chromosome condensation (%) 
M-I (%)
Anaphase-I and telophase-I (%)
M-n(%)

One pronucleus (%)
Two pronucleus (%)
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Total 149 122 130 138 124 165 117

fa； p < 0.01.

Figure 2. Oocyte with expanded cumulus cells x 80.

Effect of cycloheximide no sperm head transporta
tion

As shown in table 2, very low penetration rate (16.0%) 
was obtained in the oocytes that had been cultured in the 
presence of cycloheximide for 24 h. All of these oocytes 
were at the genninal vesicle stage and had undecondensed 
sperm heads (figure 4). When more than 6 h of 
incubation in the absence of cycloheximide, speim heads 
were able to undergo decondensation (figure 5). Oocytes 
penetrated with male pronuclei were first obtained in 
group C. The proportion of the oocytes with male 근nd 
female pronuclei (figure 6) was significantly higher in 
group F than in group D and group E (p < 0.01), but was 
significantly lower than in group (p < 0.01). Extremely

Figure 3. Oocyte at GV stage after 6 h of maturation 
culture without cycloheximide x 400.

Figure 4. Fertilized ovum with undecondensed sperm 
head following 24 h of maturation culture w버 

cycloheximide x 800.
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Figure 5. Fertilized ovum with decondensing sperm head 
after 18 h of maturation culture without cyclohex imide x 
800.

Figure 6. Fertilized ovum with male and fermale 
pronuclei following 22 h of maturation culture without 
cycloheximide x 400.

high proportions of polyspermy were obtained in group A, 
B and C. In control, 2.2% of the oocytes exhibited 
polyspermy.

DISCUSSION

Successful in vitro maturation of mammalian oocytes 
requires continual and/or episodic protein synthesis by 
cumulus-oocyte complexes. Germinal vesicle breakdown 
is accompanied by qualitative 그nd quantitative changes in 
the protein synthesis pattern (Fulka et al., 1977; Moor 
and Trounson, 1977; Kastrop et 금L, 1991a; 1991b; Alm, 
1996; Wu et 근L, 1996). The resets of this study 
demonstrate that treatment with cycloheximide from the 
onset of culture inhibits the occurrence of GVBD. 
Addition of cycloheximide after maturation for 6 h allows 

80% of 
to M-II. It 
necessaiy 

It is well

the oocytes 
appears that 
fbr nuclear 
known that

chromosome condensation, and more than 80% of the 
oocytes undergoes GVBD. It appears that protein 
synthesis during the first 6 h of maturation is necessary 
fbr the GV to undergo breakdown. This was shown 
previously in several mammals (Hunter and Moor, 1987; 
Sirard, 1989; Kastrop et al., 1991b; Paw아le et aL, 1994).

In present study, majorities of the oocytes were 
arrested in chromsome condensation stage at 6 h and in 
M-I at 12 h of maturation without the inhibitor. A few of 
the oocytes (16.2%) reached to M-II at 12 h treatment. It 
seems that oocyte development from GVBD to M-I 
depends on a short period of protein synthesis during 6-12 
h of culture. Similarly, Kastrop et al. (1991a) reported 
that addition of cycloheximide after 6 or 8 h culture 
resulted in an increasing percentage of GVBD, but the 
oocytes became arrested in M-I. Only parts of the changes 
in protein synthesis after GVBD were observed. However, 
metabolic labeling with (S-35)-methionine demonstrated 
that oocytes exhibited a steady or slightly increasing rate 
of protein synthesis during the first 12 h of maturation 
(Wu et al., 1996). As soon as 18 h or more after removal 
from the follicles, more than 
completed meiosis-I and reached 
newly synthesized proteins are 
progression from M-l to M-II.
formation of M-I and M-II plates are associated with high 
activity of maturation /mitosis promoting foctor (MPF). 
MPF activity decreases during the M-I to M-H transition 
in pigs (Naita, 1991). In this experiment, arrest of oocytes 
at M-I in the presence of cycloheximide suggests th금t 
proteins needed fbr nuclear progression from M-I may 
participate in deactivation of MPF.

Mitogen activated protein (MAP) kinases, known as 
extracellular signal regulated kinases in mammalian cells, 
are serine/threonine kinases that are activated by 
phosphoiylation on both tyrosine and serine/threonine 
residues (Davis, 1993). In porcine oocytes, the MAP 
kinase activity abruptly increases at M-l and remains 
significantly higher than that at GV stage until M-H. MAP 
kinase activation requires protein synthesis (Inoue, et 금］., 

1996). In the present study, the inhibition of formation 
and maintenance of typical metaphasic spindle seems 
involved in the suppression of MAP kinase activation.

In mammals, it is well known that sperm nuclear 
decondensing fector is synthesized in the egg cytoplasm, 
transported to and accumulated in the GV, and then 
released into the egg cytoplasm at the time of GVBD 
(Usui et al., 1976). However, 100% of the bovine oocytes 
at GV stage can be penetrated and h금ve 금 decondensing 
sperm head (Niwa, 1991). It is possible that the activation 
of the 血ctor occurs before the GVBD by these chemicals 
of heparin and caffeine used fbr fertilization. In the 
present study, the inhibition of oocyte protein synthesis 
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during first 6 h of maturation . inhibited both sperm 
penetration and sperm he겨d decondensation. The oocytes 
cultured for 6 h without protein synthesis inhibitor were 
able to induce sperm head decondensation, although some 
of them were at GV stage (table 2). The results indicate 
that the proteins synthesized during the first 6 h of 
maturation are necessary for synthesis and/or activation 
of the sperm nuclear decondensing factor.

Some kind of fector(s) for m거le pronucleus growth or 
sperm pronucleus development might be closely involved 
in the male pronuclear development. The activation of the 
fector may occur o이y partly just after GVBD and be 

intensified gradually as the oocytes develop from GVBD 
to M-H in mammals (Niwa et al., 1991). In this 
experiment, development of male pronuclei was first 
observed in the oocytes cultured for 12 h of maturation in 
the absence of protein synthesis inhibitor, and the 
proportion of male pronuclei fbrm 교 tion increased 
significantly (p < 0.01) at and after 22 h of maturation 
culture (table 2). It is speculated that some kinds of 玲ctor 
(s) for male pronucleus grwoth may be synthesized during 
the early stage of maturation culture and be hilly 
activated at and after 22 h in the cattle.

Table 2. Effect of protein synthesis inhibitor cyclohex imide on sperm head transformation post inseminated in vitro

No. of oocytes penetrated

Time (h) of No. of
Group cycloheximide oocytes 
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ACKNOWLEDGEMENTS

This work was supported by GOHO Life Science 
Foundation in the Japan. Many thanks also to Drs. Hattori 
M. —A. and Soh T for their valuable help for the prepara
tion of manuscript.

REFERENCES

Alm. H. and K. Hinrichs. 1996. Effect of cycloheximide on 
nuclear maturation of horse oocytes and its relation to 
initial cumulus morphology. J. Reprod. Fert. 107:215-220.

Cran. O. G. 1985. Qualitative and quantitative structural changes 
during pig oocyte maturation. J. Reprod. Fert. 74:237-245.

Davis. T. J. 1993. The mitogen-activaled protein kinase signal 
transduction pathway. J. Biol. Chem. 268:14553-14556.

Fulka. J. Jr.. J. Motlik and F. Ji lek 1986. Effect of 
cycloheximide on nuclear maturation of pig and mouse 
oocytes. J. Rep rod. Fert. 77:281-285.

Hunter. A. G. and R. M. Moor. 1987. Stage-dependent effects of 
inhibiting ribonucleic acids and protein synthesis on meiotic 
maturation of bovine oocytes in vifrn. J. Dairy Sci. 70：】646- 
1652.

Inoue. M.. K. Naito and E. Salo. 1996. Mitogen-activated 

protein kinase activity and microtubule organization are 
altered by protein synthesis inhibition in maturing porcine 
oocytes. Zygote. 4:191-198.

Kastrop, P. M., M. M. Bevers, O. H. Destree and T. A. Kniip. 
1990. Changes in protein synthesis and phosphorylation 
patterns during bovine oocyte maturation in vitro. J. Reprod. 
Fert. 90:305-310.

Kastrop, P. M., S. C. Hulshof M. M. Bevers, O. H. Destree and 
T. A. Kruip. 1991a, The effects of alpha-amanitin and 
cycloheximide on nuclear progression, protein synthesis, 
and phosphorylation during bovine oocyte maturation in 
vitro. Mol. Reprod. DeveL 28:249-254.

Kastrop, P. M., M. M, Severs, O. H. Destree and T. A. Kruip. 
1991b. Protein synthesis and phosphorylation patterns of 
bovine oocytes maturing in vivo. Mol. Reprod. Devel. 
39:271-275.

Moor, R. M. and A. O. Trounson. 1997- Hormonal and 
follicular factors afTeciing maturation of sheep oocytes in 
vitro and their subsequent developmental capacity. J. 
Reprod. Fert. 49:101-109.

Naita, K. and Y. Toyoda. 1991. Fluctuation of histone Hl 
kinase activity during meiotic maturation in porcine oocytes. 
J. Reprod. Fert. 93:467-473.

Niwa, K.. C. K. Parte and K. Okuda, 1991. Penetration in vitro 
of bovine oocytes during maturation by fEzen-th그wed



CYCLOHEXIMIDE AND BOVINE OOCYTES 27

spermatozoa. J. Reprod. Fert. 91:329-336.
Pawshe, C. H., K. B. C. Appa. Roa, S. K. Jain and S. M. Totey.

1994. Biochemical studies on goal oocytes : timing of 
nuclear progression, efleet of protein inhibitor and pattern 
of polypeptide synthesis during in vitro maturation. 
Theriogenology. 42:307-320.

Qian. J. F.. L. Liu and Z. Xu. 1994. Ultrastruetural changes of 
bovine follicular oocytes matured in vitro. Advances in 
Veterinaiy Obstetrics Science, Shaanxi Scientific and 
technological Press, pp. 89-91.

Sirard, M. A., H. M. Florman and M. L. Leibfried-Rutledge.
1989. Timing of nuclear progression and protein synthesis 
necessary for meiotic m이uration of bovine oocytes. Biol. 
Reprod. 40:1257-1263.

Steel, RGD and J. H, Tome. 1980. Principles and Procedures of 
Statistics. A biometrieal approach. 2nd edL. McGraw-Hill. 
New York. pp. 86-238.

Usui. N. and R. Yana以machi. 1976. Behavior of hamster sperm 
nuelei incorporated into eggs at various stages of 
maturation, fertilization and early development: the 
appearance and disappearanee of factors involved in sperm 
chromation decondensation in egg cytoplasm. J. Ulirastruct. 
Res. 57:276-288.

Wu. B., G. G. Ignotz. W. B. Gurrie and X. Z. Yang. 】996. 
Temporal distinctions in the synthesis and accumulation of 
proteins by oocytes and cumulus cells during maturation in 
vitro of bovine oocytes. Moi. Repord. Develop. 45:560-565.


