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Xenopus Eggs Express an Identical DNA Methyltransferase, Dnmtl, to
Somatic Cells1
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In mouse, an oocyte-specific short isoform of DNA methyltransferase-1 (Dnmtl) lacking
amino terminal 118 amino acid residues exists and plays a crucial role in maintaining
the methylation state of imprinted genes during early embryogenesis [Howell et al.
(2001) Cell 104, 829-838]. To address the question of whether or not Xenopus oocyte
expresses such a short isoform, we raised monoclonal antibodies against the amino-ter-
minal portion of Xenopus Dnmtl. Two of the isolated monoclonal antibodies, 3C6 and
4A8, were determined to recognize (1-32) and (115-126) of Xenopus Dnmtl, respectively.
The amounts of Dnmtl in Xenopus eggs were determined to be similar, 10.0 ± 2.5, 8.0 ±
0.8, and 8.2 ± 0.2 ng per egg with monoclonal antibodies 3C6 and 4A8, and polyclonal
antibodies, respectively. This indicated that Dnmtl in Xenopus mature eggs had an iden-
tical amino-terminal sequence to the amino acid sequence deduced from the cDNA.
Together with the fact that Dnmtl in A6 cells immuno-reacted with all the monoclonal
antibodies isolated and with the polyclonal antibodies, we concluded that Dnmtl ex-
pressed in Xenopus mature eggs possesses an identical amino-terminal sequence to that
in somatic cells. Immuno-purified Xenopus Dnmtl in mature eggs showed similar spe-
cific activity to that in proliferating A6 cells and that of mouse recombinant Dnmtl.

Key words: DNA methylation, DNA methyltransferase, mature eggs, monoclonal anti-
body, Xenopus laevis.

In vertebrates, the 5th position, of the cytosine residue in
the CpG sequence in genomic DNA is often methylated (1).
Genomic DNA methylation contributes to physiological or
pathological phenomena such as tissue-specific gene ex-
pression (2-4), genomic imprinting (5), X-chromosome inac-
tivation (6, 7), and carcinogenesis (8). In vertebrates, two
types of DNA methyltransferase activities have been re-
ported, i.e., de novo- and maintenance-type activities. De
novo—type DNA methyltransferase activity is thought to
create the tissue-specific DNA methylation patterns at the
implantation stage of embryogenesis, and the maintenance-
type DNA methyltransferase activity ensures the clonal
transmission of the cell type-specific methylation pattern
during mitosis.

A maintenance-type DNA methyltransferase, designated
as Dnmtl, has been isolated from various animals, such as
mouse (9, 10), man (10), chick (11), Xenopus (12), and sea
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urchin (13). The predicted amino acid sequences are highly
homologous to each other (11). Dnmtl possesses a carboxyl-
terminal domain closely related to those of bacterial DNA
(cytosine-5) methyltransferases (14), and a large amino-ter-
minal domain that has multiple regulatory functions such
as the recognition of replication foci at the late S-phase in
somatic cells (15) and the retention in the cytoplasmic com-
partment in mouse oocytes (16). This amino-terminal do-
main has been reported to bind many biologically impor-
tant molecules such as proliferating cell nuclear antigen
(PCNA), tumor suppressor Rb, transcription factor E2F,
histone deacetylase 1 (HDAC1), HDAC2, and transcription
repressor DMAP1 (17-20).

In mouse, when the Dnmtl gene is knocked out, homozy-
gous mutant embryos cannot survive past midgestation
(21), and their genomic imprinting is canceled (22). Similar
to in mouse, depletion of the embryonic Dnmtl with the
antisense RNA decreases the methylation level in Xenopus
embryos and leads to the abnormal development of the
embryo (23, 24). The amount of Dnmtl accumulated in
mouse mature oocytes and one-cell embryos is 3,000 times
higher than that in murine erythroleukemia cells on a per
cell basis (25), and interestingly Dnmtl was not trans-
located into germinal vesicles (nuclei) but was localized
exclusively in the cytoplasmic compartment in mouse
oocytes (26). Again, similar to in mouse, in Xenopus, Dnmtl
is accumulated during oogenesis (27). However, different
from in mouse, half of the Dnmtl in Xenopus oocytes is
translocated into germinal vesicles (nuclei) (27). The
Dnmtl in mouse oocytes was the translation product from
the unique transcript utilizing oocyte-specific exonl (26). As
a consequence, the translated Dnmtl in mouse oocytes
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lacks 118 amino acid residues from the amino-terminus of
the somatic-type Dnmtl (26). This oocyte-type Dnmtl is do-
minant in mouse early embryos until the blastocyst stage
(26), and has been reported to play a crucial role in main-
taining the methylation imprinting during embryogenesis
(28).

It is interesting to address the question of whether or not
such a short form of Dnmtl exists in Xenopus early em-
bryos, like in mouse. To characterize Dnmtl in early Xeno-
pus embryos, we prepared four types of monoclonal anti-
bodies specific to the amino-terminal portion of Dnmtl.
After identifying their epitopes, we examined the existence
of the short form of Dnmtl utilizing the antibodies. Differ-
ent from in the case of mouse, we found that the Dnmtl
expressed in Xenopus mature oocytes had an identical
amino-terminal structure to that in somatic cells.

MATERIALS AND METHODS

Cells—Xenopus A6 cells were maintained in medium
containing 61% Leibovitz L-15 medium (Sigma Chemical,
MO), 10% fetal calf serum (FCS), 100 units/ml of penicillin,
and 100 p-g/ml of streptomycin at 26°C (29). Murine
myeloma cells, P3U1 cells, were maintained in RPMI 1640
medium supplemented with 10% FCS, 5 jag/ml MC210
(Dainippon Pharmaceutical), 1 mM sodium pyruvate, 0.1
mM non essential amino acids (Gibco BRL, MD), 100 u/ml
penicillin, and 100 M-g/ml streptomycin in a humidified in-
cubator at 37CC under a 5% CO2 atmosphere.

Plasmids—The cDNAs encoding the amino-terminal
regions of Xenopus Dnmtl (xDnmtl) were obtained either
by amplification by PCR using the xDnmtl cDNA plasmid
harboring the entire sequence (12) as a template, or by oli-
gonucleotide synthesis. The PCR was performed with Pfu
polymerase (Stratagene, CA), using the primer sets listed
in Table I. The PCR products were cloned into the pGEX-
4T2 vector (Amersham Pharmacia Biotech, UK) to produce
glutathione S-transferase (GST)-fused protein. The oligo-

TABLE I. PCR primer sets used for the construction of GST
fusion proteins. The primers were synthesized for PCR amplifica-
tion of the sequence encoding the amino-terminal region of xDnmtl
(Ace. No., D78638). The names of the constructs (#), the correspond-
ing amino acids numbers (Coding seq.), and the nucleotide
sequences of primers (Forward and Reverse) are summarized. The
underlined sequences indicate the EcoHl and Sal] linker sequences
utilized for in-frame ligation into the expression vector.

U Coding seq

1-142

2

3

5

6

7

9

10

12

1-84

1-68

1-32

1-16

17-32

ATGCCGGCCC AGTCC ACTTC-3'

;CTAGGCACGGGCTGGTGATrTCTTG-3'

:CTAAAA<3CTCAACTGCTTCCCCAG-3'

Reverse S'-CGTCGACCTATTCCTCAGACAGTTCTTCACTG-3'

Reverse S-CGTCGACCTATTCCTTCTCAGTCATTCCATCC

Reverse 5 '-CGTCGACCTATT1CCTGACATCAGCAGGCAG-3'

Forward 5' -GGAATTCCGGCI' AAAGGATTTGGAGAGO-3'

85-142 Forward 5'-GGAATTCGAAAACGTAGACCTTGCTTTG-3'

85-120 Reverse 5'-CGTCGACCTAACCAGAAGTATTAGACTCCGA-3'

121-142 Forward 5'<}GAATTCGTTAAAAACCGCAAACCTAGG-3'

nucleotides listed in Table II were annealed and then
directly subcloned into the pGEX-4T2 vector. All the se-
quences subcloned were determined by the dideoxy termi-
nation method (30).

Recombinant Proteins—The amino-terminal portions of
GST-fused xDnmtl were expressed in BL2KDE3), and the
expressed recombinant proteins were purified on a gluta-
thione-Sepharose column according to the manufacturer's
directions (Amersham Pharmacia Biotech).

For epitope mapping, purified fusion proteins were used.
As for immunization, the glutathione-Sepharose purified
fusion protein harboring the amino-terminal (1-142) of
xDnmtl (10 mg in total) was thoroughly dialyzed against
0.15 M NaCl, 50 mM Tris-HCl (pH 8.0). Then the GST-
fused protein was mixed with CaClj to a final concentration
of 25 mM and 3 units of thrombin (Nakalai Tesque, Kyoto),
and then incubated at 25°C for 6 h. The cleaved protein was
again loaded onto a glutathione-Sepharose column equili-
brated with 0.15 M NaCl, 50 mM Tris-HCl (pH 8.0), and
the unbound fraction was collected. The pooled fraction was
dialyzed against 50 mM Tris-HCl (pH 7.4), and further
purified on a MonoQ column (Amersham Pharmacia Bio-
tech) with a linear gradient of NaCl, from 0 to 0.5 M, in 50
mM Tris-HCl (pH 7.4).

Antibodies—Balb/c mice were immunized with the puri-
fied amino-terminal (1-142) of xDnmtl, and then cell
fusion, cell culture, and selection were performed as de-
scribed (31). Four positive clones were isolated after two
rounds of cloning. The antibodies were purified from ascites

TABLE II. Oligonucleotides used to construct GST fusion
proteins. Chemically synthesized complementary oligonucleotides
encoding the amino-terminal region of xDnmtl are shown. The
names of the constructs (#), the corresponding amino acids num-
bers (Coding seq.), and the synthesized complementary sequences
are summarized. Both ends of each cDNA were designed to create
EcoRI and Sail sites for subcloning into the expression vectors.
# Coding

seq
4 69 -85 5P -MnCGSATAanACAAAAGTGA«3TCTCnCTGGGGAAGCAGTTGAGCTrr6AATAGG-3p

3' -GCCTATGGAATSTTnCACnCAGAGAAaACCCCTTCGTCAACTCGAAACTTATCCAGCT-5'

8 33-51 5' -AAn'CCATGTAC*G(MAAACTGAGmGGTGCTTGancmGAAGCAGATGCTAGATAGG-31

3' -GGTACATGTCaTCmGACTCAAACaCGAACCGAAGGAACn(»TCT/*CGATCTATCCAGCT-5p

11 1 )5 -126 5' -AAnceAGTCTAATACTTCTGGTGTTAAAAACCGCAAACCnAGG-3'
3' -«;TCAGAnATGAAaACCACMTmTGGCGrrTGGAATCCAGCT-5'

13 12-21 5 ' -AAnCGCTGATGTCAGAAAACGGCTAAAGGATrTGGAGTAGG-31

3' -GCaACTACAGTCTTTTGCCGAnTCCTAAAaTCATCCAGCT-5r

14 17-24 51 -AATTCC8GCTAAAGGAnTGGAGAGGGArTAGG-3'
3 ' -GfiCCGArrrCCTAAACCTCTCCCTAATCGAGCT-5'

The forward primers for #2,3, 5, and 6 were same as that for #1, and
that for #10 the same as for #9. The reverse primer for #7 was the
same as that for #5, and those for #9 and #12 the same as for #1.

15

16

17

18

19

20

21-28

25-32

26-36

121-131

126-136

132-142

6'

5'

5"

5'

5'

5'

-AAnCTTGGAGAGGGATCAGGATGGAATGTAG6-3'
3' -GAACCTCTCCCTAGTCCTACCnACATCCAGCT-5'

-AAnCCAGGATGGAATGACTGAGAAGGAATGG-3'
3' -a5TaTACCTTACTGACrCTTCCnACGAGCT-5'

-AAnCGATGGAATGACTGAGAAGGAACATGTAfaAGCAGTAGG-31

3' -GCTAOTTACTGACTCTTOnTGTACATBTCGTCATCCAGCT-54

-AAnCGnAAAAACCGCAAACCTAGGAAAAGTAAAGTTTAGG-S'
3' -GCAAirmGGCGmt^Ta^mCAmaWATCCAGCT-5'

-AATTOXTAGGAAAAGTAAAGTTAATGGAGAAAACAAGTAGG-3'
3' -GGGATCCTTnwmCWnAarCTnTGnCATCCAf iCT-5 '

-AAnCMTGGAGAAAACMGAMT(WX»GCCCGTGXTAGG-3'

J. Biochem.

 at Islam
ic A

zad U
niversity on Septem

ber 30, 2012
http://jb.oxfordjournals.org/

D
ow

nloaded from
 

http://jb.oxfordjournals.org/


Dnmtl Expressed in Xenopus Eggs 361

using a Hi-trap protein G column (Amersham Pharmacia
Biotech) according to the manufacturer's instructions. The
isotype of each monoclonal antibody was determined with a
mouse screening isotype kit (Zymed, CA).

Polyclonal antibodies against xDnmtl (389-1490) anti-
bodies were prepared as described (27). The antibodies
were affinity purified with antigen-coupled Sepharose CL-
4B.

Western Blotting—The full-length and fusion proteins of
xDnmtl were separated by SDS-polyacrylamide-gel elec-
trophoresis (PAGE) in 7.5 and 12.5% polyacrylamide gels,
respectively (32). Electro-blotting onto nitrocellulose mem-
branes (Schleicher & Schuell, NH), blocking, and immuno-
staining were performed basically as described previously
(33). The blotted membranes were incubated with 1/1,000
diluted anti-xDnmtl monoclonal antibodies or anti-xDnmtl
polyclonal antibodies in PBS containing 1% BSA and 0.1%
(w/v) Triton X-100. The xDnmtl band was detected by
means of alkaline phosphatase-coupled second antibodies
(E.Y. Laboratories, CA).

Preparation of Cell Extracts—For the preparation of cell
extracts of A6 cells, cells at the proliferating stage were
homogenized with a Potter homogenizer in 5 volumes of
ice-cold 50 mM Tris-HCl (pH 7.6) buffer containing 1 M
sucrose, 3 mM MgCL,, 1 mM EDTA, 0.3 M NaCl, 1 mM
DTT, and 1/50 (v/v) Protease Inhibitor Cocktail (Nacalai
Tesque). The homogenate was ultracentrifuged at 400,000
xg for 20 min at 4°C, and the supernatant fraction was
used.

To prepare egg extracts, mature eggs were homogenized
in 3 volumes of 50 mM Tris-HCl (pH 6.8) buffer containing
1/50 (v/v) Protease Inhibitor Cocktail with a Potter homoge-
nizer. The homogenate was centrifuged at 12,000 xg for 10
min at 4°C, and the cytoplasmic fraction was used (34).

Peptide Synthesis and Purification—Polypeptides of the
amino terminal (1-32) and (115-126) sequence of xDnmtl
were synthesized on Fmoc-SAL-resin in a ACT440O pep-
tide synthesizer (Advanced Chemtech, KY). The synthe-
sized peptides were purified on a reverse phase YMC-Pack
ODS-AM column (YMC, Kyoto). The purity and mass num-
ber of the peptides were confirmed by MALDI-TOF MS
using Voyger-™DE (Perseptive Biosystems, MA).

Immunoprecipitation—The monoclonal antibodies were
coupled to CNBr-activated Sepharose CL-4B (Amersham
Pharmacia Biotech) to obtain an affinity matrix (5 mg IgG/
ml matrix). For the immuno-precipitation of xDnmtl, the
IgG-matrix (20 fxl) was incubated for 3 h at 4°C with either
cell extracts prepared from 1 x 10s cells or egg ex-tracts
prepared from about 600 mature eggs, with or without a
500 molar excess of synthesized peptides. The matrix was
centrifuged at 2,000 xg for 2 min at 4CC and then washed
four times with 50 mM Tris-HCl (pH 7.6) containing 0.1%
(w/v) Triton X-100 and 0.3 M NaCl. The unbound, wash,
and bound fractions were examined by Western blotting.

For the elution of xDnmtl, the matrix was washed as
described above, and then incubated with 1 mg/ml of syn-
thesized peptides in 50 mM Tris-HCl (pH 7.2), 0.3 M NaCl,
and 0.1% (w/v) Triton X-100. The elution was repeated
three times.

DNA Methyltransferase Activities—The amount of
xDnmtl protein eluted from the immuno-complex with the
synthesized polypeptide (115-126) was determined with an
image analyzer MCID (Imaging Research, Canada) after

immuno-detection. The purified recombinant xDnmtl, gen-
erously provided by Mr. D. Hayata (Institute for Protein
Research, Osaka University), was used as a standard. The
reaction mixture contained 5 ng of immuno-purified
xDnmtl, 0.1 \ug of poly(dI-dC)-poly(dI-dC) or poly(dG-dC)-
poly(dG-dC) (Amersham Pharmacia Biotech), and 2 \i£i of
PH]SAM (15.0 Ci/mmol; Amersham Pharmacia Biotech,
UK) in a volume of 25 p.1 reaction buffer, and then the
radioactivity of 3H-labeled DNA was measured as described
(33), except that after the reaction, the mixtures were sup-
plemented with 10 |ig of proteinase K (Nacalai Tesque)
Kyoto) and incubated at 50°C for 10 min in the presence of
0.5% SDS.

RESULTS

Alignment of Xenopus Dnmtl with Mouse and Human
Dnmtl—The exon-intron boundary of xDnmtl in the 5'
region was estimated by alignment of xDnmtl cDNA nucle-
otide sequences with those of mouse Dnmtl (mDnmtl)
(35). This estimation could be supported by the homology
alignment of amino acid sequences with mDnmtl and
human Dnmtl (hDnmtl). There are three Met residues in
the first 160 amino acid sequence in xDnmtl (Fig. IB). If
the first Met is in exonl, the second and third ones are
expected to be in putative exon2 and exon5, respectively, of
xDnmtl (Fig. 1). In mouse oocytes, it has been proven that
the transcription starts from oocyte-specific exonl and that
the codon of Met in exon4 is utilized as the initiation ATG.
This isoform lacking 118 amino acid residues is dominant
until the blastocyst stage, and plays a crucial role in the
maintenance of methylation imprinting (28). Interestingly,
the amino-terminal sequence of mouse Dnmtl lacking in
the oocyte-type is highly homologous to that of xDnmtl
(Fig. IB). In xDnmtl, the corresponding Met residue in
exon4 of mDnmtl is absent, and two Met residues other
than the first one are present in putative exon2 and exon5.
The Met in exon2 matches Kozak's rule, but that in exon5
does not.

Preparation of Monoclonal Antibodies—To address the
question of whether or not Xenopus oocytes express a simi-
lar Dnmtl isoform to that in mouse oocytes that lacks the
amino-terminal sequence, we raised monoclonal antibodies
against the amino-terminal segment of xDnmtl. The
amino-terminal segment coding (1-142) of xDnmtl was ex-
pressed as a GST fusion protein (Fig. 2A, lane 1). The
fusion protein was cleaved with thrombin, and the xDnmtl
fragment was separated from GST (Fig. 2A, lane 2) and uti-
lized for immunization. Four clones producing antibodies,
3C6, 4A8, 5A8, and 5C9, were isolated. The antibodies pro-
duced by these four clones specifically immuno-reacted
with xDnmtl prepared from Xenopus A6 cells (Fig. 2B,
lanes 2-5), and the mobilities of the immuno-reacted bands
were identical to that in the case of anti-xDnmtl polyclonal
antibodies raised against (389-1490) of xDnmtl (Fig. 2B,
lane 6) (27). The result that monoclonal antibodies raised
against (1-142) immuno-reacted with the xDnmtl in A6
cells, which gave a single band with the polyclonal antibod-
ies, clearly indicated that xDnmtl expressed in A6 cells
was not utilizing the Metl58 in exon5 as an initiation site.

Epitope Mapping of the Monoclonal Antibodies—All four
monoclonal antibodies were determined to consist of IgG,
heavy and K light chains. To map the epitopes of the mono-
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xllnat I :

. D n . t I :

xOn.t I :

«Dn«t I :

xOnot I :

. D n . t l :

•tlCCGGCCCAGTCCACTTC CTTGGCTC TC 30
***** * « * * * * * • **** * ** *
•itCCAGCCCGAACACCTCCAGCCCGAGTGCCTGCGCTTGCCTCCCCGGCAGGCTCCCTC

xDnat1:

mDnot1:

CCTGCTGATGTCAGGAAACG
** * * * * * * • * * *
CCCGACCATGTCCCCAGGCG

exont t

GAAACAAACTGAATGATCTCGAGAGCAAGTTGACCAGTCAAGAACTGTCTCAG GAAGC
* * • • * * * * * * * • * • * • * * • * * * * * * * * * * * * * * * * *

AAAGCCACTTCTCTGACTTGGAAACCAAATTACATAAAGAGGAATTATCTCAG GAACG

SO

GCTAAAGGATTTGAAGAGGGATCAGGATGGAATGACTG
*** * ** * * * * ** * * * « * * « * * *
GCTCAAACACTTGCAAAGAGAT-CGCTTAACGGAAAG

L exon2

AAG GAACATGTACACCAGAAACTGACTTTGGTGCTTCGCTTCCnGAACCAGATGCTA 146
* * « * » *** • * * * * * * * * * * • • ** * * * * * * * **** *
AAG GACTGTGTCAGGGAGAAATTAAACTTACTGCATGAATTCCTCCAAACACAAATAA 174

4
204

232

A
6 6 - ^ ^ 1
4 5 - ^ ^ 1

29-^^H
24-HH
20- m
14-

kDa

B

1 205

1
• 116

I 97
^ 66

29

xDrmt 1:

nDn.l I :

xDnat i :

•Dniat 1:

x D n m t l :

• D n m t l :

xDnat i :

oOnnt l :

xDrnatl:

o D n . t l :

ATACCTTACAAAAGTGflACTCTCTTCTGGCGAAGCAGTTCACCTTTGAAAACCTAGACCT 264
«««»««»« • * * # * * * * * *** * * * * * * * « *« ««» ** * * * * * #

CTACCTGGCTAAAGTCAAGTCCCTCTTAAATAAGGATTTGTCCTTGGACAACCGAACACA 292
ex on 4

TGCTTTGAACGGAGAAACAAATGGCTGCTCCACCAATGGTArcTGCGGCAGTCATGAGGA 324

CACTCTCACTCAAAAAGCCAACGGTTGTCCCGCCAACGGGAGCCGGCCAACCTGGAGAGC 352

AGATGTACAGTTGTCGGACTCTAATACTTCTGGTGTTAAAAACC---GCMACCTAGGAA 381
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
AGAA.UGCAGACTCAAATAGATCCCCAAGATCCAGGCCCAAGCCTCGGGGACCCAGGAC 412

AAGTAAAGTT--AATGGAGA-AAACA
*** * * ** * ** *
AAGCAA-GTCGGACACTGACACCCTTT

A CAAA—TCACC-AGC-CCGTGCCCGC
* * * * * * * * * * * * * * * * * *

CAGTTGAAACTTCACCTAGTTCCGTGCCTAC
]< exon5

46S

CCATC AAGAAGCACTGCAGGCAAACAACCCACCATCCTCTCCaUTTCTCTAAAGG G 484
* * * * * * * * * * * * * * * * * * * * * * * * * * *

GAGGAGAACCACCA-GGCAG ACCACCATCACGGCTCACTTCACGAAGGG C 518

Fig. 2. Preparation of the antigen and the specificity of the
isolated monoclonal antibodies. Amino terminal (1—142) was ex-
pressed as a GST fusion protein and purified on a glutathione-Se-
pharose column (A, lane 1). The purified protein was cleaved with
thrombin and then further purified on a MonoQ column (lane 2).
The arrowhead indicates amino terminal (1-142) fragment of
xDnmtl. Whole cell extracts of A6 cells were subjected to SDS-PAGE
and then blotted onto a nitrocellulose membrane (B). Strips of the
membrane were reacted with anti-xDnmtl monoclonal antibody
4A8 (lane 2), 3C6 (lane 3), 5A8 (lane 4), 5C9 (lane 5), or polyclonal
antibodies raised against (389-1490) xDnmtl (lane 6). Membrane
strips without first antibodies are also shown (lanes 1 and 7). The
bands were detected with alkaline phosphatase-conjugated antibod-
ies specific for mouse (lanes 1-5) or rabbit (lanes 6 and 7) IgG. Mo-
lecular weight standards are indicated.

B
xDnrt I : B>AC6 T-SLALPAOVRK R LKDLXRDGDGflTEK EHVOOKLSLVLGFlf AOAR 50
nDn. t 1 : ffARTAPARVPALASPAGSLPOHVH! R L K B l i R O - a T E K ECVREKLNLLHEFLOTEIK 58
h D n . t l : jfARTAPARVPTLAVPAISLPOOVRR R LKOL£RO-SLTEK ECVKEKUC1HEFL0TE IK 58

exonl
t * : < xzxx;tt :*** x *;:** * : * * : : :

-exon2 » U exon3

x D n n t l : NKLNOLESKLSSEELSE EGVLTKVKSLLGKCLSFENVDL«LNGEINGCSTI«3TCG-SDEE0V I I I
• D n . t l : SCLCOLETKLHKEELSE EGYLAKVKSLLKKOLSLENGTHTLIQKANGCPAMGSRP—TIRA 117
h D n a t l : NGLCOLETKLRKEELSE EGYLAKVKSLLNKDISLENGAHAYNREVNGIiLENQIQARSEARRV 120

exon4

x D n n t l : OLSESNTSG—VKHRKPRKSKVHCE-N K KSPARARPSRSTAGKQPTILSfcFSK 6 STKRK 167
• D n . t l : E8»DSNRSPRSRPKPRGPRRSKSDSDTL S VEISPSSVATRRTTRQTTITAHFTK 6 PTKRK 177
h D n . t l : (»OANSPPKPLSKPRTPRRSKSOGEAK P -EPSPSPRITRKSTROIIITSHFAK G PAKRK 179

* * **:»* : :
:» si : * : «

exon5

Fig. 1. Alignment of xDnmtl with mDnmtl and hDnmtl. The
about 500 nucleotide sequences of xDnmtl and mDnmtl cDNAs
starting from initiation codon (ATG) were aligned (A). The exon
boundaries of mDnmtl (35) and the putative exon boundaries of
xDnmtl are indicated by arrows. The codons for Met residues are in-
dicated in lower case letters (atg). Asterisks (*) between two se-
quences show identical nucleotides. The numbers on the right of the
panel are the nucleotide numbers. The about 180 amino acid se-
quences from the initiation Met of the reported somatic-type
xDnmtl, mDnmtl, and hDnmtl were aligned with the program de-
scribed (40) (B). The corresponding sites for exon boundaries are in-
dicated by arrows as in panel A. The Met residues are boxed.
Asterisks (*) and colons (:) under amino acid residues indicate iden-
tical and similar [(i) Q, R, K, E, D.. and N, (ii) S, T. and A. and (iii) M,
L, V, F, and I] amino acid residues, respectively. The numbers on the
right of the panel are the amino acid sequence numbers.

clonal antibodies, we constructed a series of GST-fused
polypeptides (Fig. 3A). An equal amount of each fusion

fragment purified on glutathione-Sepharose was subjected
to SDS-PAGE and immuno-reacted with the four mono-
clonal antibodies (Fig. 3B). 4A8 immuno-reacted with #1,
#9, and #11, but not with the others. Thus, its recognizing
sequence was identified as (115-126) of xDnmtl. Mono-
clonal antibody 3C6 specifically bound to #1, #2, #3, and #5,
but not with the others. The epitope of 3C6 was in sequence
(1-32). Since none of the sub-regions of (1-32), such as #6,
7, and 16-20, immuno-reacted with 3C6, we could not
restrict the antigenic site to a shorter sequence. The other
two monoclonal antibodies, 5A8 and 5C9, immuno-reacted
with two distinct peptides in the amino terminal region, #5
and #9 for 5C9, and #5 and #11 for 5A8, respectively.

To confirm the epitopes of the monoclonal antibodies, we
examined the effect of the chemically synthesized polypep-
tides, (1-32) and (115-126), which corresponded to the
identified antigenic sequences for the immuno-reactivity of
3C6 and 4A8, respectively. Whole cell extracts of A6 cells
were immuno-precipitated with the monoclonal antibody-
coupled Sepharose in the presence or absence of either the
synthesized polypeptide of (1-32) or (115-126) to examine
whether the polypeptides interfered with the interaction of
antibodies and xDnmtl or not. In the absence of a competi-
tor polypeptide, all four monoclonal antibodies completely
immuno-precipitated the xDnmtl (Fig. 4, A-D, lane 1).
When xDnmtl was immuno-precipitated with 4A8 in the
presence of polypeptide (115-126), about 70% of the
xDnmtl was recovered in the unbound fraction (Fig. 4A,
lanes 8-10). While polypeptide (1-32) did not affect the
recovery of xDnmtl in the bound fraction (Fig. 4A, lanes 5 -
7). On the other hand, the immuno-precipitation of xDnmtl
was considerably inhibited by polypeptide (1-32) but not by
polypeptide (115-126) for 3C6, 5A8, or 5C9 (Fig. 4, B-D). In
addition, with all monoclonal antibodies, no additive inhibi-
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Fig. 3. Epitope mapping of monoclonal antibodies. The con-
struction of GST-fused polypeptides is illustrated (A). The numbers
of the constructs (#l-#20) and their encoding sequences correspond-
ing to xDnmtl in parentheses are shown. The immuno-reactivity of
the antibodies was detected by Western blotting (B). The GST-fused
polypeptides (0.2 .̂g) expressed from the constructs shown in panel
A were electrophoresed and stained with CBB, or immunoblotted
with each monoclonal antibody. Molecular weight standards are in-
dicated.

tory effect on the xDnmtl binding was observed in the
presence of both polypeptides (1-32) and (115-126) (Fig. 4,
A-D, lanes 11-13). This demonstrated that the ability to
recognize epitope (1-32) of 5A8 and 5C9 was strong enough
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Fig. 5. Release of xDnmtl from the complex with antibody-
Sepharose with the synthesized polypeptides. One tenth of nu-
clear extracts (input) of the sample used for the immunoprecipita-
tion (lanes 1 and 7), the unbound fractions (lanes 2 and 8), the
fractions obtained on three sequential elutions with 1 mg/ml each of
polypeptide (115-126) (lanes 3 and 9 for the first, lanes 4 and 10 for
the second, and lanes 5 and 11 for the third elution), and the re-
maining fraction on the matrix (lanes 6 and 12) were subjected to
SDS-PAGE, and xDnmtl was immuno-blotted. The membranes
were immuno-detected with 4A8 (panel A, lanes 1-6), 3C6 (panel B,
lanes 1-6), and anti-xDnmtl polyclonal antibodies (panels A and B,
lanes 7-12). The closed and open arrowheads indicate xDnmtl and
the immunoglobulin heavy chain, respectively. Molecular weight
standards are also indicated at the left.of the panel.
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Fig. 4. Inhibition of the binding
of monoclonal antibodies to
xDnmtl with synthesized poly-
peptides. Whole cell extracts pre-
pared from A6 cells were immuno-
precipitated without (lanes 2—4), or
with chemically synthesized poly-
peptides (1-32) (lanes 5-7), (115-
126) (lanes 8-10), or both (1-32
and 115-126) (500 molar excess of
the polypeptide of coupled IgG). In
lane 1 in each panel, one half of the
extract used for immuno-precipita-
tion was used. The unbound (lanes
2, 5, 8, and 11), washed (lanes 3, 6,
9, and 12), and bound (lanes 4, 7,
10, and 13) fractions were subjected to SDS-PAGE. xDnmtl was immuno-detected with monoclonal antibody 4A8 (A), 3C6 (B), 5A8 (C), or 5C9
(D), respectively. The arrowheads indicate the positions of xDnmtl. Molecular weight standards are also indicated.
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Fig. 6. Immuno-detection of xDnmtl in mature eggs. Recombi-
nant xDnmtl and cell extracts of mature eggs were electrophoresed
in the same gel, and xDnmtl protein bands were determined. Re-
combinant xDnmtl, 0 (lane 1), 15 (lane 2), 20 (lane 3), 30 (lane 4),
and 40 ng (lane 5), and cell extracts of mature eggs prepared from 1
(lane 6), 2 (lane 7), and 4 eggs (lane 8) were used. xDnmtl was im-
muno-detected with 3C6,4A8, and polyclonal antibodies (A). The ar-
eas of xDnmt bands were densitometrically determined (Density,
A.U.; arbitrary units), and plotted against the content of recombi-
nant xDnmtl for 4A8 (B), 3C6 (C), and polyclonal antibodies (D).
From these standard curves the amounts of xDnmtl in mature eggs
were determined (B-D, insets). The extracts of mature eggs (lane 1)
and A6 cells (lane 2) were immuno-blotted with anti-xDnmtl mono-
clonal antibody 3C6 (E). Arrowheads indicate the bands of xDnmtl.
Molecular weight standards are indicated.

and that epitope (115-126) was too weak to pull-down the
xDnmtl.

We next examined if synthesized polypeptide (1-32) or
(115-126) could release xDnmtl from the immuno-precipi-
tated complex with either 3C6 or 4A8, respectively. A total
of about 70% of the xDnmtl bound to the 4A8-coupled
matrix was released from the immuno-complex on three-
times elution with synthesized polypeptide (115-126) (Fig.
5A). On the other hand, synthesized polypeptide (1—32)
could not release xDnmtl from the immuno-complex with
3C6 (Fig. 5B).

TABLE III. Specific activities of the immuno-purified
xDnmtl. The specific activities of purified Dnmtl, with poly(dldC)-
poly(dIdC) and poly(dGdC)-(dGdC) as methyl acceptors, were deter-
mined. The xDnmtl was immuno-purified from mature eggs and
A6 cells, using 4A8-coupled Sepharose.

Methyl acceptor
Enzyme source poly(dI-dC)-

poly(dI-dC)
poly(dG-dC)-
polyfdG-dC)

xDnmtl from eggs
xDnmtl from A6 cells
mDnmtl3

202 ± 32.21 (4)2

170 ± 12.1 (4)
188 ±24.7 (3)

15.9 ± 6.6 (4)
14.7 ± 1.4 (4)
15.7 ± 3.3 (3)

'The activities (nmol/h/mg protein) are shown as means ± standard
deviation. 2The numbers in parentheses are the numbers of mea-
surements performed using different preparations 3Recombinant
mDnmtl was prepared from recombinant baculovirus-infected
insect cells, and was provided by Mr. D. Hayata (Institute for Pro-
tein Research, Osaka University).

xDnmtl in Mature Eggs Was Mainly Translated from the
Identical Met to the Somatic-Type—Using two monoclonal
antibodies, 3C6 and 4A8, we next addressed the question of
whether or not the xDnmtl in mature eggs lacks the
amino-terminal short segment like that in mature mouse
eggs. There are two Met residues, at 28 and 158, after the
expected initiation Metl, as shown in Fig. 1. Both 3C6 and
4A8 should not recognize the xDnmtl starting at Met 158,
since the molecule does not contain the epitope. In addition,
3C6, which recognized (1-32), is expected not to react with
the xDnmtl starting at Met 28, since sequence (29-32)
composed of four amino acids (the initiation Met being
omitted) is too short to act as an antibody recognition site.

Using these two monoclonal antibodies and polyclonal
antibodies recognizing (389-1490) of xDnmtl, we semi-
quantified the xDnmtl in eggs. Firstly, 3C6 clearly recog-
nized the xDnmtl in mature eggs, indicating that the
xDnmtl utilizing Metl exists in the mature eggs, which is
identical to the isoform expressed in A6 cells (see Fig. IB).
The xDnmtl content was determined to be about 10.0 ±
2.5, 8.0 ± 0.8, and 8.2 ± 0.2 ng per egg with 3C6, 4A8, and
polyclonal antibodies, respectively (Fig. 6, A-D). This
clearly indicates that in Xenopus oocytes, xDnmtl utilizes
an identical initiation Metl, which is expected to be in
exonl, to that in A6 cells, somatic cells. In addition, as
shown in Fig. 6E, the mobilities of xDnmtl extracted from
A6 cells and mature eggs were identical, indicating that no
isoforms produced from a large deletion or insertion exist in
mature eggs.

DNA Methylation Activity of xDnmtl in Mature Eggs—In
the previous study, we found that the specific activity of
xDnmtl is almost identical to that of mDnmtl in MEL
cells, using a crude extract (27). To see whether or not the
specific activity of xDnmtl in mature eggs is comparable to
that in somatic cells, we measured the DNA methylation
activity of the immuno-purified xDnmtl from both mature
eggs and A6 cells. The specific activities of xDnmtl from
mature eggs and A6 cells were almost identical with either
poly(dIdC)-poly(dIdC) or poly(dGdC)-poly(dGdC) as a meth-
yl acceptor (Table III). The activity of xDnmtl prepared
from mature eggs was similar to that of the recombinant
His-tagged mDnmtl. The xDnmtl activity for poly(dIdC)-
poly(dIdC) was about twelvefold higher than that for
poly(dGdC)-poly(dGdC), which is again similar to that for
mDnmtl (Table III).
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DISCUSSION

In mouse oocytes and mature eggs, a distinct exonl is uti-
lized for the transcription of Dnmtl (26), which is 118
amino acid residues shorter than that expressed in somatic
cells. This short form is the major Dnmtl in early embryo-
genesis and plays a crucial role in maintaining the methy-
lation state of imprinted genes (28). In mouse oocytes,
interestingly, Dnmtl is excluded from germinal vesicles
(nuclei). Different from mouse, Xenopus laevis may not
have genomic imprinting, which has only been reported for
mammals, and Dnmtl is positively translocated into germi-
nal vesicles in oocytes (27). In the present study, we aimed
to determine if Xenopus has the oocyte-type, i.e. a short iso-
form of Dnmtl in mature eggs. To address this question, we
isolated four hybridoma cell lines producing monoclonal
antibodies against the ammo-terminal region of xDnmtl.

Based on the homology around the sequence of Metl
(ATG) (Fig. 1, A and B), and that monoclonal antibody 3C6,
which recognizes (1-32) of xDnmtl, immuno-detected an
identical sized xDnmtl in A6 cells to that by other mono-
clonal and polyclonal antibodies with similar intensity (Fig.
2B), we concluded that the cDNA reported (27) is the
somatic-type.

If the first exon distinct from that of somatic-type
xDnmtl was utilized in oocytes and changed the amino ter-
minal sequences, two possibilities exist; utilization of the
initiation Met occurring in the unknown oocyte-specific
exon or the downstream Met after exon2. In the former
case, the amino-terminal sequence is expected to be differ-
ent from the reported one, and thus monoclonal antibody
3C6 may not cross react with such a xDnmtl. As for the
latter case, Met28 in putative exon2 or Metl58 in putative
exon5 may be utilized. As described, Metl58 may not be
used since neither 3C6 nor 4A8, of which the epitope was
within (1-142), immuno-reacted with xDnmtl in mature
eggs (Fig. 6), and the mobility of the band of immuno-
detected xDnmtl in mature eggs on SDS-PAGE was identi-
cal to that for A6 cells (Fig. 6E).

Considering the nucleotide sequence around the ATG
(Met) in exon2 satisfies Kozak's rule, this Met28 was the
most possible candidate for the alternative initiation Met.
However, the following results do not indicate that Met28
was utilized as the initiation methionine. 3C6 immuno-
reacted with xDnmtl in mature eggs and the amount of
xDnmtl determined with 3C6 in mature eggs was almost
identical to that determined with 4A8 or polyclonal anti-
bodies against (389-1490) (Fig. 6). The supposed oocyte-
type xDnmtl starting at Met28 contains only a four amino
acid residue-sequence of the antigenic sequence for 3C6,
which is too short to recognize, at least in quantitative
manner. Thus we concluded that Xenopus eggs express the
somatic-type xDnmtl, which is distinct from that in mouse
eggs (26). But, this result does not mean that in Xenopus,
the transcriptional regulation is the same in oocytes and
somatic cells. Xenopus may utilize a specific promoter and/
or enhancer other than that in somatic cells for the high
expression of xDnmtl in mature oocytes (27).

The reason for the difference in the choosing mechanism
for the amino-terminal sequence between mouse and Xeno-
pus oocytes is open to question. But it is interesting that in
mouse oocytes, Dnmtl was positively excluded from germi-

nal vesicles (16, 26), and this localization was maintained
basically until the blastocyst stage except for a short period
of time at the 8 cell-stage (26, 28). Concomitant with this,
genome-wide demethylation occurs during early embryo-
genesis (36, 37). The translocation of the oocyte-type
mDnmtl into nuclei at the 8-cell stage was proposed to be
important for maintaining the methylation imprinting (28).
On the contrary, in Xenopus, about half the xDnmtl is
translocated into germinal vesicles in mature oocytes (27),
genome-wide demethylation is not detected during the
early stage of embryogenesis (38, 39), and a short oocyte-
type does not exist, as shown in the present study.

We wish to thank Drs. Matsuoka and Yoneda (Institute for Molecu-
lar and Cellular Biology, Osaka University) for generously provid-
ing the P3U1 cells, Ms. Shinohara for the DNA sequencing, and
Mr. Hayata (Institute for Protein Research, Osaka University) for
providing the purified xDnmtl and mDnmtl expressed in a bacu-
lovirus system.
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