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~ 7 ARMEER (ES) Ml TlX, B A R H3OIOEH DU 25 (H3K9) &2 kU X F L k9 5 Ee3ESetdb 1 8~
EbT 5 EWNEMEL b ar U A VA (BRV) O—FABANHT 5, LaxL, IAPEZ&ETe 246 Bl L7ZERVD %
<. ESHBAMEFEE S L= HIEIZ BV TIE, Setdbl 3K LTV T HRE EAEN R 570, —J. DNA
A F IALHERFIC A DEEN 2 F5D X FALEEFEDmt I3 K LTV 5 & ESH B0 bk L 7 flilfid TIAPAS
BHFEICRB ERET 5, 2z, b Lo Bz B\ VW CiE, Setdbl &4 L7ZH3K9me3 TiL72 < . DNAD A
FNALNEIWZERVOMFNZEE CTH D E SO TEZ, LLARNRL, DWW D0 OIE TliL., Setdbl
DRIBTH L, M LTAAEIIC BN T HE WL OOERVABIIE L TL A 2 &G ESnTnws, 2T
oz lx, ERVINHNZ 1T 5Setdbld L 0 EEAY 72 5E], FRIZ b LMl COBEEMICEE L THRET 21T -
2o BEAFOH3KIme3 ChIP-seqD7 — & & JLIZMRHT L7z & 2 A, ESHIlGIZISV TSetdbl 2y ([EH2) #25-#i]
L T\ S ERVAEIR T OH3KIMe3 D JRTEIL, 70 b L7ckk 4 R OMIE THH R SN TWD Z EnnhoTz, £
LT, ~ 7 ARVEHRHELAMAD (MEF) TSetdblZ RIBESH 25 & Z4L 5 DERV TOH3KIme3 FTE T L 722~ T
1528, TOFDO—EEOERVAEZIHINGEI L T 5 Z W8T, SetdbIKEEMEF THRNHI L T <
HVL30Z T ADERVEFRI- L 2 A, Z OBENHIILTRZ A= & -4 2 M fE R LA 72 65 B R - IR FE LT
HZ Ny oT, ZTNHDONTHER LV . Setdb HZERVEIHIICEI L CZNE TEZ ONTE 2L B &
B 72 5% B 2 85D . H3KOme3ERG 2 H I C 9~ Z & TERVASNEI L2 WX 212, Wob 7 L —%0&E % Hi-
LTWbZ ENRESNTz, (Kato et al, Nat Commun 2018)

Vv v AFNVALEER GOa/GLP 12 & B LIGL D X FALix UHRFL DERE~DY 7 b— b X v b EHIET
% (Tsusaka, Shimazu and Shinkai)
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INEDRFIE, B AR LUUNDOTEMELSBEEZATF AT EHZ EBHBNTWAER, He R Mo moiE<l
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ZoOHd 15, DNA ligase 1 (LIG1)iE G, GLP DT DAY V—=2 7 Tiixb 7 & 7 O@mholzl- i
X< EC.DNAERDOERIZHIGE T Z7 7 A bOT A7 —a %179 DNABRIK L LTmbsihTnsg,
AT OFE R, LIGL @ H3 FEEIECSHIN O H3K9 12592 U & 2 (LIG1K126)72 G9a,GLP |2 & » T
WO ATFUEND Z L, G9,GLP Z KB L7l Tlx K126 D A FIALNIHRTH 2 L3 photz, &6
IZ. DNA % F/LAkEESE Dnmtl OEEEZ HIFE9 2 UHRFL 72 AU X< EAR LIGL ESALTWAHZ L, 208
BT K126 D A F AL MEDOZE 2 FF> 2 L 222X 1L T, 2 E TOMIEH 5 UHRFL |E tandem tudor
domain (TTD)A /1 L T K9 28 X F/Lfb & 7c H3 ICEBLFMEZ R Z LN HNTE Y | K126 A F UL ER
7ZLIGLIZH LTS TTD 247 L T fthE 2 792 E R S E 2o 72, & 512 UHRFL @ TTD I, in vitro
TAF /L ENT LIGIK126 (2% L TAF AL S 72 H3KO L 0 & —Hrm W B2~ L7-, DNA fHilpy
(2, LIG1 % PCNA %/ L CHEELIIZER T2 2 030> Tnd, SEIOMATIZE D, DNA BRI,
UHRF1 23 LIG1 #4 L THEHRLSIZHEET 5 2 & LIGLIK126A ZEBAK U FEL L TV WHIIA, & 5 W E K126
D AFNALDIERT D G9a, GLP Dl 573 KO ST\ A Tk, HEREF 21T 5 UHRFL oSS (2
Ve haAT~Tara~vF il To) ~OEBPMIZEAVEHERT L2 R 0o Tc, ZHLETOH
7236, UHRFL 13 S E% O DNA I Dnmtl 2 Y 7 L— b4 5 2 & T, Dnmtl 125 % DNA ~3 #
F AN T IV A F IO Z BT TWAD Z ENEZ BN TE T, £ 2T, LIGIKI26A ZEFEIK L 7>
FEL L 2O TIE, Dnmtl 2MERIBFICERS A+ Y 7 b— R ENT ., T OFEE DNA O 2 F ALHERE
DTS LT D 2 & NHEER S Tz, FENT OFE R LIGIK126A Z8HAK U 2T EL L 722V I i, #ED>Z Dnmtl
DBEFLE~DOERENHTH L TNDEZ L, EHITDNA DA F AL LU REEITERTLTWS Z &R 52
Lo,

AEIOAFFEIZ LV . Ga/GLP DHFH A FALILE & LT LIGL #[AE L. G9/GLP %41 L7= LIGL ® * F
JABIZ UHRFL ORI S~D Y 7 )b— R XA N EFFE4 25 2 & T, Dnmtl 12 X DHERE 2 F bz 87, fifa
BRIZBZ -7 ) AOMERHICHEE L TWAHZ L2 LM LTz, (Ferry et al, Mol Cell 2017)

I RYTEABEDAF I X BREEIE (Shimazu and Shinkai)

HIED A TFNAVTEMRE BT D ENTRINDITZAVIESEDOH T, M4 OFEIXI b= FU THER
TN S TWDZ D, TNHORFIEI Far RYTICRELT bay R TICHFEET
HIMELSBEEATFMMEL, 20 OB X EOMEERIEICE N TWD Z LR RIS TS, &
[, ZD X 572 XA FIALEESE D 1 -2 T, seven-beta-strand Fl > X F LAV EEFE Mettl20 |2 S 2> THIE 21T
o7, £, Mettl20 D A F AL EE A RIET 572012, HeLafifao I k= R Y 74y ofhH ik & 528 &
L. Mettl20 & ProSeAM %z FH T Mettl20 OIYEE R EDORIEZIT > 70, £ ORGSR, Mettl20 1ZAFE @ beta
{2 %559 % electron transfer flavoprotein beta subunit (ETFB) % £ F/L{k4 5 Z &, ETFBK200 & K203 73
AFUELEND Z & ZH LN L2, Mettl20 12 X 5B ETFB O X FAALDOEE|ZBH 5 M1 5 72912 Mettl20
KO = 7 2 Z 1B L 72, Mettl20 KO = 7 2 Tix ETFBK200,203 D A F /AL 522Nt 5 2 & AF Ak
SN o2 ETFBIIRERTEMERN TTHE L TV D 2 & B 72, T DOFE R BN ETEREE T Tlid. Mettl20
KO ~ U A XMEFIEE & BUEANTLHE L Tz, F72, MR 2 4 R ZIAKIRAERER 217 5 & | Mettl20 KO
~ U RIRIEMERF D TCE L TWD Z &b ol ULEDORERID, Mettl20 Ik 5 b= FUTERE
ETFB O A F /U bix, =X —pEAERIEICRED 2 = ERH LN E 72572, (Shimazu et al, Sci Rep 2018)
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1. Studies for epigenetic regulation of biological processes
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Purpose of Research :
Our laboratory's principal objective is to understand the molecular mechanism of epigenetic gene
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regulation and the role of epigenetics in health and disease. To address these topics, we take
multidisciplinary approaches, including molecular biology, biochemistry, cell biology, structural biology
and mouse molecular genetics.

Setdbl-mediated ERYV silencing in differentiated cells (Kato and Shinkai)

In mouse embryonic stem cells (MESCs), subsets of endogenous retroviruses (ERVS) are derepressed by the
inactivation of Setdbl, which catalyzes histone H3 lysine 9 trimethylation (H3K9me3). Most of those ERVS,
including 1APs (intracisternal A particles), are not reactivated by Setdbl knockout (KO) in further differentiated
embryonic cells, but the same 1APs are significantly derepressed by Dnmtl KO. Therefore, it is generally recognized
that DNA methylation, not Setdbl-mediated H3K9me3, dominantly contributes to ERV silencing in differentiated
somatic cells. However, several recent studies have revealed that some ERVs are also derepressed in differentiated
somatic cells lacking Setdbl.We re-evaluated the general role of Setdbl in ERV silencing, especially in differentiated
cells. A bioinformatics analysis of ChlP-seq data revealed that H3K9me3 enrichment on ERVs targeted and repressed
by Setdbl in mESCs is maintained in differentiated cells. H3K9me3 enrichment is mostly diminished in mouse
embryonic fibroblasts lacking Setdbl, but only a subset of them are significantly derepressed. We focused on
VL30-class ERVs which are derepressed in Setdbl KO MEFs and we revealed that this derepression is dependent on
cell type-specific transcription factors that target LTR elements. These data suggest a more general role for Setdbl in
ERV silencing, which provides an additional layer of epigenetic silencing through the H3K9me3 modification. (Kato
et al, Nat Commun 2018)

G9a/GLP mediated LIG1 methylation regulates recruitment of UHRFL1 to replication loci (Tsusaka, Shimazu and
Shinkai)

G9a and GLP are a methyltranferase complex that methylates histone H3 on lysine 9 (H3K9). They also target
several non-histone proteins, but most of the functional consequences of non-histone protein methylation remain
unknown. By using cellular extracts from G9a/GLP double-knock out (DKO) cells as a source, we performed
ProSeAM-based substrate screening for G9a and GLP, and identified 59 candidates in total. To narrow-down the
candidates, we looked at primary sequences of the candidates and found a histone H3 mimic sequence within several
high-ranked candidates. Among them, we further focused our attention on DNA ligase 1 (LIG1), which is a DNA
replication factor and responsible for joining Okazaki fragments produced during DNA replication. LIG1 contains a
histone H3-like sequence at its N-terminus region, and its H3K9-like lysine was shown to be mostly di-methylated in
human and mouse cell lines. We further showed that both G9a and GLP methylate LIG1 at the H3K9-like lysine in
vitro, and that depletion of G9a and GLP or inhibition of G9a/GLP’s enzymatic activity abolish the LIG1 methylation
in cells. These results established that LIG1 is a new substrate for G9a/GLP methyltransferase complex and it is
methylated at its H3K9-like lysine.

By performing mass spectrometric analysis, we found UHRF1 to be a LIG1 binding protein, and we showed that
UHRF1 binds to LIG1 via its tandem tudor domain (TTD) in a LIG1-methylation dependent manner. UHRF1 is
well-known for its function in inheritance of DNA methylation; it recognizes hemi-methylated DNA produced just
after DNA replication and recruits a DNA methyltransferase DNMT1 so as to re-methylate the newly synthesized
DNA. This UHRF1-mediated maintenance of DNA methylation is an important process to inherit DNA methylation
pattern from parent cell to daughter one, but it remained unclear how UHRF1 itself is recruited to DNA replication
sites. To test hypothesis that methylated LIG1 recruits UHRF1 to DNA replication sites, we examined UHRF1
localization at replication sites in Ligl mutant cells that lack the histone mimic-containing exon within Ligl gene. The
result demonstrated that the histone mimic of LIG1 is essential for UHRF1 recruitment to DNA replication sites.
Moreover, we examined UHRF1 localization in G9a/GLP DKO cells and found that UHRFL1 is hardly detected at
DNA replication sites in the absence of G9a and GLP. These data indicate that methylated LIG1 recruits UHRF1 to
DNA replication sites.

If UHRF1-mediated maintenance of DNA methylation is disturbed, DNA methylation levels should be decreased at
genome-wide. We therefore examined a global DNA methylation level in Ligl-mutant cells. Our results showed that
the Ligl mutant cells showed a decrease in DNA methylation at genome-wide, which is a partial phenocopy of
UHRF1 KO cells. Overall, our results established that methylated LIG1 by G9a/GLP recruits UHRF1 to DNA
replication sites, and this mechanism is an effective way for inheritance of DNA methylation during cell division.
(Ferry et al, Mol Cell 2017)

Mitochondrial protein methylation and metabolism (Shimazu and Shinkai)
There are about 40 MTase genes which may have a role for mitochondria functions since the encoded proteins
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contain mitochondrial targeting signal sequences. However, only small part of those genes has been characterized so
far. Mettl20 is a seven-beta-strand methyltransferase (MTase) which localized in the mitochondria and tri-methylates
electron transfer flavoprotein beta subunit (ETFB) at lysine 200 and 203. It was shown that METTL20 decreases the
ability of ETF to extract electrons from MCAD and glutaryl-CoA dehydrogenase in vitro. We performed a proteomic
substrate screening for METTL20 in mitochondria from cultured cells using ProSeAM, and found that ETFB is a
major substrate which is consistent with previous reports (J Biol Chem. 2014 Aug 29;289(35):24640-51., J Biol Chem.
2015 Jan 2;290(1):423-34.). To address the biological function of METTL20 mediated ETFB methylation, we
established Mettl20 KO mice and characterized the phenotypes related to metabolism. Loss of ETFB-methylation in
the KO mice was confirmed with anti-methylated lysine antibodies or MALDI-MS analysis. Calorimetric analysis
revealed that the Mettl20 KO mice had higher oxygen consumption and heat production under ketogenic diet (KD).
Subsequent cold tolerance test after 24 h fasting demonstrated that the Mettl20 KO mice have a better ability to
maintain their body temperature in cold environment. (Shimazu et al, Sci Rep 2018)
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