Fh (BHE)
FREE S
FAUREOHNMN

FURSOEH

¥ X H

mXBEEEER

=4
P
Tt
A

Bt (%)

MITRHEE6015

YRkl 443H22H

EMBENER BEEEK

FAOHAISE 4 555 1 BRLY

Studies on expression of DNA methyltransferases

during mouse gefm cell development
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Methylation at the 5th position of the cytosine residue is the unique physiological
modification found in genomic DNA in mammals, which almost exclusively occurs in a CpG
dinucleotide-sequence. This DNA methylation is catalyzed by the enzyme activity known as DNA
(cytosine-5) methyltransferase (Dnmt). Two distinct families of Dnmits, Dnmtl and Dnmt3 have
been identified in mammals, both of which contain motifs evolutionarily conserved among all
known cytosine methyltransferases. Dnmtl prefers hemimathylated CpG sites as substrates rather
than unmethylated ones, which implies that its major role is to maintain the methylation patterns of
the genome shortly after DNA replication. The Dnmt3 family, on the other hand, contains two
closely related proteins, termed Dnmt3a and Dnmi3b, which are encoded by distinct genes.
Dnmt3a and Dnmt3b methylate both hemimethylated and unmethylated sites with similar kinetics.
Based on studies with knockout mice and transgenic flies, it is suggested that Dnmt3a and Dnmt3b
are de novo methylatransferases.

In mammals, DNA methylation is essential for normal embryonic development, and plays

important roles in developmental gene expression, chromosome stability, silencing of endogenous
retroviruses, X chromosome inactivation, and genomic imprinting. Genomic imprinting is a
process by which a subset of genes in mammals is differentially marked in the parental germlines so
as to be expressed in a parent-of-origin-specific manner in the embryo and adult. Most of the
imprinted genes examined so far show differences in DNA methylation between the parental alleles,
suggesting a crucial role for differential methylation in imprinting.
The 5 flank of the mouse imprinted gene, H19, is more methylated on the paternal chromosome
than on the maternal chromosome in somatic tissues, suggesting that this differential methylation
may be the gametic imprints that differentiate parental H/9 alleles. It has been reported that the
paternal methylation imprint of H19 is, for the most part, acquired in gonocyte or prospermatogonia,
which are premeiotic germ cells mitotically arrested in the fetal testis. In contrast, the maternal
methylation imprints of Igf2r and some transgenes seem to be established during oocyte growth,
corresponding to the diplotene or dictyotene stage of meiotic prophase I, which is consistent with
the improved development of diploid parthenogenetic embryos with one genome from a non-
growing newborn oocyte and the other from a fully-grown oocyte.

To ask which methyltransferase is responsible for the de novo methylation at imprinted
loci in the male and female germline, I carried out immunohistochemistry on the developing testes
and ovaries with polyclonal antibodies specific to Dnmt1, Dnmt3a, and dnmt3b. In the fetal testes,
a moderate level of Dnmtl was observed in the gonocyte nuclei at embryonic day 14.5 (E14.5),
which eventually declined to an undetectable level at E18.5. Dnmt3a was detected in somatic cells
but not in gonocytes between E14.5 and E18.5.  In contrast, Dnmt3b was localized in the nuclei of
gonocytes at E16.5 and E18.5.

There are, at least, three different isoforms for Dnmt3b, which are produced by alternative
splicing. Dnmt3bl and Dnmt3b2 are enzymatically active isoforms, whereas Dnmt3b3 seems to
be inactive because it lacks a part of the indispensable catalytic domain. RT-PCR confirmed
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expression of the active isoforms of Dnmt3b in gonocytes at the above stages, implying the
presence of a functional enzyme(s) when the sperm-specific methylation imprints were acquired.
In addition, RT-PCR also revealed that a novel isoform of Dnmt3b was transcribed in
spermatogonia at postnatal day 1 (P1), although this isoform seemed to be enzymatically inactive.

In female gonads, on the other hand, Dnmtl and Dnmt3b were present in the nucleus of
growing oocytes at P7 when the oocyte-specific methylation imprints were established. It has been
shown that mice deficient for Dnmtlo, and oocyte-specific isoform of Dnmtl1, produce oocytes with
appropriate maternal methylation imprints. This excludes Dnmtl playing a major role in the de
novo methylation at imprinted loci in oogenesis. RT-PCR confirmed that Dnmt3b present in
oocytes were the active isoforms. Taken together, immunostaining with these polyclonal
antibodies implied that Dnmt3b is involved in the establishment of the germline-specific
methylation imprints in both sexes.

However, additional study using a monoclonal antibody specific to Dnmt3a unexpectedly
demonstrated the presence of dnmt3a in the nuclei of both gonocytes and growing oocytes at the
stages critical for methylation imprinting. The apparent discrepancy of immunostaining obtained
by the polyclonal and the monoclonal antibodies may be explained by the fact that the former had
been raised against the N-terminus of the protein, whereas the latter had been raised against the
entire protein. Although the epitope for the monoclonal antibody has not been mapped, it is
possible that there is an unidentified isoform(s) of Dnmt3a, which could not be recognized by the
polyclonal antibodies. These results suggest that not only Dnmt3b but also a novel isoform(s) of
Dnmt3a may be the key methylatransferases that are responsible for the de novo methylation at the
imprinted loci in the male and female germline. It also appears that these enzymes are also
responsible for the global methylation occurring at the gonocyte stage in the male germline.
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DNA D AF )V, EEFE, R ABEOHR. X REKORNESRL. 7/ o012
T T4 TR ECEERERIERZL TS, HEIED DNA AF)ALZ S B
FLLT. B3B8 EFICE>TI— RIS Domtl, Dnmt3a, Dnmt3b @ 3 DNHI 51T
W%, Dnmtl I3IEAFIVL DNA K 0. HHEHEED S B HENAFIALEIN TN S DNA 2
HFATEBELUTHFOHEE AF LTS, —F. Dnmt3a & 3b iFIFEAF )V DNA &Fr
S8 AF VL DNA Z2IZERI CBETAFIALT D, T/ LA TV T4 2T D—RA >
TUSREED EZEZ5TND DNA AFIEIE. EFERFICB N THETB K UIIRREY
BAF ALY — 2 E L TERINS,

dEEYT S DA TV T4 2 TREI AFIALR, ED DNA AFIEEERICEK

STHLNZONEHSMNIT S EE T, Dimtl, Dnmt3a, 3 X U Dnmt3b 1249 % R RH)
R ERWTY Y AEER OB EETo . TOBE. MHELICEBRINICE
2 AF )AL OERRIIZ, Dnmt3b EFERFMAOBKITHEEL THDH I ENHS N E
72272, Dnmt3b IZI3EERIEMEDHE % Dnmt3bl, Dnmt3b2 &, EBERIEPEDE Dnmt3b3 &
W9 isoform BAHISN TS, TAZT AL RT-PCRICK D, MHERICEERINTBIT DA
F AL D EERIATIEMER D Dnmt3b isoform WFIHIN TSI EERL,
I 51T, AT AT Dumt3a IZRT BT O— HifkZE BN TH RO Dnmt3a  isoform
EREL. T EHOEFEME TAF IMENERINSRHICHFET 2 Z L2850
Wl INSOFEEMNS. Dnmt3b 21T <. FH Dnmt3a @ isoform HEFERFIFEE
R AFIALOEBITEHES L ThS A REINZ,

PEDOXDIT. ZORMIORBIET /LA 2TV T4 27 OEFRITE U TEERELE
ER2BHDOT, BEFEROELHRYEL TOLRGERHZT I EE2BEEELENRBD,

B NERICEOI NARESDORIC. MNEER SRS ADH TEEINENRS
Nz, TORKR, 82 TELHCCED 2L BB L UEET W2 EFICTDONT
FBORHAFEZH->TBD, TOHRIIHETNWTBRTIRENETRATNS I ERDN
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