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ABSTRACT

The detail status of CpG methylation in genome of reconstructed embryos is still
unclear. In this study, we examined the methylation status of the satellite I region and the
promoter regions of the functional genes: telomerase RNA (TR) and interleukin-6 (IL-6)
genes in bovine blastocysts produced by nuclear transfer using fetal fibroblasts after serum
starvation culture (NT blastocysts). The satellite 1 region was more methylated in NT
blastocysts than that in the in vitro fertilized (IVF) blastocysts (63% vs 46%, P< 0.05). In
addition, the methylation profiles of the satellite I region in NT blastocysts were similar to
that in serum-starved cells, although the profiles were different from that in IVF blasocysts.
These results suggest that the highly methylation status of satellite I region in NT
blastocysts might indicate the incomplete reprogramming of the genome in embryos

reconstructed with somatic cells. While, there were no obvious evidence for aberrant
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methylation of the TR and the IL-6 promoter regions of NT blastocysts by comparison
with that in IVF blastocysts (0% vs 2.4%: TR and 0% vs 0%: IL-6, P> 0.05). The TR, and
the IL-6 genes were expressed in the NT blastocysts as in the IVF blastocysts by RT-PCR

analysis.

Key Words: Bovine reconstructed embryo, CpG methylation, Gene promoter region,

Serum starvation, Epigenetic reprogramming

INTRODUCTION

Successful full-term development of
bovine reconstructed embryos following
nuclear transfer (NT) with somatic cells
into enucleated oocytes has been reported.
However, the survival rates of the newborn
calves are extremely still low [1-3]. The
most of fetuses produced by the NT with
somatic cells are absorbed days 30-70, and
the most newborn calves have serious
developmental abnormalities, resulting in
death at birth or shortly after the birth
[4-6].

For improvement of developmental
capacity of the bovine cloned embryos,
many studies have been focused on the cell
cycle phase of donor cells and recipient
oocytes [7-10]. Culturing donor somatic
cells by serum starvation is commonly
used for synchronizing the cell cycle
before reconstruction of the embryos,
because the serum starvation induces a
mitotic cell arrest at GO phase. Although
have

the cell cycle of donor cells

synchronized at GO phase by the serum
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starvation culture, little attention has been

given to the change of epigenetic
modification in the genomes of the donor
cells for the NT during the serum
starvation culture.

In mammalian genome, the cytosine
residue (C) 5° to a guanine residue (G) can
form the methylated CpG sequences. This
epigenetic modification of DNA in the
genome is correlated with gene silencing
[11]. Kang et al. [12] examined methylation
status of several bovine interspersed nuclear
elements including the satellite I region that
is the part of sequence in the bovine 1.715
satellite DNA, in embryos reconstructed
with somatic cells. The overall genomic
methylation status in the reconstructed
embryos closely resembled to that in the
donor somatic cells, but was very different
from that in embryos fertilized in vitro
(IVF). Therefore, the low developmental
competence of the embryos reconstructed
with somatic cells is probably due to
incomplete epigenetic reprogramming of

the genome [12]. Several reports have
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shown that the inappropriate expression of
functional genes in reconstructed bovine
embryos may result in the low survival rates
[13-15]. These inappropriate expressions
might be due to incomplete reprogramming
in genomes of the reconstructed embryos
such as aberrant methylation of gene
promoter regions. However, epigenetic
reprogramming of the promoter regions of
functional genes in donor somatic cells
and reconstructed embryos is still unclear.

Telomerase RNA (TR) gene is the
RNA component of telomerase that is a
ribonucleoprotein  reverse transcriptase
essential for the maintenance of telomere
length controlling the life span of cells
[16,17]. In bovine, telomerase activity
during early development of reconstructed
embryos is needed for restoration of
shortened telomere length, which occurred
in the genome of the donor cells during the
serum starvation culture [18]. In bovine,
Interleukin-6 (IL-6) gene begins to be
expressed by the blastocyst stage [13].
IL-6 messenger RNA (mRNA) and protein
is localized in endometrium at the time of
the implantation in human and mice
[19,20].

In this study, to reveal the status of
reprogramming of promoter regions of
in cultured bovine

functional genes

fibroblasts and  bovine  blastocysts

reconstructed with the cells, we examined

the methylation status of the satellite I
region as a control, and the promoter

regions of TR and IL-6 genes.

MATERIALS AND METHODS
Preparation of cells and NT blastocysts

Skin fibroblasts were isolated from
the carcass of a bovine fetus at embryonic
day 60 and the cells at passage 5 were used
for analyses. At passage 5, the fibroblasts
at 60-80% confluency (growing cells)
were cultured for further 6 days (serum-
starved cells) in Dulbecco’s Modified
Eagle Medium (Nissui Pharmaceutical Co.,
Tokyo, Japan) containing 0.5% fetal
bovine serum (Sigma Chemical Co., St.
Louis, MO, USA). Bovine oocytes
in vitro were used for the
NT.
maturation of oocytes was carried out as
[21]. After the

maturation, both the first polar bodies and

matured

recipient cytoplast for In vitro

described previously

the metaphase plates were removed from

the in vitro matured oocytes. The
enucleated oocytes were individually fused
with the serum-starved cells by a single

electrical pulse of 2.0 kV/cm for 25 msec.

-Then, the reconstructed embryos were
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activated by a single electrical pulse of 200
V/em for 20 msec and cultured in vitro as
described previously [22,23]. For control,
IVF embryos were also produced as

described previously [24]. Five blastocysts
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were collected at 168 h post insemination
(IVF blastocysts) or post fusion (NT
blastocysts), and then stored at -80 °C until
use. The mean number of blastomeres was
~150 and ~100 for IVF and NT blastocysts,

respectively.

Isolation of Genomic DNA

For DNA preparation, growing and
serum-starved cells (3-4 * 10° cells) were
solubilized in 200 ml of lysis buffer
containing 500 mg/ml of proteinase K and
30 mg/ml of RNase A, and then incubate at
37 °C for 16 h. The cellular DNAs were
recovered from the lysates by phenol/
chloroform  treatment and  ethanol
precipitation, then dissolved in 150 ml of
distilled water (DW) and divided into three
groups. While, each 3 group of 5 NT and
IVF blastocysts were solubilized in 100 ml
of lysis buffer containing 300 mg/ml of
proteinase K, then they were incubated at
56 °C for 2 h and at 37 °C for 1 h following
addition of RNase A (20 mg/ml). DNAs
the

recovered from the lysates by phenol/

extracted from blastocysts  were

chloroform  treatment - and  ethanol
precipitation in the presence of 5 mg of
glycogen as a carrier, and then dissolved in

50 ml of DW.

Sodium Bisulfite DNA Sequencing
Isolated DNAs were digested with
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EcoRI at 37 °C for 16 h, then denatured
with 0.3 M NaOH at 42 °C for 20 min.
Bisulfite modification was initiated by the
addition of 520 ml of 3M sodium bisulfite
(pH 5) and 30 ml of 10 mM hydroquinone
into 55.5 ml of denatured DNA solutions
[25,26]. The reaction mixture was covered
with mineral oil and incubated at 55 °C for
16 h in the dark. Modified DNA was
purified using the Wizard™ DNA
purification resin according to the
manufacturer’s protocol (Promega Co.,
Madison, WI, USA) and eluted into 50 ml
of DW. Modification was completed by
NaOH (final concentration, 0.3 M)
treatment for 15 min at room temperature,
followed by ethanol precipitation. DNAs
were resuspended in 20 ml of TE (pH 8.0)
and used immediately or stored at -20 °C
until use. PCR amplification was carried
out using 2 ml of each bisulfite modified
DNA as template in 23 ml volume
containing PCR buffer (final concentration
50 mM KCIL, 10 mM Tris-HCI, 1.5 mM
MgCl, and 200 mM of each dNTP), 0.2
mM of each primer and 0.63 U of TaKaRa
Taq polymerase Hot Start Version (Takara
Bio Inc., Shiga, Japan). We carried out
each PCR and pooled the PCR products
before sub-cloning. The thermal cycling
profiles were performed under the
following conditions: 94 °C, 5 min; 40
cycles of 94 °C, 30 sec; 43 °C (for satellite
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I region), 46 °C (for TR gene) or 50 °C
(for IL-6 gene) Imin; 72 °C, Imin; final
extension 72 °C, 7 min. Except for satellite
[ region, semi-nested PCR was used in
other samples to increase the yield of the
PCR products. For semi-nested PCR, 2 ml
of each first round product were
transferred to another 200 ml tube in 23 ml
volume containing PCR buffer, each
primer and DNA polymerase as above, and
amplified for 40 cycles according to the
same profiles. The primers used for
amplifying the satellite I region were
5’-GGTATTTTTGATTTTA GA-3’ for
the forward primer and 5’-CCTATAAATA
AAATCAACA-3’ for the reverse primer.
The primers used for amplifying the TR
promoter region were S’-TTTTAAGAGG
TGGAAAATA-3" and 5’-TTTAAGTTAA
TTTTTAAGTTATAAG-3’ for the forward
primers, and 5’-TCTCCTTATAAATACAA
CAAC-3" for the reverse primer. The
primers used for amplifying the IL-6
promoter region were 5’-TTTAAGATATG
TTAATGTGTTGAGT-3" and 5°-GTGATT
TAGTTTTTGAGGAT TAG-3’
forward primers, and 5°-AAACAAACTA
AATCTCAAACATC-3’

for the

for the reverse
primer.

Each PCR product was cloned into
pGEM-T easy vector (Promega Co.).
Individual clones were sequenced using an

automatic sequencer ABI PRISM 310.
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Isolation of RNA and RT-PCR

Messenger RNA from 5 NT or IVF
blastocysts was extracted using QuickPrep
micro mRNA Purification Kit (Amersham
UK).

Growing and serum-starved cells (3-4 * 10°

Biosciences, Buckinghamshire,
cells) after washing with phosphate buffered
saline (Gibco BRL, Grand Island, NY,
USA) were lysed by the addition of Trizol
Reagent (Gibco BRL), and the RNAs were
extracted by ethanol precipitation. The total
RNAs were resuspended in 20 ml of
diethylpyrocarbonate-treated water. Residual
DNA in the all extracts was removed by
treatment with 0.3 U / ml DNase I (Takara
Bio Inc.). RT-PCR was performed using a
Superscript One-step PCR Kit (Gibco
BRL) according to the manufacture’s
protocol. Briefly, the RNA samples were
pre-incubated at 65 °C for 5 min. RT-PCR
was then performed at 50 °C for 30 min,
94 °C for 2 min, 40 cycles of amplification
(94 °C for 30 sec, 55 °C for 30 sec, and
72 °C for 30 sec), and 72 °C for 7 min
after addition of 0.5 ml RT/platinum Taq
mixture, 12.5 ml of 2 " reaction mixture,
10 U ribonuclease inhibitor (Takara Bio
Inc.) and 0.2 mM each sense and reverse
primers to 1 ml of the RNA samples.
Reactions were performed with forward
5'-CGCTGTTTTTCTCGCTGACTTTC-3’
and reverse5’-CTGACAGAGCCCAATTC
TTCACG-3’ primers to detect TR cDNA,
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and forward 5’-CAGGAACAGCTATGAA
CTCC-3" and reverse 5’-TTGCAGAGA
TTTTGTCGACC-3’ primers to detect IL-6
c¢DNA. Control detection of glyceraldehyde
-3-phosphate dehydrogenase (GAPDH)
was performed with forward 5’-ACCAC
AGTCCATGCCATCAC-3’
5’-TCCACCACCCTGTTGCTGTA-3’
primers [27].

and reverse

Statistical Analysis

The data on the methylation rates in
cells and blastocysts were analyzed by
ANOVA and Fisher’s protected least

significant difference test using the
STATVIEW program ver. 5 (Abacus
Concepts, Berkeley, CA). Data were

expressed as meantSEM. The level of

significance was set at P<0.05.

Note

The sequences of mRNA and genomic
DNA encoding bovine TR, IL-6, G3PDH,
satellite I region and promoter regions of
TR and IL-6 genes have been assigned
nucleotide accession number: AF054814,
X57317, U85042, V00125, AF121226 and
711749, and respectively.

RESULTS
We first analyzed the methylation
status of satellite I region [12] in growing

and serum-starved fibroblasts and NT and

313

IVF blastocysts. Methylation rates were
not significantly different between the
growing and the serum-starved cells and
methylation status was also relatively
homogenous among different clones (50-
100%, Fig. 1A). The methylation rate of
satellite I region in NT blastocysts was
significantly lower than that in serum-
starved cells (63% vs 80%, P< 0.05, Fig.
1A), even though NT blastocysts were
produced from the same population of the
serum-starved cells. We also found that the
satellite I region in the NT blastocysts was
significantly methylated in contrast to that
in the IVF blastocysts (63% vs 46%,
P<0.05, Fig. 1A). The sequences of CpG-3
and CpG-6 showed the lowest and the
highest methylation levels, respectively, in
both the NT blastocysts and the serum-
starved cells (Fig. 1B).

We next analyzed the metylation status
of 16 CpG dinucleotides

upstream of the TR gene containing the

immediately

promoter region up to -231 bp from -19 bp
far from transcription start site (designated
astl) in cells and embryos. Figure 2A
showed that, except for the IVF blastocysts,
16 CpG dinucleotides in the other 3 groups
CpG
sequence of 3 clones and the -44 CpG

were all demethylated. The -61

sequence of 8 clones were specifically
methylated in IVF blastocysts (Fig. 2A).
By comparing with 16 CpG dinucleotides
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Fig. 1. DNA methylation status of satellite I region in genomic DNAs using sodium bisulfite DNA
sequencing method. A) DNA methylation profiles of the individual CpG site at the satellite I region in
growing cells, serum-starved cells, NT blastocysts and IVF blastocysts. Bottom figure of the growing
cells indicates the CpG dinucleotide location in the 1399 bp repeated unit of bovine 1.715 satellite DNA.
Methylation rates of each sample have shown to bottom of each methylation profile. Unmethylated
status (open circle) and methylated status (close circle) is indicated at each CpG sequence. Each PCR
product was sub-cloned, and 23 to 28 clones (7 to 11 clones x 3) subjected to nucleotide sequence
analysis. In the satellite I region, 12 CpG dinucleotides were hypermethylated in the growing cells and
the serum-starved cells. The satellite I region of the NT blastocysts was significantly hypermethylated
than that of the IVF blastocysts. a-c: Different letters denotes significant difference among the
methylation rates (P<0.05). B) Methylation profile of growing cells (broken line), serum-starved cells
(dotted line), NT blastocysts (thin line) and IVF blastocysts (thick line) at 12 CpG dinucleotides. The
sequences of CpG-3 and CpG-6 showed the lowest and the highest methylation levels, respectively, in

both the NT blastocysts and the serum-starved cells.
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Fig. 2. DNA methylation status of TR gene and /L-6 gene promoter regions. Methylation rates of each
sample have shown to bottom of each methylation profile. Bottom figure of the growing cells indicates
the CpG dinucleotide location from the transcription start site. Unmethylated status (open circle) and
methylated status (close circle) is indicated at each CpG site. A) Methylation profiles of the individual
CpG site at the TR gene upstream region in growing cells, serum-starved cells, NT blastocysts and IVF
blastocysts. Each PCR product was sub-cloned, and 23 to 26 clones (7 to 10 clones x 3) subjected to
nucleotide sequence analysis. Sixteen CpG dinucleotides were all demethylated in the growing cells, the
serum-starved cells and the NT blastocysts. The -61 CpG sequence of 3 clones and the -44 CpG
sequence of 8 clones were specifically methylated in IVF blastocysts. B) Methylation profiles of the
individual CpG site at the /L-6 gene upstream region as the 7R gene promoter region. Each PCR

product was sub-cloned, and 22 to 24 clones (6 to 9 clones x 3) subjected to nucleotide sequence

analysis. Five CpG dinucleotides were all demethylated in all 4 groups.
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of the other 3 groups, statistical difference
of methylation rate in the NT blastocysts
We further
analyzed the methylaton status of 5 CpG

was not observed (Fig. 2A).

dinucleotides immediately upstream of the
IL-6 gene containing the promoter region
up to -253 bp from +9 bp far from
transcription start site (designated as +1) in
cells and embryos. The 5 CpG dinucleotides
in the 4 groups were all demethylated (Fig.
2B). By comparing with 5 CpG dinucleotides
of the other 3 groups, statistical difference
of methylation rates in the NT blastocysts
was not observed (Fig. 2B).

In addition, we examined the
expression of TR and IL-6 genes in cells
and embryos by the RT-PCR method.
Transcripts of the TR and the IL-6 genes in

all groups were detected (Fig. 3).

DISCUSSION

We analyzed the methylation status of
satellite I region in cells and blastocysts as
an index of genome wide methylation
status. Our result for the satellite [ region
was almost as same as a result of Kang et
al. [12]. We found that the mathylation
rates of the satellite I region were not
significantly different between the NT
blastocysts and the serum-starved cells.,
and methylation status suggesting that

there were no substantial variations in
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Cells Blastocysts

serum-
starved

growing IVF

Fig. 3. The expression of TR and IL-6 genes
mRNAs in bovine fibroblasts and blastocysts.
The expression of the TR, the IL-6, and the
GAPDH genes mRNAs were determined by
RT-PCR from RNAs of growing cells, serum-
starved cells, NT blastocysts and [VF blastocysts.
Both positive (+) samples and negative control
reactions (-) omitting the RT enzyme are shown
in the TR and the IL-6 genes. The DNA ladder
100-bp marker (indicated MW) was used to
show the size of PCR products. All 4 RNAs were
positive for the TR, the IL-6, and the GAPDH
genes expression

methylation status of the region of the cells
by serum starvation. In addition, methylation
rate of the satellite I region in the NT
blastocysts was significantly lower than
that in the serum-starved cells (63% vs
80%, P<0.05, Fig. 1A) as a report of Kang
et al. [12]. These results suggest that
genome-wide methylation status may be
changed by the reconstruction of embryos.
These in
of

reconstructed embryos. However, the region

changes ~might result

reprogramming in the genome

in the NT blastocysts was significantly
more methylated than that in the IVF
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blastocysts (63% vs 46%, P<0.05, Fig. 1A).
The methylation profile of the region in
NT blastocysts was similar to that in
serum-starved cells, although it was very
different from that in IVF blastocysts (Figs.
1B). These results indicate that imcomplate
epigenetic reprogramming has occurred in
the genome of reconstructed embryos.

TR and IL-6 promoter regions might
play important roles in its expression in
either pre- or during implantation during
bovine development. We found almost no
methylated CpG dinucleotides of the TR
and the IL-6 promoter regions in growing
and serum-starved cells, and in NT and
IVF blastocysts in cattle (Figs. 2A and 2B),
indicating that there was no obvious
evidence for aberrant methylation in the
two promoter regioﬁs which are need from
early developmental stage in reconstructed
embryos. The hypomethylation status of
the promoter regions of the genes (Figs.
2A and 2B) might result in active
expression of the genes, since transcripts
of these two genes were detected in the NT
blastocysts as in the IVF blastocysts by the
RT-PCR analysis (Fig. 3).

In conclusion, our findings indicate
that there was no obvious evidence for
aberrant methylation in the TR and the
IL-6 promoter regions of the reconstructed
However, the

embryos. incomplete

reprogramming of the satellite I region in
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NT embryos was indicated by comparison
with that in donor cells and in IVF embryos.
The detail analysis for methylation of
DNA cells and

genomic in donor

reconstructed  embryos has  major
significance in the study of epigenetic

reprogramming of donor genome.
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