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Maintenance-Type DNA Methyltransferase Is Highly Expressed in
Post-Mitotic Neurons and Localized in the Cytoplasmic Compartment1
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Maintenance-type DNA methyltransferase (Dnmtl) is usually down-regulated in non-
proliferating cells. In the present study, we detected significant expression of Dnmtl
protein in adult mouse brain where the majority of the cells are in a post-mitotic state. A
significant amount of Dnmtl protein was fractionated into the post-nuclear fraction for
both cerebrum and cerebellum. The Dnmtl in this fraction was enzymatdcally active. An
immunofluorescence study revealed that Dnmtl protein was mainly expressed in neu-
rons and seemed to be localized in the cytoplasmic compartment. Primary culturing of
neurons confirmed the expression and localization of Dnmtl in the cytoplasmic com-
partment. The findings that the Dnmtl transcript in the brain utilized the somatic-type
exon and that the apparent size of the Dnmtl protein in the cytoplasm was identical to
that in proliferating culture cells indicate that the cytoplasmic Dnmtl in neurons was of
the somatic-type.
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In vertebrates, the 5th positions of the cytosine residues in
CpG sequences in genomic DNA are often methylated (1).
Dynamic regulation of DNA methylation is known to con-
tribute to physiological phenomena such as tissue-specific
gene expression (2-4), genomic imprinting (5), X chromo-
some inactivation (6), and carcinogenesis (7). In verte-
brates, two types of DNA methyltransferase activity have
been reported, Le., de novo- and maintenance-type DNA
methyltransferase activities. In mouse, de novo-type DNA
methyltransferase activity contributes to the creation of tis-
sue-specific DNA methylation patterns at the implantation
stage of embryogenesis (8, 9), and maintenance-type DNA
methyltransferase activity ensures clonal transmission of
lineage-specific methylation patterns in somatic cells.
When the maintenance-type DNA methyltransferase, des-
ignated as Dnmtl, is destroyed in mouse, homozygous mu-
tant embryos cannot survive past midgestation (10), their
genomic imprinting being canceled (11).

In mouse somatic cells, Dnmtl is localized in nuclei and
specifically accumulates at the replication foci in late S-
phase nuclei (12). The expression of Dnmtl is under the
control of the cell cycle. In somatic cells, Dnmtl protein and
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activity are highest in the S-phase and lowest in the Gj-
phase. When the cell cycle is arrested due to low serum
conditions or differentiation is induced, Dnmtl decreases
(23, 14). This regulation of Dnmtl is a posttranscriptional
event, as the arrest of the cell cycle does not affect the tran-
scription in isolated nuclei (13-15), and shortens the half
lives of the Dnmtl mRNA and protein through an un-
known mechanism (14,16).

Unlike in somatic cells, in germlines the expression and
localization of Dnmtl are specifically regulated. During
spermatogenesis in mouse, transcription starts from a tes-
tis-specific site at the pachytene spermatocyte stage. The
transcript does not produce functional Dnmtl (17). In grow-
ing oocytes, Dnmtl is first localized in the nuclei. As oogen-
esis proceeds, Dnmtl is accumulated in the cytoplasm, and
at ovulation Dnmtl is excluded from the nuclei (germinal
vesicles) (17, 18). Unlike in mouse, in Xenopus oocytes,
about half of the Dnmtl is transported into nuclei, while
the rest remains in the cytoplasmic compartment (19). Re-
cently, the domain of Dnmtl responsible for the localization
of the molecules in the cytoplasm in mouse oocytes, which
was mapped to a rather wide region of the ammo-terminal
regulatory domain including the cysteine-rich region, has
been reported (20). Furthermore, the amount of accumu-
lated Dnmtl in mouse mature oocytes and one-cell em-
bryos is 3,000 times higher than that in murine erythroleu-
kemia (MEL) cells on a per-cell basis (18). Similar accumu-
lation of Dnmtl is also observed in Xenopus oocytes (19).
During oogenesis and early development, transcription
starts from a specific site in the mouse Dnmtl gene, of
which the mRNA encodes an oocyte-specific Dnmtl lacking
118 amino acids of the ammo-terminus of the somatic-type
(17).

Interestingly, the nerve cells in the brain, especially
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those in the cerebellum, most of which are in a post-mitotic
state, have been reported to express a high level of the
Dnmtl transcript (21). It has also been reported that DNA
methylation plays important roles in neuronal differentia-
tion and brain development: e.g., nerve growth factor-de-
pendent neurite outgrowth in PC 12 cells requires DNA
methylation (22), and the Otx2 gene, which encodes a tran-
scription factor that plays a crucial role in brain morpho-
genesis, is under the control of Dnmtl (23). In the present
study, we examined the expression and distribution of the
Dnmtl protein in the brain. As expected from the high
transcript level of Dnmtl (21), the Dnmtl protein was sig-
nificantly expressed in brain cells, especially in neurons.
Unexpectedly, the majority of the Dnmtl protein was local-
ized in the cytoplasmic compartment of neurons. The
Dnmtl in the cytoplasmic fraction was enzymatically ac-
tive. The high expression level and unusual localization of
Dnmtl in neurons may provide us with clues to the un-
known function of Dnmtl.

MATERIALS AND METHODS

Cells—Mouse embryonic fibroblasts, C3H10T1/2 cells,
were maintained in Dulbecco's modified Eagle's medium
(DMEM) containing 10% fetal bovine serum in a humidi-
fied incubator at 37°C under a 5% CO2 atmosphere.

Immunoprecipitation and DNA Methylation Activity—
Cultured cells or excised tissues from adult C57BL6 mice
(10-15 weeks after birth) were homogenized with a Dounce
homogenizer in 5 volumes of ice-cold 50 mM Tris-HCl
buffer, pH 7.5, containing 0.25 M sucrose, 25 mM KC1, 5
mM MgCLj, and a protease inhibitor cocktail, Complete
(Boehringer). The nuclei in the homogenates were isolated
from the rest of the components (post-nuclear fractions) by
centrifugation at 1,500 Xg for 10 min at 4*C. The nuclear
extracts and post-nuclear fractions were used as enzyme
sources as described (24). The DNA methylation activities
were measured as described (29), except that 3 (xCi of PH]-
S-adenosyl-L-methionine (80.0 Ci/mmol; Amersham Phar-
macia Biotech-UK) per assay was used. The activity in each
preparation was determined by three measurements with
different concentrations of the enzyme source. The specific
activities were determined for three different mice and cell
cultures, and their means and standard deviations were
calculated. The activities were normalized to the DNA con-
tent of each tissue (or cells). DNA was determined as de-
scr ibed^) .

The subfractionated samples were immunoprecipitated
with the immunoselected anti-Dnmtl antibodies (24)
raised against the amino acid sequences 1,037-1,386 (26,
27), electrophoresed on 7% SDS-polyacrylamide gels, and
then detected by Western blotting by means of alkaline
phosphatase-coupled second antibodies. The detected bands
were quantified with an image analyzer, MCID (Imaging
Research, Canada). Monoclonal antibodies against post-
nuclear and nuclear fraction markers, Le., Hsp90 and his-
tones, were purchased from Santa Cruz Biotechnology and
Chemicon, respectively. The bands were detected with
horseradish peroxidase-coupled second antibodies and an
ECL detection kit (Amersham Pharmacia Biotech-UK).

Immunocytochemistry—Isolated mouse brain was fixed
and cryosectioned as described by Nagai et al. (28). In brief,
mouse was perfused through the ascending aorta with 30

ml of ice-cold 0.1% NaNO2 and then 30 ml of ice cold 4%
paraformaldehyde in Dulbecco's phosphate buffered saline
(PBS) for fixation. After perfusion, brain was dissected out
and further fixed by immersion in 4% paraformaldehyde in
PBS for one day at 4°C. The brain thus fixed was cryosec-
tioned. For immunofluorescent staining, sections were incu-
bated overnight at 4'C with immunoselected anti-mouse
Dnmtl antibodies, 1/1,000 diluted with PBS containing
0.4% SDS, 2% Triton X-100, and 1% bovine serum albumin.
After incubation, the specimens were incubated with anti-
rabbit IgG conjugated to ALEXA 488 (Molecular Probes),
and observed as described by Kimura et al. (19). For all the
samples the exposure and printing were performed under
identical conditions.

Primary Culture of Neurons—Brains were excised from
17-day rat embryos and homogenized, then cells were culti-
vated on polyethyleneimine-coated coverslips in Neu-
robasal medium (GIBCO) supplemented with B-27
(GIBCO) and nerve growth factor as described (29). As a
marker for neurons, monoclonal antibody against microtu-
bule-associated protein 2 (MAP2) was used (Sigma). The
cells were grown on coverslips for a week, then fixed with
3.7% formalin in PBS for 10 min at room temperature.
After the fixation, specimens were treated with 0.2% Triton
X-100 in PBS for 30 min at room temperature, incubated
with methanol for 30 min at -20'C, and washed two times
for 5 min each with 0.2% Triton-X-100 in PBS. The double
staining was performed basically as described (19). The
fixed cells were incubated with 1/1,000 diluted anti—mouse
Dnmtl antibodies in PBS containing 0.4% SDS, 2% Triton
X-100, and 1% BSA for 1 h at room temperature. After
incubation, the specimens were washed four times with
PBS containing 0.1% Triton X-100 (washing buffer), incu-
bated with anti-rabbit IgG conjugated to ALEXA 488 in
PBS containing 0.1% TritonX-100 and 1% bovine serum
albumin for 1 h, then washed four times with washing
buffer. The ALEXA stained cells were further incubated
with anti-MAP2 monoclonal antibody in PBS containing
0.1% Triton X-100 and 1% bovine serum albumin for 1 h at
room temperature. The specimens were then washed and
incubated with anti-mouse IgG conjugated to TRITC
(Chemicon). After washing four times, the cells were
stained with Hoechst 33258, then immersed in PBS con-
taining 50% glycerol. The stained samples were observed
as described elsewhere (19, 30). Exposure and printing of
all samples were performed under identical conditions.

5'RACE and RTPCR—Total RNAs were prepared with
TRIzol (Gibco-BRL) according to the manufacturer's in-
structions. A 5' RACE system (Gibco-BRL) was used with
total RNAs treated with RNAase-free DNAase I as tem-
plates and an ongonucleotide primer, 5'-TCCCGTTGGCG-
GGACAACCG-3', located in the fourth exon (32). The syn-
thesized cDNAs tailed with poly(dC) were amplified by
PCR with a poly[d(GI)]-anchor primer and a nested primer,
5'-GTTTGCAGGAATTCATGCA-3', located in the third
exon. The amplified products were analyzed by agarose gel
electrophoresis, subcloned into the pGEM-T easy vector
(Promega), then sequenced.

To amplify the pachytene spermatocyte-specific tran-
script, an exon lp-specific sense primer, 5'-GCCCTCTGAA-
ATAGAACAAGCTTGGGG-3' (17), and an exon 4-specific
primer, 5'-TCCCTCACACACTCCTlTl'G-3', were used.
The total RNAs were reverse-transcribed with a random-
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hexamer primer and Superscript II at 42*C (Gibco-BRL).
The amplification reaction comprised 40 cycles of incuba-
tion of the reaction mixture for denaturatdon at 94*C for 1
min, annealing at 60*C for 1 min, and extension at 73'C for
1 min.

RESULTS

Dnmtl Protein Is Significantly Expressed in the Post-Nu-
clear Fraction of Brain—<k>to et al. reported that mature
nerve cells in the brains of adult mice are rich in the
Dnmtl transcript (22). In general, Dnmtl, both the tran-
script and protein, rapidly decreases when cell proliferation
is arrested (13). Since nerve cells in the brain are in a post-
mitotic state, the high expression level of the Dnmtl tran-
script seems to be unusual. To determine whether the high
level of the Dnmtl transcript expressed is translated into
the functional Dnmtl protein, we tried to detect the Dnmtl
protein in the central nervous system.

The cerebrum and cerebellum were excised and fraction-
ated into nuclear and post-nuclear fractions. Dnmtl in each
fraction was determined by immunoprecipitation followed
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Pig. 1. Dnmtl protein expression in the cerebrum and cere-
bellum. (A) Cerebrum, cerebellum, and proliferating C3H10T1/2
cells were subfractionated into post-nudear (PN) and nuclear (N)
fractions. Post-nuclear and nuclear fractions prepared from the tis-
sues or C3H10T1/2 cells containing 15 or 5 ng DNA, respectively,
were immunoprecipitated with anti-Dnmtl and then analyzed by
Western blotting. Markers for post-nudear (Hsp-90) and nudear
(histones) fractions were detected directly by Western blotting. (B)
The DNA methylation activities in post-nudear and nudear frac-
tions were determined using poly (dl-dC) as a methyl acceptor Bars
indicate the means of activities determined for three different mice
or cell cultures (±standard deviations). The specific activity in each
preparation was determined from the activities obtained with three
different concentrations of the enzyme source.

by Western blotting. A significant amount of Dnmtl protein
was detected in both the cerebrum and cerebellum, the
amounts being comparable to that in proliferating culture
cells, C3H10T1/2 cells (Fig. 1A), indicating that the high
level of the Dnmtl transcript in the brain was functionally
translated into the protein. However, unexpectedly, a con-
siderable amount of Dnmtl protein was detected in the
post-nuclear fractions of both cerebrum and cerebellum
under fractionation conditions under which Hsp90, a cyto-
plasmic marker, and core histones, nuclear markers, were
in the corresponding fractions (Fig- 1A). The mobilities of
the Dnmtl protein in both the post-nuclear and nuclear
fractions of the cerebrum and cerebellum on SDS-PAGE

Pig. 2. Dnmtl protein expressed in the cerebellum. The brain
from an 8-week mouse was fixed and then cryosectioned at 14 |im.
The sections were reacted with anti-Dnmtl antibodies (A, C, and E)
or anti-Dnmtl antibodies pre-absorbed with excess of the antigen
against which they were raised (G), and then with secondary anti-
bodies coupled with ALEXA-488. The fields in panels A, C, E, and G
were also observed under Nomarski optics (B, D, F, and H). Arrow-
heads in panel F indicate Purkinje's cells, g, granulocvte layer; and
m, molecular layer. Bar, 50 (jjn.
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were identical to that in proliferating C3H10T1/2 cells (Fig.
1A) or murine erythroleukemia cells (data not shown).
Coinciding with this distribution of the Dnmtl protein in
the post-nuclear fractions of the cerebrum and cerebellum,
significant levels of DNA methylation activities were de-
tected in the post-nuclear fractions (Fig- IB). Under the
fractionation conditions used, the majority of both the pro-
tein and activity in proliferating C3H10T1/2 cells was dis-
tributed in the nuclear fractiona The densitometrically de-
termined contents of Dnmtl protein in the post-nuclear
fractions of the cerebrum and cerebellum per tissue DNA
content were respectively 80 and 86% of that in the nuclear
fraction of C3H10T1/2 cells (Fig. 1A). The specific DNA
methylation activities per tissue (or cell) DNA (approxi-
mately a per-cell basis) in the post-nuclear fractions of the
cerebrum and cerebellum, and in the nuclear fraction of
C3H10T1/2 cells were 107 ± 20, 118 ± 27, and 161 ± 6
fmol/ng DNA/h, respectively (Fig. IB). If the DNA methyla-
tion activities detected in the brain in the present study
were solely due to Dnmtl, the specific activities of Dnmtl
in the post-nuclear fractions of cerebrum and cerebellum
would be about 83 and 85%, respectively, of that in the
nuclear fraction of C3H10T1/2 cells. Dnmtl in the post-
nuclear fractions of the brain thus seemed to be almost
fully active.

Immunochemical Study of the Expression of Dnmtl in
Neurons—Brain cells mainly comprise slowly proliferating
glial cells and post-mitotic nerve cells. To determine which
type of cells contributed to the Dnmtl protein expressed in
the brain, we next stained sections of mouse brains with
anti-Dnmtl antibodies. The cytoplasmic region of relatively
large cells, which were a sign of neurons, were positively
stained compared to the rest of the cells (Fig. 2, and data

not shown for cerebrum). In particular, Purkinje's cells in
the cerebellum were strongly stained (Fig. 2). The cytoplas-
mic region of the cells was stained more strongly than that
of nuclei (Fig. 2E). The antibodies pre-absorbed with excess

Fig. 4. Dnmtl protein mainly existed in the cytoplasmic com-
partment in neurons. Higher magnification of the immunostain-
ing in Fig. 3 is shown. The samples were stained with anti-Dnmtl
(A), anti-MAP2 (B), and Hoechst 33258 (C), and the same field was
observed under Nomarski optics (D). Bar, 20 \xxn.

Fig. 3. Dnmtl protein specifically expressed in MAP2-positive
neurons. A primary culture of cells prepared from a fetal rat brain
was fixed and stained with anti-Dnmtl (A), anti-MAP2 (B), and
Hoechst 33258 (C), and the same field was observed under Nomar-
ski optics (D). Bar, 100 |i.m.

Fig. 5. Specificity of anti-Dnmtl. The primary culture of neuronal
cells was fixed and immunostained as in Figs. 3 and 4 with anti-
Dnmtl antibodies pre-absorbed with excess antigen (A), anti-MAP2
(B), and Hoechst 33258 (C), and the same field was observed under
Nomarski optics (D). Bar, 50 |xm.
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of the antigen against which they were raised completely
chased the staining out of the neurons (Fig. 2G). This cyto-
plasmic staining of Purkinje's cells with an immunofluores-
cent probe was confirmed by the staining with horseradish
peroxidase-conjugated antibodies (data not shown).

These results suggested that neurons, which are in a
post-mitotic state, significantly expressed the translated
product of Dnmtl, and, interestingly, that the Dnmtl pro-
tein was present mainly in the cytoplasmic compartment.
To confirm these points, we next prepared a primary cul-
ture of neurons and identified the expressed Dnmtl pro-
tein. Neurons in the culture were identified with anti-
MAP2 monoclonal antibody (Fig. 3B). As shown in Fig. 3A,
Dnmtl was strongly expressed in the MAP2-positive cells.
The MAP2-negative cells did not express a detectable
amount of Dnmtl (compare panels A-D). To determine the
localization of Dnmtl inside the cells, the cells were ob-
served under higher magnification (Fig. 4, A-D). The MAP2
protein was distributed exclusively in the cytoplasmic com-
partment. On the other hand, although the Dnmtl protein
seemed to exist inside the nuclei, the nuclei were stained
more weakly than the cytoplasm. As the nuclei in speci-
mens were thicker than the cytoplasmic regions, it can be
concluded that the majority of Dnmtl was distributed in
the cytoplasm (Fig. 4A). As in the brain section (Fig. 2), the
antibodies pre-absorbed with excess of the antigen against
which they were raised chased the staining out of the neu-
rons (Fig. 5).

Exon Utilization of Dnmtl in Brain—The amino-termi-
nal portion of Dnmtl in oocytes is 118 amino acid residues
shorter than that of somatic cells, and is excluded from
nuclei (17). The oocyte-type is produced through alternative
exon usage. The exclusion of this oocyte-type Dnmtl from
nuclei, however, is not due to deletion of the amino-termi-
nal sequence of somatic-type molecules, since the somatic-
type Dnmtl ectopically expressed in oocytes is also re-
tained in the cytoplasm (20). In addition, the Dnmtl in the
cytoplasm of the brain may not be of this oocyte-type, as its
mobility on SDS-PAGE was identical to that in somatic
cells such as C3H10T1/2 cells (Fig. 1A) or murine erythro-
leukemia cells (data not shown).

To examine the possibility that the Dnmtl mRNA in the
brain utilized an alternative 5' exon, i.e. one other than the
oocyte- or somatic-type, we performed 5' RACE and ana-
lyzed the 5' sequence of the transcript in the brain. As
shown in Fig. 6A, the major product of 5' RACE was about
300 bp, which was the expected size of the somatic-type
transcript (17). The sequencing of the major 5' RACE prod-
ucts after subcloning revealed that the exon utilized was
identical to that of the somatic-type transcript (data not
shown). We could not detect the oocyte-type sequence in
either the cerebrum or cerebellum. However, both the cere-
brum and cerebellum gave faint bands corresponding to
PCR products larger than the somatic-type transcript (Fig.
6A). Interestingly, the sequencing of some of the materials
(Fig. 6, asterisks) revealed that these transcripts were of
the pachytene-spermatocyte type (data not shown). The
expression of the pachytene-spermatocyte specific tran-
script in the cerebrum and cerebellum was further con-
firmed by RT-PCR using a specific PCR primer set for the
transcript. The templates prepared, not from liver and
oocytes, but from cerebrum, cerebellum and testis gave
bands of the expected size of about 650 bp (Fig. 6B). This

Fig. 6. (A) 5' RACE of Dnmtl mRNA in the cerebrum (lane 1)
and cerebellum (lane 2). The arrow indicates the major band that
was PCR-amplified from the somatic-type transcript, and asterisks
indicate the bands from the pachytene-spermatocyte specific tran-
script. (B) RT-PCR products amplified with a specific primer
set for pachytene spermatocyte-epecific transcript in the ce-
rebrum (lane 1), cerebellum (lane 2), liver (lane 3), testis
(lane 4), and ovary (lane 5). The arrow indicates the band that
was PCR-amplified from the pachytene-spermatocyte specific tran-
script. The PCR products were electrophoresed in an 1.2% agarose
gel, then stained with ethidium bromide. M, HaelU digest of c))X174
DNA.

pachytene-spermatocyte specific transcript does not pro-
duce Dnmtl protein (32, 33). Therefore, the transcript may
not contribute to the Dnmtl protein and activity in brain.

DISCUSSION

In the present study, we characterized the Dnmtl protein
expressed in the brain. We found that neurons in the brain
express a significant amount of Dnmtl compared to non-
neuronal cells. The amount of immunoprecipitatable
Dnmtl protein in the brain (Fig. LA), and the immunofluo-
rescence observations of brain sections (Fig. 2) and primary
culturing of neurons (Fig. 3) support this conclusion. The
majority of the Dnmtl protein in neurons, surprisingly, was
localized in the cytoplasm. This was concluded from the
findings that the Dnmtl in the brain was specifically frac-
tionated into the post-nuclear fraction (Fig. LA), and that
the Dnmtl protein was detected mainly in the cytoplasmic
compartment (Figs. 2 and 4). The Dnmtl in the cytoplasmic
compartment of neurons is enzymatically active, as the
fraction contained a significant amount of DNA methyla-
tion activity (Fig. IB). The Dnmtl in neurons was trans-
lated from the somatic-type transcript. This was supported
by the fact that the mobility of the Dnmtl protein in the
post-nuclear fraction on SDS-PAGE was identical to that in
the nuclear fractions of brain cells and proliferating culture
cells (Fig. LA), and the majority of the transcript of Dnmtl
in the brain contained a somatic-type exon 1 (Fig. 6A). The
pachytene-spermatocyte specific transcript, which was also
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detected in brain (Fig. 6B), may not contribute to the
Dnmtl protein and activity in brain, since the transcript is
reported to be not translated, thus does not produce Dnmtl
protein (32,33).

How does the highly expressed Dnmtl in neurons reside
in the cytoplasm? There are three possibilities: (i) the
translocation of Dnmtl into nuclei is the rate-limiting step
as Dnmtl is overexpressed in neurons, (ii) Dnmtl is trans-
located into nuclei but then recycled to the cytoplasm, as
the anchoring sites for Dnmtl in nuclei are missing in neu-
rons, and (iii) a neuron-specific factor in the cytoplasm
causes Dnmtl to stay in the cytoplasm. The high expres-
sion level of Dnmtl in neurons, which is different from in
other post-mitotic cells, is one of the important factors that
explain the mechanism. However, the high expression level
by itself cannot explain the cytoplasmic localization, since
transiently expressed Dnmtl, which was expressed at ex-
tremely high level, was exclusively translocated into nuclei
on transfection into cultured cells (data not shown). A recy-
cling mechanism is an attractive hypothesis but needs to be
examined. Considering that Dnmtl in nuclei is under the
control of the cell cycle, and that it has a shorter half-life in
the G/Go phase than in the S phase (14,16), it is reason-
able to assume that the Dnmtl protein translocated into
nuclei in neurons may also quickly be degraded.

A likely explanation for the cytoplasmic localization of
Dnmtl in neurons is as followa High levels of Dnmtl pro-
teins in neurons are the result of high level of the tran-
script, and the proteins in the cytoplasmic compartment
are anchored through a specific factor in neurons. After
neurons enter the post-mitotic phase, the Dnmtl proteins
translocated into nuclei are eventually degraded due to
their relatively short half-life in post-mitotic cells, and thus
only the molecules in the cytoplasm escape degradation.

What is the meaning of the high level of Dnmtl in the
cytoplasm in neurons? Post-mitotic neurons do not regener-
ate, and thus the cells have to survive till the end of the life
of the whole body. For this, the expression of the genes
must be precisely regulated, i.e., a limited number of genes
must be active and the rest should be completely silent
DNA methylation is known to inactivate a gene (34). Actu-
ally, the total methylated deoxycytidine level in the genome
has been reported to decrease in the senescence period in
mouse liver but not in the brain (35). On the other hand,
Dnmtl not only plays a role in maintaining the DNA meth-
ylation patterns during the DNA replication (12), but may
also act to maintain the methylation patterns just after
DNA repair in non-proliferating cells (36). The direct inter-
action of Dnmtl with proliferating cell nuclear antigen
(PCNA) (37) may also support this, as PCNA is a prerequi-
site component for DNA repair as well as DNA replication.
Thus, it can be estimated that the high level of Dnmtl in
neurons may guarantee that the silent genes in neurons
are not demethylated, and the high level of Dnmtl in the
cytoplasm of neurons may be a reservoir of functional
Dnmtl for a time of necessity. In addition, the translocatdon
of all the Dnmtl may be dangerous or toxic for cells since
Dnmtl also exhibits de novo methylation activity (24, 38).
This unusual expression and localization of Dnmtl in neu-
rons could provide a clue for understanding the unknown
function of Dnmtl in neurons.

We wish to thank Drs. Kimiko Shimizu, Takaki Shima, Takashi

Hirose, and Katsuya Nagai of our Institute for their technical sup-
port in preparing the frozen brain sections and primary cultures of
neuronal cells.
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