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INTRODUCTION       

Generally, resumption and completion of the first 
meiotic division in oocyte are essential processing for 
successful fertilization (Eppig, 1996). Also, cytoplasmic 
and nuclear maturation of oocyte are related with oo-
cyte activation, fertilization, and pre-implantation devel-
opment (Eppig et al., 1994). There are vairous physio-
logical change of oraganelles during oocyte maturation, 
of these, cortical granules is regulated by amount of 
Ca2+ and released from smooth membrane vesicles (Du-
cibella et al., 1988; Ducibella et al., 1993). The smooth 
membrane vesicles exists cortical region that distributed 
at germinal vesicle stage in oocytes (Ducibella et al., 
1988). Exocytosis of cortical granules response increas-
ing of Ca2+ ionophore for nuclear maturation (Ducibella 
et al., 1990), the Ca2+ is temporary rised to fuse gamete 
during fertilization in Endoplasmic reticulum (ER) of 
metaphase II oocytes (Swann and Yu, 2008). Thus, cort-
ical granules  of cytoplasmic  for oocytes  maturation

could be related with ER system for successful fertiliza-
tion, this event influence on blastocyst development.

Practically, some studies have been reported that bre-
feldin A inhibited reversible oocyte maturation by blo-
cking membrane traffic from ER to the Golgi apparatus 
(GA) (Moreno et al., 2002). And brefeldin A or domi-
nant mutants of the small guanosine triphosphatase  
adenosine diphosphate-ribosylation factor disaggregated 
from coat protein complex I (COPI) by GA caused bloc-
kage of the retrograde trafficking from GA to ER and 
these substances inhibit transported epidermal growth 
factor receptor (EGFR) from ER (Pepperkok et al., 2000). 

Sec61 beta (Sec61β) existence in ER-GA intermediate 
compartment/GA fractions of the gradient (Greenfield 
and High, 1999) and expression of EGFR level reduced 
in the nuclear pore portion of Sec61β knock-out cells, 
the Sec61β accumulated in the inner nuclear mem-
brane portion (Wang et al., 2010). Therefore, the pur-
pose of this paper was focused to understating of or-
ganelles protein involved in ER system during oocyte 
maturation.
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ABSTRACT

The oocyte undergoes various events during maturation and requires many substances for the maturation process. 
Various intracellular organelles are also involved in maturation of the oocyte. During the process glucose is essential 
for nuclear and cytoplasmic maturation, and adenosine triphosphate is needed for reorganization of the organelles and 
cytoskeleton. If mitochondrial function is lost, several developmental defects in meiotic chromosome segregation and 
maturation cause fertilization failure. The endoplasmic reticulum, a store for Ca2+, releases Ca2+ into the cytoplasm in 
response to various cellular signaling molecules. This event stimulates secretion of hormones, growth factors and 
antioxidants in oocyte during maturation. Also, oocyte nuclear maturation is stimulated by growth factors such as 
epidermal growth factor. This review summarizes roles of organelles with focus on the Golgi apparatus during 
maturation in oocyte.

(Key words : Golgi apparatus, Oocyte maturation, Sec61β, COPG2, Epidermal growth factor) 

37



Oh et al.38

OOCYTE MATURATION

Meiosis
The oocytes resume meiotic cell division in gonado-

tropin dependent phase (Chesnel and Eppig, 1995), the 
oocyte meiosis initiated at fetus development phase 
and arrested at diplotene stage of the first meiotic pro-
phase (Wang et al., 2004). The meiosis resumption is 
initiated by homologous chromosome division, chromo-
some condensation and spindle assembly at metaphase 
I and meiosis is arrested at metaphase II stage (Liang 
et al., 2007).

Sufficient nutrients are essential for nuclear matura-
tion and cytoplasmic maturation necessary for fertiliza-
tion and embryo development (Rieger and Loskutoff, 
1994; Steeves and Gardner, 1999; Spindler et al., 2000; 
Sutton-McDowall et al., 2010; Sutton-McDowall et al., 
2005; Wongsrikeao et al., 2006). Growth factors and hor-
mones from follicular cells stimulate oocyte cytoplasmic 
maturation (Mattioli et al., 1988). The activation of ma-
turated oocyte (MII) is related with cytoplasmic matu-
ration, ultimately, which has an effect on pre-implan-
tation development in embryo (Eppig, 1996).

Cytoplasmic Maturation

Mitochondria
Mitochondrion found in most eukaryotic cells, opti-

mal timing and location of adenosine triphosphate are 
essential for occurring organelle and cytoskeletal re-
organization during oocyte maturation (Coticchio et al., 
2015). The mitochondrial function is disappeared, lead-
ing to failures in meiotic chromosome segregation, ma-
turation and fertilization, and ultimately, development 
of oocytes is disturbed (Coticchio et al., 2015). Mito-
chondria are accumulated in the perinuclear at germi-
nal vesicle breakdown (GVBD) in anaphase I and ma-
ny mitochondria were transported to the inner cyto-
plasm of matured oocytes (Sun et al., 2001).

Endoplasmic Reticulum (ER)
ER is one of organelle in the eukaryotic cells and 

there are two types of ER, rough and smooth (Nikonov 
et al., 2002). The rough ER of the surface ER is sites of 
protein synthesis(Walter and Johnson, 1994). The func-
tions of smooth ER have several metabolic processes 
such as synthesization of lipids, phospholipids, and ste-
roids. In case of oocytes maturation, the ER has the 
ability to store and release Ca2+ and acquires signifi-
cance in the cytoplasm (Coticchio et al., 2015). The cen-
tric function of ER temporary rises free Ca2+ concen-
tration in intracellular by responded MII oocytes from 

gamete fusion at fertilization (Swann and Yu, 2008).

Golgi Apparatus (GA)
GA is one of organelles that is found in most eu-

karyotic cells. The GA release proteins in the extra-
cellular or delivery to other intracellular by macro-
molecules post-translation, and contain lipid transport 
and lysosome formation (Higgins et al., 1999). The du-
plication of centrosome and the couple of centrosomes 
are important for the mitotic spindle during the S 
phase (Green et al., 2012). Commonly Large Golgi ele-
ments located in the inside oocyte at the GV stage 
which is replaced with smaller vesicular structures at 
MII stage oocyte during maturation (Moreno et al., 
2002). And brefeldin A treated mouse oocytes is in-
hibited reversible maturation by blocking membrane 
traffic from ER to the GA during in vitro maturation 
(Moreno et al., 2002). However, investigation of func-
tional GA has been rarely studied for oocyte matura-
tion, GA could be considered point of regulatory mecha-
nisms of oocyte and GA is suggested a potential role 
for oocyte maturation.

RELATION OF OOCYTE MATURATION 
AND GA

Effects of Epidermal Growth Factor (EGF) on Oocyte
EGF is a growth factor and stimulates cell growth, 

proliferation and differentiation by binding to EGFR 
(Yarden, 2001). MII oocyte is influenced by various 
growth factors during maturation (Tonetta and Dizere-
ga, 1989) which stimulate oocyte nuclear maturation 
(Lorenzo et al., 1994; Procházka et al., 2000). Previous 
study reported that EGF stimulates nuclear maturation 
in porcine oocytes (Sommer et al., 1992), porcine fol-
licular fluid has significantly EGF level and ovary has 
the EGF binding sites (Feng et al., 1987). Some studies 
were reported that effect of EGF on supporting devel-
opment of eight-cell stage (Paria and Dey, 1990) and 
contribution of blastocyst production (Harper and Bra-
ckett, 1993) in bovine oocyte during in vitro maturation. 
Willingham and Pastan (1982) reported that bound EGF 
to cell surface receptor in lysosome was involved in 
GA. Thus, we expect that EGF and GA are closely re-
lation in oocyte during maturation.

Sec61 Beta (Sec61β)
Transport protein Sec61 subunit beta (Sec61β) is en-

coded by human-Sec61 beta gene and membrane of ER, 
translocation organ, consist of Sec61 complex (Kalies et 
al., 1998). Transmembrane channel is formed by oligo-
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mers of the Sec61 complex that integrated with ER 
membrane in opposite side. The Sec61 complex is con-
sisted of three type membrane proteins which are al-
pha, beta, and gamma (Samuelson et al., 2000). Wild- 
type Sec61 alpha, beta and gamma existence in ER and 
ER-GA intermediate compartment/GA fractions of the 
gradient, thus, Sec61 translocon is expected to location 
in the ER and ER-Golgi intermediate position (Green-
field and High, 1999). However, Sec61β proteins has 
not been reported to be associated with oocyte matura-
tion, therefore, we expect experiment to detect mecha-
nism for relation of Sec61β and oocyte maturation in 
mammal using in vitro maturation system.

Coatomer Subunit Protein Complex Gamma-2 (COPG2)
COPG2 is a protein that encoded by the COPG2 

gene, which interact with Dopamine receptor D1 and 
COPB1 in human (Linebach et al., 2014). Recently, the 
COPG2 was reported to be a novel imprinted gene 
that overlaps the 3*-untranslated region (3*-UTR) of 
MEST in a tail-to-tail orientation (Yamasaki et al., 2000). 
Representative role of COPG2 is membrane traffic pro-
tein on mouse oocyte (Cui et al., 2007), and COPG2 is 
a required for GA membranes, and is essential to the 
transport of proteins from the ER to GA (Mendis et al., 
2008). 

CONCLUSION

Cytoplasmic organelle and protein such as mitochon-
dria, ER, GA, Sec61β and COPG2 is important to oo-
cyte maturation for preparation of fertilization. Also, 
various growth factor and hormones influence to oo-
cyte during maturation. The growth factors regulate 
mechanism of oocyte maturation, especially, EGF is es-
sential for nuclear oocyte maturation by binding to the 
EGFR for activation. Also, combined EGFR with EGF 
plays a larger role interaction and transportation vari-
ous proteins in oocyte. We observed that the Sec61β is 
activated by EGFR system, this event are occurred in 
the ER and the ER-GA intermediate compartment. The-
refore, the relationship between the EGF and sec61β 
would be related with the transport of GA and ER. 
Also, the GA and the ER would be activated by the 
increased Sec61β and EGF in oocyte during matu-
ration. The COPG2 activate increasing trafficking from 
GA to ER which membrane traffic protein. Overall, the 
COPG2 would be essential for proteins transport from 
the ER to GA in GA membranes during oocyte ma-
turation. Therefore, study of EGF, Sec61β, GA and CO-
PG2 may provide understating of novel mechanism for 

relation of ER system and growth factor in oocyte.   
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