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ABSTRACT : DNA methylation seems to play an important regulatory role in gene expression and cell differentiation during
postimplantation embryonic development. However, the significance of DNA methylation which is maintained by the DNA MTase
during preimplantation embryonic development, is not fully understood. In order to study the role of DNA methylation in the
preimplantation embryos, the expression of DNA MTase transcripts was monitored in the oocytes and preimplantation embryos.
The mRNA of DNA MTase was detected in the oocytes and preimplantation embryos. The relative mRNA levels of DNA MTase
were high from the stages of GV-oocytes and pronuclear embryos, and thereafter decreased gradually. By the treatment of g-amani-
tin, it was confirmed that the transcripts presented in pronuclear embryos was derived from the maternal genome. The presence of
transcripts of DNA MTase in the oocytes and pronuclear embryos suggests that the maintenance of DNA methylation may be
necessary and seems to play an important role in gene expression and cell differentiation during preimplantation embryonic develop-
ment in mouse.
Key words : Preimplantation embryo, DNA MTase, RT-PCR.
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INTRODUCTION

DNA methylation occurs in almost all higher organisms
and plays a central role in the control of many genetic
functions. CpG methylation is known to be essential for the
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normal development of the embryos, gene regulation and
chromosome inactivation (Cedar, 1988; Tate & Bird, 1993),
and is thought to contribute to CpG mutability and
carcinogenesis through the ability of S-methylcytosine to
deaminate, forming thymine (Jones et al., 1992). In the
genomes of higher eukaryotes, cytosines are methylated in
CpG sequences, except in CpG islands, which are found in

the promoters of active house-keeping genes (Bird, 1987).
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As a result of the high mutability of m3-cytosine, CG de-
ficiency is observed in heavily methylated genomes. Apart
from normal biological processes, it has been postulated
that DNA methylation plays a role in carcinogenesis (Jones
& Buckley, 1990), genetic diseases (Cooper & Youssoufian,
1988) and evolution (Sved & Bird, 1990).

The importance of DNA methylation during embryonic
development in mice has been well-documented (Li et al,
1992). Analysis of methylation patterns of specific genes
during development suggests that patterns established in
sperm and oocytes are lost during early development, that
regions other than CpG .islands become almost fully meth-
ylated, and that loss of methylation occures at specific sites
in the tissues where a gene is expressed (Jahner & Jaenisch,
1984; Groudine & Conklin, 1985; Cedar & Razin, 1990).

Cytosine methylation is catalyzed by DNA (cytosine-5)
methyltransferase, and most m5C residues occur in the pél-
indrome 5-CpG-3’, with methylation on both strands
(Razin & Riggs, 1980). Hemimethylated DNA produced by
DNA replication becomes fully methylated by the action of
a maintenance methylase. The key enzymes involved in the
first two processes, the DNA methyltransferase, catalyze the
transfer of the methyl group from the donor
S-adenosyl-methionine to the CS5 ‘position of cytosihe
residues within specific DNA sequehce contexts. So far,
only one mammalian DNA (cytosine-5) methyltransferase
has been identified and characterized (Bestor et al., 1988;
Leonhardt & Bestor, 1993).

The DNA methylation plays an important regulatory role
in gene expression and cell differentiation during postim-
plantation embryonic development, nevertheless, the signifi-
cance of DNA methylation during preimplantation embry-
onic development is not fully understood. In this exper-
iment, to study the significance of DNA methylation in
preimplantation embryos, the transcripts of DNA MTase
gene was investigated by RT-PCR.

MATERIALS AND METHODS

1. Collection and culture of oocytes and preimplanta-
tion embryos
The GV-oocytes were collected from pregnant mare’s
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serum gonadotropin (PMSG) primed ICR female (Swiss Al-
bino). The ovulated-oocytes were collected from the
superovulated mice by flushing the oviduct. The pronuclear,
2-cell, 4-cell, 8-cell, morula, and blastocyst embryos were
collected from the superovulated mice that were mated to
ICR males at 20, 44, 56, 68, 78, or 96 hr posf-human chori-
onic gonadotropin (hCG) injection by flushing either the
oviduct or the uterus.

To verify whether the transcripts of DNA MTase in the
pronuclear embryos was originated from maternal genome,
the pronuclear embryos were cultured in 0.3% bovine
serum albumin (BSA)+ pottasium simplex optimized me-
dium (KSOM, Lawitts & Biggers, 1992) containing with o
-amanitin (25 pg/ml) as an inhibitor of RNA polymerase II
alpha for 24, 36, 48 hr in vitro.

2. Design of PCR primers for DNA MTase

Primers for DNA MTase were designed according to the
based on the mouse cDNA sequence of Bestor et al. (1988).
The position of designed DNA MTase primer binding sites
and the consequent cDNA fragment of DNA MTase were
represented in Figure 1. The primers were designed to cross
the exon and intron regions and pfoduce(.l‘ a diagnostic
fragment of 312 bp length. Patial sequence of a ¢cDNA
encoding DNA MTase have two restﬁction enzyme (Mspl
or Alul) site. The diagnostic fragments were confirmed by

restriction enzyme analysis.

3. Total RNA extraction and reverse transcription(RT)

Total RNA was extracted from 30 oocytes/embryos as
following. After collection, the oocytes and embryos were
washed through 3 drops of phosphate-buffered saline (PBS,
Sambrook et al., 1989), counted, and transferred in minimal
volume {o a chilled 1.5 ml microfuge tube on ice. Each tube
was added 300 ul TRIzol (Gibco) and vortexed vigorously
on ice. Prior to isolation of the RNA, 0.1 pg rabbit a-gl-
obin mRNA (Gibco) was added per oocytefembryo. This
mRNA served as an external marker for RNA recovery
and efficiency of the reverse transcription PCR reactions.
Total RNA was extracted under the conditions described
by the manufacturer and used in experiments or stored at
-207C.
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A. DNA MTase gene structure

DNA M'I;ase 312 bp

5'-end — — 3'-end
gaaacticacctagttecgigg ccagag, agctgv:attga%g

A\
§--- ntronl Infron2 Intron3 Introndg ~--3'

B. cDNA for DNA MTase(Bestor et al, 1998, gene bank accession AF036007)

1 ggggttgatt gagggteatt ggaggeaagga accatcaggt ggaagecctc tgtitgatg gecagecett  atatetfcta
81 cteacceetg  ttetcagact aagecactct ttgetgettg agaccggaca ctgctgegge  ttptgtctte caaaaggcte
161 azagactigg asagegalgl citaatagaa AaggagiglE lgagggagas Altasactta clgcatgast tectgeaaac
241 agasataaaa agecagttgt gtgactigga aaccasatta cataaagagg aattatctga ggaaggctac ctggctasag
321 teaagtocct cttaaataag gatttgtcct tggagaacgg aacacacact CiCactcana aagccaacgg Ugtcccgee
401 aacgggagce ggecaacctg gagagcagaa atggeagact caaatagatc ccCaagatcc aggceccaage cteggggace

481 caggagaage aagtcggaca gtgacaccct tittgaaact tcacctagtt cegtggetac gaggagaace accaggeaga
5"~end(sense)
361 ccaccatcac ggeteacttc acy C Ccactaaacy gaaacccasg gaagagtcgy aagaggggda ctcggotgag

641 teggetgeag aggagagaga ceaggataag asacgeagag Utgtagacac agagagtggt gotgclibiade cigtggagea

T2L actggaagag graacagegy gaaccclllRMl REEiCgeRA RARCCAIGHY AACAgRAAga LgACAACAY AGLOtegac

801 gicacaccag ag@HiEMigica ttgaggcgga astcasagga ggatccagac agagaageas gaccggaaac teacttggac
3'-~end(anti-sense)

8l gaggacgagg acggaaansa ggatsaaaga sgttccagac ccaggagCra BCCCAgagat ccagClgcca aacggagace

961 casggasgtc agagecagag caggragetc ¢ X ga

1041 azacgacacg tasamaactggagtcacacaccgttcoegt

Fig. 1. A representative diagram to illustrate the pos-
ition of designed DNA MTase primer binding sites
(duplicated and underlined) and the consequent cDNA
(Bestor et al, 1998) fragment of DNA MTase (Fig. 1A).
Partial sequence of a ¢cDNA encoding DNA MTase have
two restriction enzyme site of Mspl (underlined Italic) and
Alul (shadow boxed)(Fig. 1B). The primers were designed
to cross the exon and intron regions. The size of PCR prod-
uct using DNA MTase primers is shown in base pairs {bp).

Total RNA extracted from 30 oocytes/embryos, equi-
valents, was reverse transcribed to ¢cDNA in a MP480
thermocycler (Takara, Tokyo, Japan). The reactions were
carried out in 40 ul of 10 mM Tris-HCI, pH 8.3, 50 mM
KCl, and 5 mM MgCl, containing 1 mM each of 4 dNTPs,
25 unit of RNasin, and 2.5 pmol of oligo dT-M4 adaptor
primer. The tubes were incubated at 37°C for 2 min, 200
units of reverse transcriptase (AMV, reverse transcriptase
XL, Takara) were added, and the tubes were transferred to
a MP480 thermocycler. Reverse transcription was conduc-
ted for 1 hr at 42°C. The samples were then heated for 5
min at 99°C and then placed on ice. At this point, the
samples were either used directly for PCR or stored at
—20°C. The AMYV reverse transcript XL, reaction buffer,
RNasin, and oligo(dT) primer were obtained from the

Takara Corporation.

4. Polymerase chain reaction(PCR)

The 5° and 3’ primers for DNA MTase were 5-G-
AAACTTCACCTAGTTCCGT-GG-3" and 5-CCTCAA-
TGATAGCTCTCTGG-3’, respectively. The 5 and 3’
primers for B-actin were 5-GTGGGCCGCTCTAGGC-
ACCAA-3" and 5-CTCTTTGATGTCACG-CATGCC-
TTTC-3’, respectively (Rappolee et al., 1992). The 5" and 3’
primers for rabbit a-globin were 5-GCAGCCACGG-
TGGCGAGTAT-3" and 5-GTGGGACAGGAGC-TTG-
AAAT-3’, respectively (Cheng et al, 1986). The DNA
MTase, f-actin, and a-globin primers gave rise to diagnos-
tic fragments of 312 bp, 539 bp, and 257 bp, respectively.

All PCR reactions were performed in a Takara DNA
Thermal Cycler Model 480, in 40 ul volumes covered with
50 ul of mineral oil. Optimal conditions for amplification of
the DNA MTase gene marker were determined empirically
in the presence of pooled embryos cDNA. The PCR
reactions were performed in 40 ul of 10 mM Tris-HCl, pH
8.3, containing 50 mM KCl, 2.0 mM MgCL, 0.25 mM each
of the 4 dNTPs, 2.5 units Taq polymerase (Takara), 25
pmol each of the appropriate 3" and 5” primers, and 5 pl of
the reverse transcription reaction. When DNA MTase, f
-actin, and eo-globin were amplified, this volume was
equivalent to 3 oocytes/embryos, respectively. The basic
PCR program used was incubation at 95C for 3 min, fol-
lowed by a cycle program of 95T for 30 sec, 607 30 sec,
and 72°C 30sec. The last cycle was concluded with a 72C
incubation for 10 min extension. The number of cycles was
35 for a-globin, and 40 for DNA MTase and f-actin. The
PCR products were resolved in a 2.5% agarose gel at 100
volts for 40 min, followed by the staining in ethidium bro-
mide (0.5 g/ml) for 30 min and destaining in deionized
water for 30 min, Agarose gel was exposed to ultraviolet
light and photographed with an Polaroid Camera System.

5. Identification of PCR products

After optimization of a PCR system, the identity of
amplified product was verified by restriction enzyme digest.
After the RT-PCR with 30 oocytes, the PCR products were
removed and either digested or not digested with 5 units of
Msp I and Alu I (Boehringer Mannheim) for 1 hr at
37°C under the conditions described by the manufacturer.
The amplified PCR product digested by Mspl yielded the
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two predicted fragments of approximately 242 and 70 bp,
while the second digest with Alul yielded the four expected
fragments of approximately 192, 66, 41, and 13 bp. Follow-
ing electrophoresis on a 2.5% agarose gel, the gels were
photographed under UV light and verified the identity of
DNA MTase amplicon.

6. Scanning densitometry

The amplified PCR products were visualized in 2.5%
agarose gels and stained simultaneously in ethidium bro-
mide as described above, and a photograph was taken. The
intensity and area of the amplified signals in the
photographs were analyzed by scanning densitometry with
a BIO-RAD GS-700 Imaging Densitometer and processed
with Quantity One Software (BIO-RAD). Relative gene ex-
pression for oocytes or embryos was calculated as a per-

centage of rabbit a-globin.
RESULTS

1. Fidelity of the PCR primers and identification of the
PCR products for DNA MTase

We are constructed the primers for DNA MTase from
the cDNA (Bestor et al., 1988). In GV-oocytes, the mRNA
was easily detected by RT-PCR, and the diagnostic frag-
ment was identified by Mspl and Alul restriction enzyme
digest (Fig. 2). The condition of PCR was optimized with
cDNA of 3 GV-oocytes equvilant (Fig. 3).

2. Relative levels of the mRNA for DNA MTase in the

M123

--312
-—2242
—q92

Fig. 2. Identification of amplified DNA MTase tran-
script by restriction enzyme analysis. M, ¢X-174 Haell
marker. Lane 1, amplified and undigested sample; the major
band is 312 bp in length. Lane 2, amplified and digested
sample by Mspl; a major band of 242 bp and a minor band
of 70 bp. Lane 3, amplified and digested sample by Alul; a
major band of 192 bp and a minor band of 66, 41, and 13 bp,
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oocytes and embryos
Using the primers for DNA MTase, the transcripts were
easily detected from GV-oocytes to blastocyst. The mRNA

M 12345

-—312

Fig. 3. Optimization of RT-PCR procedure with regard
to number of PCR cycles for DNA MTase. The amplified
samples were electrophoresed in 2.5% agarose gel, stained
with ethidium bromide, and photographed under UV-light.
M, ¢X-174 Haell marker. Lane 1, 25 cycle; Lane 2, 30
cycle; Lane 3, 35 cycle; Lane 4, 40 cycle; Lane 5, 45 cycle.

M GV M PN 204C8C M0 BL

-—312

-—312

-— 539

“—257

l.

Fig. 4. Expression pattern of DNA MTase mRNA in
oocytes and preimplantation embryos. A: DNA MTase. B:
negative control for DNA MTase, C: g-actin, D: rabbit a-glo-
bin. M, ¢X174 /Haelll marker; GV, GV-oocytes; MII,
ovulated-oocytes; PN, pronuclear embryos; 2C, 2-cell em-
bryos; 4C, 4-cell embryos; 8C, 8-cell embryos; Mo,
morulae; BL, blastocyst.
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levels of DNA MTase were higher in GV-oocytes than
other stages, after then gradually decrased until 8-cell stage,
and thereafter increased upto blastocyst (Fig. 4A; Fig. 5).
The possibility of DNA contamination was confirmed that
the 312 bp fragment was not observed in RNA
preparations that were not subjected to RT, but were
subjected to PCR (Fig. 4B). It is likely reflected that these
changes in the mRNA levels is present at the different
stages since the assumption that equal amounfs of
recovered RNA were subjected to RT-PCR was verified by
the f-actin served as endogenous control (Fig. 4C) and the
relatively uniform rabbit «¢-globin mRNA diagnostic signal
obtained from the different samples (Fig. 4D).

3. Effect of the treatment of a-amanitin

Although the mRNAs of DNA MTase were higher in
GV-oocytes and early embryos, whether the transcrip-
tion of DNA MTase is occured onward 2-cell stage that is
unclear. To monitor the transcriptional events, a-amanitin
as RNA polymerase II alpha inhibitor was treated at
pronuclear embryos for 24, 36, or 48 h. At the end of 24 h
culture, the mRNA levels are not different in comparison
with that the control embryos. But, the mRNA levels are

100

Relative Percentag

GV Mil PN 2o 4ac 8C Mo Bi
Embryonic Stage

Fig. 5. Diagrammatic representation of the steady-st-
ate levels of mRNA in mouse oocytes and preimplantation
embryos, as determined by semi-quantitative RT-PCR
assays. The results from two experiments were pooled and
the data are expressed as the mean—+S.D, in which the ratio
of target /rabbit a-globin in the GV-oocyte was taken as 100
%. The calculated ratios at the other stages of development
were then determined by dividing this ratio by that
obtained for the GV-oocyte,
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M123

-—312

Fig. 6. The change of mRNA levels for DNA MTase
following the treatment of a-amanitin for 24 (Lane 1), 36
(Lane 2), or 48 (Lane 3) hr culture. Total RNA isolated
from 30 embryos was subjected to reverse transcrip-
tion-PCR, analyzed for DNA MTase expression, M, ¢X174
-Haelll marker,

gradually decreased and not detected onward 48 h culture
(Fig. 6).

DISCUSSION

In this experiment, the transcripts of DNA MTase gene
were detected in the oocytes and preimplantation embryos
in mouse. The temporal pattern of the transcripts from
GV-oocytes to 8-cell embryos was comparable to the
patterns of enzyme activity previously reported (Monk et
al, 1991). This pattern is consistent with the temporal pat-
tern of f-actin transcripts in the oocytes and preimplant-
ation embryos, which decreases at first and then increases
(Bachvarova et al., 1989). In generally, the decrease is likely
to be a consequence of the general degradation of maternal
RNA that is initiated during oocyte maturation and is es-
sentially terminated by the late 2-cell stage (Bachvarova et
al., 1989). Following zygotic gene activation, which occurs
during the 2-cell stage in mouse (Bensaude et al., 1983;
Flach et al.,, 1982), these maternal transcripts are replaced
by zygotic ones. In fact, the oocyte accumulates a stockpile
of gene transcripts and translation products that are used to
direct the initial stages of embryogenesis (Wassarman &
Kinloch, 1992). Whereas, some oogenetic products can per-
sist and continue to function beyond the time when embry-
onic transcription is activated (Kidder, 1992). In accordance
with it, by the treatment of a-amanitin, it was confirmed
that the transcripts presented in pronuclear embryos is

drived from maternal genome and the onset of zygotic
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DNA MTase transcription is delayed relative to the general
activation of the embryonic genome.

The presence of mRNA of DNA MTase does not pro-
vide direct evidence of involvement of DNA methylation, it
was assumed that the maintenance of DNA methylation
may be necessary in the preimplantation mouse embryos. In
addition, the higher levels of transcripts in oocytes and
pronuclear embryos may be an important role in the early
stages of embryogenesis such as the regulation of genomic
function. It was known that genomic methylation patterns
are established in the oocyte and in the sperm during ga-
metogenesis and subjected to dramatic changes during the
preimplantation period in mouse (Monk et al., 1987; Razin
& Cedar, 1993). Following implantation, there is a surge of
de novo DNA methylation affecting the entire embryo
(Monk et al, 1987). In that period, its importance is
emphasized from the report that mice with a targeted dis-
ruption of the gene coding for the DNA MTase are
severely affected in postimplantation embryonic develop-
ment (Li et al, 1992). Also, the introduction of foreign
cellular and viral genomes into earfy mouse embryos con-
firmed that the DNA methylation is maintained at the
preimplantation stages of mouse embryos (Jahner et al.,
1982; Palmiter et al, 1982). Although, in this experiment,
the significance of DNA methylation are not fully under-
stood, the DNA methylation seems to play an important
role in the regulation of genomic function in preimplant-

aiton embryonic development.
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