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In this study, we aimed to reveal the molecular mechanisms of maintenance of multi-puripotencies of
stem cells such as ES and 1PS cells, and clarify the epigenomic states, which characterize stem cells
by genome mappings of methylome and demethylome, and by three dimensional visualization of
methyl- and hydroxyl-methyl cytosines. For these purposes, we developed novel basic technologies by
combining protein engineering, chemical biology and advanced photonics. In order to obtain,
fundamental knowledge concerning reprogramming and differentiations of cells, we performed the
following studies: 1) revelation of molecular mechanisms of DNA demethylation by means of
structural biology, 2) on-genome and three-dimensional nuclear mappings of hydroxyl-methylated
DNA sites, which lead to demethylation, on genome and nuclear spaces.

3) measurements of viscoelasities of cytosols and membranes of stem and differetiated cells.

Three remarkable results of the studies are:

1) We analyzed intra- and inter-molecular interactions between UHRF1, Dnmt1 and the N-terminal
tail of histone H3, which are involved in maintenance methylation and passive demethylation. From
the results, we obtained novel knowledge that UHRF1 has a pivotal role in recognition of plural
epigenetic markers under the regulations achieved by intramolecular domain-domain interactions of
this multi-domain protein, and that the molecular basis of activation of the auto inhibited DNA
methylation activity of Dnmt1 by UHRF1. Regarding to the recruitment of Dnmt1 to DNA, enhanced
by histone H3 ubiquitinated by UHRF1, the quantitative analysis reveled the specific interaction
between RFTS domain of Dnmtl and histone H3 ubiquitinated by UHRF1. Thus, it seems that
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through this interaction recruits Dnmt1 to DNA at the sites where the ubiquitinated histone H3 are
located. (Kokubo, Suetake and Shirakawa groups)

2 Detailed analyses of distributions of methylated or hydroxy-methylated cytosines in the promoter
regions of neural stem cells, there exist promoter regions harboring both methylated and
hydroxy-methylated cytosines. And transcription analysis showed the promoters in which clustered
regions of hydroxy-methlated cytosines are located at upstream of those of methylated ones tend to
appear high transcription levels. This result provides a novel finding that the transcription levels are
affected by not only methylated- but also hydroxy-methylated cytokines in promoter regions. In
addition, we developed methods for three dimensional visualizations of methyl- and hydroxyl-methyl
cytosines (Suetake, Carlton and Kikuchi groups)

3. We constructed microscopes to observe optically detected magnetic resonance (ODMR) signals of
electrons at nitrogen-vacancy centers located in nanodiamond particles. This systems are highly
sensitive, so that an ESR spectrum of a pair of electrons in an NVC can be measured. The devices can
be nano gyroscope: the three-dimensional orientation of NVC in nanodiamond with a diameter of
several tens nm could be detected within errors of 3 degrees. As demonstrations, we showed

1) the rotations of molecular motor F1-ATPase,

2) the movement of particles in the lumen of intestine of C. elegans, and

3) the viscosity of plasma membrane of human cells,

can be observed using the system.

(Shirakawa and Kikuchi groups)

III. RO/ ~DFEE

(1) 256 - MEEFICRB 2mX—% (HWNEE off. EEGE 4

1. Genjo T, Sotoma S, Tanabe R, Igarashi R, Shirakawa M, “A Nanodiamond-peptide Bioconjugate for
Fluorescence and ODMR Microscopy of a Single Actin Filament. ” Anal/ Sci.  32(11), pp.1165-1170,

2016
2. Sotoma S, Ryuiji Igarashi, Masahiro S,“Moderate plasma treatment enhances the quality of optically
detected magnetic resonance signals of nitrogen—vacancy centres in nanodiamonds. ” applied physics

A . 122(5), pp.522 ,2016

3. Sotoma S, limura J, Igarashi R, ;Hirosawa KM , Ohnishi H , Mizukami S, Kikuchi K, Fujiwara TK,
Shirakawa, M, Tochio H, “Selective Labeling of Proteins on Living Cell Membranes Using Fluorescent
Nanodiamond Probes. ” NANOMATERIALS, 6(4), pp.56, 2016

4. Walinda E, Morimoto D, Nishizawa M, Shirakawa M, Sugase K. “Efficient identification and analysis of

chemical exchange in biomolecules by R1 p relaxation dispersion with Amaterasu.” Bioinformatics.
32(16), pp.2539-41 2016, in press

(2) 2« VURVYLAEZBIT A O - RAX —%E

L D R IR R C DM - AR D & 0 fRBEA A— 7 ), 1 EH, BN B 72, RICOK & AT
ZEpTEIF— RBROKFE HEMFERT, 2016/4/28, EWN

2. f&%ﬂ?%/%*i%@%%—/“?w@(N\/C)%Fﬁb\f_iﬁi DT /o Aat s S FHEDOR%],
ned, BINEZ, F 15 FHAEAETF2FS, bbIAR—/V ((EET), 2016/6/26, EN



“Cell Biology Using Nanogyroscope by Optically Detected Magnetic Resonance (ODMR)
Spectroscopy”, F18H, Shirakawa Masahiro, The 27th International Conference on Magnetic Resonance
in Biological Systems, T IE ERSAE, Aug.21-26, 2016, EHN

SR IRIE R o T m o RRE A A — 77 aEa, BJIEZE, & 39 B H ARG EY
FRER, NV T7 0 Ak, 2016.12.1, EWN

R E I ERICB T D ERS T OETRE 77  dEE, BIIEZE, S =V UYL
AamplE s BN - =L - WIZEO@E Interdisciplinary field @ [Life science] —

fQuantum technology| — INano electronics] B TR K LIF v 73R 2017. 2. 28,

iy

“BAXEL RN HLEEST- BT TONT - MFAED T~ ¢ 0, algE
7%, 5 64 [l MBS BRZHNGER S, NV 7 ¢ 2k, 2017.3.15, BN

(3) TEERE DR « Heffrdihittz ) (x4 20 A

iz

(4) %
L

L

A HRR



(a4 )

I EAER

WFFERA e SRS S

WFFERASEH 4 &

e ek K4

ESIED TR I
Sy SR
PrIERRE S
WHFERASE S A

P ik KA

[16gm0510004h0106]
WRk 294 5H 18H

Rk 28 K % REBF 4C B % R WS

(HAEE) oA ettt 70 BR J6 S B 3

(& FE) Advanced Research and Development Programs for Medical Innovation

(AAGEE) EAIEIZ 3T D2 LREMEHERF D70 TRt & = &7 ) LI O =R JehY
fitT

(&  F&) Molecular mechanism for maintenance of pluripotency of stem cells and
three—dimensional analyses of genome structures

(BARE) ENZRFEAFHEART RERTENER ik Al BZ

(& F&) Graduate School of Engineering, Kyoto University
Professor Masahiro Shirakawa

TRk 284 4H 1H ~ FEL294 34 31H

(FARE) BHBEBEMEIC LD AF r—25L-F AF 70— LOff

(3 ) High-resolution microscopy analysis of the methylome and demethylome

(RARTE) KB BV S
R v—F— - W—n bt
(3% §&) Graduate School of Biostudies,

Associate professor Peter Carlton

II. FROBME (RiEFEHRE)

WFFEBAIEFRAE « R - KRB T A5ER - BB #iEteds 2 2 M,

N


http://eow.alc.co.jp/search?q=associate&ref=awlj

III. RO~ DFEE

(1) 256 - MEEEFICRB 2mX—% (HWNEE off. EESE o)

B

(2) &« VURYTLEIIBITD A« NAX —FFR

(3) TEHEE ORI - Bffictafitte ) oxbd 200 A
Briz7a L

(4) Fririka
L



(A4 )

I EAER

WFFERAJE RS

WFFERASEH 4 &

e ek KA

ESID TS I
Sy RS
PIEIRE A
WHFERASE S A

PTE i KA

[16gm0510004h0206]
WAk 294 5 H 25 H

WOk 28 A FZFE P JEOBH R K R WOE &

(HAGE) FoHTih e imhIl 78 B 8 S e 35 2

(F &) Advanced Research and Development Programs for Medical Innovation

(AAGE) &SR 220 bRetElERr D TR L = v 5 ) 2HEE D =Rt
fig i

(3£ FE) Molecular mechanism for maintenance of pluripotency of stem cells
and three—dimensional analyses of genome structures

(AAFE) ENZRFENERRY: R Leisest #2dx a)ll B2

(& F&) Graduate School of Engineering, Kyoto University

Professor Masahiro Shirakawa

TRk 284 40 1H ~ FEL294 3 31H

(HAE) DNA JBi A /AL O FRAT Bl B 56 & A A i

(% &) Molecular mechanism for DNA demethylation

(BARE) |AEMIEET R KRB
(4H‘

% F8&) Institute for protein research,

Associate professor Isao Suetake



II. FBROME (RIEHERE)

FEPRMARE « FHERT: - REFBETEMIER - AIIEZE iSRS 25 M,

III. RO/ ~DFEE

(1) %20 MRS HmC % (EWEE off. EiE 645

1. Kanada K, Takeshita K, Suetake I, Tajima S, Nakagawa A. Conserved threonine 1505 in the catalytic domain
stabilizes mouse DNA methyltransferasel (2017) J. Biochem in press.

2. Synthesis of Ubiquitylated Histone H3 Using a Thiirane Linker for Chemical Ligation.Kawakami T, Mishima Y,
Hojo H, Suetake 1. J Pep Sci 2017 in press doi: 10.1002/psc.2976.

3. A Novel method for the simultaneous identification of methylcytosine and hydroxymethylcytosine at single base
resolution. Kawasaki Y, Kuroda Y, Suetake I, Tajima S, Ishino F, Kohda T. Nucl. Acids Res. 2017, 45, e24

4. Simple and accurate single base resolution analysis of 5-hydroxymethylcytosine by catalytic oxidative bisulfite
sequencing using micelle incarcerated oxidants. Fukuzawa S, Takahashi S, Tachibana K, Tajima S, Suetake 1.
Bioorg. Med. Chem.. 2016, 24, 4254-4262

5. Allinker for the isopeptide mimetics by the peptide ligation. Kawakamia T, Mishimaa Y, Kinoshitaa M, Lee, Y.H,
Suetake I. Tetrahedron Letters 2016, 57, 2112-2115

6. 5-Hydroxymethylcytosine Marks Sites of DNA Damage and Promotes Genome Stability. Kafer GR, Li X, Horii
T, Suetake |, Tajima S, Hatada I, Carlton PM. Cell Rep. 2016, 14, 1283-92.

(2) 2« VURTV U LEIZBITH O « RAX —F3FE

1.1soform-specific biding properties of Heterochromatin protein 1. HEA%%3  Isao Suetake, Yuichi Mishima,
Shuhei Watanabe, Masahiro Shimizu, and Shoji Takada (2016) The 4th Awaji International Workshop on Electron
Spin Science & Technology: Biological and Materials Science Oriented, AWEST2016, June 19 — 22, 2016, [EN

2.Dnmtl OFrlE  DEEFER KRB (2016) FH1H m T =T 4 v 7 EMiBATF o T OME & A
ez D7 &) JUNIRS: ARPDIEESEFT. 9 H 13 B, EW

3.DNA it 2 F /AL HI GRS OfENT HEERER. b B KRB (2016) % 16 [0l A KB A EFARES
U—7rav7,6 A9 A mEESES, BN

4 HP1L D7 m~F AT DG nEaREER, KRB, =5E— aHE " (2016) EAN
TIT— AMVATLAEXRT LT Y =2 RT 4 7 A KRREEAENZEFTE I —12 4 21 A,
5[
SAERTY A FLALEESR Dnmtl D A FAHERHEMEZ, X7 LAY —AEEIC K WV IRE SN D, RA X —/
MR, KRB, 5\ I LR dLGERE  (2016), (b5, 9 A 2527 A leEBEEE > 7 —,
5[]

6.7 47— a EICR DA YT T NEEMESEEZ N LI A b _XTF FoaexF 40, JILER, =
BV, KTFIR, B, KRB KA ¥ —%FK (2016) H 0BTV = RT 4 7 AFREES, 5 A
19-20 H, FHRZ74 7% — EHA

TAHERFR A F U ALEESR Dnmtl I8 XD FR X 7 LAY — AR D~I A F /L DNA O X FIALEEE, AR Z
—NEE, B AR, HIBIE ., KRB (2016) HA0MITE Y = 1T 4 7 AWFFERES . 5 H 19-
20 H. ?E?47ty&w\ﬁw

8.ES M DZLREMEIZIE Tet IC XK 2 Nr2f2 7'm & — & —fHI DA F AR LETH D, RNA X =R I
%%%\Mmﬂﬁ AREAE, FMIEL, ARG, KRB, AIGIE ", ZEH3EF. MmHeE, (2016)
AR RT 47 NﬂV‘M 2. 5H1920H, THRIA 72— EHN

9.15-E Rax v AF /by F oD 1 HE L L TORMIBEDOBITE, A X —F R @RI, G,
R, HURIE—, RiE, (2016) FH10EI=E Y =T 1 7 AW, 5 H 19-20 H, THI A
Twrx— BHA 2



10.T1505 % W1512 #3 % % Z &IZ K Y Dnmtl OfEEH LD A F by b3 OFEFRICHE L TWD |

NA S =33 A, PR, KikB), Ronald Garvilles, AF {5, FHUSE . f)IE, (2016)
BIEEE Y T 7 AFREHES, 51920 H, TRIA 72— HN

11.7° ) B A F AR & AR K 3 2 Dnmtl O IERfE7R A FALKISIZ BT D A& AW i % A,
RA K —FF A HEE, 77T, KRB, Ronald Garvilles, AFHEAE, HISIE ., #1)I[#H(2016), %
16 M AAELER S, 6 H9 H., wmiERESES. EAN

12.A preparation of isopeptide mimetics by the peptide ligation using a thiirane linker. 7~ 2 % —3%§3 Toru
Kawakami, Yuichi Mishima, Misaki Kinoshita, Young-Ho Lee, Isao Suetake (2016) 5 53 [F]-X7"F Riliaea
10 4 26-28 A, xU#f. EW

13.A preparation of isopeptide mimetics by the peptide ligation using a thiirane linker. 78 A2 % —%& 3 Toru
Kawakami, Yuichi Mishima, Misaki Kinoshita, Young-Ho Lee, Isao Suetake (2016) % 10 [a]/N1 A B b5
YRV A QA T9 H, &R, EHAN

UTFATZ ) A=V L8_TTF FEUMEEEZ T LIt A F XTI TF RO XF b, RAZ—
FFR N B, =B E— KT, 2 mR KB, (2016). AEfbvs. 9 A 2527 A, G EE®E
Z—. EH

15 HEFFL DNA A F /U LEESR . Dnmtl, O A F/ALIEWD X 7 LAY — MHEIEIZ K D FRR . AR ¥
—gF, =R B AuiEi s, Rl (2016), 55 39 B4y FAEMYS 11 H 30 H—12 A 2 A,

N7 4 Ak, EW

(3) MERE DR - Bkttt oxbd 2800 #A
Krliz7z L

(4) FReEFHRE
L



(A4 )

I EAER

WFFERAJE RS

WFFERASEH 4 &

e ek K4

ESID TR I
Sy ARFFE
PrIEiRE A
WHIEPHFE 1

P ek K4

[16gm0510004h0306]
Rk 294 5 H 1 H

Rk 28 K %GR BF 4E B % R WS

(HAEE) oA ettt 70 BR J6 B 3

(F  F&) Advanced Research and Development Programs for Medical Innovation

(AAGEE) EAIEIZ 1T D2 LREMEHERF D70 THtE & = &7 ) LI O =R JeHY
fitT

(& F&) Molecular mechanism for maintenance of pluripotency of stem cells and
three—dimensional analyses of genome structures

(BARE) ENZRFEAFHEART  RERTENER Zdx Al BZ%

(& F&) Graduate School of Engineering, Kyoto University

Professor Masahiro Shirakawa

TRk 284 4H 1H o~ FEL294 34 31H

(AAFE) (L% 7 7 a—F & AT B 5 ) MMRHY — L B%

(3% FE) Development of chemical tools for epigenome analyses

(BARE) EVREHEAKEAY K¥EW MR 22 M fl
(& FB) Graduate School of Engineering, Osaka University

Professor Kazuya Kikuchi

I FBROME (RIEHERE)

WHFERHFREAERE « FERT: « RFBE TA5ER - BJIEZ  #iEemE 22 M,



III. RO/ ~DFRE
(1) 223k - HEEEEICBIT Sin—E (EWNEE O, EBEEE  210)
1. Hirayama, S., Hori, Y., Benedek, Z., Suzuki T., Kikuchi, K. “Fluorogenic Probes Reveal a Role of
GLUT4 N—glycosylation in Intracellular Trafficking”, Nature Chem. Biol., 2016, 12 (10), 853-859.

2. Mizukami, S., Kashibe, M., Matsmoto, K., Hori, Y., Kikuchi K. “Enzyme-triggered compound release
using functionalized antimicrobial peptide derivatives”, Chem. Sci. 2017, 8, 3047-3053

(2) %5 VURVTLEICRBITD AHE - RAX —FFK

1. “Intracellular Protein Labeling by Functional Probes with Tunable Chemical Switches” ,
A8, Kikuchi, K. Molecular Sensors & Molecular Logic Gate 2016, Bath, U.K., 2016, Jul
24-28. [E4};

2. [DNAFEAMEEOLE 7 v — 712 X 5 HDAC IE MR I TFHEDBASE ). AEH, EMESC, SIANRAE, Ak
W, At AAS I I NA Fu o —Fa i 11 FES . R, H28 4R 6 A 16 A~17 A,
EH

3. IPYP ¥ 7 Z bl # G H L7z A F UL DNA DFE A A—V v 7| RAX—, FHHEK
T URKEER, AGHOERIHL, 5 25 Ml NA A A AT SRR ES . AR, H28 449 H 5 A
~6 B, [EHN

(3) THERE OB « S iitta) (e 2 000 fiA
ez L

(4) FriFHRa
L



(A4 )

I EAER

#FOR 4o

WFFERA JE RS

WFZERAJETH 4 &

ATl ek K4

ESIND/ TR
Sy A
PH s R4
WFFEBHFE

ArE Bk KA

[16gm0510004h0406]
Rk 294 58 5 H

Rk 28 K %GR BF 4E B % R WS

(AAEE) HHTHOSeomit JE B 38 S i 3

(& FE) Advanced Research and Development Programs for Medical Innovation

(HAGE) &A1 2 2 LREMEMERF O 3 TS & — &7 ) LHEE O =R STHIRRMT

(I FB) Molecular mechanism for maintenance of pluripotency of stem cells and
three—dimensional analyses of genome structures

(AAGEE) ENZRFEARERY: RFERE TR Zdx Bl B2

(I &) Graduate School of Engineering, Kyoto University
Professor Masahiro Shirakawa

VR 284F 47 1 H ~ 294 3A31H

(HAGE) Chromosome Conformation Capture (3C)VEIZ KD A F AL « il A FALER
MLDOBN =KL~ v B 7 & FUSYHEGE BG4 2 B2 5 K1 FE OB REAR AT

(3% FE) Functional analysis on transcription factors that are involved in DNA
methylation or demethylation and three-dimensional mapping of
methylated or demethylated sites in the genomic DNA using the

chromosome conformation capture (3C) method

(AARGE) RFEBEAEMERTFIIER 2d%
HAR

(# ZE) Graduate School of Medical Life Science
Professor Tetsuro Kokubo

II. FROBME (RiEFEHRE)

WFFEBAIERFAE « mEP R - KRB TAgest - B)IBZ  #efiieas 22 M

»
o



III. RO~ DFEE

|

k

(1) =56 - HEEEFICRB 2mX—5% (HWNEE  off. EEGE 149

B
p=4

1. Kasahara K, Higashino A, Unzai S, Yoshikawa H, Kokubo T., Oligomerization of Hmol
mediated by box A is essential for DNA binding in vitro and in vivo. Genes Cells. 2016
21(12), 1333-1352.

(2) & VURVULEICRBITDAHE - RAY —3FK

1. ATP/ADP #%4&7 RecA 12 & % E. coli /T4 DNA Ligase ¢ DNA i &1 PEAL 1 0D A AL 2200y
PE/ IR A2 =33/ MEN, FHEAN, SAGEY, AKX ARG FEWTR% 39 FI4E
2, Bk, 2016 4 11 A 30 A /[EHWN

2. FEAEBRF TFIID Y 7 2=v F T 5 TAFS (ZF (T % KIKZEMFEIR ORERER#AT /AR A & —
J8F,/mER, Ehmed Ekrem, #UFRER T, RILESC, HALREE A A AW 725 39 [0l
RSy, R 2016 45 12 H 2 A /[EN

(3) MERE DR - Bkttt oxbd 2800 #A
BrizZa L

(4) FReEFHRE
L



	【報告様式４】成果報告書16gm0510004h0006白川_r
	【報告様式４】成果報告書16gm0510004h0106カールトン_r
	（報告様式４）
	（２）学会・シンポジウム等における口頭・ポスター発表
	（３）「国民との科学・技術対話社会」に対する取り組み
	（４）特許出願

	【報告様式４】成果報告書16gm0510004h0206末武_r
	（報告様式４）
	（２）学会・シンポジウム等における口頭・ポスター発表
	（３）「国民との科学・技術対話社会」に対する取り組み
	（４）特許出願
	なし

	【報告様式４】成果報告書16gm0510004h0306菊地_r
	（報告様式４）
	（２）学会・シンポジウム等における口頭・ポスター発表
	（３）「国民との科学・技術対話社会」に対する取り組み
	（４）特許出願
	なし

	【報告様式４】成果報告書16rm0510004h0406古久保_r
	（報告様式４）
	（２）学会・シンポジウム等における口頭・ポスター発表
	（３）「国民との科学・技術対話社会」に対する取り組み
	（４）特許出願




