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Abstract

Effects of recipient oocyte activation methods on the development of nu-
clear transfer (NT) embryos were investigated. In Exp. 1, cell-cycle phase of
serum-starved bovine cumulus cells was examined by flow cytometry. Majority
(95.5%) of medium-sized (16-20 um) cells that made up 56% of total cells was
at the Go/G, phase. NT embryos were constructed by electric fusion with the
medium-sized serum-starved cumulus cells and bovine oocytes of 3 different
preparations: enucleated oocytes treated with calcium ionophore A 23187 for 5
min and cycloheximide for 5 hr (A 23187/CHX), those treated with ethanol for
7 min and cycloheximide for 2 hr (ethanol/CHX) and those without treatment.
In Exp. 2 and 3, developmental competence of NT embryos constructed with A
23187/CHX- and ethanol/CHX-treated oocytes was compared to that of NT
embryos constructed with non-treated oocytes, respectively. Further, nuclear
behavior in 3 different NT embryos was examined in Exp. 4. Within 1 hr after
fusion, majority of the NT embryos constructed with non-treated oocytes
showed condensed chromosome. Three hours after fusion, about 50% of NT
embryos constructed with non-treated or ethanol / CHX-treated oocytes
showed a single pronucleus-like structure. NT embryos constructed with
ethanol /CHX-treated oocytes showed similar rates of fusion, cleavage and
blastocyst formation to those of the non-treated oocytes. In contrast, NT em-
bryos constructed with A 23187/ CHX-treated oocytes did not show any
pronucleus-like structure and showed lower cleavage rate and no development
to blastocysts. The results indicate that ethanol/CHX-treated oocytes could
support development of somatic cell NT embryos to the blastocyst stage at a
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similar rate to that of non-treated oocytes.

Key words: ethanol; calcium ionophore; cycloheximide; cumulus cells

Introduction

Bovine somatic cell-derived NT embryos
have been produced using enucleated mature
oocytes at metaphase II (cytoplasts) and so-
matic cells (nuclear donor cells) arrested at
the Go/G: phase®*®*** _  Recent studies de-
monstrated that somatic cell NT embryos can
also be produced by using activated oo-
cytes®'®'”. In these studies, the metaphase II
oocytes were activated with chemicals to re-
lease the oocytes from meiotic arrest and then
enucleated at telophase IT ( 2 - 5 hr after acti-
vation )*'” . Enucleation at telophase II re-
moves chromatin materials by aspirating the
second polar body and surrounding cyto-
plasm; thus, enables more efficient enuclea-
tion (92-98%) than the enucleation at meta-
phase I1(59-62%)*"". This method has fur-
ther advantages since enucleation can be
done with minimal removal of cytoplasm and
without exposure to DNA stain or UV irradia-
tion for chromatin localization. Moreover, enu-
cleation at the telophase II stage enables se-
lection of a highly homogeneous group of syn-
chronously activated host oocytes”.

The NT embryos constructed with acti-
vated oocytes and G./S phase”, G: phase"
and cyclic cells” possess developmental com-
petence similar to or better than those con-
structed with non-activated metaphase II oo-
cytes and Go/G. phase cells*'®". Furthermore,
the pregnancy in cattle” and birth of live off-
spring in goats” have been reported using ac-
tivated and telophase-enucleated oocytes.
However, developmental competence of NT
embryos with activated oocytes seems contro-
versial. Some studies showed no development
of NT embryos with activated oocytes to the

blastocyst stage®. Thus, developmental com-
petence of NT embryos constructed with acti-
vated oocytes remains to be confirmed.

It has been accepted that efficiency of oo-
cyte activation and developmental compe-
tence of NT embryos constructed with acti-
vated oocytes are affected by various factors,
such as activating agents, the duration be-
tween initial activation stimulus and fusion
to the nuclear donors, the age (i.e., time after
maturation culture) of the oocytes at activa-
tion, cell-cycle coordination between nuclear
Although
every protocol used for oocyte activation in re-
cent NT embryo production differs in details,
there are two typical protocols used for oocyte

donors and recipient oocytes® .

activation. One protocol treats oocytes with 5
-20 uM ionophores for 5 min followed by 10 pug
/ml cycloheximide for 5 - 6 hr till fusion to nu-
clear donors™. The other treats oocytes with
7 % ethanol for 5 min followed by incubation
for 2 - 3 hr with or without cycloheximide or 6
-dimethylaminopurine™ .

Therefore, we compared the developmen-
tal competence of NT embryos constructed
with metaphase II oocytes activated by the
two typical protocols to that of the NT em-
bryos constructed with non-activated meta-
phase II oocytes fused and activated simulta-
neously in this study. To exclude the effect
of the enucleation procedure and cell-cycle
phase of the nuclear donors, oocytes were first
enucleated, then activated with different
chemicals and fused with nuclear donors at
the same cell-cycle phase.

Morphological changes of transplanted
nuclei in the cytoplasts givé an insight of the
activities of maturation promoting factor
(MPF) and cytostatic factor (CSF)?, key com-
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ponents of cell cycle-phase regulation. Thus,
we - also investigated the morphological
changes of transplanted nuclei in the recipi-
ent cytoplasts to understand the difference in
the developmental competence of NT embryos
reconstructed with oocytes prepared with dif-
ferent activation procedures.

Materials and Methods

Preparation of recipient oocytes

In vitro matured bovine oocytes were
used as recipient cytoplasts for NT. They were
prepared as described previously. Briefly,
cumulus-oocyte complexes (COCs) aspirated
from small antral follicles of slaughterhouse-
derived ovaries were cultured for 18 to 20 hr
at 39C under a humidified air with 5 % CO:
in a maturation medium: 25mM HEPES-
buffered TCM 199 (Gibco Laboratories, Grand
Island, NY, USA) supplemented with 10% (v
/v) fetal calf serum (FCS, Gibco), 0. 02 units
/ml follicle stimulating hormone ( Sigma
Chemical Company, St. Louis, MO, USA), 1
ug/ml estradiol-17f (Sigma) , 0. 2 mM sodium
pyruvate (Sigma) and 50 pg/ml gentamicin
sulfate (Sigma).

Enucleation of oocytes was done as de-
scribed previously”. Briefly, after the removal
of cumulus cells by repeated pipetting and
short time of vortexing, cumulus-free oocytes
were mechanically enucleated by removing
the first polar body and approximately 20% of
the adjacent cytoplasm in HEPES-buffered
modified Tyrode’s medium (TALP-HEPES)?
supplemented with 10% FCS, 0.2 mM sodium

pyruvate and 5 pg/ml cytochalasin B (Sigma).

Some of the enucleated oocytes were ex-
posed to20uM calcium ionophore A 23187
(Sigma) for 5 min in an embryo culture
medium : a modified synthetic oviductal fluid
containing 20 amino acids and 10 pg/ml insu-
lin"¥, and further supplemented with 5 mM

glycine, 5 mM taurine, 1 mM glucose and 1

mg/ml polyvinyl alcohol”. They were then
incubated in the same embryo culture media
containing 3 mg/ml fatty acid-free BSA in-
stead of 1 mg/ml polyvinyl alcohol and 10 pg/
ml cycloheximide (Sigma) for 5hr (A23187/
CHX)® orto 7% (v/v) ethanol for 7 min and
cycloheximide for 2 hr (ethanol/CHX) " before
fusion in an embryo culture medium with 3
mg/ml fatty acid-free BSA at 39C in 5%
CO:z, 5% O:and 90% N..

Preparation of nuclear donor cells

Primary cultured cumulus cells were pre-
pared as described previously' with some
modifications. Briefly, cumulus cells collected
from in vitro matured oocytes were cultured
in Dulbecco’s modified Eagle medium : nutri-
ent mixture F-12 (DMEM/F12, Gibco) sup-
plemented with 10% FCS and 50 pug/ml gen-
tamicin sulfate for 3 or 4 days at 37°C under a
humidified air with 5% CO.. To obtain the
cells at Go/G. phase, the medium was replaced
with DMEM/F 12 supplemented with 0.5%
FCS (serum-starvation) and further cultured
for 3 days. Serum-starved cells were disaggre-
gated with Ca’*- and Mg**-free Dulbecco’s
phosphate-buffered saline ( DPBS, Nissui
Pharmaceutical Co., Ltd., Tokyo, Japan) con-
taining 0. 1% (w/v) trypsin (Sigma) and0. 1%

(w/v) EDTA (Kanto Kagaku, Tokyo, Japan)

and were used as nuclear donor cells. The
serum-starved cells were characterized in vi-
ability, cell size and cell-cycle phase as previ-
ously described”. Briefly, the cells stained
with 0.3% (w/v) trypan blue were counted to
examine the viability using a haemocytome-
ter under a light microscope. To determine the
cell-size and cell-cycle phase distribution, the
diameter of cells were measured using an ocu-
lar scale under an inverted microscope. The
cells were fixed in cold 70% (v/v) ethanol and
analyzed DNA content to examine the cell-
cycle phase distribution by flow cytometry.
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Fixed cells were washed with DPBS and incu-
bated with 200 pg/ml RNase A (Boehringer
Mannheim, Mannheim, Germany) for 30 min
at 37C, stained with 50 pg/ml propidium io-
dide (Sigma) and filtered through a nylon
mesh with 50 um pores (Kyoshin Riko, Tokyo,
Japan). Fluorescence was measured with
flow cytometer (EPICS XL-MCL, Beckman
Coulter Inc., Fullerton, CA, USA) using a 620
nm filter.

Nuclear transfer and culture of embryos
Nuclear donor cells were inserted indi-
vidually into the perivitelline space of enucle-
ated oocytes. Serum-starved cells with 16-20
pm in diameter (presumptive Go/G: phase)
were fused with non-treated, A 23187/CHX- or
ethanol / CHX-treated oocytes. The couplets
were placed and manually aligned between
two wire electrodes (1.0 mm apart) overlaid
with 0.3M mannitol solution containing 0.1
mM CaCl; and 0. 1lmM MgCl.. Fusion of cou-
plets was induced by two direct current pulses
of 100 V/mm for 40 usec, 1 sec apart using an
Electro Cell Fusion (LF-100, Life Tec Co., To-
kyo, Japan). Successfully fused couplets with
A 23187/ CHX-treated oocytes were cultured
immediately in the embryo culture medium,;
whereas, fused couplets with ethanol/CHX-
treated and non-treated oocytes were cultured
in the embryo culture medium for 1 hr, and
thereafter with 10 pg/ml cycloheximide for 5
hr at 39°C in 5% CO:, 5% O: and 90% N:. To
determine the development to the blastocyst

stage, fused couplets were incubated in the

embryo culture medium for 7 days at 39C in
5% CO;, 5% O and 90% N:. The cleavage
and development to the 16-32-cell and blasto-
cyst stages were examined 33,72 and 174 hr
after fusion, respectively. The cell numbers of
blastocysts were counted at 174 hr after fu-

sion as described previously'” .

Evaluation of morphological status of trans-
planted nuclei

After fusion of nuclear donor cells and re-
cipient oocytes, NT embryos were fixed with
ethanol : acetic acid (3 : 1,v/v) for 24 hr and
stained with 1% (w/v) aceto-orcein to deter-
mine the transplanted nuclear status under a
phase-contrast microscope.

Experimental studies

In experiment 1, the cell size and the cell
-cycle phase distribution of primary cultured
cumulus cells after serum-starved culture
were investigated.

In experiment 2, the in vitro develop-
constructed with
(Go/ G
phase) and recipient oocytes with or without
calcium ionophore A23187 treatment was de-

ment of NT embryos
medium-sized nuclear donor cells

termined.

In experiment 3 , the developmental com-
petence of NT embryos constructed with
medium-sized nuclear donor cells and recipi-
ent oocytes treated with ethanol / CHX or non
-treated oocytes was compared.

In experiment 4, NT embryos derived
from medium-sized nuclear donor and nuclear
recipients used in experiments 2 and 3 were
cultured for 0.5 (except for ethanol / CHX NT
embryo), 1 or 3 hr after fusion and evaluated
for the nuclear status.

Statistical analysis

Differences between 2 and 3 means were
compared using Student’s ¢-test and analysis
of variance, respectively. Data analyses were
carried out using StatView (Abacus Concepts
Inc., Berkeley, CA, USA).

Results

In experiment 1, majority of the serum-
starved cells was within the medium size.
DNA analysis revealed that 95.5% of the



Edwin C. Atabay et al. 189

Table 1. Cell size and cell-cycle phase distribution of bovine primary cumulus cells after serum-starvation cul-

ture®
Cell size %" of cells % of cells in each cell-cycle phase
(um) in each size Go/G1 S G2'M
Small (<15) 24.0+7.9° 99.0+0.2¢ 0.5£0.1¢ 0.510.1°
Medium (16-20) 55.7+3.2¢ 95.5%1.0¢ 2.0+0.6¢ 2.631.1¢
Large (=21) 20.3+10.0¢ 80.8+3.5¢ 4.2+0.8° 15.5+3.1¢

#Cells were cultured for 3 days with 0. 5% fetal calf serum.

®One hundred cells were measured per replicate.

“¢Values (mean=+SD of 3 replicates) with different superscript in a column within a treatment differ significantly

(P<0.05).

Table 2. In vitro development of NT embryos constructed with donor cells at Go/G: phase and A23187/

CHX-treated or non-treated oocytes

Recipient® No.of % of %" of NT embryos develop to
0.0
oocyte fused
couplets > 2 -cell >16 - cell blastocyst
treatment couplets
Non-treated 45 63.7£5.1 66.5%5.0° 48.216.6° 33.5+5.0
A23187/CHX 45 55.7+7.6 52.4£6.9¢ 8.5+£7.5¢ 0

2Non-treated : enucleated oocytes were fused with nuclear donor cells and incubated with cycloheximide for 5 hr ;

A23187/CHX : enucleated oocytes were exposed to calcium ionophore A23187 for 5 min then incubated with cyclo-

heximide for 5 hr before fusion.

9% based on the number of fused couplets. Development of nuclear transfer (NT) embryos to >2-cell, =16-cell

and blastocysts was determined at 33, 72 and 174 hr after fusion, respectively.

“4Values (mean=+SD) of 3 replicates with different superscripts within a column differ significantly (P <0.05).

medium-sized cells were at the Go/G. phase
after serum starvation (Table 1 ). Percent-
ages of live cells of the serum-starved cells
were 94.7%2.0 (mean=SD of 3 replicates).

In experiment 2, as shown in Table 2,
there was no difference in fusion rate, regard-
less of the recipient oocyte treatment. How-
ever, the NT embryos constructed with A23187
/CHX-treated oocytes showed lower cleavage
and development beyond the 16 - cell stage
than those constructed with non-treated oo-
cytes (P <0.05). No blastocyst was observed
in the NT embryos derived from A23187/CHX-
treated oocytes.

In experiment 3, as shown in Table 3,
there were no significant differences in the
rates of fusion, cleavage and development to
the blastocyst stage between the NT' embryos
derived from the oocytes treated with ethanol
/CHX and those from non-treated oocytes.
However, the mean cell number of blastocysts
derived from non-treated oocytes was larger
than that from ethanol / CHX-treated oocytes
(P<0.05).

In experiment 4, at 0.5 hr after fusion,
some of the NT embryos (3/9) constructed
with non-treated oocytes had condensed chro-
mosome masses; while, all of the NT' embryos
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Table 3. In vitro development of NT embryos constructed with donor cells at Go/Gi phase and ethanol/CHX-

treated or non-treated oocytes

Recipient? No. % of %" of NT embryos develop to
Blastocyst
oocyte of fused
> 2 -cell >16-cell blastocyst cell no. (n)
treatment couplets couplets
Non-treated 58 67.2+0.9 79.5+0.8 38.6%2.5 33.0£2.9 175.3£7.0°
(13)
Ethanol /CHX 76 69.7+2.7 67.51£10.8 38.6+4.2 30.3£3.6 165.8+12. 64
(16)

2Non-treated : enucleated oocytes were fused with nuclear donor cells and incubated with cycloheximide for 5

hr; Ethanol / CHX : oocytes were exposed to ethanol for 7 min then incubated with cycloheximide for 2 hr before

fusion.

5% data were mean £ SD of 3 replicates based on the number of fused couplets. Development of nuclear transfer

(NT)embryos to >2-cell, >16-cell and blastocysts was determined at 33, 72 and 174 hr after fusion, respectively.

“iValues (mean+SD) with different superscripts within a column differ significantly (P <0.05).

Table 4 . Changes in the nuclear status of the nuclear transfer embryos constructed with donor cells at Go/G:
phase and recipient oocytes with or without treatment

Recipient Hours No. of No. of couplets with
oocyte after couplets
n Intact CCM (=2CCM) PN(2PN)
treatment® fusion examined
11 2 7 (6) 2 (0)
Non-treated
3 9 0 1 (0) 8 (4)
1 15 13 2 (1) 0
A23187/CHX
3 8 6 2 (2) 0
1 7 2 (0) 0
Ethanol /CHX
3 10 2 3 (1) 5 (0)

“For explanation of non-freated, A23187/CHX and Ethanol/CHZX, see footnotes in Tables 2 and 3.

Intact: presence of nuclear envelope; CCM: condensed chromosome mass; PN: pronucleus-like structure

(10/10) constructed with A23187/CHX-treated
oocytes possessed nuclei with intact envelop.
As shown in Table 4 , more than half of the
NT embryos constructed with non-treated oo-
cytes showed one or more condensed chromo-
some masses, and some embryos showed a
single pronucleus-like structure at 1 hr after
fusion. A few NT embryos constructed with A
23187/CHX-treated and ethanol/CHX-treated
oocytes showed condensed chromosomes but

none of both NT embryos showed pronucleus-
like structure at 1 hr. At 3 hr after fusion, the
NT embryos constructed with non-treated or
ethanol / CHX-treated oocytes exhibited pro-
nucleus-like structure, whereas the NT em-
bryos constructed with A23187/CHX-treated
oocytes did not show the pronucleus-like
structure.
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Discussion

NT embryos constructed with non-treated
and ethanol/CHX-treated oocytes developed
to the blastocyst stage at similar rates while
none of NT embryos with A 23187/CHX-
treated oocytes developed to blastocysts. The
present results confirmed the findings of pre-
vious works"™ and suggest that the acti-
vated oocytes with an ethanol/CHX protocol
supports development of NT embryos con-
structed with somatic cells. Thus, the protocol
can be used to activate oocytes for telophase
enucleation that has greater potential in re-
cipient oocyte preparation than oocyte enu-
cleation at metaphase IT".

Treatment for oocyte activation aims to
inactivate both MPF and CSF. In an intact oo-
cyte, inactivation of MPF is parallel to meiotic
release, and inactivation of mitogen-activated
protein kinase, a key component of CSF activi-
ty, is associated with pronuclear develop-
ment®?
embryos constructed with non-treated oocytes
may be exposed to high MPF activity since a

. The transplanted nuclei in the NT

high proportion of couplets showed condensed
chromosomes. These nuclei may form a single
pronucleus-like structure as MPF and CSF
activities decreased, then enter mitosis.
NT embryos which exhibited such nuclear
changes may have reprogrammed and ac-
quired developmental competence to the blas-
tocyst stage.

About 50% of NT embryos with non-
treated oocytes formed 2 pronucleus-like
structures. It has been suggested that the
levels of MPF and the duration during which
introduced nuclei are exposed to MPF activity
determine the number of pronucleus-like
structure” . In mice, metaphase II oocytes
with low CSF and MPF levels form one pronu-
cleus and enter the first mitotic cleavage
while those with high MPF levels, due to in-

sufficient inactivation of CSF, form 2 pronu-
clei and enter metaphase III stage"”. Ac-
cordingly , formation of 2 pronucleus-like
structures occurred only in NT embryos con-
structed with non-treated oocytes. While NT
embryos with activated oocytes, in which CSF
and MPF activity can be assumed at low le-
vels, formed only a single pronucleus-like
structure.

The present results highlighted an ad-
vantage of the ethanol/CHX protocol over the
A23187/CHX protocol in oocyte activation.
The difference in the developmental compe-
tence of the NT embryos constructed with oo-
cytes activated by the 2 protocols may be ex-
plained by the
changes of the transplanted nuclei. When nu-

different morphological

clei (at Go/G: phase) are placed in enucleated
oocytes that have been fully activated (low
MPF and CSF activities), the nuclei should
form pronucleus-like structures without nu-
clear envelop breakdown and chromosome
condensation and will proceed to the S-phase®.
NT embryos with such nuclei seem to con-
tinue normal kinetics of mitosis and may de-
velop to the blastocyst stage. This may occur
in NT embryos constructed with ethanol /
CHX-treated oocytes that showed a single
pronucleus-like structure (50%) at 3 hr after
fusion but not in those with A23187/CHX-
treated oocytes.

It is generally accepted that a series of
multiple transient increases in intracellular
calcium ion concentrations induced by sper-
matozoa trigger the activation process of the
oocytes™. Thus, the difference in the effi-
ciency of the 2 treatments for oocyte activa-
tion can partially be attributed to the differ-
ence in intracellular calcium responses in the
oocytes treated with ethanol and calcium
ionophore A23187. Both ethanol (7% for 7
min) and calcium ionophore A23187 (10 uM for
5min) induce a single rise of intracellular cal-
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cium ion concentrations in bovine oocytes and
show similar peak levels to that of the first
calcium rise induced by fertilization. The
rise induced by the ethanol treatment, how-
ever, is characterized by a longer duration
than the rise induced by calcium ionophore A
23187"%. The longer duration of the calcium
rise in ethanol treated oocytes may better
mimic a series of multiple calcium transient
increases at fertilization, thus, ethanol treat-
ment makes a better activating stimulus for
oocytes than calcium ionophore A23187.
Further, the source of calcium ions may
affect the activation efficiency. Calcium iono-
phore A23187 initiates calcium influx from the
extracellular environment and intracellular
stores such as smooth endoplasmic reticu-
lum”. While ethanol treatment is thought to
trigger inositol 1, 4, 5-trisphosphate (IP;)-
mediated calcium rise in Xenopus oocytes,
which would be mainly from the intracellular
store”. The transient rises in intracellular
calcium ion concentrations following sperm-
egg binding are caused by the breakdown of
membrane phosphatidylinositol diphosphate
with the resultant production of IP;¥. The
similarity between ethanol treatment and fer-
tilization in the source of calcium ions for
transient rises may be a part of reasons for
higher oocyte activating efficiency of ethanol
treatment than calcium ionophore A23187.
The difference in the activation efficiency
of the 2 treatments can also be attributed to
the different use of cycloheximide in each
treatment. Ethanol/CHX protocol used cyclo-
heximide for 2 hr after ethanol treatment and
for 5 hr after fusion of the enucleated oocytes
and nuclear donors. A23187/CHX protocol,
however, used cycloheximide for 5 hr after A
23187 treatment but not after fusion. As de-
scribed previously, the fate of nucleus differs
depending on the levels of MPF and CSF ac-
tivities. Both protocols are designed to lower

the MPF activity by either ethanol or A23187
and to maintain the low MPF level with cyclo-
heximide by preventing production of cyclin B,
a key component of MPF®. The A23187/CHX
protocol used in the present study has been
used in the previous works with successful ac-
tivation of bovine oocytes™' .
observation of nuclear morphology suggests
that A23187/CHX protocol activated oocyte
only partially and that MPF activity resumed
to high levels after fusion when the fused coup-
lets were cultured without cycloheximide.
This hypothesis should be examined in fur-
ther study with a modification of A23187/CHX
protocol by adding cycloheximide after fusion.

However, the

The present study demonstrated a clear
advantage of ethanol/CHX protocol over A
23187/ CHX protocol to prepare activated re-
cipient oocytes for somatic cell NT embryo
production. The results suggest that oocyte
activation protocol with ethanol and cyclohex-
imide can be used for telophase enucleation.
However, the normality of bovine NT embryos
constructed with oocytes that have been acti-
vated by ethanol/CHX treatment and enucle-
ated at telophase II remains to be determined.
To date, no work has been available for full
term development of NT embryos with oo-
cytes activated by ethanol/CHX protocol.
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