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ABSTRACT

The development of embryos reconstructed by somatic cell nuclear transfer (SCNT) is dependent upon numerous 
factors. Central to development is the quality and developmental competence of the recipient cytoplast and the type 
of the donor nucleus. Typically metaphase of the second meiotic division (MII) has become the cytoplast of choice. 
Production of a cytoplast requires removal of the recipient genetic material, however, it may remove proteins which 
are essential for development or reduce the levels of cytoplasmic proteins to influence subsequent reprogramming of 
the donor nucleus. In this study, enucleation at MII did not affect the activities of either MPF or MAPK kinases. 
Immunocytochemical staining showed that both Cyclin B1 (MPF) and Erk1/2 (MAPK) were associated with the meiotic 
spindle of AI/TI oocytes with little staining in the cytoplasm, however, at MII association of both proteins with the 
spindle had reduced and a greater degree of cytoplasmic distribution was observed. The analysis of oocyte proteins 
removed during enucleation is a difficult approach to the identification of factors which may be depleted in the cyto-
plast. This is primarily due to the large numbers of aspirated karyoplasts which would be required for the analysis.
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INTRODUCTION        

In the follicular environment, mammalian oocytes are 
arrested at the diplotene stage of the first meiotic pro-
phase (the so-called germinal vesicle (GV) stage of de-
velopment). In vivo GV stage oocytes resume meiosis in 
response to stimulation, by the pituitary luteinizing hor-
mone (LH) surge. This results in chromosome conden-
sation, nucleolus disassembly, germinal vesicle break-
down (GVBD) and spindle formation of the first meio-
sis. After completion of the first meiotic division, re-
garded as extrusion of the first polar body, oocytes en-
ter the second meiosis and become arrested at meta-
phase of the second meiotic division (MII) until fer-
tilised. 

In general, these events are exclusively regulated by 
maturation-promoting factor (MPF) and mitogen-activa-
ted protein kinase (MAPK) during mitosis and meiosis. 
MPF induces M-phase in all eukaryotic cells, including 
oocytes. MPF activity is activated at the G2/M phase 
transition and is maximal at metaphase of the mitotic 
or meiotic division, which is followed by a rapid de-

cline. Matured oocytes typically become arrested at MII 
and maintain high levels of MPF activity. In MII oo-
cytes, MPF activity is stabilised by cytostatic factor (CSF), 
the product of the c-mos proto-oncogene (O'Keefe et al., 
1991; Sagata et al., 1989). The regulation of MPF activ-
ity depends upon the association of its catalytic sub-
unit, p34cdc2 kinase, with its regulatory subunit, cyclin 
B and the subsequent phosphorylation state at key ty-
rosine-15 (Y15) and threonine-14 (T14) residues. In gen-
eral, p34cdc2 is phosphorylated at Y15 and T14 by the 
Myt1 and Wee1 kinases after its association with cyclin 
B, this inactive form termed pre-MPF accumulates dur-
ing the G2-phase of the cell cycle. Activation of MPF 
kinase activity at the G2/M phase transition depends 
upon dephosphorylation by the cdc25 phosphatase (Ki-
kuchi et al., 2000). MAP kinase, which is a family of 
serine/threonine kinases, has been implicated as a key 
regulator of both meiotic and mitotic spindles (Horne 
& Guadagno, 2003) and during meiosis a correlation 
between chromatin configuration and histone H1/MAP 
kinase activities occurs (Torner et al., 2001). Activation 
of both kinases occurs in the majority of species prior 
to germinal vesicle breakdown (GVBD) but the activa-
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tion of MAP kinase is not necessary for entry into 
meiosis I. However, its activation is essential to ensure 
that oocytes enter meiosis II and do not enter S-phase 
(Greaves, 2000). 

The technique of somatic cell nuclear transfer (SC-
NT) is now well established in a variety of species, 
however, despite considerable research it still remains 
an inefficient technique (Campbell et al., 1996b; Wells et 
al., 1999; Wakayama et al., 1998; Baguisi et al., 1999; 
Polejaeva et al., 2000; Chesne et al., 2002; Woods et al., 
2003; Zhou et al., 2003; Galli et al., 2003). Cell cycle co-
ordination of the karyoplast and the cytoplast in SCNT 
is essential in order to prevent DNA damage and ma-
intain ploidy of the reconstructed embryo (Campbell et 
al., 1996a; Campbell & Alberio, 2003). Typically MII oo-
cytes have become the recipient of choice; these contain 
active MPF and induce nuclear envelope breakdown 
(NEBD), premature chromosome condensation (PCC) 
and dispersion of nucleoli in the transferred nucleus whi-
ch may be essential for nuclear reprogramming (Collas 
et al., 1992). The production of embryos by SCNT re-
quires the removal of the maternal genetic material, re-
ferred to as enucleation. This has been achieved by re-
moval of the MII spindle and a small volume of sur-
rounding cytoplasm from the metaphase of the second 
meiotic division (MII) oocytes (Li et al., 2004). It has 
been proposed that enucleation of oocyte may remove 
particular spindle associated proteins such as nu-
clear-mitotic apparatus (NuMA) and HSET and/or some 
factors which are essential for subsequent development 
(Simerly et al., 2003). In the mouse, it has proved that 
the activity of MPF may be compartmentalised with the 
majority of activity remaining with the metaphase plate 
and not the enucleated oocyte to be used as cytoplast 
recipient (Fulka Jr. et al., 1995). Due to enucleation, a 
potential reduction in the activity of MPF may help to 
explain the variable response of donor nuclei to MII 
cytoplast. Nonetheless, a reduction in the activity of 
MPF kinase due to enucleation may be species specific. 
It has showed that no decline in porcine oocyte MPF 
activity was associated with the enucleation procedure 
(Goto et al., 2002).     

In the present study, we examined the activities and 
localization of MPF and MAPK kinases in ovine oo-
cytes at different stages during in vitro maturation (Ana-
phase/telophase of the 1st meiotic division (AI/TI) and 
Metaphase of the 2

nd meiotic division (MII)) and the 
activities of MPF and MAPK kinases and the protein 
profiles of cytoplast and karyoplast following oocyte 
enucleation.

MATERIALS AND METHODS

Collection and Culture of Sheep Oocytes

Oocytes from mature ewes were collected at a local 
slaughterhouse and transported to the laboratory in 
PBS at 25℃. Oocytes were aspirated from antral fol-
licles (2～3 mm in diameter) and only those surro-
unded by at least three layers of cumulus cells and 
with homogenous cytoplasm were selected for in vitro 
maturation. Selected oocytes were washed at least three 
times in Hepes-buffered TCM 199 (Gibco Life Techno-
logies Inc., Glasgow, UK) containing with 10% FBS (Gi-
bco). Oocytes were washed three times in maturation 
medium [bicarbonate-buffered TCM 199 (Gibco) supple-
mented with 10% FBS, 5 μg/ml FSH (Vetropharm, Ire-
land), 5 μg/ml LH (Vetropharm, Ireland), 1 μg/ml es-
tradiol-17β, 0.3 mM sodium pyruvate, 100 μM cyste-
amine and 50 μg/ml gentamycin]. For maturation cul-
ture, groups of 40～45 oocytes were cultured in 500 μl 
of maturation medium under mineral oil in 4-well di-
shes (Nunclon, Roskilde, Denmark) at 39℃ in a hu-
midified atmosphere of 5% CO2. 

Assessment of MPF and MAPK Activities

The preparation of oocyte lysate and analysis of MPF 
and MAPK activities were performed as described in 
Lee & Campbell (2005). Briefly, groups of 10 cumulus 
stripped oocytes were washed 5 times in Ca2+-free 
DPBS containing 0.1% PVA and placed into 5 μl of 
ice-cold lysis buffer. The samples were snap frozen in 
the liquid N2 and stored at —70℃ until analysed. The 
kinase reaction was started by mixing the oocyte lysate 
with 5 μl kinase assay buffer containing 2 mg/ml his-
tone H1, 3 mg/ml MBP, 4 μM protein kinase A (PKA) 
inhibiting peptide (Santa Cruz Biotechnology; Autogen 
Bioclear, Calne), 4 μM protein kinase C (PKC) inhibit-
ing peptide (Promega, Southampton) and 0.5 μCi (34 
μM/l) [γ-32P] ATP (Amersham Pharmacia Biotech, 
Amersham). The mixtures were incubated at 37℃ for 
30 min with gentle shaking. The reaction was stopped 
by adding 10 μl ice-cold 2 × SDS sample buffer. After 
boiling for 4～5 min, the substrates were separated by 
standard polyacrylamide gel electrophoresis (SDS-PA-
GE, 15% gels) using a mini-protean II dual slab cell 
(Bio-Rad, Hercules, CA) at 140 V constant voltage for 
1.5 h. Gels were dried onto 3 mm filters and exposed 
to phosphor-screens (Kodak; Amersham Pharmacia Bio-
tech). The phosphor images of gels (screens) were cap-
tured and the kinase activities were quantified using 
an FX phosphor image analysis system (Bio-Rad). 

Immunocytochemistry

AI/TI and MII oocytes were double staining. Briefly, 
denuded oocytes were incubated in 0.1% PBS/PVA con-
taining 2 mg/ml protease for 1～2 min at 37℃. The zo-
na pellucida was then removed by gentle pipetting in 
0.1% PBS/PVA and zona-free oocytes were fixed in a 
microtubule stabilization buffer containing 2.4% form-
aldehyde, 0.1% Triton-100, 1 μM taxol, 0.01% aproti-
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nin, 1 mM dithiothreitol, and 50% deuterium oxide for 
1h at 37℃. Fixed oocytes were washed three times in 
0.1% PBS/PVA and blocked in PBS supplemented with 
4% goat serum, 1% sheep serum, 0.1% Triton X-100, 
0.05% Tween 20 and 0.05% sodium azide at 4℃ for 
1～4 weeks until fluorescence staining. Samples were 
incubated simultaneously with primary antibodies (anti- 
mouse α-tubulin (1:20 dilution) and either anti-rabbit 
cyclin B1 (1:20 dilution) or anti-rabbit Erk1/2 polyclonal 
(1:20 dilution)) diluted in blocking medium overnight 
at 4℃. After washing in blocking solution, the samples 
were incubated in a mixture of fluorescein isothio-
cyanate (FITC)-conjugated anti-mouse IgG (1:200 dilu-
tion) and Cyanine (Cy3)-conjugated anti-rabbit IgG (1: 
200 dilution) at 37℃ 30 min. After washing in blocking 
medium for 10 min, the oocytes were mounted on di-
agnostic microscope slides (Erie Scientific Co. Portsmou-
th, UK) in Vectrashield mounting medium with DAPI 
(Vector Laboratories, Inc. Burlingarne, CA). The sam-
ples were examined using a Leica SP2 laser scanning 
confocal microscope (Leica, Germany).    

Enucleation

Oocytes were enucleated at metaphase of the 2nd 
meiotic division (MII). Cumulus cells were removed at 
22 hours post onset of maturation (hpm) for enuclea-
tion. The denuded oocytes were then incubated in He-
pes-buffered SOF (H-SOF) containing 5 μg/ml Hoechst 
33342 for 15 min. Enucleation was carried out by re-
moving a portion of cytoplasm containing the metapha-
se plate using a 20～25 μm glass micropipette in H- 
SOF plus 4 mg/ml BSA and 7.5 μg/ml CB. Enuclea-
tion of oocytes was confirmed by visualization of DNA 
in the aspirated karyoplast using a short exposure to 
UV light (0.1 sec). 

Electrophoretic Separation of Proteins

To evaluate the distribution of proteins in the cyto-
plast and karyoplast following enucleation, proteins we-
re extracted from intact oocytes (100), enucleated oo-
cytes (100) and dissected karyoplasts (100) and ana-
lysed by 2D gel electrophoresis. Proteins were solubi-
lized in electrophoretic sample buffer consisting of 7 M 
urea, 2 M thiourea, 2% chaps, 0.4% (v/v) dithiothreitol 
(DTT), 0.01% (w/v) bromophenol blue and 0.5% (v/v) 
3～10 Biolytes. Reduced and denatured proteins were 
first separated according to their isoelectric point using 
17 cm ReadyStripTM IPG Strips (Bio-Rad) with a pH 
range 3～10 with the Protean IEF cell isoelectric focus-
ing system (Bio-Rad, UK). Isoeletric focusing was done 
in four steps: Step 1: rehydratation at 50 V for 12 hr; 
Step 2: 250 V for 15 min; Step 3: gradient increased 
linearly from 250 V to 10,000 V over 3 hr, Step 4: fo-
cussing at 10,000 V until 22,000 Vhr reached. After fo-
cusing, the strips were equilibrated in SEB (6 M urea, 
0.375 M Tris-HCl, pH 8.8, 2% (w/v) SDS, 30% (w/v) gly-

cerol and 0.0125% (w/v) BPB) supplemented with DTT 
at 65 mM for 15 min, then SEB supplemented with 
IAA at 135 mM for 15 min, and loaded onto 10～20% 
gradient polyacrylamide SDS-PAGE gels for 1mm thick-
ness to separate proteins according to their molecular 
weight. Unstained precision molecular weight markers 
(Bio-Rad) were run on each gel. Gels were stained with 
silver according to the method of Blum et al., (1987). 
Gel images were scanned and analysed using PDQUE-
ST image analysis software (Bio-Rad). 

Statistical Analysis

Each Assay of MPF and MAPK activities was re-
peated at least three times. Statistical testing was per-
formed using the likelihood ratio chi-squared test. The 
level of significance was p<0.05. 

RESULTS

MPF and MAPK Activities at Different Stages of Matu-

ration

The activities of MPF and MAPK kinases were as-
sayed at different stages (the first anaphase/telophase 
(AI/TI) and the second metaphase (MII)) during matu-
ration of ovine oocytes in vitro. In the AI/TI oocytes, 
both MPF and MAPK kinases activities were signifi-
cantly low (p<0.05) as shown in Fig. 1. The activities of 
both kinases at MII increased significantly (Fig. 1) 
(p<0.05). 

Localization of Cyclin B1 and Erk1/2 in Ovine Oocytes

To certify intracellular localization of MPF and MA-
PK kinases in ovine oocytes during oocyte maturation 
in vitro, we examined AI/TI and MII oocytes by im-
munocytochemical methods. AI/TI and MII oocytes we-
re double stained with anti-mouse α-tubulin and ei-
ther anti-rabbit Cyclin B1 or anti-rabbit Erk1/2 poly-
clonal. In the AI/TI oocytes, Tubulin was located on 
the spindle microtubules. In contrast Cyclin B1 was 
found to be evenly distributed throughout the cytopl-
asm with an increased accumulation on the spindle 
(Fig. 2). On the other hand, a strong signal for Erk1/2 
was detected on the spindle with a weak signal dis-
tributed through the cytoplasm (Fig. 2). As shown in 
the localization of Cyclin B1 and Erk1/2 in AI/TI oo-
cytes, Tubulin was located on the spindle microtubules 
in the MII oocytes. However, Cyclin B1 was found to 
be evenly distributed throughout the cytoplasm (Fig. 3). 
Additionally, a even signal for Erk1/2 was detected on 
the spindle with a weak signal distributed through the 
cytoplasm (Fig. 3). 

MPF and MAPK Activities of Cytoplasts and Karyo-

plasts Following Enucleation
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                            (A)                                                             (B)

Fig. 1. MPF and MAPK activities in ovine oocytes at the different stages of maturation. (A) An example of an autoradiograph of the histone 

H1 and myelin basic protein (MBP) activities assay. (B) The activities of MPF and MAPK in AI/TI (□) and MII (■) as estimated by 32P 

incorporation (cpm/mm
2
). Ten oocytes were analyzed for each sample per gel and three replicates were performed. *

,
 ** Values in same col-

umns with different superscripts on bars are significantly different (p<0.05). Bars represent mean±SEM.

Fig. 2. Immunohistochemical analysis of Cyclin B1 and Erk1/2 distributions in AI/TI ovine oocytes. Ovine oocytes were double stained with 

anti-mouse α-Tubulin and either anti-rabbit Cyclin B1 (A～D) or anti-rabbit Erk1/2(E-H) antibodies and examined by confocal laser 

microscopy. The anti-Tubulin antibody was visualized with Cy3 (Red: A, E), DNA was visualized DAPI (Blue: B, F), Anti-rabbit Cyclin B1 

(C) or anti-rabbit Erk1/2 (G) antibody was visualized with FITC (Green). Merges of A, B, C, and E, F, G are shown in D and H, respectively. 

Scale bars indicates 20 μm. 

The methodology of enucleation MII is illustrated in 
Fig. 4. Ovine oocytes were enucleated at MII, 22～24 
pm. Immediately after enucleation, the aspirated kar-
yoplast inside the enucleation pipette was checked for 
the presence of the maternal chromosomes by a short 
exposure to UV light (0.1 sec) (Fig. 4C, D). In order to 
examine whether enucleation at the MII stage affected 
MPF and MAPK activities, we measured the activities 
of both kinases in  intact and  enucleated oocytes  and 

dissected karyoplasts. As shown in Fig. 5, the activities 
of MPF and MAPK in intact oocytes were not different 
from those of enucleated oocytes. However, both MPF 
and MAPK activities in the dissected karyoplasts were 
significantly low at basal levels (p<0.05) (Fig. 5). These 
results indicated that the removal of the maternal spin-
dle and chromosomes and a small volume of cyto-
plasm did not affect the kinase activities of either MPF 
or MAPK.



Localization and Activities of MPF and MAPK in Ovine Ooctyes 411

Fig. 3. Immunohistochemical analysis of Cyclin B1 and Erk1/2 distributions in MII ovine oocytes. Ovine oocytes were double stained with 

anti-mouse α-Tubulin and either anti-rabbit Cyclin B1 (A～D) or anti-rabbit Erk1/2(E～H) antibodies and examined by confocal laser 

microscopy. The anti-Tubulin antibody was visualized with Cy3 (Red: A, E), DNA was visualized DAPI (Blue: B, F), Anti-rabbit Cyclin B1 

(C) or anti-rabbit Erk1/2 (G) antibody was visualized with FITC (Green). Merges of A, B, C, and E, F, G are shown in D and H, respectively. 

Scale bars indicates 20 μm. 

Fig. 4. Enucleation of ovine oocytes. A: Holding the metaphase II (MII) oocyte (23 hpm) B: Localization of the first polar body (PB1: 

arrowhead) and metaphase plate (MP: narrow arrow) by epifluorescence. C: Aspiration of the PB and the MP. D: Confirmed by epifluo-

rescence (0.1 sec) in the pipette. E: The aspirated cytoplasm. Scale bar indicates 20 μm. 

Determination of Proteins Depleted from Oocytes Fo-

llowing Enucleation

In order to identify the protein profiles of the dis-
carded karyoplasts containing the metaphase plate, we 
loaded approximately 100 intact, enucleated oocytes (cy-
toplasts) and the removed spindles. These gels demon-
strated major differences in both the protein profile of 
the three groups and also in the intensity of many of 
the spots particularly when comparing cytoplast (Fig. 
6B) with karyoplast (Fig. 6C), however, some of the 
spots were identical in both cytoplast and karyoplast. 
The computer analysis of 2D gel is a complex procedu-
re and requires many times and plentiful experimented 
skills. Unfortunately, I did not identify the protein pro-
files and remained for future works due to technical 
problems.

DISCUSSION

The development of embryos reconstructed by so-
matic cell nuclear transfer (SCNT) is dependent upon 
numerous factors including the donor cell type, the cell 
cycle stage of both the donor nucleus and the recipient 
cytoplasm and the method of culture of the re-
constructed embryo. Oocyte quality is critical in all re-
productive technologies. In particular the cell cycle 
stage and the quality of the oocyte to be used as a cy-
toplast recipient for embryo reconstruction are central 
to the development of embryos produced by SCNT. 
Although mature oocytes, activated oocytes, zygotes 
and 2-cell embryos have all been used as cytoplast re-
cipients, in the majority of reports oocytes at MII have 
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                               (A)                                                          (B)

Fig. 5. MPF and MAPK activities in cytoplast and karyoplast following enucleation. (A) An example of an autoradiograph of the histone 

H1 and myelin basic protein (MBP) activities assay. (B) The activities of MPF and MAPK in intact oocytes (INT), cytoplasts (EN) and kar-

yoplasts (DIS) and as estimated by 
32

P incorporation (cpm/mm
2
). Ten oocytes were analyzed for each sample per gel and three replicates 

were performed. *,** Values in same columns with different superscripts on bars are significantly different (p<0.05). Bars represent mean± 

SEM.

Fig. 6. 2D PAGE of ovine oocytes. A: Intact 100 oocytes. B: Enucleated 100 oocytes. C: The dissected MII spindle and associated cytoplasm. 

1st dimension of pH 3～10 IPG strip, second dimension 10～20% PAGE. Equal numbers of each sample per gel, All gels silver stained.  

become the cytoplast of choice. A particular important 
of SCNT is enucleation of the oocyte to eliminate the 
genetic interference of material in recipient cells and 
avoid subsequent detrimental effects of reconstructed 
SCNT embryos. However, the enucleation of the oocyte 
may remove proteins required for development (Simer-
ly et al., 2003) or reduce the activities of cytoplasmic 
kinases and influence subsequent reprogramming of the 
donor nucleus (Fulka Jr. et al., 1986). The objectives of 
the experiments reported in this study were to examine 
the activities and localization of MPF and MAPK kin-
ases in ovine oocytes at different stages and the activ-
ities of MPF and MAPK kinases and the protein pro-
files of cytoplast and karyoplast following oocyte enu-
cleation. 

It has been reported that NuMA and SET respon-
sible for spindle organisation are removed through enu-
cleation, resulting in the disarrayed spindle formation 
(Simerly et al., 2003). In this experiment, we compared 
the protein profiles of enucleated MII ovine oocytes 
and the resultant karyoplast in order to identify which 
proteins are removed by enucleation. A large number 
of proteins were detected in the karyoplasts, however, 
this proteomic analysis of oocyte enucleation was not 
continued for several reasons. Lee & Campbell (2005) 
developed an efficient method for the blind enucleation 
of ovine oocytes at anaphase-telophase of the first mei-
otic division (AI/TI). In addition to an increase in the 
efficiency of blind enucleation, this procedure removes 
significantly less of the oocyte cytoplasm than enuclea-
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tion at MII (0.2% vs 2.3%). This removal of a smaller 
volume of oocyte cytoplasm may result in the removal 
of a smaller percentage of oocyte proteins associated 
with the meiotic spindle which may be beneficial to 
the developmental competence of the recipient cytopla-
st. A proteomic analysis of the proteins removed by 
enucleation would provide valuable information lead-
ing to possible improvements in development of SCNT 
embryos. However, analysis of the small amounts of 
material available proved difficult with the techniques 
which were currently available at the time and would 
have required the collection of thousands of aspirated 
karyoplasts for each 2D P.A.G.E. analysis. The recent 
development of new technologies for staining and iden-
tifying small amounts of protein such as saturation la-
belling, LC-MS and ICAT now make this approach 
more feasible (Pennington, 2004), however, large num-
bers of aspirated karyoplasts will still be required. As 
previously discussed, the enucleation of oocyte may re-
duce the activities of cytoplasmic kinases. However, in 
the present study enucleation at MII did not affect the 
activities of either MPF or MAPK kinases.

When an interphase nucleus is fused to an MII oo-
cyte the presence of high levels of MPF kinase induces 
the transferred nucleus to enter a mitotic division pre-
cociously and causes nuclear envelope breakdown (NE-
BD) and premature chromosome condensation (PCC). 
NEBD and PCC may be important for nuclear repro-
gramming, which is beneficial to development of SCNT 
embryos. It has been reported that MII oocytes derived 
from prepubertal sheep and cattle have lower levels of 
MPF activity (Ledda et al., 2001; Salamone et al., 2001), 
in cattle this results in a reduced developmental com-
petence (Salamone et al., 2001), furthermore in sheep 
this reduced MPF activity was unable to induce GVBD 
when fused to GV oocytes (Ledda et al., 2001). The oo-
cytes used for in vitro maturation in these studies were 
derived from mature ewes (approximately 5 x GV ac-
tivity) and oocyte kinase levels appeared similar to tho-
se previously reported (Ledda et al., 2001). To examine 
the effects on the activities of MPF and MAPK kinases 
at enucleated oocytes and dissected karyoplasts flowing 
enucleation, oocytes were analyzed for the individuals. 
Difference in activity of either kinase was observed at 
either enucleation when compared to enucleated oocy-
tes or dissected karyoplasts. Therefore, oocytes enucl-
eated at MII appeared identical in terms of their kinase 
activities to control oocytes. Immunofluorescence stud-
ies showed that although Cyclin B1 and Erk 1/2 were 
associated with the spindle all three of these proteins 
were also distributed through the cytoplasm of the oo-
cyte. Although each of these potential mechanisms may 
be involved in regulating the occurrence of NEBD, the 
fact remains that the higher incidence of NEBD in do-
nor cells fused to unenucleated oocytes suggests that 
enucleation can affect the occurrence of NEBD. There-

fore the possibility exists that enucleation is removing 
proteins or other factors, other than MPF or MAPK, 
which are involved in regulating NEBD. Simerly et al., 
(2003) using immunohistochemistry have suggested that 
proteins involved in spindle organisation, NuMa and 
HSET are removed by the enucleation process. Howev-
er, which other proteins may be being removed by 
enucleation is unknown. In this experiment to identify 
which proteins are removed by enucleation, the protein 
profiles of enucleated MII oocytes and the resultant 
karyoplast were compared. Considering that MII enu-
cleation removes only 2～3% of the oocyte cytoplasm a 
large number of proteins were visible in the karyo-
plasts analysed, however, this approach to the analysis 
was not continued for several reasons. Firstly, the amo-
unt of protein present in the aspirated karyoplasts was 
very small and very large numbers would be required 
for proteomic analysis. Secondly, when oocytes were 
enucleated at AI-TI the cytoplasmic volume became 
smaller by a factor of ten; therefore proteomic analysis 
of AI/TI karyoplasts would require even larger num-
bers of oocytes. Although not pursued in these studies, 
all karyoplasts from the studies presented in this thesis 
were collected and stored for future analysis.

In conclusion, enucleation at MII has no effect on 
the activities of MPF or MAPK kinases. The analysis of 
oocyte proteins removed during enucleation is a fea-
sible but difficult approach to the identification of fac-
tors which may be depleted in the cytoplast, primarily 
due to the large numbers of aspirated karyoplasts whi-
ch would be required for the analysis. 
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