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5caC 5-carboxylcytosine
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5ghmC 5-glucosylhydroxymethylcytosine
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BER Base-excision repair
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CTCF CCCTC binding factor
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Fluc Firefly luciferase

LOD Limit of detection
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MBD Methyl-CpG binding domain
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OCT4 Octamer-binding transcription factor 4
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Oluc Oplophorus luciferase

PD Parkinson's disease

ROS Reactive oxygen species

RSD Relative standard deviation

SRA SET and RING associated

TDG DNA thymine glycosylase

TET Ten-eleven translocation

UHRF Ubiquitin like with PHD and Ring finger domains
a-KG a-Ketoglutarate
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Fig.1-1 DNA methylation pattern in cancer cell and normal cell
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Aberrant DNA methylation, the hypermethylation of promoter regions of cancer associated-genes and the
global hypomethylation of genomic DNA, has been widely observed in various cancer. Therefore, the

measurement of global DNA methylation levels is utilized to assess cancer risk.
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N FIROBR T DG ZIEML T 5 Z LR o 735, RIZ DNA A F AL B A1 F Bl
TOHEL LT, AT /UL CpGREAEBHE N A T /ML ST o itk Tora~vTF
UIBENEIL L, BENRIHEI SN ENRFT NS, AF L CpG EEEHETHD
MeCP2 (Methyl-CpG-binding protein 2), MBD1 (Methyl-CpG-binding domain 1)}z T* MBD2 73
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45%% 5O TND 32, 2D, N T VARV VEIID A F AL L ~IUES ) 2 DNA RO
AF AL LB T 2 E B 2 HiLsd 8334, J@E . LINE-1 (Long interspersed nucleotide
element )CAlUR ED L k1 R T AR Y D CpG id 90%LL B A F AL I TERY 56,
ZHUE T UARY U ORFEAIC LD RERBILFRBRLT ) LW E R EORBEMA D% T
HDHEBEZHLNTND 7, AF /L DNA 7215 T/ <, ~I A F/{t DNA b5 1R BLH1E
Wb D EEZBNRD, ITH. ChIP-seq <° Bisulfite sequencing 12Xk V. ~3 X2 F 11k CpG
DI AHEHT 54 v 2 b—F — &2 5 CTCF/cohesin O#EATALUTHEIZ 2 < 171E
THIEBRHLMMIENT B, X512, DNA B CTCF Ofil#cB#E 35 PARP1 (Poly
(ADP-ribose) polymerase-1)723% 2 F LAk & tilg L T~ 3 X F /UL CpG IR ET 57
36 A~ I AF /UL DNA ITEIsFORBUGIEHICRED 5 L B2 bivd,

DNA A FAALKRREIFIRIEA F L RAIZE > THET D ERDho> T D, BEA ML X
X, A= =A% FO)Xt FaFx 7 PhL(-0H), iRt KkFE e & OTE MRS
(Reactive Oxygen Species; ROS) D EI /2 FEAIZ L - THI X Z 4, DNA SHOUIW-Hr i
1b72 £ © DNA E15<° 80ox0G (8-oxoguanine), Thymine glycol, 2-OHA (5-hydroxyadenine)7
EOMALIER AT SH D, DNA HEDO RN TH 77 =3Bk s T nWic o, Bkt
DHFTH 80x0G DIFIEEMN LN T L B STV 5 3738, Z 0 8ox0G DFZAZIC & 0 iTfFED
5mC O A FIALNFHEEIND Z B> Tb, MeCP2 ® MBD 728 CpG 77 =2
DERIZ L > TAF AL CpG ~DFEEMENEE SN D Z £ 39, OGG1 (8-oxoguanine DNA
glycosylase 1)73 80x0G (2 L7-BRC TETL 2F DO EALICZERE L CITRED 5mC O il 2 F /v
(LR 2 i 2 HERE RN A STV d 9, 5%V, BiafrrEe—%—HEicB T 5
80x0G I DNA il A F /UL DOFHE A B U C, B rRAZHETLEEZ20605,
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Fig.1-2 Maintenance of DNA methylation status by DNA methyltransferase
In vertebrate, DNA methylation occurs at a cytosine of CpG dinucleotide (5-methylcytosine). The three
major DNA methyltransferase (DNMT1, DNMT3A, and DNMT3B) are identified in mammalian. DNMT1
plays a crucial role in the maintenance of DNA methylation pattern, while DNMT 3A and 3B is responsible

for the establish of de novo DNA methylation.
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BIHIILD DNA A FARIRIEDSHERF S 412 — 5 T, #hx AW FHIZER T DNA A F /LD
K. DFED DNA LA FALBRAE L TND Z &G ST D 4, DNA i A F /U kIZi
SENI R OG & RRENA IR BUSMAE L, BSOS 1T DNABERIDBITBIEH D A F Ak 2 —
UDHAESICHER ST, ATFUERANTLE D Z & A2fET., —. REEIRYZe DNAL A F
TALBOSIEEIZ AT AT CTAEL 2 Z LA HME SN TR Y | Y EEHIE TROSHEAECR
B FREE STV, HFABIZBWTIERIES L TW oz 2, Ll BEEIRYZR
Wi A F ARSI B 53 55 & L C TET (Ten-eleven translocation) 23 [Fl & S v, FFLIE T
IXTET 77 I U —EHE L LTTETL, TET2, TET3 BFEL, Wbt KA 1> ThH D
Cysteine-rich domain & DSBH (Double stranded B-helix) domain % f&#f L T\ % (Fig.1-3)43
46, TET1 & TET3(33EA F /L CpG e KA A > CXXC Z 5 L TW\W5H —H T4, TET2D
CXXC (ZHEL DA TE B A A > B EES 41, BUEIL IDAXICXXCA BRFIC =2 — R &
ALTUN D 434648 2 ZAUAIEE T~ 2 SOSIEIR U723 B A 872 0 | TETL (X ES Al e fr 52
HNCAEAE L. TET2 134k~ 7ok, TET3 (M, FEldds & OWiE R & CTHREL TV D Z L2
HEN TS, TET X Fe(ll)/a-KG (a-ketoglutarate) (K FE P 4 F o 7 F—ED1>TH Y |
5mC 7~ & 5hmC (5-hydroxylmethylcytosine), 5fC (5-formylcytosine), 5caC (5-carboxylcytosine)
~ LG IR D SS9 2 (Fig.1-4A) 1324, Z ORRLIGE DR T, a-KG 1Tz
JERICE S, AR FE DB S5 (Fig.1-4B)%0, & 5T Z OIS IEET Fe(ll)i
Fe(l)iCEb En 23, 2@ Fe(l)Z LD Fe(I)NEILT 5 2 LIC7 Aa /L B ViR EE LT
W% 488051 (D= T A )VE VIETEE T CIE TET OFALRISNTLE S5 5254, TET
@ 5mC LIS L - THE U7z 5fC & 5caC %, TDG (DNA thymine glycosylase)iZ & v 4]
Wr St 7-1%. BER (Base-excision repair) pathway (2 L - CIHED L o ~MEBE SN D 4,
TDG X 2 A DNAHDOF I - F Y vy Ay FXTOF I %YHT % DNA /'Y =
I =B THDHH %5, 2011 FIZ 2 KB DNA T O 7T =2 L 2R3 % 5fC & 5caC ~
DY 3T —BIGHENRE S L7z %85, X512 TDG @ knockdown C ES ffifaH ¢ 5caC L
SR ER L2 L, HEK293 fiifla o TET & TDG OEREIFEEL T TET OB{LISIZ L - T
AT 7c5caC L L72Z & LV, TDGILDNABLA FIALKISIZREE T H2BFE CTH L LB X
HAILTUVN D 5658
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Fig.1-3 Schematic of TET enzymes
TET family (TET1, TETZ2, and TET3) contains a core catalytic domain: the cysteine (Cys)-rich domain and
double-stranded B-helix (DSBH) domain. TET1 and TET3 retain a CXXC domain which recognizes

unmethylated CpG. Meanwhile, TET2 has lost of CXXC domain through evolution and encodes IDAX
(known as CXXC4).
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Fig.1-4 TET-catalyzed 5mC oxidation*

(A) Catalytic pathway for generation of 5hmC, 5fC, and 5caC by TET. (B) TET-catalyzed 5mC oxidation
and the radical rebound mechanism.
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TET @ 5mC b SUSimfe T4 U5 5hmC (ZHFlR, Bk, K. Il FEL Tnb 2
EPRENTEY ., BPTHMMITEZHFAEL TS 155960, v b ES Mifdicks Tl
TSS (Transcription start site)JT 50 > ¥ = L— ¥ — @S A SR & E A CTCF ’?3%:3
K- NANOG, OCT4 DfEAH A M BhmC BNEFELTND Z EAVREN TN S 6162, X
512 GO (Gene ontology)f#tir DfE SR, IRFEAECHIIZ AR, 7 TR 5 B s 1k
5hmC PMFET 5 Z LR ENT 2, 2F V| EFROMKICIVT 5hmC X85 T8 Bl
BT 5 LR SN D, BB THBLE 5hmC L~V OB Z RT3~ 572912, Xu blid~ v
AR BN T~ A 7 a7 LA T2 FE L. BIEFREDE L VOB O 7 e
E— X —fEIETIL 5hmC @ LV THIET 55T, BEFRENNT AF—' VR
FR EOPREFEILE LIV DOBGET T 0T — X —DHATiE 5hmC BMEW L~V THEAE
TAHZLEZRLTNWS 8 SF 0 Bt ut—&—fEEO 5hmC 118z FiEEIEE L A
WZHBE L TWA Z LRI 5,

Ubo X9z, EFMATIEIS S —EDRET, A TF I LEMZIMD & LTckka s by
NERATER STV D, BAEIRD & LTZRB T O k¥ AAEMRREN (LT 5,
Z OB K o THEBT-RBFIESCS ) L DNA DLZEEICEENELHDOTH D,



F3fm MmO URERSEREICATIMR

¥ 118 A FIILE CpGREAEEBY

BIfE, MBDEHE 7 7 2 U —& LT MeCP2, MBD1, MBD2, MBD3, MBD4, MBD5, MBD6 7}
FEINTEY, TOMIcH MBD # RA A & LTHEEHESE LT SETDBL, SETDB2,
BAZ2A, BAZ2B 78 ST\, MBDEHE Y 7 X U —MBD1-6 (34T, MeCP2MBD & il
FIMRIME A FFO~ /LT RAAL VERAE TS ZNZNA T CpG ITHEET D08, ShkD&
#ZFiO(Fig.1-5), MBD EHE 7 7 XU —DOHTH, MBD1 238 A F /Lt CpG ~DFyE
MWENWZ ERMEINTEY ., ZOMEEERIT A T UL CpG TIL 5nM, 3 A F /L CpG Tk
1.4uM Th 5 66, MBD2 (Ifhio> MBD EHE 7 7 2 U — & [RIERIC A F /UL CpG 1Tkt L T 4
B A EOMN, A EFTOLE(K1I61R, F1871, T200S, F208Y)% A5 Z L2k » T, ~I AF )L
b CpG IZxf L TH A F Lk CpG & RIFEDBAMEZ R -E 2 Z LNk D Z LR ESNTW
% 87, BpAEAIMBD2 D A F LK CpG ~ D ELIEL5.9nM Th D Z & W S TN 50388
Z D MBD2 ZEBAR D~ A F LAk CpG (Tt A B E$IE 5.6 nM Th - 7=,

UHRF1(E FTICBP90, ~ 7 A TNP95 & LTHALND)ILDNAESE b 2 kL ASARIZE
BT L9/ T RAAL U THERINTEY ., UHRF1 |Z N-terminal ubiquitin-like domain, Tandem
Tudor domain, PHD, SRA domain, C-terminal RING (really interesting new gene) domain @ 5 -5
DRERE K A A > %47 % (Fig.1-6)%970, SRA domain A3~ 2 511k, CpG IZfEaT 5 L. TTD
EPHD At AR H3ZBi# L, RINGIZE>TERX M H3 R XTF U fbEd, ZOH
NAFERE LT DNMTL 2MEFE L, ~ 3 2 F Uk CpG OISO RIEFD > ko T A F ik
E 4% (Fig.1-6), UHRF1 @ SRA domain [33F A F L4k, A F L1k CpG (Ka: 0.28 pM, 0.25 uM)
0 HEOBIRIE T~ A F 1k CpG (Ka: 0.05 uM)IZFkEAT 5 7173, SRAIZ~I A F /1L CpG
® 5-methylcytosine % 2 # HH AMEEDOIMIE| -k D 1 Z & (Base flipping) i & - Tidik L T
W% 7476 = ¢ Base-flipping (2 & - T 5mC TR D 2 REGEALE AL EILT H 2 & BRHRE
XT3 7275 SRA domain (XS AEERATIZ LV, ~I A F /L CpG R IZHF LT 57 3
J Mk e LT Arg*3, Tyr466, Asp69 J3[a]E ST 5, Aspe® D28 BLRIZEF A & b LT K fil
MN250FHE T2 Z L R&ENTZ 7, Lo T, SRAdomain -~ 3 X F /L1l CpG FEATEMEICE
W, Aspt® NEEREHZH - TNHEBEZX LD, S HIZ SRA domain (T~ A F L1k
CpG IZxf LT, 8 2DV VBILIZIEHLTERBY ., D HH 5 -2iF 5-methylcytosine (5mC) % &
T DNA #5 5mC ITEHEIEDO L D TH 5, SRA 1T CpG #Bilk/L— 7 (Asn4%4—Arg4%) & 5mC f5 &
A B (Tyré83—Serd%, Tyra7l_Asp*”4) % £51, Base flipping {2 /1 — 7' (His#0-Val451)(Z X » T,
~3 AF AL CpG D 5mC % 5mC fEA 7R 7~ h~Flipping 3% Z & 343 5> T 5 (Fig.1-7)75,



Transcription repression domain
MeCP2 436 aa | | weo |_E
Transcription repression domain
MBD1 580 aa " MBD | |cxxc||cxxc| |cxxc|
Gly/Arg rich Transcription repression domain Coiled-coi
MBD2 411aa | | MBD

Coiled-coil

MBD3 291aa || MED |

MBD4 580aa| | MED | -:|

Proline rich domain Pro-Trp-Trp-Pro motif

MBD5 1494 aa || MED |

MBD6 1003 aa " MBD | | Proline rich domain | |

Fig.1-5 Characteristic domains of methyl-binding domain protein family

1 78 134 285 307 366 414 617 674 724 763
UHRF1 N| UBL | TTD | PHD | | SRA | Spacer | RING | |C
L ) L )L ] —
ubiquitin-like domain binding to histone H3 binding to ubiquitin ligase activity

Hemi-methylated DNA

[Hemi-methylated CpG I

Fig.1-6 Characteristic domains of UHRF1

Methylated strand

R457

H4SS
CpG —
Re48— recognition /A ) Base flipping
(R496) m(V451)

()—s486
G453(mc)

Hydrophobic
patch

D474
1 T484(mc)
$486(Ca,Cp)

—
Unmethylated
strand

5mC binding
pocket

N557
N542

Disordered
T
o o |
gy
O 5
3 o
=R
o4s

5; Major groove

Fig.1-7 Structure and binding of the SRA domain of UHRF1 SRA
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F2HEFOXDAFIILE CpGHEAERE

b NMEERNIZE W T 5hmC IR AR REZ R OEAEIIRON D, TOPFTRLMLA T
HEMABE LCTUHRF2(E R TNIRF & LTHHILND)MREIT B 5, UHRF2 1X UHRFL & A
BRICUHRF B 7 7 2 U —IZ& £4v, s Wi o~ v % F AuiE M 2 Ff> 7778, UHRF1
& UHRF2 T, Ald - &z @ FE R %2 F5 © (Fig.1-8)°, & k477 A DNA H1izEB W\ T
SRA domain Z K201k, 2D 2 SOEHEDATH %S, UHRFL & UHRF2 (XA CfaH
REERTN, 2 DOERAEM CTHEERRN RN ERXF0 > TWD—F5 T, UHRF2 I
UHRF1 & [ARIC DNMTL EFHAERT 2 2 & & Cd 79, UHRF2 & DNMT1 OFH A
TERD MRS S 7225, UHRFL & EE~CRlAEE S #1iC DNMTL 2 U 7 /L— k L7722 &3 507
572, UHRF1 %%/ 2 DNA 2/KD DNA 2 F MALHERFIZEI D > TV DAY, UHRF2 13455 E D&
RFHET DI DNA A FAACKERFO&EZ BT T 208G ST g 80, X512, UHRF2 13K
TEREICEIELTND Z &0 5 8L fND DNA A F ALHERFICEE & B2 B2 LT b L35
X HIVD, 2016 FiT Liu 5728 UHRF2 IZFHAAEHT 58 HE & LT Zinc finger protein 618
(ZNF618) % [l iE L 82, ZNF618 DIFEAS, UHRF2 0 DNA A F/UALHER: & 5 & fE R 0> Z 2 HI R
LTCWDAREMEDN S D Z & AR LT,

UHRF1 @ SRA domain i~ 3 A F /it CpG IZHEA K Bt 2>~ T, UHRF2 SRA
domain iXt K a3 X F b CpG IR A FF M A FF B (Ka: 1.02 uM), FEA F 4k CpG @ 3.2
. AF AL CpG D 2.8 fEm < fiAT % (Table 1-1)83, b RN X F /Ll CpG IZHE B AITHE
BTDHZENDIHoTNDH—J T, UHRF2 BAEMKRND 5hmC #ERFIZBD 2 E D 0vie &
UHRF2 OAERNOEENIMIH S THWRWES B IRE TH 5,

UHRF2 SRA-t K& % 2 2 F LAk DNA OfE A EMNT T, UHRF2SRAIZ7 ADB A T
REARD a~V v 7 A5 72 28RS TR SN TE Y, B3-p4 (Ala*92-Glu*%8) & B4—a2 T
JERL S 4% BhmC f5& 747 > kT 5hmC 3% L, 2 # 5H A4MZ Base flipping LT\ 5 Z &
NI7n-72 8, UHRF1 SRA L% & UHRF2 SRA OFiA R v b &IEHKT % B3-p4 /L —
THREENR /D . UHRFL KV HJA<HTIrZ & T, 5hmC IZHEG LT < o TWnH EE X B
%, 5hmC #EER7 v "NOHEEREZ HOT 2/ ik Phet®s &b Tyrso7 [ ZBUKMAE EAER £ 7213~
7 UTINT =V AINZ L5 TBhmC O Y I PUBRICHAEER L TW\WD, 512 Thes® F7-ix
Gly59 DWW F 3% 5BhmC @b R vl | Gluts 28 5BhimC @7 X /& Ala*?, Gly*%3,
Gly*94 73 5BhmC @ O JiF L KFEFRG LR T D, S HIT B3-B4 /L— NGO Vald75 73
Flipping out L 7= 5hmC 23 & -7z 2 A8 LIZ AV jATe Z & T, UHRF2 SRA [XZEHIIZ 5hmC &
AT 5 (Fig.1-9), B4—a2 22 < NKR LV— 71§ (513-524 aa)lc LB a2 Ab Z L2k » T,
TNhE RRX U ATFIAEA~ORERENME T L, ~It FaXx v 2 F b & RSO ERE T
KFLTLE-72, 2D &LV, UHRF2 SRA 1L NKR L— 7B L > T, 7/vE Ra¥ky
fbE~Ie FaxifbxXB]LT5hmCIZHEAE L TWD Z LRIB ST,
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Table 1-1. Binding affinity of UHRF SRA domain®®83

Ka (UM)
C/C 5mC/C 5hmC/C 5mC/5mC 5hmC/5hmC
UHRF1 SRA 3.30£0.70 0.11+0.02 1.30+0.20 1.30+0.20 1.50+0.20
UHRF2 SRA 3.20+0.38 3.30+0.26 2.21+0.18 2.80+0.14 1.02+0.08
1 78 134 285 307 368 414 617 674 724 763 793
UHRF1 N| UBL | TTD | PHD | SRA Spacer RING | C Full length
1 78 19 316 347 392 466 612 699 733 771 802
UHRF2 N| uBL | TTD PHD | | SRA | Spacer | RING |c Full length
—_ L ) [—
ubiquitin-like domain binding to histone H3 ubiquitin ligase activity
Homology: 75.6% 60.1% 63.3% 72.4% 38.2% 90.0% 68.4%

Fig.1-8 Sequence homology between human UHRF1 and UHRF2

hmGy—z ¢ E4%8

e I™-T508

X4

Fig.1-9 Structure and binding of the SRA domain of UHRF2 SRA
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FAH NAZROETHIERCBETIY M VEMOREICETHIHRA

DIAAIR CITIER 70 G & th= DNA A FOVRENRA L TWDH, BERIICIE, AR
TOTaE—2—fEEOE AT, 7/ 5 DNA 2EDOKA F AL TH S 810, DL ED A F )L
{ERFEIC L > THRAMIETIE, BAARIEBE O Ly 7L ba b7 VAR U OiE
(k. 77/ L DNA DARZEAD SIS Z S d,

F1IRBEFEEVULGY O UEBHESR

ZOIEFHIE L B AHIILTO A F AL LV DEIBABKI O S A ~—h—& LTFIAH
SNTWD, ka2 A TORALERHT 72012, I - 1miE+ O circDNA (cell-free
circulating DNA)IZ 1T % & TR 1972 DNA A F AL LA RFIH S TW5D 84 g+
THIEOT A b= ARLEIEIC LY . £ DMk D DNA M AL 5, Z @ circDNA OAF(E &
TREEE LD BPABETHEINL TR Y, FE TITME 4729 45 30 ng/mL, 23 AEHE T
W¥) 180 ng/mL T D Z & BHE STV D 8, circDNA O A F b LUk, KBHB A, il
DA, IDBATITZEN LI, SEPT9 (Septin 9)8687, RASSF1A (Ras association domain family
member 1)889, CST6 (Cystatin M or E/M)?L D& A FIL N HE STV D, BALSMMIE N TS
T IV A = —IR[RFEFRANE TlX COASY (Coenzyme A synthase), SPINT1 (Serine peptide
inhibitor Kunitz type )D& A F/1 92 1 BUHEFRJH Tl Insulin (INS) DK A F 14k 983 WL %E T
i< FAM101A (Family with sequence similarity 101 member A) DK A F/L1b 4 B3 E X TE Y |
INHOEBONAS, F~—H—L L TR TE S (Table 1-2),

Table 1-2. DNA methylation of cell-free circulating DNA in plasma

DNA methylation

Gene Disease ] Reference
Disease Normal
SEPT9 Colorectal cancer 90-100%  10-20% 86,87
CST6 Breast cancer Hypermethylated o1
RASSF1A Lung cancer 47% 10% 88-90
COASY . N .
AD, Mild Cognitive Impairment 40-47%  20-25% 92
SPINT1
INS Type 1 diabetes 20% 80% 93
FAM101A Myocardial infarct 12% 80-90% 94
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$E 21 S/ LDNA 2D L UIBHRE

7 7 2 DNA 2R DK A FAAGIZ DN T bk % 21RO R A TR 5389897 RADAT —
WZEoTHERY, AT —=UNERDEATF AL ~VLPME T LTS %9, 5 7 L DNA 21K
DAF AL L)L LB O H 5 KEE Y] TH S NBL2 (a tandem repeat in acrocentric
chromosomes), Sat2 (satellite 2 in a juxtacentromeric heterochromatin) 23 AfiAa T DAL X 51
ERHER SN TEY, Bo, IIENASCEBENAO—FETH 5 Wilm's BE Tlx, ~3 A F ik
LAULR EH LTV 1112 X525 7 5 DNA 2RO 5hmC 2L T LTS, RESA 5,
RS A 160 i S AU R OBMAESSS 17 TIRF LTV D Z EARIN TN D, SIS AMIRETILs /
2 DNA BARDIEA FALISERIZAE L TS L F & D 100,

NI AF UL CpG 1T AMIRIT I 1T DIEFE 72 i A F/ALBUSIZ I W T, [WigH A F ik CpG
DR FDOIH LA TSI o TeleDIZE LD EEZ LTS, £z, ~I AT
ISR RICE ST 5 L E 20D, ~ AT CpG % §8i#%7 5 UHRFL IZ@H 1L A Tk
MeFFE2EZR DNMTL EHRAAEM L TE BITAERND A FIACKERHC B 523, TEEE OmFE T
IX DNMT3A/3B LHHEAEHT 5 Z LAl S TR Y . EEFIZIH VT UHRFL IX de novo
AFIWARICEAG T 5 LR S vz 100, SF Y | EEEA O TIL UHRFL 7% de novo A F /L
{CEFET D Z LI Lo TRAMBIBIRFOREBEZMEIL THWDDOTIERVWNEEZ LD,
I HIZ UHRFL IR AAIIRTY ) ABEDOERA F AL AE T DB, HEFEB L T D Z & A3
LI ENTWD 102, DL EDZ & & &b T UHRFL 25385k 5~ 3 X F 11k CpG IXESE AL
RRHZZ < EL DO TRV EHERI SRS,

MADHETICE D TR A F bt — 5 T, BLBREHEETH S 8oxoG 1I7 7 & DNA
BETHEMLTHS ZERRESNTND 9, ZHUIATHI THRL7ZEY . MeCP2 7% 8oxoG
IZL 2 TATF AL CpG ~DFEAMENHE S D 2 & 39, OGGL 73 80x0G IZfE A L7ZB#IZ TETL
EEOWMICEBSEL L ORELTND EEZ LN,

PIAETIE, ¥ Y AR FE IS AR T <, R RIE R & OB L HE ST
W5 1819 T LY oA < —iR(Alzheimer's disease; AD)EBRE D7 L DNA D A F Lk L~
by B R F I XAF UL L VTIEF M & i L TE L T D, LvL, RO EAL
IZEoTRRSTHD LW WMENH Y | ATEARE 108 - thEigaE] « EEERE] 104 TiI A F 1k,
E R AT UEL VO EARHERINTWD — T, WE X EFR TIE 2 F 1k,
ERed T AT L L~ L O TR STV 5 105106 I LISN Cld AD & O fiuik ¥ >
TR L RERIZBWT AT UL, B Fad s A F UL~V FAHE S Tng 107,
=%V fF(Parkinson's disease; PD)EFE D7/ - DNA KD A F b ~L, b R
TAFUE LAV, AD ERAERICIE T L TWA Z E DR SN TN S 107109 X 5 [ F M
D |Z1% SNCA (alpha-synuclein)igifs 1 DZE R AFH L T Y 110, PD HH TSNCA F'rE—X
—FEIR D A F L~V T RRE SN TG 1112 == L 1), SNCA & CpG site D
AFIALIREEIX PD ONA F~—F—& LTI S T3, %@@:%Ay%ykyﬁ%y
FEVEREALAE . AMILE PERRAAE. O Di7e & O PR R I & DNA A FBIKRE D 55 o BEE
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MG ST Y 1810713 - 78 4 & [ERRIC XA RER R BIZIB N TS DNA A F Lk~ L e b
R AF AL VEIAAS F~v—H— L LTHIFRFTE 5, ERL L7 K 91T 5hmC I
ELTFEL TSI B> TS, EHICAF LY UEMERESE TET 8 a2
Fv bV EEHT D UHRF2 b Mifik & kXTI TE LS FEL TV D Z E b T
B, ZoOTetl & Uhf2 2N/ v 7 70 FSHTE T AORMIBOE Re X 2 F ik
SUVIFEFRR~Y AL VIR T T 52 E0RMEIN TS U416 X 5|2 Tetlh~ 7 A & Uhrf2”
~ U AIATFRE IR IR BT T, WIRAYIER bR Sy, AR iEie <
FEEINVIEF R~V AL D LD ENRPLMIENTNH IS SFE D - HickiFse R
X AFIUELANVDRTIFRRBNIORTEZFET 2L F2060, ZOZ LIZADRPDEE
DA TIXE R X AF ALV PNET T 5 2 SICHEGET 20 TIEIRVWNEEZEZ BN D,
Pl X oz, 777 LADNABIEKDAF N, ~IAF UL Fa ks A F b ~Lid,
ﬁh%$ﬂ%ﬁ%%%@%%ﬁ%ﬁéﬂ%ﬁv%ﬁwkLf%ﬁf%ﬁwmLQ\:m%@%
¥R AR ORIEOBRIT FRRREEE BRI AT S ETEETH D,

Table 1-3. Global DNA methylation and hydroxymethylation alteration
in cancer and neurological disease

DNA methylation

Disease DNA modification ) Reference
Disease Normal
Methylation 57% 76% 97,117
Colorectal cancer _
*Hydroxymethylation 0.0028% 0.0059% 15
Methylation 54% 70% 9%
Lung cancer _
*Hydroxymethylation 0.05% 0.1% 17
Pancreatic Methylation 70-85% 75-90% 118
cancer *Hydroxymethylation — Decrease compared to normal cell 16
Brain tumor *Hydroxymethylation 0.2% 1% 17
) Methylation 40% 84% 119
Ovarian cancer
3% 1.8% 11,12
Methylation 82% 81% 120
Renal cancer
6% 1.8% 11,12
Alzheimer's Methylation 2.5% 4% .
disease *Hydroxymethylation 0.15% 0.2%
disease *Hydroxymethylation 0.08% 0.2%

* This hydroxymethylation level refers to 5hmC/cytosine in genomic DNA but not in 5hmC/CpG.
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E5H B b UIRREATEERICEAT SR

% 11§ DNA A FIJLIELRIVEIEZE

57 ) ADNAF DA F AL L DFERITREA IR, F~—T1— 720 55, FDT=,
77 25 DNA D A F AL L ~VEVEIC TR RAE, alrE, fHEEMED R Hivd, BIEE TR
SNTWHBEAAE L LT, ALFARPRIC K o TR I & B ORI 84 U oo ids & i
LIERC, 7 ADNAEX 7 LAY RU~LEToli L CTEOEWIC L D EET 5 ik,
Pt L DR LRI DEWEFIH L ERALFIITFE, FURSOHIREER, ey v v i L
S FRRRRRE A MM L= HIER EREHE SN TWD, TR ENEEAFREEOR M %2 LU T2k
BICH FIEOB RN, IERHMZE LD 5,

1L M YT 74 FMREZMALEE

NAY LT 7 A MUERAZFIH L72FiEIEL. DNA A F UL~ LVREEE L TRbEZH I
TWOHIETHD, 7/ LDNADKES S b o ZALFRIUZ L > TALKR AL, 7T
VBB EE D, — T, bmC IHMEFRETY T B IR, > T, N ¥ L7
7 A MAHEY Z I PCRZERT 5 L. REMOY M NI0 T VI EBREN L T2
(2. PCR O#tH, F I B # SN 5 (Fig.1-10A), Z OEHI % #4252 & T 5mC Z /i
TE 5,

RRBS 7%:(Reduced Representation Bisulfite Sequencing)i®, /& DNA % A F /AR M
i FREESE Mspl TUIET L, A H L7 7 A MLBER#LIZ 4 7 . DNA 1 CpG 74 7 > K(CGI)
REIEE A AR AR AR S — 77 > Y —(Next Generation Sequencing; NGS) CTfi#hr L, 5mC % HI|E
T 5 ETH D 121, —J7 T WGBS #%(Whole Genome Bisulfite Sequencing)if, /3o /L~
7 A MLEZIZNGS T2 H1ETH D 122, LD 2 20 HEFELLE S 5 DNAD
Volr—a VEERE R, KBRS 7 A DNA BEiIZFNEh. RRBS 1 0.01-0.3 ug.
WGBS |3 5ug % L 4% 121, NGS 2+ 5720, %/ L DNA® 5mC % 1L~ 1T
BT 5 2 ERARETER, MW T =27 ax Mmoo TLE 9,

=l U AT I FiE L LT, HilIREESE 2 L7z COBRA i (Combined
Bisulfite Restriction Analysis)?3 2 5415 123, Z O HEIIANA VL7 7 4 MLEEZIZ, F7E
iz PCR THilE %5, PCR PEMILHINREESE CTUIET L, £ OUIWTRhR) b R fElR o A F
IMEL VR IES D HETH D, NGS 2B LT LG 2 DDA F /L L~VLVAIEE &
e d 5 LR TETH 205, FRATELE 23 HIBREE R BRI & W O $ilKI3 & 5,

PLED LTS AT 7 A4 MUBREZFIH LI FIEE, RMEMS F v & BmC &b AL e
IZ K> TRABIZKT DD EMEITE V. Ll AA Y7 7 A4 MLETZT T 5-6 Rt
EHT DLWV RENRD D,
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1-2. F@E AT S 0#FALEAE

W7 a~ N7 772 FA LA TF ULV ERIEIL, S LT 7 A MEE T,
NAHPNT 74 MU Z LB L LW, HBEEIC A F L2 E&TE D)
ECThHsb, LinL, HPLC IZH 7% HHEiICS / . DNA % DNase, 7 /L1 YRR~
FH—E, RAKRVZATT—ETXIZ LAY RL-ULE TIAKSMEELLE RS D
(Fig.1-10B), &L UHFFEX 7 LAY ROERERZIER L CTRIFIX, 7/ & DNA @ 5mC
DIFERENERE TE 5 124125

1-3. ERILEMAE

BRALFEM 2 TiEIL, BMICEE(L Sz DNA 7 r—712, Bk Tdh 57/ 4 DNA &~
ATVEA =T a 38, (EHERER CORLRICERLVE A N —IETHEST S Z
& T, KEfiY F L BmC ZXBIT 5 HETH 5 (Fig.1-10C)126-128 | 7KL & o A R Y —ik
THTT D FIEFHRER 0.1 uM LIERER &< A P77 7 A FMLELR DNA DK 55 il
B Z B E L7V, & 512, BT FIETEERE O/ NN E S R 72%, on-site B DFE
WIS AN AIRE TH 5,

1-4. 3 FRBEEEFALI-AZE

1-4-1. ;i sSmC Rk Z R - A&

5mC (ZXT D HUAZ 2 HiEE, PUROEm W RIEEZRFIA L T o720, s3>
7A MLEZZIEL LW b b, R < 5mC Zf# T & 5 (Fig.1-10D),

7 v < F 5 YL (Chromatin Immunoprecipitation: ChIP) & NGS A& b7z
MeDIP-seq (Methyl-DNA Immunoprecipitation)i%. $T 5mC Hifk THZELE: L7~ DNA %
WGA (Whole Genome Amplification)fi#fir42 Z L2 &b & Z OFIKIC 5mC BFET 5
T BT A RITHRNTS % 515 TH 5 129, —F T, MBD & T A F /11K DNA Z 5%k
M9~ 5 J571%HS MBDCap-seq (Methyl-CpG binding domain-based capture and sequencing)
&V, MeDIP-seq 7% 4 ug @7/ . DNA o # &4 %5 —7 T, MBDCap-seq IX 1 ug ®%
/ 2 DNA CfigHr ¢ &, MeDIP-seq X 9 & &\ EIA C CpG i D 5mC % M C & 72 130,
LML, ZHHD ChIP &2 _X—R L LIZFEIFZA T /UL DNA OB ZHREL, v —77 v A fif
Hra1772 9 7212 RRBSIWGBS £ 0 & U — RED R L, H->2TdD CpG » 5mC Z i th
T5H T ENHRA, S HIT, EERE L CRIHT A2 ETDNAT A 7T U —EERT 5
EWV ) RCHEEDIEMMEREm WS L bR T N5,

2R EOREGRREE T 2 7EE LT, AR FRIOMEEZE=2Y) 7/ TZ
% # 7 7 X g (Surface Plasmon Resonance: SPR)AHI SN TS, =Y = %
T4y 7 EMOMRITICIB N TS SPRIFFIH S ATWS B8, SPRIZE Y —F v 7 Lok
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BEETOBETN, BRI EB L CRVHDON R ZRETLHSEOZ &L, 2
DSPRWEL TCWHERER LI —7 DNA ZEEL L THE, £ ZI2HEA DNA ik
LTAATVEAE—va 3D, Z2IITHEMCHAEEI L, AF LT by L DA
TERIDNEE 2 5 & BURIZ 2 O ILIIREEN LT 5, 16> T, BHERAL 0.19 ng O 7/ A
DNA & JEER < DNA Z T& | /ol 45 M CHIEN AR TH H 132, L, &
V=T TOERPIEFICEH A RN THD Z &0, V=T U ATk VD ATk
~UVHIETR & i U CRAZRFFE LT CE W2 E R B h D,

Jeilk Uiz 2 >OFUAZFIH L7535 & bl LT, ELISA (Enzyme-linked Immunosorbent
Assay)lLfliH « HHIZ A F AL L~V ZHIETE 5 HETH 2 188134, FT 5mC HUANEE
fbEhiz~A4 7 ma 7L — K%/ 5 DNA ZMx T, WEEEEZITV., 7 = /LWNIZ BmC %
&t DNA DA %F$, % 212 HRP (Horseradish peroxidase)i&ifk L 7-HT DNA Hiik z N
L. VBV RFEZ 920 L7, HRP IEMEZMET 22 L TAF UL L RV EZJET 5,
ELISA 751X, /XA H /L7 7 A FES ChIP-seq. LC/MS {4, SPR 572 & & il U CRii{# 72
BIEMEZ D, Ko A M CTEBTE S, S 5HIT, 2011 4E21X 10 ng D%/ 2 DNA b A
FIAE LNV ERIETE D Z ENWE S 8, LinL, B 7V EEERT DEICEN
SGRER] & BB OV E2 B4 5,

1-4-2. Methyl acceptance assay

Methyl acceptance assay (& DNA A F /L k7 A7 =7 —E(CpG Methyltransferase:
M.Sss)Z il L. BEERGEFIH L2 H5IED 1 5 Th 5 (Fig.1-10E)185138, | U F 17 L jE
% L7z SAM (S-[*H-methyl] adenosyl-L-methionine: 3H-SAM) % i § ® SAM O v (i
L. M.Sssl 2Militd~ 2 A F IR LG K - TG S U7 BRI e 38 O 5 B %
LSC (Liquid Scintillation Counter)|Z & - TH#r9 %, AFiEIL DNA IZ M.Sssl & 3H-SAM
IRE U TRG S Wtk A 4 U RHRIEARICUE S8, BREIEEITR 5, 74NV ¥ —%
VRS, v Fb—va URikENA, LSC IBIZ K VT2, 2 ORF, st A
FNIEDZRETT /) 2 DNA DA F AL L~V & B 5, ARFIEIT DNA O H RS
0.2 ug ToH 573, ELISA & FIERICUEREIEA LB L L, OGN EMEZ IRV D,

1-4-3. DNA fEREBRRZRAV A&

zZinc finger OEREHI~DFESTEEZFIH LT, BXALFANEREEE O X F b L~L
ZRET D ITEDHB SN TWD 140, Z D FHEIF A F L CpG 2&Te 7 / 2 DNA DI %
MBD (Z X > THEEL., 2%/ L DNAIZx LT PCR 233 2, PCR EMWITKH LT,
Zinc finger fii & GDH (glucose dehydrogenase) % il x.. GDH OE&{LIE TG % B L1
\ZHIET % (Fig.1-10E), #HFRAIE 102 = ©°—7273%, PCR M Tl 106 3 E— 04/ A
DNA () 3 pg) B METH 5, AFETESULFINAES D720, BRI ITEm
723, MBDCap 7 vt A & PCROERAT v TINULETH D,

Zinc finger-GDH @ GDH %47 % Luciferase (2 & #2 % 7= Zinc finger-luciferase % fv 7=
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AF AL L VRAGEIE BT STV 5 ¥, KFES Zine finger-GDH 1% & [FIERIZ A F /L
it CpG % & #e4 /7 I DNA OFH % MBD (2 & » CHEEL T PCR 23+ %, Z® PCR JE
¥Z%kt L C, Zinc finger-luciferase # /1% | Luciferase ®F 8T 2 F /b L~ L &l E T
% (Fig.1-10E), AFiEICBWTHMHRAE 102 2 & —7278, PCR EfifiTi% 106 = &' —
D77 LDNANPKETHY . S bIZERBIEO ML S,

Badran 1% 2011 452, MBD (2% %1% Luciferase Z il A S 7-flAaERE 2 AW T, &
PR EL MR WE L LRWRE Y =7 A g A FALRIE 5% B %8 L 72 (Fig.1-10E)42, D
2 21Z5yEI L 7= Luciferase (N il & C ZKAfl: NFluc, CFluc)iZZ i A F L1k CpG IZHES
95 MBD & HEMIELSNZRE G35 Zinc finger Z /A& bE7-@AHEHE. @NFluc & CFluc
DELLIZH MBD ZilAGbETMEEAEZIER T %5, Zd NFluc & CFluc Z@hé &
HIERE O EHET 22 L THO THRLE R L, 2 b ORGITOFERIBLA R 21
IRAF ML~V @5 7 5 DNABRD A F AL L ~SJURAFT D, AFEORHRIUT
7 20 ng 7/ & DNA TAF UL LNV EHIETE S, L L, AFEICBT 236X
NFluc & CFluc Z @& SH7-E H'E 2 DNA ICHEE LB Otk ET 5720, AF Ak
CpG B ENF WL TRV ERAEZRLODWNE W) GAREIT LD,

AHFFRETIL, A F AL CpG IZHEA T D RlGE B'E MBD fil& Firefly luciferase (MBD-
Fluc) & 3k A F L1k CpG IZHE &7 DA 1 E CXXC fl & Firefly luciferase (CXXC-Fluc) D
2HEOBAEEHEIZE ST, 7/ ADNADATF AL L~V ERET 2 HIELZRBE LTV D
143 RFYEITS 7 L DNAICHEG & 872 DNA A ¥ —% L— 4% — & MBD-Fluc X/% CXXC-
Fluc [ T4 U % £ 9% 3 — x )L ¥ — § &) (Bioluminescence Resonance Energy
Transfer; BRET)23 %/ & DNA D A F AL L UL UTFEA F AL L ~WHBET 5 2 & %
FIHL TS, BEEMRFEELE LTIX, DNA f V¥ — W L—F — %R SET /) A
DNA [ZBAEAEZ A5 L. MBD-Fluc 1% #* F /L1t CpG (2, CXXC-Fluc X3k A F 11k
CpG IZfEBT 5, = ZITFluc O3 NIHE M4 5 & Fluc B3R L. iEMED DNA A > &% —
B L— 2 — W S CH KR SN S (BRET &7 F1), MBD-Fluc @ BRET & 27 F /L7
HIXAF L~ CXXC-Fluc @ BRET ¥ 7 F /L HIFFE R F AL LU R EH &,
IHRLIFAICHBL TS ZEARENRTWD, Ulkky, 2 OoMAEAEZHAVS 2
LT/ L DNA DA F AL LU RHEICHE TE 5 2 E BB NI o Tc, AFER
MBD-Fluc & CXXC-Fluc @iz % [Al—HEN THEMT 5 2 LIFHPRT . 1 EICAF ik
UL EFEATF ALV DM G EZRIET H 2 EIEHR e Wo s [Bl—IEIEN TRIFEZ A F
AL EFEAF AL L~V HIET 5 72912 Firefly luciferase X 0 HAKIERANC i K3 G
& %> Oplophorus luciferase (Oluc)iZ CXXC % fti& L7 CXXC-Oluc 23 -, 2%
? DNA A v B#—7 L —X —%&fE& S®7-47 7 & DNA IZ MBD-Fluc & CXXC-Oluc % iR &
L. TNETNOFRCEEZRINT 2 2 & T, F—EENTATF L~V EIEXF AL
~ULVO SR ET D Z & D AREIZ 7R o 72 (Fig.1-11)144,
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1-5. FEEAFILELALAE RO LE
ZOETIFH R LB A F /AL LV AIEEOR 2 £ Lo, BERA - WIERH %2

Table.1-4 127" F, 7/ AT A NIZ L 1L~ TC5mC 2l T% 5 RRBSX° WGBS, £®
FEIRIZ BMC 23 HE STV D 2 T& % MeDIP-seq <> MBDCap-seq (%, 1EREMEDS E D —
BT NAHNT 7 A MLEER PCR, ELRE R EHBOFRAT v T3 L2 | T
R RIEICE L CLE S, Wkra~ 77 7%FMA LIRS, EEC5MC &2 E&TX
DM, KGRI £ 5 DNA~ORILEN LI L 72 5, BRALF e FIEIXEmRE AV 5
7o, FHEFEITEBEIZBMC Z M T 528, BT £ TS 7TV XA B—2 g U0BEHR
BOG7a EDFBRAT v 7o Eie, fibmC ka7 TH % SPREL ELISA 1%, 4%
4557 7 LDNABITIEFITD RN, SPRILIZT =07 a X FAIEHITHE VA, ELISA
Ay T O REE & el 28 0 IR UERT 5 72 DEEOEMEEN SN &R A E LT
545, Methyl acceptance assay (5. M.Sssl DEELZE KIS L > TEL D7)V % 5mC
BHNCRIH T 2720, FFFICEE R <M ATRE7Z 23, ELISA & RERICHEE O Ve E 4 24
D ERHMEME A ERNT A &) RANE X HILDH, Zine finger-GDH & 72 1% Zinc finger-
luciferase Z il L7=F¥E b, MIHRAIT 102 2 & — LR IXIER 2@V AS, PCR O#EE &
tp, Split-luciferase ZfEH L72 FIEITKER < A F ik DNA ZHETEH08, ma3hvd
Luciferase D¥&S1E A F /14t CpG D FEBERIIK FT D728, IEFEMEIZ TR D &EE X b D,
—Ji T, ARWFFEETHFE STV % MBD-Fluc & CXXC-Oluc Z v 7o 2 F Uk L~ L JIlE 15

I, REZEETIOARDOEERFEV =T AT v A THY, FrErsd 350 L IEEICE
B <T®H 5, &5 R.S.D. (Relative Standard Deviation) $, COBRA {E0iiik 7 u~ v 75 7
EER%ETHD,

Table.1-4 Comparison of different methods for the detection of DNA methylation

R.S.D

Method Input of genomic DNA Time (%) ' Reference

- RRBS 0.01-0.3 ug >24 h N.D. 121
i‘:;i‘:‘)tj WGBS 5 ug >24 h N.D. 122
COBRA 1.5 ug >16 h <2.0 145

Liquid chromatography 3 ug >3 h <3.0 124
Electrochemical analysis 5 ug 45 min <4.0 128
MeDIP-seq 4 ug >4 h N.D. 129
MBDCap-seq 1 ug >4 h N.D. 130
SPR 0.0002 pg 45 min <7.0 132
ELISA 0.01 ug >2 h <15 134
Methyl acceptance assay 0.2 ug >1h <5.9 139
Zinc finger-GDH 3ug >1.5h <1.0 140
Zinc finger-luciferase 3 ug >1.5h N.D. 141
Split-luciferase 0.02 ug >12h <10 142
BRET assay 2.2 ug 35 min <2.2 144

N.D.: Not determined
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Fig.1-10 Detection of 5-methylcytosine
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Firefly luciferase :{" ,“2& ~\{{‘:,\_ Oplophorus luciferase
(Fluc) B\t )(,;;4 (Oluc)
Methyl-CpG binding domain 7, A Unmethyl-CpG binding domain
(MBD) A \.; (CXXC)

Methylated Unmethylated

MBD-Fluc
CXXC-Oluc

Fig.1-11 Multicolor BRET assay for global DNA methylation level quantification

22



% 215 DNA A S A FIJLEE L RIVAIE X

2 R DNA D JTEHD I A F AL E LT D DNA THH~I A F /L DNA L, A L7 7
A b= AR AT O L WD A FIARREEZ LG L2 i e b0 7ed, 1AL
UL THENT AT BEZR WGBS TOMT #2321 36, T4 Tld, ChIP #£IZEH L 72 DNA % 1 A8
BHEL, NAVNT 7 A MU Z{T/> 72, PCR IS, ¥ —47 > AfEHr3 % nasChIP-seq
MANIAF AL~V OREIZHHA S TWD 35, ~I AF UL L~V HIE Theb Al S 41T
VW5 FEM Hairpin-bisulfite PCR 15T 5 (Fig.1-12)146-148 | Hairpin-bisulfite PCR {AIXFER D 2
A$4 DNA |2 Hairpin linker 27 A #—3a U &8, NA YL T 7 A MLUEEEZITH Z LI2k - T
NI AFIACELERIET D FIETH D, LB L7e~I A TF AL LV BRIEEDO R E E &,
TR - HIERFH 2 Table.1-5 12”3, ~I A F /b L~ VHlEEIL BFE L7z 35D A4 LB
HEINTELT, EOFEBNRNLV LT 7 A4 ML L v —b U AfjiT &2 LB L T 5720, EiR
BEOBEHEME S & < . PTEERFRT S 10 RFHILL LEE 5, £z, fl{fE - il ~I A F kL
SUVRIEEDR RO B D,

______________________________________________

I Q 1
! , Hydrolytic Alkali 1
: Y Sulfonatlon \NH Deamlnatlon NH Desulfonanon | NH :
! 1
1 /K 1
1 O |
! 1

\ Cytosme Cytosme sulfonate Uracn sulfonate Uracil

____________________________________

@ Bisulfite treatment

@ ¢ © ? @
- —ce—ce—lfl>- —o—Co—

- =CE=UG ==

® (5 (5 @ O (b Hairpin linker

PCR
=CCmCGmUGm= CG=UG=CGm .
Ij - = GC mAC - GC=AC = - §> Sequencing
Fig.1-12 Hairpin-bisulfite PCR

Table.1-5 Comparison of different methods for the detection of DNA hemi-methylation

Method Input of genomic DNA Time R(OS/O;D Reference
WGBS 5 ug >24 h N.D. 36
nasChliP-seq N.D. >13 h N.D. 35
Hairpin-bisulfite PCR 2 ug >3.5h <7.2 146

N.D.: Not determined
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$E 3 DNA £ FOF L AFILELRIVEIEX

DNA X F AL LV ZRJET DI ANA VT 7 A4 MER 72 H51ETH DM, 5hmC
5mC E[AERIZANA LT 7 A4 MLBETEB S RN 2D, TR RIZA T Vb B Rr 2
FIUbEKRITE 2, > T, 4/ 5 DNA F10 5hmC (2312, HPLC %° LC-MS/MS T4y
LTEET 5L, 5hmC D7 U @ b 2RI L7255, $it 5hmC Hifkz v 7 ELISA 14,
BRALFRTIEC T b5, ENENEEFARIEE DR L DL FIBR R, &Z IS FIEOR N
PRFCIEMENE, WERMEZ £ DD,

3-1. @AEI /AT NS 7EFALAZE

77 5DNAH O BhmCIE, 5mC & [AHRICIRIA 7 m~ k75 7 TER T & £ (Fig.1-13A)14149,
L2yL., 5mC it & RIS DS — OBEIC X > COBET 27 A4 Y7 77 1« v 7 iellE %
17729 &, 5hmC &L v by o — 7 3FE CETICM S D72, 5hmC & KA TE 7eu,
- T, 5hmC %k r v~ 277 7 Tl 2883, BEFMAKE 2 SR8 b7
577 Vxy MR LT IEZ 7202, 5mC B & 0 b SEME 2 R R E S LB & T
STLEIEVIRANRD D,

3-2.5hmC DJ ) avLieEFALI-AE

5hmC ® 7' a2 AL &2 FIH L7 5ikiE. T4-BGT (T4 Phage B-glucosyltransferase) ¢
5hmC %#7'V a3 k3% Z & THEL D 5ghmC (5-glucosylhydroxymethylcytosine) % £ F 3~
%o, T4-BGT (X 5hmC Z4FRANIC 7 U a v bd 5 7 7 — PV HROFESIEMBER TH Y . =
DTV 2T ALK TA U7z 5ghmC IZ/b LB A2 5 Z & T, 2@ 5hmC FeRMEZFIH L
T5mC & 5hmC # X34 5, ffflZe et - XLl T2 R3(Fig.1-13B).

3-2-1. TAB-seq %

TAB-seq (Tet-assisted Bisulfite Sequencing)itiE, T4-BGT (2 X % 5hmC 7'V =22 Abd
%, TETL TS SE, NAPNVT 7 A S —0 AT 247729 HiETH S 150, 5mC 1%
TETL1 LB & - T 5caC ICZE# S 57 5ghmC 1T B SN, "4 P LT 7 A hi—7
VAN, BmC X F 2 1, 5hmC (Zv b b LTREN S, DLEOEIEL D,
5mC & 5hmC # X542 Z L R ATRBIC 72 5,

3-2-2. ACE-seq %

ACE-seq (APOBEC-coupled epigenetic sequencing)i&iL, /XA L7 7 A NP % 25
L L7eWFETH 5 151, APOBEC3A (Apolipoprotein B mRNA editing enzyme subunit 3A)
IRERTS R & BMC &2 T T VAT X A6T D O E it % — ¢, BhmC X7
Jav iz ko TRiES L, T 2 fbSip2vy, - T, =T UV AITICE D R
Effis bl BmCiEF I, 5shmC ity by & LTt sh b,
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3-2-3. hMe-Seal i&

T4BGT LY V) ¥v 2V /b 2 —A(UDP-GIU)D 7/ /b 2 — A % BhmC O & K1 % 0k
(CHEEB T D OGS & 9%, hMe-Seal i1, 7Y Mz & T UDP-Glu # v % Z & T T4-
BGT OfiESGIZ LY . BhmC Ot Fu ¥ RicT ¥ REEZ G /L a— A5 EB S
nn W, TYREIEGICCATFUEMTELILD, ANV AT EV U TEATF RS
NEY LT 5 LIZE > T, 4/ 5 DNAN® 5hmC % 4T X %,

3-3. oxBS-seq %

oxBS-seq (Oxidative bisulfite sequencing)i&ix. M{LREDOBL T =7 L H ) 7 A
(KRUO)IZ & HALFAERIC S C 5hmC 458 IRAIC BIC (T2 L, = 0 BfC 1334 H L
TrA MLEETHZ LT T UIEREND 198, fto Ty —7 v AET#IL, 5mC (X
R vl LT, BhmC 353 v & Lfﬁéﬂjéhé(ﬁg 1-13C), LU, FKE#s ko,
5mC, 5hmC O2T%#XAT 25729121k, KRuOs £ALE DNA & KRUO4 LERFE Y 7 L DN
AYNT 7 A4 NI =0 AR OFERZ LT 2 MR H D,

3-4. BRILEMNFE

ECL (Electrogenerated chemiluminescence)ii i, I 1T 2 BRALFAIRIG THE L 5%
YeEFIH L= HETH D 1%, ECLIEITZY v —7 DNA % B E(L L 7= BMITIER D DNA % /A
TVHEA ¥ —r a8, 20O DNAIZK LT oxBS-seq i & [AA£IZ KRUO4 ZLEEC 5hmC @

Z3RIRAYIC 5fC IRk S8 5, Z 212 ABEI (N-(4-aminobutyl)-N-ethylisoluminol) z il 2. %
LT, AEUESICOT AT e REIT ABEI O 2 @I L fEA L, 5fC-ABEI % Y ECL
ER 5fC DIk SN D 72, BMSISIZIBWN T, 5fC O ANIEIE % ~3(Fig.1-13D), ATk
FESEFRIRISZFRIH L T D72, EFITEENE <, 0.14 pM £ TD 5hmC Z i A]

BETH D, LovL, ABElI £ DRISIC 12N> TLE D LI REARD D,

3-5. ELISA

Jeik U7z BhmC f ik & il LT, ELISA 1341 5hmC Hiikz W\ % 72 0 FER TR B < fR
HT5ZENARETH D LI, AT T 7 A4 MUE{L PR & OBREE LB L E 31T,
fEiiHL « JRIHIZ S5hmC Z @ T & 5 5L T 5 195156, ELISA ~X— 20D 5mC i [k & [FIERIC
1 I L~ C 5BhmC Z i AfE72 TAB-seq X° ACE-seq 7¢ & & Lbiik U CifE 7o e fErE %2 Ff
H, Zry=rr7azx bRy, LaaL, REY., A EE T D EICRWRIGKRH &
BEDOVHBIELZE L TLE 9,
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3-6. BE FAOX A FILELARILVBEZED LR

COHETIEF ER LA E Fax o XA F L L VETED R A £ LD, BERA - 3
ERF A4 Table.1-6 1279, & RrX U A F AL L AVIELEIF AL LT 7 A4 NLET
5mC & 5hmC % KR TE 2o diZ, A F/ufk DNA LUV HIE L & ik U TRER LR
FILPR g RO FERAT » TS, EREREOEMEMES SV —J5 T, TAB-seq 72 & —
Ir v AENT B S e EIE X L UL T BhmC 2 T& 572, IEMEMEITE VY, IR
-~ k277 735, 5mC B & RERIZ S A v T 7 4 MR EO L FALEE A M E LR
N, TV MEEEAITODRITIER B0 W) RENRSH 5, ECL ¥E S B S&FIH
T 57O, FEFITEE R < BhmC 2[R TH 523, ABEILERIC 12 FFEIZE L TL FE W,
RHRIC BhmC 35 Z L idiskZevy, $15mC Hifl %z 72 ELISA IX, input 357/
L DNA EIEFICHBETH Y, MFIEL I L CTHIEF I ERBEETH 5, L,
REV=ZT AT v EADEIITHEZIRET 50HOEEMETH L2 51X, K EHE -
T T 5hmC # I TE 21T T TH D,

Table.1-6 Comparison of different methods for the detection of DNA hydroxymethylation

Input of genomic

Method DNA Time Reference
Liquid chromatography 20 ug >3 h 14,149
TAB-seq 3 ug >3 days 150
ACE-seq 1-50 ng 4h 151
hMe-Seal 30 ug >5h 152
0xBS-seq 1ug >6 h 153
ECL 0.2ng 15 h 154
ELISA 20 ng 5h 155,156
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(A) Liquid chromatography

Hydrolysis and Fa¥a 5hmC 5mC

Dephosphorylation SIC
of genomic DNA 2
o :H’ /NH? E 5caC |
‘}I‘an DiNHl -
Time (min)
e & - \ o] MNH
Ho/\fm T4-BGT »Hm C
o L1
5hmc ~ UPP-Glu UDP B-glucosyl-5-hydroxy
methylcytosine
@ TAB-seq (2 ACE-seq (3 hMe-Seal

5mC 5hmC SmC  5hmC S5mC  5hmC

ACGTTA GGTCGA ACGTTA GGTCGA ACGTTA GGTCGA

Glycosylation Glycosylation Glycosylation—_%fﬁ )

ACGTTA GGTCGA ACGTTA GGTCGA ACGTTA GGTCGA

TET1 Deamination Biotin
-

ACGTTACGGTCGA AUGTTA GGTCGA ACGTTA GGTCGA

Bisulfite conversion

AUGTTAUGGTCGA Sequencing Affinity  Sequencing
Sequencing Purification

ATGTTATGGTCGA ATGTTA GGTCGA

(C) oxBS-seq_ (D) Electrochemical analysis

o §“%“<

o ACGTTA GGTCGA §
conversion* Seduencing KRuO, o> § =

oy,

ATGTTA GGTCGA ACGTTA GGT?GA

Bisulfite . » KRuO, ¥ ABEl v [T
conversiont Sequencing s 4:.-—-:. .

e

ATGTTA GGTTGA |5hmC 5tC

2 ofC-ABEI
Electrogenerated § 5mC-ABEI
chemiluminescence é C-ABEI
w
Potential

Fig.1-13 Detection of 5-hydroxymethylcytosine

27



FEoHi AHRDANLEER

AHFIEIE, KR % RO A, F~—T— L LTHIFF STV 5 DNAD X F b, ~I AT )L
{EBEIOE R U AF /L L2 0EkEX Y &, @i CHUlEICHIE TE 5 FiEE2HET 5
ZEEHAME LT,

ARETHEIBRLILELEBY, P UEMTHDL AT L, ~IATFUEBIOE ReX T AF
MBI, BASCTRMRERIEBR T, TOLUAELLTWE ZERRESA TS, &
J ADNAHIZEBWT, 2D OBy ¥ R L~V ERET 272012, EEOPEAFIENEH
¥Ih, MAShTE WS, L, ERENREWV—F T, (LRUBCRHELE, PCR, &
= v AMRAT, VEEHRAER ERBOFER AT v T HELHIENRKRETH Y | EE - HEH IS
AIREZR TR\, B T, ARWFFE TIXAE - s IER S b VR A RET D 72012, &
RICRIEHIRETD2DOHLDRES =T AT vA ¥+ 52 & & LI=(Fig.1-14),

# 2 ETIX, BRET ZFIH L7e~I AF AL L~VHIEEZBRFE Lic, ZHE CTOMET
MBD-Fluc & CXXC-Oluc Z IV 724"/ s DNA @ A F AL LUV RITETERBIR STl b 144,
Z D EILDNA A > 4 —J L—4 — & MBD-Fluc X% CXXC-Oluc f] T4 U % BRET 8%/ A
DNA D A F AL L~V UTFEA F AL L~V T 5 Z & 2R LT 5, £ 2 TARIFZET
X, ~ AF L CpG IR EMIZHE ST 5 UHRF1 @ SRA domain (Z Firefly luciferase % @&
72K FE (UHRFL SRA-Fluc) Z /EHL L, UHRF1 SRA-Fluc ZH\W\ T, ~I A F b~ L%
fAEICHET D 2B E LT, PODNAA X —h L—%—(1,1-(4,4,7,7-tetramethyl-4,7-
diazaundecamethylene)-bis-4-[3-methyl-2,3-dihydro-(benzo-1,3-thiazole)-2-methylidene]-
pyridinium tetraiodide; BOBO-3) % fifi & = ¥ 72459 DNA |2 UHRF1 SRA-Fluc %t EH 5,
UHRF1 SRA-Fluc |3~ 3 # F ik CpG ICFB T 572, fEAEALIZR TS5 BOBO-3 I
Luciferase J&J612 & - Thbifd S4v, AP R SN H(BRET 7)), 2F 0, ZOfhE iz
BOBO-3 O# AR EE 1L, Y DNA D~ A F LAk CpG BITIKIFET D & 4H7E L 7= (Fig.1-15),

% 3 W TIX, BRET #FIH L2t Ruafx v XA F b L~ VIEEZ % Lz, ATETIE
Felk L7 BRET 2R Lic HiEaN—A L L, MEEREO DNARGEAEH 72, & Fe¥x
AT AL CpG ZHEMICEH T o bolIc@EE B IE, flifElct Rex v A FbLr~UL
HETE D LEZ7-(Fig.1-15), &t Fu ¥ AF /1L DNA #EAEAE L LT, UHRF2 ® SRA
domain |27 B L72, UHRF2 SRA |Z Firefly luciferase % fil & & 72 & HE (UHRF2 SRA-Fluc) %
ERL. B e ¥ AF L DNA ~DFEGIEMEZ iftT LTz, £ D%, UHRF2 SRA-Fluc %
72 BRET assay #1772\, & R X F /UL L ~UARLFRNIC BRET & 7 /L 3805 5 D
ETIR o T,

B4 FETIE, AF VY U bR TET OIS ZFIH L7257 & DNA O A F Ak
~UVHIEEZBI%E Lz, TET i% 5mC % 5hmC (ZEbd 2 UGS 2 i+ 28HE TH Y, Z DK
JEIEFE T o-o b 7 ZNAEE(O-KG) L a T BRICEREND, DFV, BIETHDL 7/ LADNAIC
TET Z 8 &, ZOSRETA Uz anyi@eElds /7 . DNA @ 5mC &ICHHRT 2 & 40E
L 7z (Fig.1-16),
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(A) Methods for the detection of DNA hemi-methylation and hydroxymethylation
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°
WGBS Hairpin-bisulfite  ELISA
~-2 h—Few days

®

TAB-seq J

igh

Low

(B) Methods for the detection of DNA methylation

~
1

[}

{ Target area ;

High
BRET e g \
Electrochemical F s
method | <1h
Methyl acceptance | J
° assay [0
SPR ° L e
Bisulfite methods ° ‘|~|= L Few hours
ELISA L
[
HPLC } Few days
e -
High High
4 >
ccl"‘ac
i

Fig.1-14 Development area in 5mC and 5hmC detection
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» N
Firefly luciferase | ., * & 78~ | Firefly luciferase

(Fluc) | & ("" “"‘ (Fluc)
UHRF1 SRA V(\"}:\g» , UHRF2 SRA
Hemi- Hydroxy
methylated CpG methylated CpG
— —

QO cytosine
O smc

Fig.1-15 BRET assay for the hemi-methylated and hydroxymethylated DNA

5-methylcytosine

NH, .
5-hydroxylmethylcytosine
-TET2
NZ | CH, - 5-formylcytosine
O}\NH A 5-carboxycytosine

(ORATEaS

______ -

TR, Sa08 . :
q@%‘« ‘PM Succinate detection
W77

reagent

TET;;;‘;"’ Genomic DNA
J ( 0 50 100
Global DNA

methylation levels (%)
37°C,1h 25°C, 30 min Quantify global DNA
> > methylation levels.

Amount of Succinate

Fig.1-16 Quantification of global DNA methylation level using TET-mediated 5mC oxidation

30



F2E

UHRF1 SRA-Fluc gt EBEZ Rl -
AN AFILIE LRIVAITEEDRR



% 2 E UHRF1 SRA-Fluc BIEEBEZHW\=ASAFIL{ELRL
RIEZDBASE

WL RE

RETIE, BDADAA F~—H—& L THRHFINDE~I AT AL L~V E i - Bl HE
THHEERESTHZEx2HE Lz, DNA AT k&, 7/ A DNAIZKIT % CpG E4ID
VR UDBNRBEBATFIMEENDIETH D, EHT / LDNAIZ 2 ELEAMELTERK L
TEBY., WHE b AF LS NIZREETH 575, DNA HRBOE, HrAeSIITREM Y b2
BiAEND720, —HFIZH A F AL DNA (™~ A F/HEDNA)BEL D, 2D~ AF )L
b DNA 1% Wilm’s JESE-CUN B 1 Bz MEREE; o [ AE RS NBL2 X° Sat2 TL < fE{EL TW 5 2 L 3%
LNTEY 112 A AF AL DNAIERADNANA F~v—D— L L TCOFANBFEEIND,

ZHNETIZY /7 5 DNA DI AF AL LU YL T 7 A b —2 o AT ChIP-
seq TR &S T& 7z %, ChIP-seq % W2 f#tic & bt N ZREMERIIE ORI\ T
DNMT3A & CCCTC-binding factor (CTCF)/cohesin OfE G HLIT I~ I £ T L4k CpG 3% <
EENDZENHESINTND B, ZOHELD, ~I AF /L DNA L, BIE TG O 5686
WOFEHMHZEIET 54 P2 L—F—WEICEET 2 LRl Ihic, —F T, XV IEfMICER
FEIR D~ A F NALENL & fi#T9 5 72912, Hairpin-bisulfite PCR {E23BA%E &AL T2 146-148
LML, NA YT 7 A NUBRZ VL 3 5 0RIEIXE R E CHIE rTRR7EA . RO EBRAT
v T HENELT LI EORHE CICKRIERR A2 ET 5, 6o T, WERD L D 7REME A BIES
KIE 72 P EREE &2 B & LA WA~ I A F AL L~ VIEERE EN D,

2 CARMIEITRIE A IR A T 2T OEERAI A TF ML LV HIEEEZ T2 2 & 4 H
& L, NI AF ALV EEICHET 272012, ~IATF UL CpGREAEHE TH D
UHRF1 ® SET- and RING-associated (SRA) domain (2% B L7z, UHRF1 SRA %, FEx F 1k
CpG ® 301, A F AL CpG D 10 {5 @ WEFIME T~ 2 F 4L CpG %7857 5 (Ka: 0.11 uM)7+
8, Z® UHRF1 SRA |ZA Z /VHR D% H'E Luciferase 4 @il & S 7 H'E (UHRF1 SRA-
Fluc)Z{Ef L, DNA £ % — 1 L — % — & fEH S E 7R DNA I UHRF1 SRA-Fluc &
Luciferase DR NEEZIRAT D, T2 &, Luciferase DFEIGIT L - T BOBO-3 (IJihilE X4,
HOE R &5 (Bioluminescence Resonance Energy Transfer; BRET), 2 0, RREAZREEL
THENREZRET DT T, NI AF L UL A EICHE TE % & 485 L 7= (Fig.2-1),
ATFIETIEDNA A Z—H L—&—L LT, BOBO-3 %\ 7=, BOBO-3 L7 = 2 BfRkD
EliEtGFE THY . DNA FEFE T TIRIZIEECREZ R S 202y, DNA ITRET 252 & TR
100-1000 {54558 FE A3 E5-9° 5 (Fig.2-2), BOBO-3 O Kbt &% 570 nm, HKE G E
1L 602 nm T&H % 157.158
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%5 |
%\. \3v
» Sow Luciferase

Hemi-methylated 4%~ UHRF1 ¥ :.g};;
(= SRA &3

Fig.2-1 BRET assay for the hemi-methylated DNA detection using UHRF1 SRA-Fluc
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! 3
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500 550 600 650 | EytornalS00 550 600 650 500 550 600 650
Intercalation \binding %;r:r Free dye
¢ Soge 3 L Co 2 B

&, BOBO-3 ’ ¢ on,

S —. CH, CH, s
. Sk L = B

) CHZCH-CHX _ NICH,);=N—(CH,);~N—(CH )N __=cH cH=CH—{

" CH, CH, N

Fig.2-2 Interaction of BOBO-3 with dsDNA?%8
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5 2 B REREE - B

Competent Cell BL21 (DE3)

Ex Tag HS

SOC Medium

Tryptone

Isopropyl B-D-1-thiogalactopyranoside (IPTG)
Extract Yeast Dried

NacCl

Kanamycin Monosulfate

Wizard® Plus SV Minipreps DNA Purification

System
Strep-Tactin Superflow Plus Cartridge (1mL)

25-mm PES syringe filter 0.45-um pore

hydrophilic polyether sulfone membrane
BugBuster® 10x Protein Extraction Reagent
10x PBS

Sodium Dihydrogenphosphate Dihydrate
d-Desthiobiotin

HABA

(x) DTT

Glycerol

BIO-Rad Protein Assay Reagent A
BIO-Rad Protein Assay Reagent B
BIO-Rad Protein Assay Reagent S
Albumin, from bovine serum

96-well clear microplate

Acrylamide

Tris (hydroxymethyl) aminomethane
Sodium dodecyl sulfate
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Table 2-1. Reagents and Consumables
Product Company

UltraPure™ Distilled Water invitrogen™
Dulbecco’s Modified Eagle’s Medium - high Sigma-Aldrich
glucose
Fetal Bovine Serum (FBS), Dominican Republic Bi
Origin iosera
1xpenicillin—streptomycin L-glutamine Sigma-Aldrich
TrypLE™ Select (1X) Gibco®
Cell Culture Dish 100mmx20mm Style NEST®
RNeasy® Mini Kit (50) Qiagen
ThermoScript™ RT-PCR System invitrogen™
KOD-Plus-Neo TOYOBO
1Kb DNA Ladder RTU Gene DireX
Agar Wako
Orange G Nacalai
EtBr Solution NIPPON Gene
Wizard® SV Gel and PCR Clean-Up System Promega
Ligation high ver.2 TOYOBO
Ndel Wako
Notl Wako
EcoRI Wako
E. coli DH5a Competent Cells TAKARA

BioDynamics Laboratory Inc.
TAKARA

TAKARA

Nacalai

Nacalai

Nacalai

Wako

Tokyo Chemical Industry

Promega
Qiagen
Millipore

Novagen
Ambion

Wako
Sigma-Aldrich
Sigma-Aldrich
Wako

Nacalai
BIO-RAD
BIO-RAD
BIO-RAD
Sigma Life Science
Greiner bio-one
Wako

Nacalai

Wako



Ammonium Peroxodisulfate
N,N,N’,N’-tetramethylphenylenediamine
(TEMED)

BES

Tris-BES Sample buffer (2X)
B-Mercaptoethanol

Sodium Thiosalfate Pentahydrate
N,N-Dimethyl formamide
Quick-CBB PLUS

Pre-stained marker (SP-1120)
MgCl:

Tween ®20

(+) Biotin

Yoneyama Yakuhin Industry
Tokyo Chemical Industry
Dojindo

TEFCO

Sigma-Aldrich

Wako

Wako

Wako

APRO SCIENCE

Wako

Sigma

Wako

BioBind Assembly Strip 1x8 Streptavidin Coated  Thermo Scientific

PicaGene
BOBO™-3 iodide (570/602)
96-well white microplate

Toyo Ink
invitrogen™

Greiner bio-one

F-Bottom (Chimney well), Lumitrac, Med. Binding

% 2 I EERpE

Table 2-2. Equipment

Product

Company

Airstream® Class Il Biological Safety Cabinets, Gen 3

(E-Series)

Thermo Scientific Forma Series 3 Water Jacketed CO2

Incubator

himac CT15RE

T100™ Thermal Cycler

Veriti Thermal Cycler

Mupid-2 plus

BE-220

Power supply for electrophoresis
BioSpectrometer basic

LED Hluminator LI-410

Incubator 1IC601

Shaker

Microtube rotator MTR-103
Variable Speed Pump | - Low
Microplate Reader Model680
Spark 10M multimode microplate reader

Esco

Thermo Fisher Scientific

HITACHI
BIO-RAD
Thermo Fisher Scientific
ADVANCE

BIO CRAFT
BIO CRAFT
Eppendorf

BIO CRAFT
Yamato

Iwaki

AS ONE

Fisher Scientific
BIO-RAD
TECAN
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5 38 XA

% 11§ UHRF1 SRA-Fluc BMEERERBERI A —DIEE

HeLa #fl i (RBRC-RCB0007, RIKEN) % 9 mL ¢ DMEM 5 Hi(10% FBS, 1xpenicillin
streptomycin L-glutamine) & A& L Tzl L72(1,000 x g, 5 min, =ig), EiEZBREL. HL
DMEM £33 % N2 CIRA L. 10 cm dish [Z#EWCTEEE 2 159 72(5% CO2, 37°C), 2 H#%. 4 H
#%1\Z dish N DMEM £ #C. 2 mL TrypLE™ Select #/12C CO2 A > F 2 _X—4% —T 3
min A > ¥ 2_X— h LTz X2 L, 6 mL DMEM 554122 C 20 EfEEE Xy T 47 L
7z #rL\dishiZ 8 mL DMEM itz Nz, £ ZISHIlGEAHE 2 mL Z2IR& L. Mgk L7z,
Mgz Z LCo b 1% 10 cmdish @ 100% = > 7 /L o AfifEIZ 2 mL TrypLE™ Select
Mz, CO2A v Fax—H—=T3mnArFaX—hrL7%k, TDO%, 8 mL DMEM %z T
20 FIREE YRy T ¢ 7 LT, B L7- Hela #ifid 1 mL % i BREHHAR 2N 2 T, Mlatkcz Hl
E LT, HIER., Mld4eT% 15 mL =L LT 1,000 x g T5 miniE LT EEEZ#HT,
ARG 2 [ L 7=,

548 L7= Hela i X ¥ Total RNA % RNeasy Mini Kit Z v Tl L. ThermoScript™ RT-
PCR System & . Total RNA 5 ug (Zxf LT 50 pmol ® oligo (dT) primer (Table 2-3)% T
Total cDNA % &% L 7=, Total cDNA % %12 612 bp ® UHRF1 SRA domain cDNA % PCR T
HAME L7z, BAAYIZIE. Ndel #25%#C% & Strep-tag Il Bl% %z f1401 L 72 UHRF1 SRA forward
primer & EcoRI 58#%Ac 51 % £ L 72 UHRF1 SRA reverse primer (Table 2-3)Z %5 L. Z1bH
% FVN T 50 pL ¥&i% (0.3 UM each primer, 1 x PCR Buffer, 0.2 mM dNTPs, 1.5 mM MgSOa4, 0.02
U/uUL KOD) # %4 L. 94°C, 2min A > ¥ =~— %, 98°C 10sec. 58°C 30sec. 68°C 30 sec
% 25 %A 7 VDEMT PCR Z{T -7, PCR EWZ EXIKE) THRE%R, HRIDOAY F&2d)v i
L. PCR EW% Wizard SV Gel PCR Clean-Up System % W\ CRHL L 72,

K58 L 7~ PCR EE® 1 ug & 20 U Ndel, 20 U EcoRlI, 10x Cut Smart buffer Z /&4 L CIAK 4
50uL & L. 37°C,1h )&, 65°C,20min A > F =_— K L7z, ZDO#%, Wizard SV Gel PCR
Clean-Up System # W TR L, BLEZNET 22 LICKVIREZR T Lz, HIREEFEL
P 7~ pET30c-Fluc 50 ng lZxf LT, HIREFRELI L= PCR EEM A ZNEHNENLLLL 1D
HETRAL, WRERET75uL & L7z, £ ZI2 7.5 uL @ Ligation high ver.2 #hx. J4 7 —
v a2 L7=(16°C, 16 h),

E. coli DH5a 50 uLiZ, 747 —>a VEMZ S uL Nz, )K ETE min HiE L7z, £ D%,
42°C, 30 sec { ' F aX— kL, K ET2 min#@E L Lk S S, BERHEE, 450 pL
SOC Biizyshn L CHsfERFI L, 37°C, 1 h R&G & L=, BHEEE# I L7z DH5a 100 yL %
LB+Kanamycin %K 5 H (1472 & 50 pg/mL Kanamycin) (2t & . 37°C T—HubsE L=, Bk Eh
7oan=—%fE L, LB+Kanamycin ?Tﬁfdiiﬁi{ﬁ(%ﬁi)%W 50 pg/mL Kanamycin) < 37°C, 16 h k5%
L7z. ZOKGHE RS % 10,000 x g, 30 sec m L LT EEZREL, EE L, TO%,
Wizard® Plus SV Minipreps DNA Purification System % W T 77 2 2 K&t L7,
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fhH} L 7= pET30c-Strep-tag II-UHRF1 SRA-Fluc plasmid @ Strep-tag Il-UHRF1 SRA-Fluc &z
TR T — o A fiffT & i L7=, #1213 UHRF1 SRA forward primer, reverse primer,
Sequence primer 1-6 (Table 2-3)Z 5/ L. *—7 > A fif#riE Macrogen (ZZ5E L 72(3730xI DNA

analyzer, Thermo Fisher Scientific),

Table 2-3. Primer sequence

Name Sequence (5-3’)

oligo (dT) primer TTTTTTTTTTTTTTTTTITT

TGGGCAATGGCATATGTGGAGCCATCCGCA
GTTTGAAAAGCCGTCCAACCACTACGGA

UHRF1 SRA reverse primer TCTGAATTCGTTGGCCAGGGCTTCC

UHRF1 SRA forward primer

Sequence primer 1 TAATACGACTCACTAT
Sequence primer 2 TGGTTTGGTTGTTGATGGAA
Sequence primer 3 GGTGTGGCTCCAACTAATGAG
Sequence primer 4 CCGACTTTGTTTGCAATTCTT
Sequence primer 5 ATTTACCGGGTGTTCGTCAA
Sequence primer 6 CTGAGATCCGGCTGCTAACA

% 21§ UHRF1 SRA-Fluc MAEEE DB % £

RESL L 7= pET30c-Strep-tag II-UHRF1 SRA-Fluc % iV C. E. coli BL21 (DE3) % JE & ifinfft L 7=
. IPTGIZ X » TH U\ B BFHE %1772 > 7=, pET30c-Strep-tag II-FUHRF1 SRA-Fluc T/
Bifisfa 7= BL21 (DE3)% 1.5 mL LB+Kanamycin & {55 #i(# & £ 50 ug/mL Kanamycin) (2l x
T 37°C, 16 h THiKBE L=, §##% 150 mL LB+Kanamycin %Ak (#4250 ug/mL
Kanamycin)iZ & &1z, 37°C TH;# L7=, ODeooffi 0.5 1T IPTG (f&JRE 1.2 mM)Z I L,
20°C, 140 r.p.m.C 16 h AE:# L7z, Bk, WL ITHEE A 35 mL o0 L, &0
L 7-(4°C, 2,500 x g, 10 min), Ei&E%FrZEL, 35 mL 0.85% NaCl # /i x CHRLT v 7 AL, iz
L5YBEA4°C, 2,500 x g, 10 min) 3% —EOEfEE 2 4772 o7-, iR L, 25 mL 0.85 %
NaCl Z Nz CARNAT v 7 AL, mO4HEA4°C, 2,500 x g, 10 min)iED L2, BiEEERELT
T P AR 2[RIV L 72,

B 57 E A 1 g 12%F LT 5 mL Bug Buster Regent (1 x PBS buffer, 1 x Bug Buster Regent)
ZMAZTRBEL., A2 F2~— (=R, 15 min, 5 r.p.m.) L7, &045HE4°C, 16,000 x g, 20
min) L C/KEMEE 53 258 L7-, 1xPBS T 10 £ R L 72k # 7y 4 Strep-Tactin Superflow
Plus Cartridge %z iV T, ¥ 1 mL/min (Variable Speed Pump I-Low) T4 7 A2t L., 72—
A JV—T# 4y (F1-10) %5372, I NP buffer (50 mM NaH2POs, 300 mM NaCl) % i L T Paidr i 2y
(W1-10) %45, NPD buffer (50 mM NaHzPOa, 300 mM NaCl, 10 mM desthiobiotin) % i L Ci&
HIE 43 (E1-10) 2 157-, 5 puL OR5HLE 412 45 L @ PicaGene & 12 T. Luciferase M3
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% Spark 10M multimode microplate reader CTH#lliE L 72(37°C), £7-Z Z THWZ2TORREAH
buffer |X 4°ClZmHA L THEA L7,

G R EOREREIZIE Bradford A& iE A% M L72, 5, 10, 50, 100, 150, 200, 250,
300 pg/mL 4 BSA ¥Aii# 8L L. 20 UL BSA #iKIcxI LT 10 pL k% A (1 mL BIO-RAD
Protein Assay Reagent A, 20 uL BIO-RAD Protein Assay Reagent S)%iE& L7z, & 212 80 uL
BIO-RAD Protein Assay Reagent B # /il x. 15 min =& C##&E L7-, #H L7k % 96-well
clear microplate {Z 100 pL $°->437% L. Microplate Reader Model680 T & 4l & L 7= (A = 750
nm), FHNELY ., BREMRZER L, HE L TE S Lz 5y (EL-10)12 & R O #fE
THRIGIKZTH- L, REZRIE LT,

/o2 TORMESE SDS-PAGE TMT L7z, 2B L (12%7 7 VL7 X K, 0.37 M
Tris-HCI (pH 8.8), 0.1% SDS, 0.05%;ffifE 7 > & =1 A, 0.05% TEMED)Z i 7 /L (3.6% 7T 7
JL7 3 K, 0.22 M Tris-HCI (pH 6.8), 0.001% SDS, 0.05%;@Hf% 7 > & = 7 X, 0.1% TEMED)
ZERL, 12%SDST7 7 VLT X RUVEER LT, 0%, EXKEEICE y ML, KEHE
DOFMANZ Running Buffer (30 mM Tris, 30mM BES, 0.1% SDS) CiE&(lii7= L. vkEhE AT
Antioxidant mixture (0.05% Sodium thiosulfate pentahydrate, 0.025%N.N-
Dimethylfoemaide,1xRunning buffer) Tz L7z, R L7 A& ®E 5y & %8 Loading Buffer
(200 pL Tris-base Sample buffer, 0.06 M DTT, 10 uL B-Mercaptoethanol) % /&% L. Loading
sample ZFH#L L 7=, 41 &~— % —(Pre-stained marker)(Z 4 [AFEIZ4% & Loading buffer % ¥s
L. Loading marker & L7z, 10 pL Loading Marker & 20 pL Loading sample % 7 = /W27 7
T4 L., BXRIKEN(40 mA)ZIT72 o7z, ZDtk, CBB ZHWTH V24t U, KRl 4y & fiffT
L7=e BARAICIZ, WU T 27U LT I KZ L% 200mLMQ T5min#kE LT MQ BV #ix %
#F% 31El1T72 572, 20 mL Quick-CBB PLUS % i1, 60 min, 30 r.p.m.4%% L 7=, Yefaik %
D Br&E 200 mL MQ % 12T 60 min, 30 r.p.m.E% L, P L7-,

. Protein T
Transformation |:> expression |Pur|f|cat|on Strep-Tactin column

Water-soluble NP NBD
( pPET30c-Strep-tag li

fraction buffer  buffer
% -UHRF1 SRA-Fluc

BL21 (DE3)

AN A Ay
v U

FIow-tHrough Wash Elution

fraction fraction| fraction
1-10 1-10 1-10

Fig. 2-3 Expression and purification of UHRF1 SRA-Fluc
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% 318 UHRF1 SRA-Fluc @MEZERE DA S A F)LIE DNA (26T S EESEERENT

KA L ssSDNA (Table 2-4) % )&+ (10 mM Tris-HCI, 0.8 mM MgClz, pH 7.4) TIRA& L.
95°C T5min A > ¥ =_X— k L72#%., 30min 7°J T 25°C £ THAIL, EA4F ER/iD 0.2 uM
FEAF AEUM), ~ A FIAEHM) L D7 L A F LA (M) dsDNA Z 3% L 7=, 4 FE dsDNA (2
0.5% Tween20 Z s/ L, Streptavidin Coated White plate (21 2 CTZ={E T 30 min 1 > F =X —

kL7=, & ®D%. 200 uL Washing buffer (1 x PBS, 0.05% Tween20) T¥#4 L. Biotin 1% (200
pmol Biotin, 1xPBS, 2 mM MgCl)x W T7 r v ¥ 7 Lz, BOWE L, UHRF1 SRA-Fluc
% G TR (FA A FE : 42 nM UHRF1 SRA-Fluc, 0.5 mM MgClz, 10 mM Tris-HCI, pH 7.4)& 1 2. C
2R T 30 min A % = X— k L7=(Fig. 2-4), VEF1%. Firefly luciferase O FE T %5 PicaGene
% 100 pL %/ 2T Luciferase O3 670 4 Spark 10M multimode microplate reader CHIE L
7o

Table 2-4. Oligo DNA sequence

Name Sequence (5°-3)

Biotin-AAAAAACAGGATXGAGCAGCTACCCT
(X = methylated cytosine)
AGGGTAGCTGCTXGATCCTG

Biotinylated methylated DNA Top

Methylated DNA Bottom

Biotinylated unmethylated DNA Biotin Top
Unmethylated DNA Bottom

(X = methylated cytosine)
Biotin-AAAAAACAGGATCGAGCAGCTACCCT

AGGGTAGCTGCTCGATCCTG

StreptAvidin coated plate

4.2 pmol

20 pmol UHRF1 SRA-Fluc
Biotinylated . el ;
dsDNA L 30 min 34 0min o
5_*, incubate “ ~~ incubate = i

. 3-ti 3-times
StreptAvidin wlargﬁs wash

N _

Fig. 2-4 Binding analysis of UHRF1 SRA-Fluc to hemi-methylated DNA
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% 4T/ UHRF1 SRA-Fluc EERE ZRALV=AS AFIILE LRI AT EDRE

UHRF1 SRA-Fluc % 7o~ X F Ll L~V IETE O AR FHZ DWW T ROG IR O
dsDNA, UHRF1 SRA-Fluc, MgCla D#& i % % 112741 0.2 uM dsDNA, 42 nM UHRF1 SRA-Fluc,
0.5 uM MgCl2 & LT, Table 2-5 D&\ CARFIEDORFT & FEH Lic, i, KRB THEMT D
BRET assay (Zf# il L 7= ssDNA fc %1% Table 2-6 |27~

Table 2-5. Condition of BRET assay

&S DNA

dsDNA UHRF1 SRA BOBO-3 MgCl: PicaGene

(M) -Fluc (nM) (M) (mM) (uL)

4-1 Um, Hm, M 0.01-0.2 42 0.5 0.5 50

4-2 Um, Hm, M 0.2 42 0.5,1.5,25 0.5 50
Hemi-methylation

4-3 or 0.2 42 0.5 0.5 50

Methylation level

Table 2-6. Oligo DNA sequence

Name

Sequence (5°-3’)

Unmethylated Top DNA (99 mer)

Unmethylated Bottom DNA
(99 mer)

Methylated Top DNA (99 mer)

Methylated Bottom DNA
(99 mer)

CAGCCTAACTGGGAGGCACCCCCCAGCAGGGCAC
ACTGACACCTCACACGGCAGGGTATTCCAACAGAC
CTGCAGCTGAGGGTCCTGTCTGTTAGAAGG
CCTTCTAACAGACAGGACCCTCAGCTGCAGGTCTG
TTGGAATACCCTGCCGTGTGAGGTGTCAGTGTGCC
CTGCTGGGGGGTGCCTCCCAGTTAGGCTG
CAGCCTAACTGGGAGGCACCCCCCAGCAGGGCAC
ACTGACACCTCACAXGGCAGGGTATTCCAACAGAC
CTGCAGCTGAGGGTCCTGTCTGTTAGAAGG

(X = methylated cytosine)
CCTTCTAACAGACAGGACCCTCAGCTGCAGGTCTG
TTGGAATACCCTGCXGTGTGAGGTGTCAGTGTGCC
CTGCTGGGGGGTGCCTCCCAGTTAGGCTG

(X = methylated cytosine)

4-1. dsDNA RE&E

K FEA R ssDNA % B 51 (10 mM Tris-HCI, 5 mM MgCl, pH 7.4) TIEA L. 95°C, 5 min
AV F 2 _X— kL7212 30 min 227 T 25°C £ THHEIL, 2 pM FEX FLfb, ~I X F L1k
J OV A F Ak dsDNA Z 5L L 7=, Tris-HCI buffer (pH 7.4), MgClz R4 U 7= SOG4l
dsDNA % #J#J¥ 0.01, 0.05, 0.1, 0.2 pM 725 L HITIREA L7z, % ZIZ BOBO-3 % #&JRJE
05uM & 725 X HICHsmL, 30min | CTA > F =~X— k L7, 4.2 pmol UHRF1 SRA-Fluc
%Nz 71-%. Firefly luciferase M HE T % PicaGene % 50 pL Il 2 TIRIE 4 100 pL (&=
J¥: 0.01-0.2 uM DNAs, 0.5 pM BOBO-3, 42 nM UHRF1 SRA-Fluc, 0.5 mM MgClz, 10 mM
Tris-HCI, pH 7.4) & L T 37°C. 5 488-653 nm #iPH THEHFE %2 )& L 7= (Spark 10M

multimode microplate reader),
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4-2.DNA 4 3 —h L—4 —BRERE

A FEA R ssDNA % B o1 (10 mM Tris-HCI, 5 mM MgClz, pH 7.4) TiEA L. 95°C, 5 min
A F2_"— [ L7722 30 min 777 T 25°C ETHHAIL, 2 uM IEA T AL, ~I AF L1k
J O A F Ak dsDNA Z Sl L 7=, 4 ff dsDNA, Tris-HCl buffer (pH 7.4), MgCl Z R4 L 72X
JEEIZ BOBO-3 & #&E 0.5, 1,5 L 25 uM &£ 725 X 5L, 30 min |iE CTA > ¥ =
~— K L7, 4.2 pmol UHRF1 SRA-Fluc /12 7-1%. PicaGene % 50 uL 1% CIEIEEE
100 plL (#&3#2#: 0.5-2.5 uM BOBO-3, 0.2 uM dsDNA, 42 nM UHRF1 SRA-Fluc, 0.5 mM MgClz,
10 mM Tris-HCI, pH 7.4)& LT 37°C, K 488-653 nm i CTH K58 E A M & L 7= (Spark

10M multimode microplate reader),

4-3. NS AFIVELRIVAIE EDBE

A FEA R ssDNA % B H1(10 mM Tris-HCI, 5 mM MgClz, pH 7.4) TIEA L. 95°C, 5 min
AV F 2 — kL7212 30 min 72T 25°C £ THAEIL, 2 uM FEX Fu{b(Um), ~3I A F
JUAE(HM) e Y A F/14E(M) dsDNA Z 3% L7, FH% L7 Um dsDNA, Hm dsDNA ZE& L
THKE DI AT AL L~L A F AL L~ LD dsDNA [~ A2 F {1~ 0, 20, 50,
100% & 725 K9 Lz, [AERICL T, &fAF A L ~</Ld dsDNA |%, Um dsDNA, M
dsDNA #EAET 25 Z LI X W ERLL 7= (Fig. 2-5), T D%, &M~ AF Ak, A F ik
~L?® dsDNA & Tris-HCI buffer (pH 7.4), MgClz R4 L7z R Z R Lz, & OIS
|2 BOBO-3 ##&JRE 0.5 uM & 725 X 2L, 30 min, S TA v FaX— L7z, 4.2
pmol UHRF1 SRA-Fluc % il 2. 7=t . PicaGene 50 uL Nz CIAH A& 100 pL (F&HE: 0.2 uM
dsDNA, 42 nM UHRF1 SRA-Fluc, 0.5 mM MgClz, 10 mM Tris-HCI, pH 7.4) & L T 37°C, £
488-653 nm #ilH THE LR % I E L 7= (Spark 10M multimode microplate reader),

Unmethylated Hemi-methylated
dsDNA dsDNA
Hemi-methylation level
0% 20% 50% 100'/.?

Methylated
dsDNA

0% 20% 50% 100%

COEED T

Fig. 2-5 Preparation of dsSDNA mixture for characterize the DNA hemi-methylation levels
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B4 XBER - BEE

% 11§ UHRF1 SRA-Fluc BMEERERBERI A —DIEE

K248 L7 Hela il 1.5x105 cells 7> % RNeasy Mini Kit % 1\ T 3.4 pg Total RNA %157z,
Total RNA X ¥, RT-PCR System % f\ C Total cDNA &% L 7=, Total cDNA % #5512 612 bp
® UHRF1 SRA cDNA % PCR CHilE L 7558, HAYOALE (612 bp) Tl N ROER STz,
PCR FEM Z FEH L, EcoRI & Ndel THllfREEHRLIE L 7=, pET30c-Fluc (Zxt L TR L 7=
UHRF1 SRABIG FE2ENLL L1 1 DG TIAF—var L, 745 —va VERZEHNWT
KG# DH5a DIFEEMZAT /R Tc, T DR, T4 7 — a VEWZ AW COBEEH L 72K
BEcan=—NERK Sz, ERENZ 20 =—% LB+Kanamycin AR (K& E 50
pg/mL Kanamycin) TEs#% L 7=, Wizard Plus SV Minipreps DNA Purification System % H T,
BBRERNS T T AI RefMiti Lz, BoN77T T AI RO —r v 7#R XY pET30c-
Strep-tag II-UHRF1 SRA-Fluc BHEE v Z & BNoR S V72 (Fig.2-6, 2-7), Z OFEE I LT
PET30c-Strep-tag Il- UHRF1 SRA-Fluc D7 % —~ v 7% Fig.2-8 |Z/~" 7,
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DNA sequence of Strep-tag II-UHRF1 SRA-Fluc
ATGTGGAGCCATCCGCAGTTTGAAAAGCCGTCCAACCACTACGGACCCATCCCGGGGATCCCCG
TGGGCACCATGTGGCGGTTCCGAGTCCAGGTCAGCGAGTCGGGTGTCCATCGGCCCCACGTGGC
TGGCATACACGGCCGGAGCAACGACGGAGCGTACTCCCTAGTCCTGGCGGGGGGCTATGAGGAT
GATGTGGACCATGGGAATTTTTTCACATACACGGGTAGTGGTGGTCGAGATCTTTCCGGCAACA
AGAGGACCGCGGAACAGTCTTGTGATCAGAAACTCACCAACACCAACAGGGCGCTGGCTCTCAA
CTGCTTTGCTCCCATCAATGACCAAGAAGGGGCCGAGGCCAAGGACTGGCGGTCGGGGAAGCCG
GTCAGGGTGGTGCGCAATGTCAAGGGTGGCAAGAATAGCAAGTACGCCCCCGCTGAGGGCAACC
GCTACGATGGCATCTACAAGGTTGTGAAATACTGGCCCGAGAAGGGGAAGTCCGGGTTTCTCGT
GTGGCGCTACCTTCTGCGGAGGGACGATGATGAGCCTGGCCCTTGGACGAAGGAGGGGAAGGAC
CGGATCAAGAAGCTGGGGCTGACCATGCAGTATCCAGAAGGCTACCTGGAAGCCCTGGCCAACG
AATTCATGGTTTTCATGGAGAACGATGAAAATATTGTGTATGGTCCTGAACCATTTTACCCTAT
TGAAGAGGGATCTGCTGGAGCACAATTGCGCAAGTATATGGATCGACATGCAAAACTTGGAGCA
ATTGCTTTTACTAACGCACTTACCGGTGTCGATTATACGTACGCCGAATACTTAGAAAAATCAT
GCTGTCTAGGAGAGGCTTTAAAGAATTATGGTTTGGTTGTTGATGGAAGAATTGCGTTATGCAG
TGAAAACTGTGAAGAGTTCTTTATTCCTGTATTAGCCGGTTTATTTATAGGTGTCGGTGTGGCT
CCAACTAATGAGATTTACACTCTACGTGAATTGGTTCACAGTTTAGGCATCTCTAAGCCAACAA
TTGTATTTAGTTCTAAAAAAGGATTAGATAAAGTTATAACTGTACAAAAAACGGTAACTGCTAT
TAAAACCATTGTTATATTGGACAGCAAAGTGGATTATAGAGGTTATCAATCCATGGACAACTTT
ATTAAAAAAAACACTCCACAAGGTTTCAAAGGATCAAGTTTTAAAACTGTAAAAGTTAACCGCA
AAGAACAAGTTGCTCTTATAATGAACTCTTCGGGTTCAACCGGTTTGCCAAAAGGTGTGCAACT
TACTCATGAAAATTTGGTCACGCGTTTTTCTCACGCTAGAGATCCAATTTATGGAAACCAAGTT
TCACCAGGCACGGCTATTTTAACTGTAGTACCATTCCATCATGGTTTTGGTATGTTTACTACTT
TAGGCTATCTAACTTGTGGTTTTCGTATTGTCATGTTAACGAAATTTGACGAAGAGACTTTTTT
AAAAACACTGCAAGATTACAAATGTTCAAGCGTTATTCTTGTACCGACTTTGTTTGCAATTCTT
AATAGAAGTGAATTACTCGATAAATATGATTTATCAAATTTAGTTGAAATTGCATCTGGCGGAG
CACCTTTATCTAAAGAAATTGGTGAAGCTGTTGCTAGACGTTTTAATTTACCGGGTGTTCGTCA
AGGCTATGGTTTAACAGAAACAACCTCTGCAATTATTATCACACCGGAAGGCGATGATAAACCA
GGTGCTTCTGGCAAAGTTGTGCCATTATTTAAAGCAAAAGTTATCGATCTTGATACTAAAAAAA
CTTTGGGCCCGAACAGACGTGGAGAAGTTTGTGTAAAGGGTCCTATGCTTATGAAAGGTTATGT
AGATAATCCAGAAGCAACAAGAGAAATCATAGATGAAGAAGGTTGGTTGCACACAGGAGATATT
GGGTATTACGATGAAGAAAAACATTTCTTTATCGTGGATCGTTTGAAGTCTTTAATCAAATACA
AAGGATATCAAGTACCACCTGCTGAATTAGAATCTGTTCTTTTGCAACATCCAAATATTTTTGA
TGCCGGCGTTGCTGGCGTTCCAGATCCTATAGCTGGTGAGCTTCCGGGAGCTGTTGTTGTACTT
AAGAAAGGAAAATCTATGACTGAAAAAGAAGTAATGGATTACGTTGCTAGTCAAGTTTCAAATG
CAAAACGTTTGCGTGGTGGTGTCCGTTTTGTGGACGAAGTACCTAAAGGTCTCACTGGTAAAAT
TGACGGTAAAGCAATTAGAGAAATACTGAAGAAACCAGTTGCTAAGTGA

Fig. 2-6 The DNA sequence of Strep-tag II-UHRF1 SRA-Fluc
DNA sequences coding for UHRF1 SRA (RefSeq accession: NM_001290050) and firefly luciferase

(GeneBank accession: AB778505) are shown as red and blue, respectively. The Strep-tag Il is highlighted

in yellow.
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Amino acid sequence of Strep-tag II-UHRF1 SRA-Fluc

MWSHPQFEKPSNHYGPIPGIPVGTMWRFRVQOVSESGVHRPHVAGIHGRSNDGAYSLVLAGGYED
DVDHGNEFTYTGSGGRDLSGNKRTAEQSCDOKLTNTNRALALNCFAPINDQEGAEAKDWRSGKP
VRVVRNVKGGKNSKYAPAEGNRYDGIYKVVKYWPEKGKSGEFLVWRYLLRRDDDEPGPWTKEGKD
RIKKLGLTMQYPEGYLEALANEFMVFMENDENIVYGPEPFYPIEEGSAGAQLRKYMDRHAKLGA
IAFTNALTGVDYTYAEYLEKSCCLGEALKNYGLVVDGRIALCSENCEEFFIPVLAGLEFIGVGVA
PTNEIYTLRELVHSLGISKPTIVESSKKGLDKVITVOKTVTAIKTIVILDSKVDYRGYQSMDNEF
IKKNTPOGFKGSSFKTVKVNRKEQVALIMNSSGSTGLPKGVQLTHENLVTREFSHARDPIYGNQV
SPGTAILTVVPFHHGFGMFTTLGYLTCGFRIVMLTKFDEETFLKTLODYKCSSVILVPTLFATIL
NRSELLDKYDLSNLVEIASGGAPLSKEIGEAVARRENLPGVROQGYGLTETTSATITIITPEGDDKP
GASGKVVPLFKAKVIDLDTKKTLGPNRRGEVCVKGPMLMKGYVDNPEATREIIDEEGWLHTGDT
GYYDEEKHFFIVDRLKSLIKYKGYQVPPAELESVLLOHPNIFDAGVAGVPDPIAGELPGAVVVL
KKGKSMTEKEVMDYVASQVSNAKRLRGGVREVDEVPKGLTGKIDGKAIREILKKPVAK

Fig. 2-7 The amino acid sequence of Strep-tag I1-UHRF1 SRA-Fluc
This sequences coding for UHRF1 SRA (PDB ID: 3DWH) and firefly luciferase are shown as red and blue,

respectively. The Strep-tag Il is highlighted in yellow.

6xHis T7 terminator

pET30c-Strep-tag II-UHRF1 SRA-Fluc
7536 bp

Strep-Tag II =+ 'bom

T7 promoter

lacl promoter

Fig. 2-8 pET30c-Strep-tag 11-UHRF1 SRA-Fluc vector map
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% 218 UHRF1 SRA-Fluc BEERE ORI A E

pET30c-Strep-tag 1I-UHRF1 SRA-Fluc % VT KM H BL21 (DE3) % JE R #in#h <&, UHRF1
SRA-Fluc DFBLZ1T72 572, ODeoofH 0.5 IR 1.2mM & 725 X 912 IPTG Z#n L TF
RAFE L, 8L TEON-IREZA 200 mg X ¥ . Bug Buster Regent % J T 14 & Ak
LCELNEREZED L, mOEOWIKRO FEAT B U CTKEMER S & Lz, REiasE
HEICITRRIZ 7 L LT Strep-tag || Zf@ita L Cdh D728, KiEME S L V. Strep-tag Il ZF)
L T UHRF1 SRA-Fluc DR Z1T7e o7z, KA & LT, #@ilmmsy(F1-10), Heif s (W1-
10) & & H 23 (E1-10) 2 [A1IX L, S FERE Sy O Luciferase %% % HlE L 7= (Fig.2-9), Mz T,
VR HE 53 OB R EE A2 | E L7ofE SR, WSy 2 (E2)C 201.5 ng/uL @ UHRF1 SRA-Fluc 73
1mLEohi, EHEY(EL-10)% % & ® 5 & UHRFL SRA-Fluc O##E (T 1.86 mg/mL (18.6
mg/10 mL) T ¥ | FBLFHE X 150 mL B5Hi T30 L7728, E5H4 72 OULE X 0.12 mg/mL
LEZLND,

TR H 5y % SDS-PAGE Tf#HT L. Quick-CBB PLUS T¥:fa L 7-(Fig.2-10), = D&%, E2 T
B ONLERL(84 kDa)iZ /Ny RV RE T, L3> T, UHRFL SRA-Fluc 23Rl c& /-2
LRSI,

Emission intensity

(1.0%10%0 cps/mL) —
N W b O OO N1 0O © O
O O O OO o oo o

|
o O
E

CRCLCCLROIIILILELELLIC Q@@ C e @O

Fig. 2-9 Luciferase activities of each fraction during the purification of UHRF1 SRA-Fluc.
Flow-through fractions (F1-10), wash fractions (W1-10), and elution fractions (E1-10)
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(Maszs:;:ls(Da) M E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 M
114 ——

84.7—=
61.6 ——
47.3 —
38.9——
31.3 —

25.7—
17.4—

8.6—

Fig. 2-10 SDS-PAGE analysis of purified UHRF1 SRA-Fluc (MW: 8.4x10%)
The elution fractions (E1-10) were analyzed using 12% SDS-PAGE electrophoresis.
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% 318 UHRF1 SRA-Fluc @MEZERE DA S A F)LIE DNA (26T S EESEERENT

FE#L L 72 UHRF1 SRA-Fluc ®~3 X F /Lt DNA (K9 2 K BAPE 2 it 5729012, 20bp FE
AF A, I AF AL, AF UL DNA ZEEL L7z 96 X7 L— & W T & i z il L
72, %% DNA % [E &1t L7= 7 = /L2 UHRFL SRA-Fluc Z ¥l L, DNA IZ/5& L TR Es
BHEZ TR > TRV BRWE, 20%, T ICREBEZHIE L7, NC (Negative
control) & LC, DNA #[EE/LEF 2 Biotin TV 12 v 7 L7z v = VOFRIEHRE L HIE LT,
NC & Hife L CIEA F L £ 7213 A F L1k DNA % [EE L L7854 THRERE ORI /e h
- 72(Fig.2-11), —4 . ~3I AF /Lt DNA Z[EE LIS TiE, MoK 1.5 fFo5tm
ERE O, &R DNA S CR SN2 FNMEEIT X U CE BB & Flf L 7o fE R, HEA
F b, AF AL DNAIZK LT~ A F /L DNA SKIRICB W THERZEN R S L7 (p <0.05),
#t> T, UHRF1 SRA-Fluc i~ £ F /L1t DNA Z 5 BRI L T\ D Z LR a7,

7.0 -
g_ [ * |
© 60
5 [
350 - l
=40
s I T T
$3.0 | |
£
=20 +
.0
810 L
e
0
NC Um M Hm

Fig. 2-11 Binding assay of UHRF1 SRA-Fluc to the hemi-methylated DNA.
The biotinylated unmethylated (Um), fully methylated (M), or hemi-methylated (Hm) DNAs (20 pmol)
were added to a streptavidin-immobilized plate. After the blocking of the biotin, 42 nM UHRF1 SRA-Fluc
was added to the wells. As a negative control, a biotin blocked well without any DNA was employed. All
measurements were performed in triplicate and reported as the mean * standard deviation. There was a
significant difference between the emission intensity in Um and Hm, or M and Hm (ANOVA with Tukey-

Kramer post hoc analysis®®®, *p < 0.05).
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% 418 UHRF1 SRA-Fluc MEZEBEZRAWVAS A FILIELRIVRIEEDIEES

UHRF1 SRA-Fluc (Z 570 nm T2 e RFEEI R 2 5>, UHRF1 SRA-Fluc O F& 6L 2}
ELT-AER, R 578 nm TOFRNEHMEEN, 99-bp @ dsDNA 1F7E F Tl L TORENTZ
(Fig.2-12A), UHRF1 SRA-Fluc 72 DNA ~fE&9 2 2 & T, EPEEMENZL L2 Z & 3R OR
FEORDLZEHFELI-EEZADND, Ll FREOFRICHEZHE 548 nm DL TH > T
FHIET 25 Z & T, DNA 2N L7 2 &I K DR E~ DR EIT 2 < 72 5 (Fig.2-12B), #1Z,
AFETIEHEONTIHE ALY FLE 548 nm OFNEHRE CIERILT 5 Z &1k > T, UHRF1
SRA-Fluc DF YT X - Tl & v7- BOBO-3 8 s 2 & L 7=,
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(A) 18 - Unmethylated DNA

'g OHemi-methylated DNA

O 1.6 o Methylated DNA %

n .

g 1.4 JBwithout dSDNA i ,%
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e il
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>
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Fig. 2-12 Emission spectra of UHRF1 SRA-Fluc without BOBO-3
(A) The emission intensity of 42nM UHRF1 SRA-Fluc was measured using 50 uL of PicaGene
luminescent substrate in a 100 pL reaction volume in the presence or absence of 0.2 pM dsSDNA (mean *

SD, n = 3). (B) Normalized spectra of UHRF1 SRA-Fluc bioluminescence at 548 nm.
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4-1. dsDNA BE#R &

DNA A > % —H L —X—"Td % BOBO-3 (X 570 nm Z#HKEIEEE & L, 602 nm %k
O E L9 5, 2019 FiZ#s5 L2 MBD-Fluc & CXXC-Oluc % fv>7= Multicolor BRET
assay T, Firefly luciferase @ KFE i 560 nm {1iF TH AL 7= R 58 £ 1L BOBO-3 H
ROHIEIE 259 2.1%E A TLE 9720, BOBO-3 DHELIRE %K) 1% L 2& £ 721 550 nm
DFENFRETANY MVEFHEL TS W, KFEICBWTHILEAT PAZHEL, K
£ 548 nm D FEIEIREE THIIET S & . UHRF1 SRA-Fluc @ Z(BOBO-3 FEASHN) D 5tk & Frilgs L
T, 2 AF L DNA, FEA F AL LA F/LAL DNA 771E F OFIEHE D% 608 nm T
BbREFRENT, LER-T, A#HLITHBWTEH 608 nm DI A BRET &7 F /L
ELTHH Z e LT, BRET Y7 A% ET 572902, UHRFL SRA-Fluc, %F DNA,
BOBO-3, Luciferase # W HE 4R A L, 4 & 100 pL (##2£: 0.01-0.2 uM DNAs, 0.5 uM
BOBO-3, 42 nM UHRF1 SRA-Fluc, 0.5 mM MgClz, 10 mM Tris-HCI, pH 7.4) & L CHEHE %
HIE L72(Fig.2-13A), 5N 742 TOIHIEAY hLIL 548 nm OFESEFRE TH IE L 7= (Fig.2-
13B), 4T ®D DNA BEZMT DNA RN X - T, #E 593 nm LLECTEWW IR E 23
izl BRET BA LT TWD Z & VR S 172 (Fig.2-13), DNAJREN 0.01 uM & Th 5
& R 593 nm UL ETIEAH DNA IZB W THRIBEDOZIT R IR oTz, —H T, 0.2
MM DNA 4TI R F Lk, A F /AL DNA & bl LT~ A F 11k DNA 77(E F TO3 iR
ERm< RSN, Lo T, AFETIZT02UMDNA SR EFE CTHL LB 2 HND,
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(B) —8—UHRF1 SRA-Fluc only
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Fig. 2-13 BRET signal dependence on the concentration of dSDNA

To investigate the BRET signal dependence on the concentrations of dsDNA, the 0.01, 0.05, 0.1, and 0.2
UM of dsDNA were used in the BRET assay. All experiments were performed in triplicate (mean * SD).
(A) Emission spectrum of UHRF1 SRA-Fluc without BOBO-3 is shown as black line. Emission spectra of
UHRF1 SRA-Fluc with BOBO-3 in the presence of unmethylated (blue), fully methylated (yellow) or
hemi-methylated (red). (B) The emission spectra normalized by the intensity at 548 nm.

4-2.DNA £ V2 —h L—4 —RERE

BRET ¥ 7 V& HET 572512, UHRF1 SRA-Fluc, %% DNA, BOBO-3 #{E4& L. &K
425 100 pL (F¥EE: 0.5-2.5 uM BOBO-3, 0.2 uM dsDNA, 42 nM UHRF1 SRA-Fluc, 0.5 mM
MgClz, 10 mM Tris-HCI, pH 7.4) & L CTHGEIREE 2 HI7E L 72(Fig.2-14), & DNA RN X 5
BNIBEDEAEMET D722, BONTETOREART hLiT 548 nm DOFEEIRE T
MHIE L7~ (Fig.2-14B), Z D#EHR LV . £ T BOBO-3 JEJE (T BOBO-3 IRIMZ L > T, #
F 593 nm DL E TEWRENBENS Hizzd, BRET BAELTWD Z LBRE T,
BOBO-3 &) LH-4 21227 T 608 nm TORIEHE ILE < RENTZ, EATF L, £
FIALEB LN AF AL DNA ZNZENDERIETOBRET & 7 F /L OEIFE T LTV o/,
ZAUFXUHRF1ISRAD I A F AL CpG ~DFEGHFEANER L T 5 B 2 Hitd, UHRFL
SRA (I~ AF /L L CpG @ 5mC % 2 H HHASMZ flippingout 5 Z LIk > T~ AF L
1t CpG %8k L T 5 7476160 —75  MD simulation (ZX ¥, DNAOETO Y IO B fr
EHA T T AT HZ EITE o T, EATF /L DNA O kT U HMid DNA IZHART,
2 EHHEASMT flipping out LT VNI ER3HRE I TND 76, #UT, A A IREREV L
4"C® DNA T base flipping 7234 U, UHRF1 SRA 73~ * F/L{t. DNA 721 T72 < fthd> DNA
LR T 2O TIHRONEHBP S D, £DTeD, BA T REZIKSTHZ LT, DNA T
@ base flipping Z#1 2 541, UHRF1 SRA [~ A F/L{t. DNA O H58i#k 5 £ & 2 7=, 4 lnl
V72 BOBO-3 77 AF ¥ —VEHO TN A7, BRIEFET D LA A FERIC O
DNA T® base flipping 234 C 5 v[gEMER H 5, LLEX D | AFETIE~I AF /1L DNA &
BRI T D120, RSRIZEB T DA A IR % O BOBO-3 MM S 23858 L C
Wb EEZBND, 40 BRET assay Tl BOBO-3 2% 0.5 uM 51tk Tld3E 2 F 11k DNA,
A F /AL DNA & Bl U CHY L3 5 DR IEIRE DN~ I A F /L4t DNA £ TH o7z, LR
-7, 0.2 uM DNA, 0.5 uM BOBO-3 54 T~ A F /UL DNA Z R FIRETH D Z L DR E
iz,
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Fig. 2-14 BRET signal dependence on the concentration of BOBO-3
To investigate the BRET signal dependence on the concentrations of BOBO-3, the 0.5, 1.5, and 2.5 uM of
BOBO-3 were used in the BRET assay. All experiments were performed in triplicate (mean £ SD). (A)
Emission spectrum of UHRF1 SRA-Fluc without BOBO-3 is shown as black line. Emission spectra of
UHRF1 SRA-Fluc in the presence of unmethylated (blue), fully methylated (yellow) or hemi-methylated
(red). (B) The emission spectra normalized by the intensity at 548 nm.
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4-3. NS A FIVE LRIAIEEDRE

AFETSIAF ULV EZRETE D0 BET 572012, FFEAF L~ AF L
dsDNA i A F /LAt dsDNA Z R4 LT~ A F LT A F Lk L~UL 0, 20, 50, 100% &
B E IR L, b0 DNAC) LT BOBO-3 Z /1% T 30 min R T4 »F 2~_—
L. 4.2 pmol UHRF1 SRA-Fluc %/l 2 7= . PicaGene 50 puL Il % CT¥#E 4 & 100 pL (F&9
FZ: 0.2 uM dsDNA, 42 nM UHRF1 SRA-Fluc, 0.5 mM MgClz, 10 mM Tris-HCl, pH 7.4) & L T
A FVZ2HIE LT-(Fig.2-15), Fig.2-15A X ¥ . UHRF1 SRA-Fluc ¥ A~ kL
& HeEE L C DNA N £ - T 593 nm BL ETHLREN EH L T\WD Z & L0, BRET 23
CTWD Z EDRRENT, AT/ DNA STk, BOBO-3 i Kut LR 605 nm {3 D
FEHERE (K 608 nm F 7213 623 nm OE L) IXAFEA T AL L~ TENRLS, AT b
L UURIFIINC BRET & 7 /VidoR S e - 72(Fig.2-15C), — 7 T, ATIEIZB WA
NI ATF LAV G TR L7255, IR 608 nm £ 7213 623 nm (23517 2 4 EAREE 1T~
I AF L L URERIIZ B LR S 72(Fig.2-15C), A F b L~L b~ A Fufb L
UL TR 608 nm £ 7215 623 nm IZH 1T D FMME L HEET 5 & AF M LL LD EFHIC
£ % BRET v 7 FNVOEACIIHNED, ~I AT I LUV ORFHIE W TE LSRR
(ZHETRE DB FL & 4172 (R?=0.99, Fig.2-15D), & 623 nm DX X 608 nm & b
#: L C BOBO-3 DY 7 F AN &, ZORFOKHRAIE 0.02 uM (2 pmol)dD~3 X F
M CpG Thoto, EHIT, ZOREDA~I A F AL L1 0, 20, 50, 100% DD R.S.D.
(Relative Standard Deviation) % H i35 &, ZThZNHEE 608 nm @ BRET ¥ 7 /LTl
0.46, 2.86, 1.38, 3.11% T&H YV, I 623 nm @ BRET 7 J /LTl 0.87, 2.51, 2.39, 1.37%
ThoT,

LIk, UHRF1 SRA-Fluc % H\ T, BOBO-3 OHEEHMEZHET D Z Lick D, ~3
AF ULV EERTEHZ ENRINT,
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Fig. 2-15 Quantification of the DNA hemi-methylation level using the BRET assay.
All experiments were performed in triplicate (mean £ SD). (A) Emission spectra of UHRF1 SRA-Fluc in
the presence of 0%, 20%, 50%, or 100% of hemi-methylated DNA, or methylated DNA. Furthermore,
Emission spectrum of UHRF1 SRA-Fluc without BOBO-3 is shown as black line. (B) The emission spectra
normalized by the intensity at 548 nm. (C) Normalized emission intensity at 608 nm or 623 nm in the
presence of hemi-methylated (red) and methylated DNA (blue). (D) Normalized emission intensity at 608
nm or 623 nm in the presence of 0%, 20%, 50%, or 100% of hemi-methylated DNA (R? = 0.99). Hemi-
methylated CpG of hemi-methylation level 0, 20, 50, 100% contains 0, 4, 10, 20 pmol in the 100 pL volume.
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EL-H S

ARETIX, ~I AF /UL CpG A EHE THH UHRFL @ SRA domain (2 Luciferase % @&
EHT-EAE(UHRFL SRA-Flu) Z ERL L . ~ I AT/ L~V G JIEE % T 5 2 & % H
fye L7, KIBE % H T UHRFL SRA-Fluc A ##i 2 A 7E L. K58 L 72 UHRF1 SRA-Fluc 23 %
WiEME &~ A F UL CpG FEATEMEZRFEF L TV D Z LR &N, &IZ, KR L7~ UHRF1
SRA-Fluc Z T, ~IATF/MMEL RV ZERETE D0 HET LIz, AF UL~ E T2 FA~3
AF AL L1 0, 20, 50, 100% & 725 K 5 IZFREL L 72 dsDNA (Zxt LT BOBO-3 Z#iRfN L, =
IR TA v % = ~— M £IZ UHRF1 SRA-Fluc, Luciferase J2E 2R L T, ¥EH AT ML allE
L 7-(#¥#2: 0.2 uM dsDNA, 42 nM UHRF1 SRA-Fluc, 0.5 uM BOBO-3, 0.5 mM MgClz, 10 mM
Tris-HCI, pH 7.4), ZDfEF. A F AL L~ D EFIZH5N T BRET ¥ 7 VI B RIZ R 57
MoToin, —HTANIAF ML EHF 5 &2 BRET 7ML TRS L, £
? R.S.D.IE 3.30%LL FTH-o7z, LLEDFER LY, A# Tl UHRFLSRA-Fluc # 5 Z & T
fEEICANIATF ML NV ZERTE D I LRI N,

UHRF1 SRA-Fluc D& HEfNT DS R (Fig.2-11) & BRET assay (231 5~ A F/fbL~L
BIEE DO RETEBRORE S (Fig.2-15) & Hik 5 & . AT AL DNA E~I XA F /AL DNA DT 7
TV EDEAREMAT(Fig.2-11) D A3/ & < /R &7z, BRET assay Tl¥ UHRF1 SRA-Fluc &
DNA [ER—¥EEKN CTHRICHEABERATE -2 LTk LT, BAEMIT i~/ 77 L—hiC
[EE{k S 4172 DNA (2 UHRF1 SRA-Fluc Zifii & S THHE ZHIE Lz, 1o T, [EE
YED NI 5 7721z, EHE & DNA O AAEH CTYAREE 24 U, BRET assay &t TIE A
F AL DNA &~ AT )AL DNAI DOV 7 FIVER/NES L 7eo7eb D EEZ HLD,

UHRF1 SRA D3 A F ik, A F Ak, ~3 A F /L L DNA ~D KelEZ L Eh 3.30 uM, 1.30
UM, 0.11 uM TH Y 6 FEX FALD 3015, A F /(L DNA @ 12 %, ~I A F/L{t. DNA ~D
FpRMEZFFD, L2 LA EIO BRET assay Tl, JEAF{b, A FNALDNA &g L=~ 2
F /UL DNA 1F/E F CTO BRET ¥ 7 LD ZEITH 1.3 5 Th o7z, &R DNA Ll LT3
A F /UL DNA fF/E T T, L V@& BRET ¥ 7 L &/RT 7 ®I2iE UHRFL SRA DO~ A F /L
{ft DNA ~DOfFRMEE FIF 2 MERH L EEZ HD, AFIETIEX, UHRFL @ SRA domain
(414-617 residue)Z iV 7=23, Z® UHRF1 SRA @ C KAl & 3% Spacer fEI & 1014
HZEIWZED, ~I AF AL DNA ~DFEAMEN ER45 2 L2 Fang HIZ X » TGS TW
%70, Zd7-%, UHRF1 SRA-Spacer-Fluc il EHE A FR T 5 Z &L TXL U &V BRET 2% %
BondfEshsd,
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% 3 E UHRF2 SRA-Fluc Bi&EBEZRAWV:E FOFX I AFILE
LARJIVAITEEDERF

®LIHHEE

AFETIL, #/ 2 DNA 10 5-hydroxymethycytosine (5hmC) LU ELEZ R T 5 2 & %
AL Lz, AFy by UER{bli#3E TET (X, & R TIXTETL, TET2, TET3 AFESHLTW5
4346161 TET (X 5mC % 5hmC ~E&{t. 9 2 s 2 i3~ % 1314, 5hmC (ZiTh. B, KI5, I
HRICHFAE L TVWA ZEARENTEY . 20 THMMIRTEFEL TN D 155060 —F ¢
AR TILS 7 5 DNA 2fKD 5hmC &AME T L TWD Z ERfE I TnD 1517, 5[,
TV A < —JF(Alzheimer's disease; AD)ERE D/ A DNA 2Dt Ko 2 F 4 k1
JFIEFEA L e LT L TR Y, BIZHRCE 108 - drfifEdlEl - AlEaE] 104 Tlde Rr ¥
AF AL XAV D EAPER I TWD, — T, WS - MEFETIEE Fefx v 2 F kL
~OLDIR TR S LT 5 105106 AD ABEE DI > 7 VDU U RERICEB W T, B R
TV ATF MLV DR FRHE SN TEY 107, =% v JF(Parkinson's disease; PD)H#
HTHRERIZ, 7/ ADNAEEKOE e Xy A F AL L~ WFKR T LTV D Z &R fER SN T
VB 07109 iz S ) A DNAHDE Rafx v AF UL L~uid, BA - FHREERRRERIZE
FHNRA A~ —T—L LCOFANYHTE S,

AF ALV SRNUVPNELED A Z B — R FETH LAYV T 74 METIE, A7 7y
A ML X o TRESM S S ALy 7 A S LD 23, BmC & 5hmC XA # S /e,
Z D7z, 5bmC & 5hmC %z X4 5 Z L TRV, b Fr o 2 F L L~ ULHlEE S LT
I%. 5hmC D7V a > )ALISEFIRT 5 FEREBE S TS, LirL, 20 5hmC O 7'
T ALDRKRIT, TET BN A LT 7 A ML o — 7 AT 2 Eli T 5720, FEERA
Ty TPEHENC R, EOFESFERAT v THREHENC RO, JERH S RIEICET 5,
B> T, NEMEZ R ERVEP KR A0 B R 2 A B & L2 - ddiZe DNA B R 2 Foufb L
NNAVBIEERLE L SND,

Z 2 CAMIEITRAE LIRS T D72 O - s b R %o A F b LUV RIEE & BA %
TEXLEMEL, 22T, B R AT L L~V ERIET 5729512 UHRF2 @ SET- and
RING-associated (SRA) domain |25 B L7z, % 2 3 T L 7z UHRF1 SRA-Fluc % v 72~ 3
AF AL L ~VAIEE & FBEIC, B Fadxy A F Ul CpG fEAEHE TH 5 UHRF2 SRA (2
Firefly luciferase % @& ¥ 724 H'E(UHRF2 SRA-Fluc)% A\ uE, BRET ZfIH LTk Fr
FUAF LV ERIETE % EME LT, LaL UHRF2 SRA OFE A F b, # F ik,
b Ru %y 2 F b DNA ~O KaflfiZZ 14 3.20 M, 2.80 uM, 1.02 uM TH Y 8 2 F L4k
DNA b —EEMAGLTLEY, £I T, THATF L CpG ITFFRMICHEET HEAETH
% MBD (Table 3-1)Z ¥R+ 25 Z L1k > TAF UL CpG YA h&E 7 vF 7 L, UHRF2
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SRA-Fluc # i\ Tk FrF I AF AL~ L2 ETE D EMBE LT,

AFEOFEEZLLTICRT, PODNAA VX —h L—F —%&fEA SE 7212/ DNA IZ MBD %
WL, AFMECpG 7 v X735, TDk, UHRF2 SRA-Fluc & Luciferase 52 % /N
% . Luciferase ®FEIEIC L WAEHY S 7 2 DNA ICHEE L7Z DNA A » Z —h L—Z —WiliEe & h
WHDREIND(BRET v 7 L), 57 7 ADNARNIZE Ku v A F L CpG BIEEL TV
ROEA L. UHRF2 SRA-Fluc 23 A L7272, DNA A v Z —H L—F — 3k S,
DFED, RELEEG L TBRET V7 FAEZHET L7215 T, 7/ ADNADE Rk A F /1l
LAULZ fEICHIE TE 5 &0 9 IEICE - 72 (Fig.3-1),

Table 3-1. Binding affinity of MBD and UHRF2 SRA®6:83

Ka (UM)
c/C 5mC/C 5hmC/C 5mC/5mC 5hmC/5hmC
MBD 1.40+0.30 0.25+0.09 0.09+0.01 0.005+0.001 1.00+0.10

UHRF2 SRA 3.20+0.38 3.30+0.26 2.21+0.18 2.80+0.14 1.02+0.08

Methylated
CpG

Hyd thylated
roxyme ate
4 yépG v

Fig.3-1 BRET assay for the hydroxymethylated DNA detection using UHRF2 SRA-Fluc
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Competent Cell BL21 (DE3)

Ex Tag HS

SOC Medium

Tryptone

Isopropyl B-D-1-thiogalactopyranoside (IPTG)
Extract Yeast Dried

NaCl

Kanamycin Monosulfate

Wizard® Plus SV Minipreps DNA Purification
System

Strep-Tactin Superflow Plus Cartridge (1mL)
25-mm PES syringe filter 0.45-pm pore hydrophilic
polyether sulfone membrane

BugBuster® 10x Protein Extraction Reagent

10x PBS

Sodium Dihydrogenphosphate Dihydrate
d-Desthiobiotin

HABA

(x) DTT

Glycerol

Protein Assay BCA Kit

Albumin, from bovine serum

96-well clear microplate

Acrylamide

Tris (hydroxymethyl) aminomethane

Sodium dodecyl sulfate

Ammonium Peroxodisulfate
N,N,N’,N’-tetramethylphenylenediamine (TEMED)
BES

Tris-BES Sample buffer (2X)
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Table 3-2. Reagents and Consumables
Product Company

UltraPure™ Distilled Water invitrogen™
DMEM (High Glucose) Nacalai
Serum, Fetal Bovine, Ireland Origin Biowest
1xpenicillin—streptomycin L-glutamine Sigma-Aldrich
TrypLE™ Select (1X) Gibco®
Tissue Culture Dish 100mm*20mm VIOLAMO
RNeasy® Mini Kit (50) Qiagen
ThermoScript™ RT-PCR System invitrogen™
KOD-Plus-Neo TOYOBO
1Kb DNA Ladder RTU Gene DireX
Agar Wako
Orange G Nacalai
EtBr Solution NIPPON Gene
Wizard® SV Gel and PCR Clean-Up System Promega
Ligation high ver. 2 TOYOBO
Ndel Wako
Notl Wako
EcoRI Wako
E. coli DH5a Competent Cells TAKARA

BioDynamics Laboratory Inc.
TAKARA

TAKARA

Nacalai

Nacalai

Nacalai

Wako

Tokyo Chemical Industry

Promega
Qiagen
Millipore

Novagen

Ambion

Wako

Sigma-Aldrich
Sigma-Aldrich

Wako

Nacalai

Wako

Sigma Life Science
Greiner bio-one

Wako

Nacalai

Wako

Yoneyama Yakuhin Industry
Tokyo Chemical Industry
Dojindo

TEFCO



B-Mercaptoethanol Sigma-Aldrich

Sodium Thiosalfate Pentahydrate Wako
N,N-Dimethyl formamide Wako
Quick-CBB PLUS Wako

ExcelBand All Blue Broad Range Plus Protein SMObio

Marker

MgClz Wako

Tween ®20 Sigma

(+) Biotin Wako

Pierce™ Streptavidin Coated High Capacity Plates Thermo Scientific
PicaGene Toyo Ink

BOBO™-3 iodide (570/602)
96-well white microplate

F-Bottom (Chimney well), Lumitrac, Med. Binding

invitrogen™

Greiner bio-one

MaXtract™ High Density Qiagen
Chloroform-isoamyl alcohol mixture Fluka Analytical
Phenol/Chloroform/Isoamyl alcohol Wako

Sodium Acetate, Anhydrous Yoneyama Yakuhin Industry

% 2 IH EERMER
Table 3-3. Equipment
Product Company
Airstream® Class Il Biological Safety Cabinets, Gen 3
. Esco
(E-Series)
Thermo Scientific Forma Series 3 Water Jacketed CO: Thermo Eisher Scientific
Incubator
himac CT15RE HITACHI
T100™ Thermal Cycler BIO-RAD
Veriti Thermal Cycler Thermo Fisher Scientific
Mupid-2 plus ADVANCE
BE-220 BIO CRAFT
Power supply for electrophoresis BIO CRAFT
BioSpectrometer basic Eppendorf
LED llluminator LI-410 BIO CRAFT
Incubator 1IC601 Yamato
Shaker Iwaki
Microtube rotator MTR-103 AS ONE
Variable Speed Pump | - Low Fisher Scientific
GelDoc Go Imaging System BIO-RAD
SpectraMax iD5 Molecular Devices
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1-1. UHRF2 SRA-Fluc & EBERBN I 5 —DEE

UHRF2 SRA i&f= 1 DAk % Integrated DNA Technologies (ZZEFE L 72, Z® UHRF2 SRA
B2 #AC PCR CTHEME L7, BARRIICIE, Ndel #B#%AL% & Strep-tag Il Bl 2 {50 L7
UHRF2 SRA forward primer & EcoRI #@##%AL %1 4 {1 L 72 UHRF2 SRA reverse primer (Table
3-4)EFHE L. Zb % AV T 50 L #A#%(0.3 uM each primer, 1 x PCR Buffer, 0.2 mM dNTPs,
1.5 mM MgSOs, 0.02 U/uL KOD)Z##L L, 94°C, 2 min A > % = ~— %, 98°C 10 sec,
57°C 30 sec, 68°C30sec % 28 ¥ 7 /L DA T PCR &% L7, PCR W) % HEXIkE) T
fEadte, BION REg)) H LT, PCR Y% Wizard SV Gel PCR Clean-Up System %
AWTHR L7,

FE8L L7~ PCR £ 2 ug |< 20 U Ndel, 20 U EcoRlI, 10x Cut Smart buffer z &4 L. 37°C,
1 h k. 65°C, 20 min A ' F a2X— K L7=, Z£®%%, Wizard SV Gel PCR Clean-Up
System Z# VTR L, WHEEAZRET D LK VIREAF N Uiz, Hil FREER LB &0
PET30c-Fluc-Strep-tag 1l 50 ng (2% L CHill[REFEFRALEE L7 PCR EEM % 2L E1LE/LEL L 1 3
DEEGTRA L, WREET75uL & L7z, £ 212 7.5 uL @ Ligation high ver.2 iz, 7 A
#—3 3 v L7-(16°C, 16 h),

E. coli DH5a 50 pL (2, 747 —>a ViEHEZ 5 ULz, K ET1 hiifE Lz, Dk,
42°C, 30 sec f > F aX—h L, K ET 2 min §# L OBEEHR S, BEIE#HRE%, 250
pL SOC F5#t 2 %N L CHEREEFI L, 37°C, 1 hR&EEEa% L=, JRE R S - DH5a D RG3%
% 100 uL % LB+Kanamycin % K5 (#4250 pg/mL Kanamycin)iZfii & . 37°C T—BuhssE
L7z, B ENZan =—ZE L, LB+Kanamycin &AL HI(# I 50 pg/mL Kanamycin)
T37°C, 16 h 158 L=, Z OKRGEL;#E % 10,000 x g, 30 sec im0 L C EiEEBREL, £
L7z, £D%#%. Wizard® Plus SV Minipreps DNA Purification System Z i\ C7Z A3 K%
L7,

i L 7= pET30c-Strep-tag II-UHRF2 SRA-Fluc-Strep-tag Il plasmid @ Strep-tag II-UHRF2
SRA-Fluc-Strep-tag Il E{s T OESN A R T D 72D > —F o AT 2 FEl Lo, FENTICIE
UHRF2 SRA forward primer, reverse primer, Sequence primer 1, 2 (Table 3-4)&#{FH L. v —
A AFRMTIX Macrogen (I ZEE L 72(3730xI DNA analyzer, Thermo Fisher Scientific),
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1-2. MBD IR 2 —DHE

PET30c-Strep-tag II-MBD-Flucl62 % #7!|2 PCR CTHilE L7z, EfAMi2iZ, Ndel 785kAls &
Strep-tag Il ft%1 % f170 L 7= MBD forward primer & Notl i8%#%A%1 % /1 L 7= MBD reverse
primer (Table 3-4) & 7% &+ L. Z# 5 % T 50 pL ¥ (0.3 uM each primer, 1 x PCR Buffer,
0.2 mM dNTPs, 1.5 mM MgSOa, 0.02 U/uL KOD)% F#%L L. 94°C, 2 min 1 > % = ~— h %,
98°C 10 sec. 57°C 30 sec, 68°C 30 sec & 28 %1 7 /L] L7=, PCR fEM % BEXIKE) THE
. PCR M % Wizard SV Gel PCR Clean-Up System % H\ TR L 7=,

5% 1L 7= PCR % 2 pg 1 20 U Ndel, 20 U Notl, 10x Cut Smart buffer # &4 L. 37°C, 1
h &%, 65°C,20min 1 > F 2X— k L7z, £ D%, Wizard SV Gel PCR Clean-Up System
AAWCRRL, BOLEAIET S Z LICKVIREALR N Lz, HIREELEFE 20 50 ng
@ pET30c 2%} L CTHIMREEFRLEL L 7= PCR IEM ZZNZENLE 1 3 DEIATRAL, &
WREET75uUL & L=, =212 7.5uL @ Ligation highver.2 #inz., 74 % — a3 L7-(16°C,
16 h),

E. coli DH5a 50 pL 2, A4 7 —>a VpEHEZ 5 ULz, K ET1 hiif&E Lz, Dk,
42°C, 30 sec f > F aX— kL, K ET 2 min @ L OBEIG S, BEIE#HRE%, 250
pL SOC F5#i 2 %shn L CHREEFT L, 37°C, 1 h R L=, JRE R S - DH5a D55
% 100 uL % LB+Kanamycin % X5 Hi(#4 % F 50 pg/mL Kanamycin)iZfii& . 37°C T—BhiaE
L7z, R Ehizan =—%Z L, LB+Kanamycin iZ{IAE: HI(#4 2 50 pg/mL Kanamycin)
T37°C, 16 hi5#E L=, Z ORBGHEL;#E % 10,000 x g, 30 sec im0 L C EiE#REL, £
L7z, D%, Wizard® Plus SV Minipreps DNA Purification System # i\ T X I N %
L7z,

Fhi L 7= pET30c-Strep-tag 1I-MBD plasmid ¢ Strep-tag II-MBD & {5 D EH & Wgzd+ 5 7=
W —r v Al & FEhE U=, fRHTIZIE Sequence primer 1, 2 (Table 3-4)& AL, v —
A AFRMTIX Macrogen (I ZEE L 72(3730xI DNA analyzer, Thermo Fisher Scientific),

Table 3-4. Primer sequence

Name Sequence (5°-3’)

TGGAAATTGGCATATGTGGAGCCATCCGCAGTTTG
AAAAGAGTACCGAGTCCCGTCG

UHRF2 SRA reverse primer TGGGAATTCCTTCCCTTCTTTATCTGACGG

UHRF2 SRA forward primer

MBD forward primer TGGAAATTGGCATATGTGGAGC

MBD reverse primer TCTGCGGCCGCTCAGCTGGCAACCGCCACGGG
Sequence primer 1 GCGGATAACAATTCCCTCT

Sequence primer 2 CTTTCGGGCTTTGTTAGCAG
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2-1. UHRF2 SRA-Fluc & EBE O A £ &

#54E L 7= pET30c-Strep-tag [I-UHRF2 SRA-Fluc-Strep-tag 1l T, E. coli BL21 (DE3)
IR L%, IPTG IC X » TH U RV ERBFHE L1772 o7, pET30c-Strep-tag II-
UHRF2 SRA-Fluc-Strep-tag Il T #isfft L 7= BL21 (DE3)% 1.5 mL LB+Kanamycin {2 &7 1t
(¥ FE 50 ug/mL Kanamycin) (2 2 C 37°C, 16 h THik#E L7z, &K% 150 mL
LB+Kanamycin i A5z #i (F& I B 50 pg/mL Kanamycin)iZ 281z, 37°C T L7, ODsoo
fi£ 0.8 13 T IPTG (f4 2% 0.8 mM)Z ¥ L, 18°C, 140r.p.m. T 18 h A#538 L7-, 534,
WL RERIR A 35 mL 3o L, w0 rHEL 72(4°C, 2,500 x g, 10 min), EiE&EFRZE L,
35mL 0.85% NaCl Z/lx TH/LT v 7 AL, &lorHE4°C, 2,500 x g, 10 min) 3 %5 —#E D4
VE% 2 [ml{T7e o7, EiE#FREL, 25 mL 0.85% NaCl Zx CHRAT v 7 AL, sl
(4°C, 2,500 x g, 10 min)izLr L7=t%, EiEZFRE L CREEREZEI L7, o7 RER1g
(2%t LT 5 mL Bug Buster Regent (1 x PBS buffer, 1 x Bug Buster Regent) % il 2. TR L |
A U F 22— F(EIR, 15 min, 5 r.p.m.) L 72, 5057 HE(4°C, 16,000 x g, 20 min) L TR ME
By 2 R L7z, 1xPBS T 10 AR L 7k 8 43 % Strep-Tactin Superflow Plus Cartridge
Z W, #iE 1 mL/min (Variable Speed Pump I-Low) T4 7 AIZHi L, 70— X /L—[&Ey
(F1-10) %137, IZ NP buffer (50 mM NaH2PO4, 300 mM NaCl) % i L C ¥ %43 (W1-10)
%1%C. NPD buffer (50 mM NaH2PO., 300 mM NaCl, 10 mM desthiobiotin) % it L C¥aH Hi5y
(E1-10)%4572, 5 puL OFERE 471 45 ub @ PicaGene %1z . Luciferase M3 IRHE 4
SpectraMax iD5 CHlI7E L 72(37°C), /-2 Z THW =2 TORRA buffer 1% 4°C ([2HEIL T
i L7z, K L 72 UHRF2 SRA-Fluc @& % & L 7= (Protein Assay BCA strain),
Reagent A & B % 50:1 OE|& TIEA L CHH L 72 Working reagent 200 pL % Sample 25 pL
IZIRA L. 60°C, 30 min it SC 30 min 237} T 25°C T4 Lz, Z 0%, KRR 100 pL
% 96-well clear microplate (27 7'F A L CHSEEZRIE L72(A =562 nm), &N TR
U5y 1% SDS-PAGE TE#T L7z, 7 v(12%7 2 U7 2 K, 0.37 M Tris-HCI (pH 8.8),
0.1% SDS, 0.05%:i& ififig 7 > & =7 L, 0.05% TEMED)IZ i~ /L (3.6% 7 7 U L7 2 K, 0.22
M Tris-HCI (pH 6.8), 0.001% SDS, 0.05%;##fifit 7 > & =17 1, 0.1% TEMED)Z &EJ& L. 12%
SDS 77 UNT X R NVAEER L, Z0%, EXIKEEICE Y b L, IKEME DS
Running Buffer (30 mM Tris, 30mM BES, 0.1% SDS) TS5 & (Cii7= L. k&8 NI
Antioxidant  mixture (0.05% Sodium thiosulfate pentahydrate, 0.025%N.N-
Dimethylfoemaide,1xRunning buffer) Cliii7= L7z, & L7 /EH 5y & % &0 Loading Buffer
(200 pL Tris-base Sample buffer, 0.06 M DTT, 10 uL B-Mercaptoethanol)z /&4 L. Loading
sample Z#F## L7-, 41 &~ —%» —(ExcelBand All Blue Broad Range Plus Protein Marker)
2 b [AERIZZ H o Loading buffer 2%/ L. Loading marker & L7-, 10 uL Loading Marker
& 20 uL Loading sample & 7 = /W27 77 A L, EXIKE(40 mA)Z1T72 > 72, £ D%, CBB
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ERWTTI A ZG L RS 2 Lz, BRI, KV 72 U7 I F7 0% 200
mL MQ T 5 min #%% L C MQ # it Y #t 2 2 #/E% 3 [0l{772 > 7=, 20 mL Quick-CBB PLUS %
Mz, 60 min, 30 r.p.m 2% L7=, Ytk ZHY FrZ 200 mL MQ % il 2. C 60 min, 30 r.p.m.
WL, e LT,

2-2. MBD O#A# % & &

42 L 72 pET30c-Strep-tag II-MBD % H\V T, E. coli BL21 (DE3)Z B EHix#fa L /=14, IPTG
WX o TH R ERBLFHE A 1T/ > 7=, pET30c-Strep-tag 1I-MBD TR & #xfft L7~ BL21
(DE3)% 1.5 mL LB+Kanamycin ¥ &35 Hi(#4% F 50 ug/mL Kanamycin)iZfii 2 C 37°C, 16 h T
ATRGEE L7o, B8R % 150 mL LB+Kanamycin & A E: Hi(#& 50 ug/mL Kanamycin) 2 42 &
Nz, 37°C CTH;#E L7=, ODeoofE 0.7 f1T TIPTG (f#E 0.5 mM)Z ¥R L, 20°C, 140r.p.m.
TL6h KK L7z, KifEfh, WILEITHEEAZ 35 mL 207 L, #0508 L 7-(4°C, 2,500
x g, 10 min), LiE#FREL, 35 mL 0.85% NaCl Z Mz CALT v 7 AL, mirhf4°C,
2,500 x g, 10 min) 9 % —#H O EAEE 2 [AlfT72 > 72, EiEZFRE L. 25 mL 0.85% NaCl /il .
TRAT v 7 AL, EO5EEA°C, 2,500 x g, 10 min)i D L7-2#%., EiEZ2ERE L CREEZ R
N L7, SO EAK 1g 2% LT 5mL Bug Buster Regent (1 x PBS buffer, 1 x Bug Buster
Regent) Z Mz CTEME L. A > % 2— F(=EE, 15 min, 5 r.p.m.) L2, =04 B (4°C,
16,000 x g, 20 min) L CT/K¥EMERE 77 2 58 L 72, 1xPBS T 10 {5478 L 7= /K¥EMEE 53 % Strep-
Tactin Superflow Plus Cartridge % AV T, ¥t 1 mL/min (Variable Speed Pump I-Low) G
FAITH L, 7 o— 2 L—E43(F1-10) 2 #37-, ¥IZ NP buffer (50 mM NaH2POa4, 300 mM
NaCl) % it L C e E 7y (W1-10) 245 C. NPD buffer (50 mM NaH2PO4, 300 mM NacCl, 10 mM
desthiobiotin) Z it L T H B 57 (E1-10) & 1572, & B2 Z DR MBD O£ 4 JI & L (Protein
Assay BCA strain), SDS-PAGE TH#tr L7z, IREEHIE R L U SDS-PAGE O#EEFIEIL F5T
2-1 LRBRTH D,
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% 315 UHRF2 SRA-Fluc BBEEREMOE FOX S A FJL{E DNA [ZxT 2 E SR

3-1. E FAX Y A F)LIE DNA (23T B #ES REMRHT

KA L ssSDNA (Table 3-5)% S 1 (1xPBS, 10 mM MgClz) TIEA L. 95°C ¢ 5 min A
¥ 2— kL 30 min 1T 25°C £ TAHIL, B4 F UAERD 0.25 pM 3E A FL{b, A F
ek e Ka v A F 11k dsDNA 254 L7, £&-FE dsDNA |2 0.5% Tween20 Z=¥RINL .
Pierce™ Streptavidin Coated High Capacity Plates {2l 2 TEET2h A »Fa2X— kL7,
Z M. 200 uL Washing buffer (1xPBS, 10 mM MgClz, 0.05% Tween20) CiEiE L. UHRF2
SRA-Fluc % & Tois ik (K FE: 45 nM UHRF2 SRA-Fluc, 100 mM NaCl, 1 mM MgClz, 20 mM
Tris-HCI, pH 8.0)& I 2 CT=iR T 30 min 1 > ¥ = X— k L7=(Fig. 3-2), %% . Firefly
luciferase DILE TH 5 PicaGene % 100 pL %1z T Luciferase D% 5 % SpectraMax
iD5 THIE L7,

Table 3-5. Oligo DNA sequence

Sequence (5°-3’)

Biotin-AAAAAACAGGATXGAGCAGCTACCCT
(X = methylated cytosine)
AGGGTAGCTGCTXGATCCTG

(X = methylated cytosine)

Name

Biotinylated methylated DNA Top

Methylated DNA Bottom

Biotinylated unmethylated DNA Top
Unmethylated DNA Bottom

Biotinylated hydroxymethylated DNA Top

Hydroxymethylated DNA Bottom

Biotin-AAAAAACAGGATCGAGCAGCTACCCT

AGGGTAGCTGCTCGATCCTG
Biotin-AAAAAACAGGATYGAGCAGCTACCCT
(Y = hydroxymethylated cytosine)
AGGGTAGCTGCTYGATCCTG

(Y = hydroxymethylated cytosine)

StreptAvidin coated plate

N—

250 pmol
Biotinylated
dsDNA.:;, 2h
g,_,,; incubate

3-times

StreptAvidin wash

N—

4.5 pmol
UHRF2 SRA-Fluc

t 30min 4.0

Lo
e =
o
——
o

incubate

3-times
wash

Fig. 3-2 Binding analysis of UHRF2 SRA-Fluc to hydroxymethylated DNA
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3-2. MBD #ETICHE T3 £ FAX S A F)LIE DNA ITH T SEESREMRHT

KHE Ak ssSDNA (Table 3-5) % Ui #1(1xPBS, 10 mM MgClz) Tii4A L, 95°C T 5 min A
V% a~— kL 30 min 287 T 25°C £ THAEIL, B4 F U EMD 0.25 uM FEA F ik, A F
MMER Ve K e % 2 F 14k dsDNA % fi#L L7-, 4 dsDNA (Z 0.5% Tween20 Z ¥ L,
Pierce™ Streptavidin Coated High Capacity Plates |2l 2 TEET2h A »Fa2X— kL7,
Z D%, 200 pL Washing buffer (1xPBS, 10 mM MgClz, 0.05% Tween20) C 3 FEVEF L, A5
T FE D MBD R (K EE: 45 nM, 100 nM, 200 nM MBD, 1xPBS)Z% /il . T =i T 30 min A >~
Fa— kL7, P 3A#%,. UHRF2 SRA-Fluc % & TeiAk (#4 I £ 45 nM UHRF2 SRA-Fluc,
100 mM NaCl, 1 mM MgClz, 20 mM Tris-HCI, pH 8.0) % /il 2. T8 T 30 min 1 > % =~<X— h
L7-(Fig. 3-3), ¥if% 310l L7-%#. Firefly luciferase ®ILE T&H % PicaGene % 100 pL %N
% 7C Luciferase M¥& 58 % % SpectraMax iD5 CHllE L 7=,

S 512 ssDNA DER[Y b IS TRE D MRET Lo, B4 F AEAID 0.25 uM IE X F
b, AF LD Fe %2 2 F 1k ssDNA % Pierce™ Streptavidin Coated High Capacity
Plates |Z[FERDO#MECTREIEN L7z, PEE%. 200 nM MBD &iE(1xPBS) % il 2 CT=iR T 30
min A > F 2 _X— |k L7z, £O%IE LR & FEO#AET UHRF2 SRA-Fluc ZiRNL ., JEtia
FEAPIE LTz,

4.5,10, or 4.5 pmol
250 pmol 20 pmol MBD UHRF2 SRA Fluc
StreptAvidin Biotinylated & : ZZ
coated plate dsDNA 2 1, A 30min [t 30min
S L. incubate 4+ incubat é incubate :‘g
5 ) ,‘»‘ 2 ) {74::
—t

AL

e 3-times 3-times 3-times
StreptAvidin wash wash wash

Fig. 3-3 Binding analysis of UHRF2 SRA-Fluc to hydroxymethylated DNA using MBD
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% 4T UHRF2 SRA-Fluc Bt EHEZALVEE FOF O A FILELRIVEIEZDBE

UHRF2 SRA-Fluc # HH\W7- b Fa v XA F AL LUV HIEEIZDW T, RIETEBET 5
BRET assay (Zf# il L 7= ssDNA fc %1% Table 3-6 |25,

Table 3-6. Oligo DNA sequence

Name Sequence (5°-3’)

CAGCCTAACTGGGAGGCACCCCCCAGCAGGGCACA
Unmethylated Top DNA (99 mer) CTGACACCTCACACGGCAGGGTATTCCAACAGACC
TGCAGCTGAGGGTCCTGTCTGTTAGAAGG
CCTTCTAACAGACAGGACCCTCAGCTGCAGGTCTGT
TGGAATACCCTGCCGTGTGAGGTGTCAGTGTGCCC
TGCTGGGGGGTGCCTCCCAGTTAGGCTG
CAGCCTAACTGGGAGGCACCCCCCAGCAGGGCACA
CTGACACCTCACAXGGCAGGGTATTCCAACAGACCT
GCAGCTGAGGGTCCTGTCTGTTAGAAGG
(X = methylated cytosine)
CCTTCTAACAGACAGGACCCTCAGCTGCAGGTCTGT
TGGAATACCCTGCXGTGTGAGGTGTCAGTGTGCCC
TGCTGGGGGGTGCCTCCCAGTTAGGCTG
(X = methylated cytosine)
CAGCCTAACTGGGAGGCACCCCCCAGCAGGGCACA
Hydroxymethylated Top DNA CTGACACCTCACAYGGCAGGGTATTCCAACAGACCT
(99 mer) GCAGCTGAGGGTCCTGTCTGTTAGAAGG

(Y = hydroxymethylated cytosine)

CCTTCTAACAGACAGGACCCTCAGCTGCAGGTCTGT
Hydroxymethylated Bottom DNA TGGAATACCCTGCYGTGTGAGGTGTCAGTGTGCCC
(99 mer) TGCTGGGGGGTGCCTCCCAGTTAGGCTG

(Y = hydroxymethylated cytosine)

Unmethylated Bottom DNA
(99 mer)

Methylated Top DNA (99 mer)

Methylated Bottom DNA (99 mer)

4-1. E FAFSAFILELANILOAIE

RO AL sSDNA % g4 (20 mM Tris-HCI, 10 mM MgClz, pH 8.0) Ciiz4 L. 95°C T 5
min A > % = X— k L72#%, 30min 77 T 25°C £ THAIL. 5puM FE 2 F/1{L(UM 99-mer),
AFAL(FM 99-mer), B Ku %L X F L {L(HM 99-mer) dsDNA ZFAR L7z, FAW L 7= UM
dsDNA, HM dsDNA ZiBR& LTk Rr ¥ A F {110, 20, 50, 100% & 725 K 912 LT,
[AREIZ LT, FM dsDNA, HM dsDNA #5752 L IC LV B Fr¥ v A F (kL1 0, 20,
50, 100%? dsDNA &%z /ERL L 7= (Fig. 3-4), = D%, £t X 2 F L~ 1o
dsDNA ¥&i#% 10 pL (Z 200 mM Tris-HCI buffer (pH 8.0), 1 M NaCl, 100 uM BOBO-3 % & i
43.7 uL B4 L, 30 min i TA > F 2~— |k L7=, 0.71 uM UHRF2 SRA-Fluc % 6.3 pL /Il
Z 1=t . PicaGene 50 pL Iz CTI&HE 45 100 pL (f.c.: 45 nM UHRF2 SRA-Fluc, 0.5 uM dsDNA,
1.2 uM BOBO-3, 100 mM NaCl, 1 mM MgClz, 20 mM Tris-HCI, pH 8.0) & L T 37°C. 5 450
700 nm #GPH(5 nm [HFE) TIEEHRE A I E L 7= (Plate height: 1 mm, Integration time: 100 ms;
SpectraMax iD5),

69



Unmethylated Hydroxymethylated

" Unmethyl. | _dSDNA =

Hydroxymethyl

! : Hydroxymethylation level
: ' 0% 20% 50% 100%

Methylated Hydroxymethylated

mmmommemmmnenoo dsDNA dsDNA
Methyl- '

i Hydroxymethyl :

: Hydroxymethylation level
i T ; 0% 20% 50% 100%

100% 80% 50% 0%
Methylation level

Fig. 3-4 Preparation of dsSDNA mixture for characterize the DNA hydroxymethylation levels

4-2. MBDEHETTOE FOF S AFILLELRILDOAIE

A AEA B ssDNA % S8 H1(20 mM Tris-HCI, 10 mM MgClz, pH 8.0) TiEA L. 95°C T5
min A > ¥ 22— K L7, 30 min 2>17 T 25°C £ TWHEIL, 5 uMIEX F ik, A F 1k,
b R L X F Ll dsDNA Z i L7, ffE L729E A F L1k dsDNA & & R L X F
UL dsDNA ZIEA LT Fuxs A F/{LL~L 0, 20, 50, 100% & 725 K 912 L7z, A
IZLT, AF AL dsDNA &t b R %3 L A F )Lk dsDNA Z{EATHZ Ik e Faxy
AF AL L1 0, 20, 50, 100% > dsDNA &k %, FE A F /11t dsDNA & A F /11t dsDNA %
RAT5HZEI2L AF L L1 0, 50, 80, 100% > dsDNA 1A & 1ERL L 7=, =Dk, 4%
i b AR L1 @ dsDNA ¥A7E 10 plL 12 200 mM Tris-HCI buffer (pH 8.0), 1 M NaCl, 100
UM BOBO-3 # & T eii 35.7uL iR A L. 30 min | TA o Fa— K L7z, Z 22, 2.5uM
D MBD % 8uL A T=RIETImin A > Fa~— kL7, &5(Z, 0.71 uM UHRF2 SRA-Fluc
% 6.3 UL I 7=1%. PicaGene 50 pL Il x T K4 & 100 L (f.c.: 45 nM UHRF2 SRA-Fluc,
200 nM MBD, 0.5 uM dsDNA, 1.2 uM BOBO-3, 100 mM NaCl, 1 mM MgClz, 20 mM Tris-HClI,
pH8.0) & LT 37°C. & 450-700 nm & (5 nm [EIB@) THOLHRE %2 | E L 7= (Plate height: 1

mm, Integration time: 100 ms; SpectraMax iD5),
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4-3. TET2MBELI=4/ LDNAIZEITHE FAFOAFILIEY FO DB

4-3-1. TET2 #RAW=4/ ADNADE FRF I AFILE

bR ATy M BRELSTFET 55/ & DNA Z{ER9 572912, Hela M
S L7247 & DNA % TET2 ALBE L7z, X HITIK A FARIREED 7 7 A DNA % {Eil4
%721 Hela flifidz 2 FALBLERITH 5 5-Aza-2'-deoxycytidine THLEE L 7=, 9 mL
DMEM (10% FBS, 1xPSG)E:HiZ 1 mM 5-Aza-2’-deoxycytidine Z f&HE2E 3 0, 10 uM & 72
& DU L7z, 5-Aza-2-deoxycytidine Z %N L 7= 4% 9 mL DMEM (10% FBS,
1xPSG)H5 i1z 5.0x10° cells @ HeLa #fifid(RBRC-RCB0007, RIKEN)Z#5\ C 1 Hf#553%
(5% COg, 37°C)T 5 Z & TIRA F /AL A2 1772 o 7=, 8548 % . #1 L > DMEM (10% FBS,
1xPSG)E5H 10 mL (ZHFHIAH L. 3 HH#E# L72(5% COg2, 37°C), #5#t%. MU % B
L. DNeasy Blood & Tissue Kit Z i\ T#4" 7 2 DNA Z i L7,

5-Aza-2’-deoxycytidine LE % L T 7aW Hela flfas S L7242 2 DNA IZxF LT
TET2 {L¥L %1772 > 7=, HeLa "/ 2 DNA 30 ug (2% LT 40 pmol ® TET2 ZiEA& L. 37°C
2 h & & H 7z (f.c.: 0.13 uM TET2, 100 ng/uL genomic DNA, 75 uM Fe(NH4)2(SO4)2, 2 mM
Ascorbic acid, 1 mM a-ketoglutaric acid, 50 mM HEPES-NaOH, pH 8.0), D%, 7=/ —
N7 mua )L LR LT TET2 2 NEb S, BRELZ, £0%, TET2 LS/ 4 DNA
ZEMNT H72DIlIcd ) — Wk E2 7720, 70% =% / — /L Cleyg Lcth, =% ) — L%
brET H720IC /R L —% —"T 45°C 5 min JA\F: L7-, AF2#, 50 uL @ DNase/RNase-
free distilled water |2 5% L 7=,

4-3-2. TET2 05/ LDNA [ZEHFBHE FAFIAFILY U DOBH

HeLa 7"/ & DNA, kA F/AL5 7 4 DNA, TET2 ALEES" 7 4 DNA £ivZh 2.2 pg 12
%f L 200 mM Tris-HCI buffer (pH 8.0), 1 M NaCl, 50 mM MgClz, 100 uM BOBO-3 % & e
Wi 35.7 lLIRE L, 30 min |IETA > Fa~X—hL7, ZZIZ, 25uM ® MBD % 8 L
Mz CTEEBTLIminA >»Fa~—hL7, 512, 0.71 pM UHRF2 SRA-Fluc % 6.3 pL /N
Z 7-#. PicaGene 50 pL Iz CiAR4A 5 100 pL (f.c.: 45 nM UHRF2 SRA-Fluc, 200 nM
MBD, 22 ng/uL genomic DNA, 1.2 uM BOBO-3, 100 mM NacCl, 1 mM MgClz, 20 mM Tris-
HCI, pH 8.0)& L T 37°C, & 450-700 nm #iPH(5 nm [#@) CH IR 2 )& L 7= (Plate
height: 1 mm, Integration time: 100 ms; SpectraMax iD5),

WIZ BRET ¥ 7 F L34/ . DNA i e Ru s A F Ly b3 UARTERNCHIINS 5 7
BRETT 2729012 TET2 LS 7 L DNA LRABRD 7 7 - DNA ZiRE 3 011, 317, 6:4 %
7IX10 LB X OICIRA L, ME22ug D5/ LA DNA & L7-, F#EIL7=4 ) 1 DNAE
HRIZ%T L C RRd & [AAIC BRET assay % i L 7=,
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4-3-3. TET2 L4/ L DNA ZRVERHEER OB

UHRF2 SRA-Fluc # i\ /= BRET assay {28\ T, TET2 4L~/ & DNA % H\ TR
R &Mt L7z, TET24LH 7 7 4 DNAO, 1,5, 10, 15, 20 £ 721% 25 ng/uL (2% L TZh 2
10, 0.06, 0.3, 0.6, 0.8, 1.1 £721% 1.4 uM BOBO-3 Z# A L. 30 min i TA > F 23—
ML7z, 2212, 25 uM @ MBD % 8 UL X T=HIRT I min f »FaX— kL7, &5H
(2, 0.71 uM UHRF2 SRA-Fluc % 6.3 pL /il x 724, PicaGene 50 pL /il X C¥A# 4 & 100
uL (f.c.: 45 nM UHRF2 SRA-Fluc, 200 nM MBD, 100 mM NacCl, 1 mM MgClz, 20 mM Tris-
HCI, pH 8.0)& L T 37°C, £ 450-700 nm &iPH(5 nm [#@) TH IR E 2 | E L 7= (Plate
height: 1 mm, Integration time: 100 ms; SpectraMax iD5),
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FAE RBRER - ER
B 1R EAERRANY 2 —OHEE

1-1. UHRF2 SRA-Fluc & EBERBN I 5 —DEE

A UHRF2 SRA iE{x 1% PCR THilE L 72 /5%, HHIYDOALE (739 bp)ffUriz N ROfERR
SNz, Z® PCR EMZERI L, EcoRl & Ndel CiHilpREEZEALEE L 7=, pET30c-Fluc-Strep-
tag Il l%f LTS L7 UHRF2 SRABIZ T4 ENLI 1 : 3DESTIAF—var Lz, 7
A 7= a VEME O TREE DHSa OEEMR AT o7z, ZORE, FA4 75— a
EMEMWCIREEGR L KBE Can=—RNEkEn-, BREN-ao=—%
LB+Kanamycin i A5 (#7250 pg/mL Kanamycin) Ths# L 7=, Wizard Plus SV Minipreps
DNA Purification System % H\\\C, &K H 77 A RaefiitfiLz, /o7 7 AR
D —2 v AENTIL Macrogen ICEFEL, v — 7 T U 7R XU pET30c-Strep-tag |-
UHRF2 SRA-Fluc-Strep-tag Il 234 X 7= Z & MR & 7= (Fig.3-5, 3-6), RS-
PET30c-Strep-tag II-UHRF2 SRA-Fluc-Strep-tag Il X7 ¥ —= v 7% Fig.3-7 \Z~7,
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The codon-optimized DNA sequence of Strep-tag II-UHRF2 SRA-Fluc
ATGTGGAGCCATCCGCAGTTTGAAAAGAGTACCGAGTCCCGTCGCGACTGGGGACGTGGCATGG
CTTGCGTTGGGCGCACGCGTGAGTGTACCATTGTGCCTTCAAATCATTATGGACCCATTCCGGG
GATTCCTGTAGGATCAACCTGGCGTTTCCGCGTGCAGGTCTCTGAAGCTGGCGTACATCGCCCG
CACGTTGGCGGCATCCACGGACGTTCCAATGACGGCGCGTATTCCCTTGTCCTTGCCGGCGGGT
TCGCGGACGAGGTAGACCGTGGTGATGAATTTACATACACCGGCTCTGGTGGAAAAAATCTGGC
AGGTAACAAACGTATCGGAGCTCCATCCGCTGACCAGACGCTGACCAACATGAATCGTGCCTTG
GCATTGAACTGCGATGCTCCGCTGGATGATAAAATCGGGGCTGAATCTCGCAACTGGCGCGCTG
GCAAACCGGTCCGTGTAATCCGCAGTTTTAAGGGGCGCAAGATCTCCAAATATGCACCAGAAGA
GGGGAACCGCTACGATGGGATTTACAAGGTCGTGAAGTATTGGCCGGAGATTAGCTCTTCCCAC
GGATTTCTTGTATGGCGCTACCTGCTTCGTCGTGACGACGTCGAGCCGGCGCCATGGACATCCG
AGGGTATCGAACGCAGTCGTCGCCTTTGTCTTCGTTTGCAGTACCCTGCTGGCTACCCGTCAGA
TAAAGAAGGGAAGGAATTCATGGTTTTCATGGAGAACGATGAAAATATTGTGTATGGTCCTGAA
CCATTTTACCCTATTGAAGAGGGATCTGCTGGAGCACAATTGCGCAAGTATATGGATCGACATG
CAAAACTTGGAGCAATTGCTTTTACTAACGCACTTACCGGTGTCGATTATACGTACGCCGAATA
CTTAGAAAAATCATGCTGTCTAGGAGAGGCTTTAAAGAATTATGGTTTGGTTGTTGATGGAAGA
ATTGCGTTATGCAGTGAAAACTGTGAAGAGTTCTTTATTCCTGTATTAGCCGGTTTATTTATAG
GTGTCGGTGTGGCTCCAACTAATGAGATTTACACTCTACGTGAATTGGTTCACAGTTTAGGCAT
CTCTAAGCCAACAATTGTATTTAGTTCTAAAAAAGGATTAGATAAAGTTATAACTGTACAAAAA
ACGGTAACTGCTATTAAAACCATTGTTATATTGGACAGCAAAGTGGATTATAGAGGTTATCAAT
CCATGGACAACTTTATTAAAAAAAACACTCCACAAGGTTTCAAAGGATCAAGTTTTAAAACTGT
AAAAGTTAACCGCAAAGAACAAGTTGCTCTTATAATGAACTCTTCGGGTTCAACCGGTTTGCCA
AAAGGTGTGCAACTTACTCATGAAAATTTGGTCACGCGTTTTTCTCACGCTAGAGATCCAATTT
ATGGAAACCAAGTTTCACCAGGCACGGCTATTTTAACTGTAGTACCATTCCATCATGGTTTTGG
TATGTTTACTACTTTAGGCTATCTAACTTGTGGTTTTCGTATTGTCATGTTAACGAAATTTGAC
GAAGAGACTTTTTTAAAAACACTGCAAGATTACAAATGTTCAAGCGTTATTCTTGTACCGACTT
TGTTTGCAATTCTTAATAGAAGTGAATTACTCGATAAATATGATTTATCAAATTTAGTTGAAAT
TGCATCTGGCGGAGCACCTTTATCTAAAGAAATTGGTGAAGCTGTTGCTAGACGTTTTAATTTA
CCGGGTGTTCGTCAAGGCTATGGTTTAACAGAAACAACCTCTGCAATTATTATCACACCGGAAG
GCGATGATAAACCAGGTGCTTCTGGCAAAGTTGTGCCATTATTTAAAGCAAAAGTTATCGATCT
TGATACTAAAAAAACTTTGGGCCCGAACAGACGTGGAGAAGTTTGTGTAAAGGGTCCTATGCTT
ATGAAAGGTTATGTAGATAATCCAGAAGCAACAAGAGAAATCATAGATGAAGAAGGTTGGTTGC
ACACAGGAGATATTGGGTATTACGATGAAGAAAAACATTTCTTTATCGTGGATCGTTTGAAGTC
TTTAATCAAATACAAAGGATATCAAGTACCACCTGCTGAATTAGAATCTGTTCTTTTGCAACAT
CCAAATATTTTTGATGCCGGCGTTGCTGGCGTTCCAGATCCTATAGCTGGTGAGCTTCCGGGAG
CTGTTGTTGTACTTAAGAAAGGAAAATCTATGACTGAAAAAGAAGTAATGGATTACGTTGCTAG
TCAAGTTTCAAATGCAAAACGTTTGCGTGGTGGTGTCCGTTTTGTGGACGAAGTACCTAAAGGT
CTCACTGGTAAAATTGACGGTAAAGCAATTAGAGAAATACTGAAGAAACCAGTTGCTAAGTGGA
GCCACCCGCAGTTCGAAAAATGA

Fig. 3-5 The codon-optimized DNA sequence of Strep-tag 1I-UHRF2 SRA-Fluc-Strep-tag 11
DNA sequences coding for UHRF2 SRA (RefSeq accession: NM_152896) and firefly luciferase (GeneBank
accession: AB778505) are shown as red and blue, respectively. The Strep-tag Il is highlighted in yellow.
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Amino acid sequence of Strep-tag lII-UHRF2 SRA-Fluc-Strep-tag Il

MWSHPQFEKSTESRRDWGRGMACVGRTRECTIVPSNHYGPIPGIPVGSTWREFRVQVSEAGVHRP
HVGGIHGRSNDGAYSLVLAGGFADEVDRGDEFTYTGSGGKNLAGNKRIGAPSADQTLTNMNRAL
ALNCDAPLDDKIGAESRNWRAGKPVRVIRSFKGRKISKYAPEEGNRYDGIYKVVKYWPEISSSH
GFLVWRYLLRRDDVEPAPWTSEGIERSRRLCLRLOQYPAGYPSDKEGKEFMVEFMENDENIVYGPE
PFYPIEEGSAGAQLRKYMDRHAKLGAIAFTNALTGVDYTYAEYLEKSCCLGEALKNYGLVVDGR
IALCSENCEEFFIPVLAGLFIGVGVAPTNEIYTLRELVHSLGISKPTIVESSKKGLDKVITVQK
TVTAIKTIVILDSKVDYRGYQSMDNEIKKNTPOGEFKGSSEFKTVKVNRKEQVALIMNSSGSTGLP
KGVQLTHENLVTRFSHARDPIYGNQVSPGTAILTVVPFHHGEFGMETTLGYLTCGFRIVMLTKED
EETFLKTLODYKCSSVILVPTLFAILNRSELLDKYDLSNLVEIASGGAPLSKEIGEAVARRENL
PGVROGYGLTETTSAITIITPEGDDKPGASGKVVPLEFKAKVIDLDTKKTLGPNRRGEVCVKGPML
MKGYVDNPEATREIIDEEGWLHTGDIGYYDEEKHFFIVDRLKSLIKYKGYQVPPAELESVLLOH

PNIFDAGVAGVPDPIAGELPGAVVVLKKGKSMTEKEVMDYVASQVSNAKRLRGGVRFVDEVPKG
LTGKIDGKAIREILKKPVAKWSHPQFEK

Fig. 3-6 The amino acid sequence of Strep-tag I1-UHRF2 SRA-Fluc-Strep-tag 11
Amino acid sequences coding for UHRF2 SRA (PDB ID: 4PWS5) and firefly luciferase are shown as red
and blue, respectively. The Strep-tag Il is highlighted in yellow.

6xHis T7 terminator
Strep-Tag II

S iii\\
) // o / \,\ \\\
/ & AN
% A
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yav/4 N\
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/l //
[/ 1\
// /

pET30c-Strep-tag II-UHRF2 SRA-Fluc-Strep-tag IT | |
7638 bp

Strep-Tag II
RBS

lac operator
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Fig. 3-7 pET30c-Strep-tag 11-UHRF2 SRA-Fluc-Strep-tag 11 vector map
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1-2. MBD IR 2 —DHE

PET30c-Strep-tag I-MBD-Flucl®2 % $5%1- MBD % PCR THIlE L7- 455, HIOALE(290
bp) LI/ N AR S 4172, Z D PCREM ZFER L. Ndel & Notl Tl REEFRLEL L 7=,
PET30c (ZxF L CHEL U 7= HIRRE R LB EM 2 E L 1 BDOEIAETIA T —var Lz, 7
A= a VEMERWTKRIGE DHSa OB ZITR T, ZDORER, FA4 75 —va v
FEMERWCHEEER L-KBE Can=—R"ERaInE, BRI z-an=—%
LB+Kanamycin i A5 1 (#4782 £ 50 ug/mL Kanamycin) THs# L 7=, Wizard Plus SV Minipreps
DNA Purification System #H\\\C, E&ENH 77 A RefiiiLiz, BSohiz7 7 A K
D —7r v AEFTIZ Macrogen (ZRFE L, v —7 v ZHER X W pET30c-Strep-tag 1I-MBD
DR SN2 Z & AR S 72 (Fig.3-8, 3-9), H#4E = 4172 pET30c-Strep-tag II-MBD DX 7 Z —
~ v 7% Fig.3-10 IZ73,

The DNA sequence of Strep-tag II-MBD

ATGTGGAGCCATCCGCAGTTTGAAAAGGCTGAGGACTGGCTGGACTGCCCGGCCCTGGGCCCTG
GCTGGAAGCGCCGCGAAGTCTTTCGCAAGTCAGGGGCCACCTGTGGACGCTCAGACACCTATTA
CCAGAGCCCCACAGGAGACAGGATCCGAAGCAAAGTTGAGCTGACTCGATACCTGGGCCCTGCG
TGTGATCTCACCCTCTTCGACTTCAAACAAGGCATCTTGTGCTATCCAGCCCCCAAGGCCCATC
CCGTGGCGGTTGCCAGCTGA

Fig. 3-8 The DNA sequence of Strep-tag 11-MBD
DNA sequences coding for MBD of MBD1 (RefSeq accession: NM_015846) is shown as light blue. The
Strep-tag Il is highlighted in yellow.

Amino acid sequence of Strep-tag II-MBD

MWSHPQFEKAEDWLDCPALGPGWKRREVFRKSGATCGRSDTYYQSPTGDRIRSKVELTRYLGPA
CDLTLFDFKQGILCYPAPKAHPVAVAS

Fig. 3-9 The amino acid sequence of Strep-tag 11-MBD
Amino acid sequences coding for MBD of MBD1 is shown as light blue. The Strep-tag Il is highlighted in

yellow.
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6xHis T7 terminator

Strep-Tag II
RBS ‘

T7 promoter— .

lacl promote r

pET30c-Strep-tag II-MBD
5523 bp

bom

Fig. 3-10 pET30c-Strep-tag 11-MBD vector map
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F2HREQHOMRALEE

2-1. UHRF2 SRA-Fluc BEEBREDHB A L&

pET30c-Strep-tag [I-UHRF2 SRA-Fluc-Strep-tag Il % T K BL21 (DE3) % 2 #inifh
S, UHRF2 SRA-Fluc D3El%A 1772572, ODeoo fll 0.8 fHIF&IRE 0.8 mM &725 L 91T
IPTG #¥s/IML THREZFHE Lz, HEL HLNZEER 1080 mg L V. Bug Buster
Regent # W TR Z i L CTHE DI ER Z im0 Lz, 1 O0BROEIKO EEZIRY H LT
KIEPEE 4y & Uiz, ABAEAEIITER 2 7L LT Strep-tag | Z@A L TH D720, KR
PEME 7y X 0 . Strep-tag Il ZFH L T UHRF2 SRA-Fluc DR 41770 > 7=, FEHREy & LT,
3 E 4y (F1-10) . Y6 ¥ i 43 (W1-10) K OV& i 43 (E1-10) & [N L . & 4 Bl 4 @
Luciferase &M% HIE L7z (Fig.3-11), MZ T, WHHEGOEAEREZRIE LR, & i
4y 2 (E2) T 186.5 ng/uL ® UHRF2 SRA-Fluc 78 1 mL 1§57, #HE4(E1-10)% % & o
% & UHRF2 SRA-Fluc ®#£/% (% 0.31 mg/mL (3.08 mg/10 mL) T v . FIHFHEIL 150 mL 13
HCHENE L7=728, 554720 O &I 0.02 mg/mL &E 2 655,

Vs HIE 5y % SDS-PAGE Tf##T#% . Quick-CBB PLUS T¥fa L 7-(Fig.3-12), E2 THMIDAL
EfTUT(89 kDa)IZ /N RAVRENT2728%, UHRF2 SRA-Fluc 2RI CT& 72 2 L VR &7z,
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Fig. 3-11 Luciferase activities of each fraction during the purification of UHRF2 SRA-Fluc.
Flow-through fractions (F1-10), wash fractions (W1-10), and elution fractions (E1-10)

M E1 E2 E3 E4 E5 E6 E7 E8 E9 E10
(Mass/kDa) .
100—=
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|
72 =
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Fig. 3-12 SDS-PAGE analysis of purified UHRF2 SRA-Fluc (MW: 8.9x10%)
The elution fractions (E1-10) were analyzed using 12% SDS-PAGE electrophoresis.
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2-2. MBD D#A#E % & &

pET30c-Strep-tag [I-MBD % AT K5 HE BL21 (DE3) % B #a#h S, MBD O3B & 177%
572, ODeoofl 0.7 fHIT#&HEE 0.5 mM & 725 X D IC IPTG Z RN L TRIBAFHFE Lz, K5k
L CHE LR F A 1000 mg L V. Bug Buster Regent % i CEAZ B L TH O NI
WAl L, mOBOWKO BIEEZIY H U KBRS & Le, ARG E A I 3ER
% 7'L LC Strep-tag | Z@lA L CH 5728, KEME®E Sy L v Strep-tag Il Z%]H L C MBD
DR AT o 7o, KRSy & LT, @il 5y (F1-10), e 73 (W1-10) K& OV H i 53 (E1-
10)#mUX L, ¥ HE5y% SDS-PAGE Cf#EMT L 7= (Fig.3-13), E2-E4 T HMOALE (10
kDa)lz /Ny RV RE Tz, > T, MBD BRI CE 7= 2 LR &z,

TEHE 5 OE A EREZJE LSRR, WHE S 2 (E2) T 32.9 ng/uL @ MBD 73 1 mL 55
iz, WHIES(EL-10)% £ & 5 & MBD O EEIE 0.13 mg/mL (1.34 mg/10 mL) TH v | &
BiFAEI3 150 mL B3 C Ol L7c 72, H5HYY 72 0 OUXEIE 0.01 mg/mL & & 2 bl b,

(Mass/kDa) M E1 E2 E3 E4 E5 E6 E7 E8 E9 E10M

100
72 —%=w
60—

45—
35—
25—
20—
15—

10—

g1 LIEH

Fig. 3-13 SDS-PAGE analysis of purified MBD (MW: 1.0x10%)
The elution fractions (E1-10) were analyzed using 12% SDS-PAGE electrophoresis.
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% 315 UHRF2 SRA-Fluc BEEHREMOE FOX S A F)L{E DNA (23T 2 E SR

3-1. E FAX Y AFIL{E DNA (R 3 2HEAREMRET

FE# L 72 UHRF2 SRA-Fluc D & R 1 % 2 A F /1AL DNAIZ T 2 R BAME 2 et 5 72 012,
20 bp DIEAF UL, AF UL, & FaF 2 F{t DNA ZEEL L7 96 K7 L— k% H
WIS AREZ A1l L 7=, &% DNA Z [EE(L L7- 7 = /L2 UHRF2 SRA-Fluc # ¥/ L, DNA
A L TOARVEAEAE 2 I REIC L > TRV B\, 0%, 3+ <ISHEHEZ T
E LT, IEATF L, AT bk DNA Z[EE LI-HA gL T, & Faf v 2 F /(L DNA
Z[HEAL L7z well Tl FEA F L1k DNA DK 5%, A F /L1 DNA DK 2 fi5 DFECTRE 345
B L7 (Fig.3-14), #Ff DNA SofiT/R SN2 FEOCTREE Tk L T B L E 4 Fefn L 7o s R
FEAF AL, AF AL DNAIZK LT R %o 2 F1{k DNA SIS B W TH B R ENR S
Ni-(p< 0.01), fit-> T, UHRF2 SRA-Fluc |3t R A F/L{k DNA % F R ER#%T 5
ZERE NI,
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Emission intensity (1.0x107 RLU)

Fig. 3-14 Binding assay of UHRF2 SRA-Fluc to the hydroxymethylated dsDNA
The biotinylated unmethylated (UM), fully methylated (M), or hydroxymethylated (HM) dsDNA were
added to a streptavidin-immobilized plate. As a negative control, a biotin blocked well without any DNA
was employed. All measurements were performed in triplicate and reported as the mean + standard
deviation. There was a significant difference between the emission intensity in UM and HM, or M and HM

(ANOVA with Tukey-Kramer post hoc analysis®®, * p < 0.01).
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3-2. MBD #ETICHE T3 £ FAX S A F)LIE DNA ITH T S SREMRHT

UHRF2 SRA-Fluc @ A F /L4t DNA ~D#E& & #5721, DNA Z[EEL Lz y =L
12, UHRF2 SRA-Fluc ®¥#RIIATIZ 4.5 pmol, 10 pmol F72i% 20 pmol ® MBD Z i L., T
AFMECpGHEMfiE T v X F 52 LIz Lz, IEAT ML, AF b, B Rax AF
/AL dsDNA % [EE(k L7z 96 X7 L — b Z W THIAREZREA L 7=, %% dsDNA % [k
L7z = /L2 MBD ZIRIML TA ¥ 2 X— ME, WHFHRIEEZER L7z, £D%. UHRF2
SRA-Fluc Z %N L., DNA IZFA L TWARWELA E AE &2 W EIC L - TR BRuvwiz, Z
D%, TITHNBEZRE L-, ZOREE, 45 nM, 100 nM MBD £ Ci% UHRF2 SRA-
Fluc OF&SEIREIXIE A F /1AL DNA FF1E T & b LT A F 14k DNA F74E T < R S A7 A3,
200 NnM MBD £:f:TixdE 2 F L b & A F/u{t DNA T71E F O3 SEHRE M R C 5 - 7= (Fig.3-
15), #it~>T. BRET assay ({ZEBW\TH, 20 pmol @ MBD & W TF b X F/L{k CpG &~ A
7 L CTEIFIE, UHRF2 SRA-Fluc X X F /UL CpG (2 ixe< fiAwd, IEfEICE Rafxv 25
IMEL SV ERETE D EE T2,

& 5|2 20 pmol MBD D 44T ssDNA D b ¥ VR TE 2 et Lz, EFE O
M EPN cfDNA 128 T ssDNA & dsDNA (ZZ 1249 8 ng/ul, 9 1 ng/uL 777£ L. dsDNA
£ 0t ssDNA DI 3% < MEHICEEEL T b, B ABE OIMKET ClxfdsEH & i 5
& ssDNA & dsDNA I < fFE L, EHE1K 10 ng/uL, £ 1.5 ng/uL T2 163, flgE &
WA EBEHE O & b cfDNAN TIZ dsDNA X ¥ & ssDNA DIFERENE L, T D72, UHRF2
SRA-Fluc @ ssDNA ~DFEETEME AT L7z, £ OREHR. MBD TA F Lk CpG &7 1 v &
YL H b BT, AF L ssDNA & b R %3 2 F Lk ssDNA DRI IR D
FZIT R SN0 5 72(Fig.3-16), MBD D~ A F /L L DNA &~ bt Ru % 2 F/L{k DNA
W95 KalZRIFRETH Y . 71 A F /L DNA ~DFES & Hied 5 & 10 {580 _E{KV (Table 3-
1), UHRF2 SRA @ KgliE, 7/lE REX T AF /UL DNA L HART, ~3I A F B L O
Ik FEF v XTI DNA ~O Kal 35KV, LLEX Y, UHRF2 SRA-Fluc {Z SSDNA ~0
FEOMEIZIE< . UHRF2 SRA-Fluc % FHV T ssDNA @ v b o B L~V & 54l 3 2 D138 L
WI EDBIRIB S Tz,
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Emission intensity (1.0%x107 RLU)

OUnmethylated DNA
OMethylated DNA
OHydroxymethylated DNA
Fig. 3-15 Binding assay of UHRF2 SRA-Fluc to the hydroxymethylated DNA
in the presence of MBD

The biotinylated unmethylated, fully methylated, or hydroxymethylated dsDNA were added to a
streptavidin-immobilized plate. Before the addition of UHRF2 SRA-Fluc (4.5 pmol), 0 pmol, 4.5 pmol, 10
pmol, or 20 pmol of MBD in PBS was added to each dsDNA-immobilized well. After washing the wells,
100 pl of UHRF2 SRA-Fluc mixture (45 nM UHRF2 SRA-Fluc, 20 mM Tris-HCl at pH 8.0, 1 mM MgCl,,
100 mM NaCl) was added and incubated for 30 min at room temperature. After washing the wells, the
luminescence was measured by addition of PicaGene. All emission intensities were calculated by
subtracting the intensity on the well without DNAs. All measurements were performed in triplicate and
reported as the mean + standard deviation.
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ssDNA dsDNA
Fig. 3-16 Binding assay of UHRF2 SRA-Fluc to the hydroxymethylated ssDNA
The biotinylated unmethylated (UM), methylated (M), or hydroxymethylated (HM) ssDNA were added to
a streptavidin-immobilized plate. As a negative control, a biotin blocked well without any DNA was
employed. All measurements were performed in triplicate and reported as the mean + standard deviation.
There was not a significant difference between the emission intensity in FM and HM ssDNA (ANOVA
with Tukey-Kramer post hoc analysis'®).
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% 41§ UHRF2 SRA-Fluc I8 ZEHEZALVEE FOF S A FILELRIVBIEZDEET

4-1. E FAFSAFIELRILORIE

FEATF M E B Fa X AF Ll dsDNA T A F b & v Rr ¥ 2 F 14k dsDNA % &
AL, BEREXFTAFILL~UL0,20,50,100% & 725 K 5 (CFHBLL 72, FE A F 1k dsDNA
Lt Fr¥x v AFLfk dsDNA ZRETHFHM L Fr ¥ XA F kL~ DNA Bik%
Unmethyl-Hydroxymethyl & L. * F /1L dsDNA & & Ko % 3 2 F 11k dsDNA % R CFiHl
L7zt FrFx v X141 ~L DNA &% % Methyl-Hydroxymethyl & 3%, Zi15® DNAZ
%f LT BOBO-3 # /12T 30 min =E{E TA > ¥ =-— h L, UHRF2 SRA-Fluc % il x. 7=
PicaGene 50 L /il % T 425 100 pL (f.c.: 45 nM UHRF2 SRA-Fluc, 0.5 uM dsDNA, 1.2 uM
BOBO-3, 100 mM NaCl, 1 mM MgClz, 20 mM Tris-HCI, pH 8.0) & L THE ALY hLZHIE
L 7=(Fig.3-17A),

2 TOWREOFILIRE % K 550 nm OFLIREE THIE L7 (Fig.3-17B), DNA A > % —7%
L —%—Td % BOBO-3 1% 570 nm Z fig KR & L, 602nm Z i KREEHKR &+ 25, L
7o C, PR 605 nm T/RENTZFHNIMEN BRET > 7L eEzbnb, AT b
JVZERIE L, 550 nm DI LI THIIE L 725 5% . UHRF2 SRA-Fluc ® 7 (BOBO-3 FEHN) D
Gl L g LT, BOBO-3 f#1E FOFENIME DAL 605 nm T b K& Rmahiz, £Diz
WAREEIZIB VT, 605 nm DFENEHE LS BRET 7/ e LTH I Z & & Lz, Unmethyl-
Hydroxymethyl %1% Tld b R i %3 A FILAL L~ R IFERIIC I K 605 nm O FEGCHREE DS HE N L
TRENZ(R2 = 0.99), LA L. Methyl-Hydroxymethyl ¥ Tl K 605 nm D IR &
B Ry 2 F b LU ITH B S S e 2h - 72 (Fig.3-17C), > % U . UHRF2 SRA-
Fluc 1ZAF /UL DNA IZbH D —EETHALTLE->TWHED, B Rk A F kL
~UVIERIFIN 72 BRET 3 7 12, A F/L{k DNA OTFEIC L W A U7z BRET V7 LR &S
ni-Z & T, Methyl-Hydroxymethyl A% CiZ b K %2 X F AL L-ULEIFERY 72 BRET 7
FTAOETR NPT eEZBND, ZDT2H, KRFEICBNTH AF AL CpG &7
B & 74572912 UHRF2 SRA-Fluc #INATIC MBD ZiRN+ 25 Z & & Lz,
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Fig. 3-17 Quantification of the DNA hydroxymethylation level using the BRET assay

All experiments were performed in triplicate (mean + SD). (A) Emission spectra of UHRF2 SRA-Fluc in
the presence of 0%, 20%, 50%, or 100% of hydroxymethylated DNA which were prepared by mixing
unmethylated and hydroxymethylated DNAs (Unmethyl-Hydroxymethyl), or fully methylated and
hydroxymethylated DNAs (Methyl-Hydroxymethyl). (B) The emission spectra normalized by the intensity
at 550 nm. (C) Normalized emission intensity at 605 nm in the presence of Unmethyl-Hydroxymethyl (blue,
R? =0.99), or Methyl-Hydroxymethyl (green). Hydroxymethylated CpG of hydroxymethylation level 0, 20,

Hydroxymethylated CpG (UM)
0.1 0.2 0.3 0.4 0.5

Unmethyl-Hydroxymethyl
A Methyl-Hydroxymethyl

—p 5

+
L R2=0.99

20 40 60, 8 100
Hydroxymethylation Ieve?(%)

50, 100% contains 0, 10, 25, 50 pmol in the 100 pL volume.
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4-2. MBD HEETTOE FAF S A FILIELARILDOBIE

BRET ¥ 7 F Lzl 7ET % 722, UHRF2 SRA-Fluc, 4 ff 99-mer DNA, BOBO-3,
Luciferase % Y8 2 1RA L. A5 100 L (f.c.: 45 nM UHRF2 SRA-Fluc, 0.5 uM dsDNA,
1.2 uM BOBO-3, 100 mM NaCl, 1 mM MgClz, 20 mM Tris-HCI, pH 8.0) & L T35 & il E
L 7=(Fig.3-18A),

BONTEETORN AT UL 550 nm DR KGR THIE L7 (Fig.3-18B), % & 605 nm
DOFRFREIL, 2 FEOE R AF UL VERELHIZE N THE RrF o A F Lk
L ~UURAFIZHE N L 72 (Fig.3-18C), — 5 TA F b L~ULKTF) 72 BRET v 7 /L DAL
TRLNR o7, SHITE FaF T AF L L LR 0%DY 7L, oF ) ik
AF L L ~UL 100% & A F L L L~UL 100% > DNA IRIE CIERERIRENFSE CThH 7= 2 &
XV, MBD I L7-2 & TAF UL CpG 27 1 v F /452 LR TE, Fig.3-11 Off
ROBBMEZHERT S Z LMK, 2072, BRET assay ([ZEBW Tk KXk X F 1k
LAV ERETE DT ERNREINT,
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Fig. 3-18 Quantification of the DNA hydroxymethylation levels in the presence of MBD

All experiments were performed in triplicate (mean * SD). (A) Emission spectra of UHRF2 SRA-Fluc in
the presence of the DNA mixture that hydroxymethylated DNA and unmethylated DNA or methylated
DNA were mixed to make the hydroxymethylation values equal to 0%, 20%, 50%, or 100%, or that
unmethylated and methylated DNA were mixed to make the methylation values equal to 0%, 50%, 80%,
or 100%. (B) The emission spectra normalized by the intensity at 550 nm. (C) Normalized emission
intensity at 605 nm. The BRET signals in Unmethyl-Hydroxymethyl (R? = 0.92) and Methyl-
Hydroxymethyl (R? = 0.98) DNAs increased as hydroxymethylation levels was increased. Additionally,
increased methylation level was not accompanied with an alteration of the BRET signal.
Hydroxymethylated CpG of hydroxymethylation level 0, 20, 50, 100% contains 0, 10, 25, 50 pmol in the
100 pL volume, while methylated CpG of methylation level 0, 50, 80, 100% contains 0, 25, 40, 50 pmol in
the 100 pL volume.
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4-3. TET2MBELI=4/ LDNAIZEITHE FAFOAFILIEY FO DB

4-3-1. TET2 #RAW=4/ ADNADE FRF I AFILE

TET2 X 5mC E{LIs it 2EEE CTH Y, 7/ A DNA % TET2 ¥+ 52 LT
5hmC &3 L7247/ & DNA #Ef3 2 Z L3tk % & & 2 7=, HelLa fiflad s/ A
DNA 1 ® 5hmC DOIFERITH 0.025%LL FTH D Z EN|MEINTND ¥, I 51Tk MA
EEHIITH 5 HEK293 Ao~ 7 A AHIIIC I 1T 5 5fC <° 5caC DTFfE&EIL, 5mC A3
JE|NLLAYL BMC BRE 2L LUV TIFELTWDHDICX L, #+7 = A FEALLF
LR L7y 14164 X502 4/ 4 DNA % TET2 T 37°C, 60 min [USS®5 2 & T
5mC OFPEEZIRILT 5 2 LR D Z Enbho T g 8, 4 [Elid HeLa Mifidds & fli
L7247 5 DNA30 ug |12 TET2 Z ¥/ L C 37°C T 2 BEEALEL L7272, 4/ .5 DNAH D
2TO 5mC 2 TET2 IZL > Tkan= &2 b5, EHIT Hu HOHETIX, AL
DNA 1D 5mC # TET2 IZ K » TR S5 & £ 65%72% 5hmC 12, K 27%73% 5fC
Wb s b 2 E&Z/RLTWD 181 AR 7- Hela &/ & DNA 21K CpG & A F /1L,
LU 67.2% Th 5D T(HE 4 & Table.4-5), TET2 TE&lZ 5mC 2k 8795
L. TET2 PR 7 5 DNA Dt Ra v 2 F AL L3 43.7%, /L Wb L~Uuid
) 18.1% Th D EHEE XD, UHRF2 SRA 1T 5fC (ZITFEEMEE R &7\ 7o 164 TET2
WLER ) N DNA ZER & 3HUES7 ) ADNA D Rua Xy A F b L~ L2 RJETE 5 &
EZbD,

TET2IC K> TR, 7=/ — /L7 aafR/L M L = % ) — Lk © TET2 QL4
2 DNA ZAE8 U= fE 5, 23.6 ug @ TET2 LEL 7 4 DNA Z [R5 2 & A3 Hisk 7= (1811%
K 78.7%).,

4-3-2. TET2 JoE457/ LDNA IZEIFHE FAOF D AFILY b U DR

HeLa %~/ & DNA (Non-treated genomic DNA), 1K 2 F {4/ . DNA (Aza-treated
genomic DNA), TET2 ZL# /4" . DNA (TET2-treated genomic DNA)ZLZ 41 2.2 ug (& x%f
L C BRET assay # %jiti L, TET2 LB~ /7 . DNA ¥ EJIZ BRET & 7 /LR EEINT 5 7>
Mt Lz, ZNEDs 7 A DNAIZ BOBO-3 A1 T 30 min il TA v F 2 ~— %,
MBD /12T, | T1iminA > F% =~— kL, UHRF2SRA-Fluc # Il 2 /=% . PicaGene
50 pL N % TRk 42 100 pL (f.c.: 45 nM UHRF2 SRA-Fluc, 200 nM MBD, 22 ng/uL genomic
DNA, 1.2 uM BOBO-3, 100 mM NaCl, 1 mM MgClz, 20 mM Tris-HCI, pH 8.0) & L THtE A
X7 SV ERIE LT2(Fig.3-19A), S 6N TORKE AT FVTE 550 nm O¥E i
JECHIE L72(Fig.3-19B), BRET + 7 7 /L Th LR 605 nm OFMIREIL, RABHD S
/ 5 DNA L&A T ALY 7 . DNA &bl U C TET2 LB L 7= 4 7 & DNA TH L1 %% <
R &N (Fig.3-19C), ft~> T, 4/ A DNA% TET2 MLBI$ % = L2 k> T4 U 7= 5hmC %
B CEZ LR ENT,
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WIZ BRET o7 J /L TET2 MLERS ) 2 DNA BARIFHICHININT % 0 itd 5 72012
TET2 /LELS 7 1 DNA & RAELD 5 7 1 DNA ZIRA A 0:1,3:7,6:4 7213 1:0 L 72 5 &
I I2IEA L. BRET assay % 3fii L 7-(Fig.3-20A), Lo 4 3 55 4 BB 5 - %52 4-
3-1 DELELY, TET2 LS 7 L DNA Db Ru ks A F L LT 43.7% L HEl S h
B ENE, TET2 LEZ 7 4 DNA & RAED 7 7 4 DNA ZiRA A 0:1, 3:7,6:4 £7-1%
1005 7 ADNAEIKROE R ¥ v A F /UL L~ UIZERZi, 0%, 13.1%, 26.2%, 43.7%
EHERIEND, BONETORIEANT MVIEEE 550 nm ORI CHiE L7ois R
(Fig.3-20B), BRET ¥ 7'}/ Ch 5K 605 nm OFEHRE 1L TET2 AL S 7 2 DNA O
FEARTFHIZIE N L 7= (Fig.3-20C), LA E XV AFEEZHNTS 7 A DNA H o Fa¥xv
AFNY MU EBIHTE D Z LRI,
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Fig. 3-19 Detection of hydroxymethylated CpG in genomic DNA by the BRET assay
(A) Emission spectra of UHRF2 SRA-Fluc with MBD in the presence of HelLa genomic DNA,
hypomethylated genomic DNA, or TET2-treated genomic DNA. As a control, the emission intensities in
the presence of MBD without genomic DNA were measured. (B) The emission spectra normalized by the
intensity at 550 nm. (C) Normalized emission intensity at 605 nm. All experiments were performed in

triplicate (mean * SD).
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Fig. 3-20 Detection of hydroxymethylated CpG in TET2-treated genomic DNA by the BRET assay

(A) Emission spectra of UHRF2 SRA-Fluc with MBD in the presence of several mixing ratio (0:1, 3:7, 6:4,

or 1:0) which were prepared by mixing TET2-treated and non-treated genomic DNA. (B) The emission

spectra normalized by the intensity at 550 nm. (C) Normalized emission intensity at 605 nm. The BRET

signal was increased with increasing the amount of TET2-treated genomic DNA (R? = 0.99). All

experiments were performed in triplicate (mean + SD).
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4-3-3. TET2 ¥4/ L DNA ZRWV-RHERD#HE

UHRF2 SRA-Fluc % Jl\ 7= BRET assay (BT, MHIRA Z a4 57201 TET2 4L
47 5 DNA 0, 1, 5, 10, 15, 20 £721% 25 ng/uL (2%f L TZhZHh 0, 0.06, 0.3, 0.6, 0.8,
1.1 £721% 1.4 pM BOBO-3 ZiEA L. 30 min |iETA > F2~— kL7, ZZIZ, MBD
Z 8 UL N A TR T L min 1 > % = X— MM%&, UHRF2 SRA-Fluc & R EE 21 2 TR
48 100 pL (f.c.: 45 nM UHRF2 SRA-Fluc, 200 nM MBD, 100 mM NaCl, 1 mM MgClz, 20
mM Tris-HCI, pH 8.0) & L TR 58 2 HIE L 72 (Fig.3-21A), 1§ LB TDOIIEART |
JUIEH R 550 nm OFEEHREE CHiIE L 7= fE 3 (Fig.3-21B), BRET + 71 Th 5 E 605
nm OFETREE L TET2 ZLEE S 7 2 DNA O FEEARAFRIIZHEN L 72 (Fig.3-21C), Fig.3-17C @
FERND . MHRAEZ RO L Z A, 0.75 ng/uL (74.6 ng) TH 7=, LLEX VD, AFiEE
HWTHR/INTENg D7 ) ADNAFOE Ref o AF )Ly U ERIHTE D2 ERRIB S
nic,

95



(A) (B)

6.0 - —A—0ng/uL 0.9 —A—0 ng/pL
—==1ng/uL 2 08 —=—1 ng/uL
5.0 - = 5ng/ul o 5 ng/pL
32k 207
sy 10 ng/uL = 10 ng/pL
4.0 ~ —A—15ng/uL < 0.6 - —A—15 ng/uL

—=-20 ng/pL

w
o
I
N
(&)}
=]
«
-
=
=
m

n
o
1

=
o
1

Emission intensity (1.0x10° RLU)
Normalized e
o
N

450 500 550 600 650 700 585 595 605 615 625 635 645
Wavelength (nm) Wavelength (nm)

(®))
0.70 -
> 0.65
©0.65 P
£ 0.60.-"
~0.60 A )
5 0.56.."
.go 055 g
20,55 -
£ 0.50 o
)
3 i 2=
ﬁo.so 0.46 % R2=0.98
<
€0.45 ©
o D
z 0.44
0.40 T T T T 1
0 5 10 15 20 25

TET2-treated genomic DNA (ng/uL)

Fig. 3-21 Investigation of detection of limit in the BRET assay
(A) Emission spectra of UHRF2 SRA-Fluc with MBD in the presence of various concentration TET2-
treated genomic DNA solution (0, 1, 5, 10, 15, 20, or 25 ng/pL). (B) The emission spectra normalized by
the intensity at 550 nm. (C) Normalized emission intensity at 605 nm. The BRET signal was increased with
increasing the amount of TET2-treated genomic DNA (R? = 0.98). All experiments were performed in

triplicate (mean * SD).
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EL-H S

ARETIL, UHRF2 SRA-Fluc # Wb R ¥ AF AL L~ VIIEEZ TS L, KIGE
% JAUW T UHRF2 SRA-Fluc Z##ax APE L, b Fu s X F Lk DNA (254 2 fE S REffT &2
L7c#E 5. UHRF2 SRA-Fluc 7 Luciferase O JEIEM: & & R u %2 X F L1k CpG #f A& ME % Pk
BLTWS Z LRENTZ, L2 L, UHRF2SRA-Fluc |3 A F/L{k CpG IZ bfA Liz7=, t
K% 2 F UL CpG & A Tk CpG Difi )78 DNA IZHAAE LT=8A . ERE/ee Raf o 2T
ML~V ERIET D Z ElEskRv, £Z2 T, AF AL CpG #EEEHE CTHH MBD Z RN
T52LI2E>T, DNAFDOAF I CpG & T 7 vy F /452 LIZ LTz, DNA DEE
fbE7=7 L — M2 MBD Z#RINIL TH#%IZ. UHRF2 SRA-Fluc Z#NL T, [AIARIC A 2
kI AERRS U7 DNA I L TR REMIT 24T 72 o 72, £ ORER, FEEFME X 200 nM MBD
fFE R T, AF AL DNA ~OFEGHENIEA F AL DNA & RIFRE £ T X HiLd 2 & A HER
N7z, £Z T, BRET assay IZEBWTH MBD ZiRET5Z & T, B Faxi AF b~k
WETEDHEEZT,

b Fafds A FufbL~UL% 0, 20, 50, 100% & 725 X HICAF /AL DNA L& Rad AF
/AL DNA %4 L7z DNA VAIKRIZHKT L C BOBO-3 /L, HILTA v ¥ 2— 4(Z MBD
ZWHMLU7T-, iR TlminA > % 2 ~<— F£IZ UHRF2 SRA-Fluc & Luciferase & Z /N L T,
FHHART MERIE LT, ZORSER, & Rex o A F L~ uh EE3 % & 42 BRET &
T BEML ORI NT,

bt Fefx XA F b L~ LD@mng 2 A DNA Z2F4 57292, 7/ L DNA & XA F /v k
T UMR ISR TET2 T L7z, TET2 T4/ A DNA 2T 5 ik T ka2
MEL LK) 43.7%D 7 ) 5 DNA Sl c& -t E 2 b, 2O TET2 /LB 7 4 DNA IZ
% LC BRET assay % 3 L 755, % @ HeLa %7/ & DNA Ef& A F (k%7 7 2 DNA &t
NTEW BRET V7 AR E5T, S5, TET2 MLES 7 A DNA Li@% O Hela 7/ A
DNA ZiREG Lt 0:1, 3.7, 6:4, 1.0 & 725 KO IZIRE ALY, 2N bD5 7 L DNA Bk &2 xR
BRET assay # i L7z, Z D%, TET2 4LELS 7 A DNA EKFHYIZ BRET & 7 /L3880
L7ce ZOTET2 S 7 5 DNA Z W TAFEORMIRA LM Lzl 24, &/N75ng D
7 ) ADNADE RaXv 2 F L L EJIETE 5 2 LN RB I,

PLEORER KLY ARETIL UHRF2 SRA-Fluc # i\ 5 Z & CTiffict Fex v A F kL~
NERETE D Z LRSI,
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FEA4E
AFILY PO UBMEEER TET2 ZALV
7/ L DNAZEDAFIIELAR)L
HI5EE DR



FL4E AFIILY MO UBLEE TET2 ZRAUV=45/ L DNA 240
AFILIELARVBIEEDRISE

®LIHHEE

b b7/ 5 DNA IZEIT D CpG A MIBEHK 70-80%78 A F /AL STV 2 165166 7
L. DAMIKETIESY 7 L5 DNAZED 2 F /AL L ~UITIEF IR L 0 KT LT 5 389597 S
V. 77 L5DNAZBIKDAF AL L ~IUIRA DA F~—T—E L TORARBEIND,

77 5 DNA DA F AL L~V ZRJET L HEE LT, — KIS T L7 7 A ik 121123145
R° HPLC £ 124125 L C-MS/MS 7% 167 ELISA £ 133134 Methyl acceptance assay'3>139 7 & 75 H
WHNTWNWD, LnL, NAHLT7 74 MES HPLC ¥, LC-MSIMS iki%, f#FTamics / A
DNA [THEHEZ b P AL BRI SR LB 3 LB T L AT IC 3T b Kl ZR RFM 2 229 %, ELISA 1EIX
BT 5mMC HFURZ R % HET, HiAD 5mC ~DFEMEITIEF 1Tm s, I O /Es
ML L, {24 7 5 DNA DO AF AL L~V ERIEST S Z L3 LYy, Methyl acceptance
assay (%, CpG Methyltransferase (M.Sssl)iZ X 5 A FALKIGIZ I THSHERERE L 7= SAM %
RSOSSN D, ZORIRIC L > TAF Y by B A TN E A F VI A
DNA O X F AL L~ & BT 5, ZOFED ELISA & [AERIC TR EZ L L T 5,

Z I TARETIE, BEEMEFREELLE ST, 7 A DNAICEESE LERELIRGT S
DIHDOEEIR AT v T TN TE DS 7 LA DNAD A F UL L ~VHIEEZRTH 2 L2 A1
& L7z, AWBFZEE CIELAET, MBD-Fluc & CXXC-Oluc % 7= %"/ & DNA &fRD 2 F Ak L
~UVAEE 2 BZE L CUn 5 143144162168 RFiET | RELREG T DT O FERAT v 7
TATFIMEL XV ERETE LN, 7/ 5 DNA 207l &t 22 yg EET5H, £2TH
2 DNA D A F /AL L~ VHITEIEDOBRFEIZB W TR MUNCE B Ui, BERITIEN 1 % FE R
ICFER L. HoZ Ofi R OB CRIFEM 2 AT 2. SIS 7 ORI BER 2 V5
ZEIFFERICHINTE DL L E XD, AL TIE, AF LY M UB{bEERE CTH D TET #HW
72" 7 5 DNABRIKD A F AL L~ VAIEEZ RSS2 Z L 2 B L Lz,

ME LS 7 5 DNAERD A F AL L~V RIEIR B % Fig.4-112779, TETE5mC % 5hmC,
5fC, 5caC | ZE#FEAIIZER L L, 2 OGIEFE T o-KG a7 gIcE i In5, 20, TETD
5mC ALIISIZ L > THEL D anT@EiElL, 7/ A DNA 2O X F AL LU 5 &
MELZ, B hTIXTET 77 2 U —H®HE L LCTETL, TET2, TET3BRESNTEY, £0D
95 5mC LSS DETEMEIL TET2 23 b @\ Z &3 STV S 49161, b FEpAER
TET2 ® 1129-1936 75D 5 D 1481-1843 & Jk & T% 157 D GS linker (GGGGS)s (T & #2
L7z TET2 CD (Catalytic domain)i. EpAEM & [FERIC TET2 OEERIGEM AR 2 2 LR EN
TN 5 161169 KAFF4ECIL Z @ TET2 CD %4 H L 7=(Fig.4-2),
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5mC 5hmC 5caC
NH, NH, 2 o
)\f TET ’HA TET Nﬁku)*w
7?%\ 7T’/k
NH NH
a-KG
Succinate Succinate Succmate

/[ Global DNA \

methylation level
30% 40% 50% 60%

—q

Amount of succinate/

Fig. 4-1 Global DNA methylation quantification assay using TET2

The oxidation of 5mC to 5ShmC by TET2 produces succinate quantities which correlate to the global DNA

methylation levels.

low complexity insert
1
_____ 1129 1481 1843 1936

W|Id typel
L h1ET2 1 N ¢
2002 o e i
(2002 22) ICatalytic domain! c
L._of hTET2 !
(460 aa) GS linker (GGGGS),
(15 aa)

Fig. 4-2 TET2 catalytic domain

TET2 is a large multi-domain enzyme (2002 residue). It has been previously shown that the internal deletion

of the truncated mutant (1129-1936 residue with 1481-1843 replaced by a 15-residue GS linker) is

responsible for the enzymatic activity.
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Table 4-1. Reagents and Consumables
Product Company

UltraPure™ Distilled Water invitrogen™
KOD-Plus-Neo TOYOBO
ExcelBand 1KB (0.25-10 kb) DNA Ladder SMObio
Agar Wako
Orange G Nacalai
EtBr Solution NIPPON Gene
Wizard® SV Gel and PCR Clean-Up System Promega
Ligation high ver. 2 TOYOBO
Competent Quick DH5a TOYOBO

Competent Cell BL21 (DE3)

Ex Tag HS

Ndel

Notl

Taqgel

SOC Medium

Tryptone

Isopropyl B-D-1-thiogalactopyranoside (IPTG)
Extract Yeast Dried

NaCl

Kanamycin Monosulfate

Wizard® Plus SV Minipreps DNA Purification
System

DNeasy Blood & Tissue Kit

EpiTect Bisulfite Kits

SuperSep™ Ace, 15%, 17 well

DMEM (High Glucose)
1xpenicillin—streptomycin L-glutamine
Serum, Fetal Bovine, Ireland Origin
TrypLE™ Select (1X)

5-Aza-2’-deoxycytidine

Cell Culture Dish 100mmx20mm Style
Strep-Tactin Superflow Plus Cartridge (1mL)
25-mm PES syringe filter 0.45-pum pore hydrophilic
polyether sulfone membrane

BugBuster® 10x Protein Extraction Reagent
10x PBS

Sodium Dihydrogenphosphate Dihydrate
d-Desthiobiotin

HABA

(x) DTT

Glycerol

Amicon® Ultra-15 Centrifugal Filter Unit 30K
device

Protein Assay BCA Kit

Albumin, from bovine serum

96-well clear microplate

Acrylamide

Tris (hydroxymethyl) aminomethane

Sodium dodecyl sulfate

100

BioDynamics Laboratory Inc.
TAKARA

New England Biolabs
New England Biolabs
New England Biolabs
TAKARA

Nacalai

Nacalai

Nacalai

Wako

Tokyo Chemical Industry

Promega

Qiagen
Qiagen

Wako

Nacalai
Sigma-Aldrich
Biowest
Gibco®
Tokyo Chemical Industry
NEST®
Qiagen
Millipore

Novagen
Ambion

Wako
Sigma-Aldrich
Sigma-Aldrich
Wako

Nacalai

Millipore

Wako

Sigma Life Science
Greiner bio-one
Wako

Nacalai

Wako



Ammonium Peroxodisulfate Yoneyama Yakuhin Industry
N,N,N’,N’-tetramethylphenylenediamine (TEMED) Tokyo Chemical Industry

BES Dojindo
Tris-BES Sample buffer (2X) TEFCO
B-Mercaptoethanol Sigma-Aldrich
Sodium Thiosalfate Pentahydrate Wako
N,N-Dimethyl formamide Wako
Quick-CBB PLUS Wako
ExcelBand All Blue Broad Range Plus Protein SMObio
Marker
96-well black microplate Sanplatec
L(+)-Ascorbic Acid Kanto Chemical Industry
2-oxoglutaric acid (a-ketoglutaric acid) Wako
HEPES Dojindo
Ammonium Iron(ll) Sulfate Hexahydrate, 99.5% Wako
EnzyChrom™ Succinate Assay Kit BioAssay Systems
% 2 IR REHS
Table 4-2. Equipment
Product Company

Airstream® Class Il Biological Safety Cabinets, Gen 3 E

; SCo
(E-Series)
Thermo Scientific Forma Series 3 Water Jacketed CO: Thermo Fisher Scientific
Incubator
himac CT15RE HITACHI
T100™ Thermal Cycler BIO-RAD
Veriti Thermal Cycler Thermo Fisher Scientific
Mupid-2 plus ADVANCE
BE-220 BIO CRAFT
Power supply for electrophoresis BIO CRAFT
BioSpectrometer basic Eppendorf
LED llluminator LI-410 BIO CRAFT
Incubator 1IC601 Yamato
Shaker Iwaki
Microtube rotator MTR-103 AS ONE
Variable Speed Pump | - Low Fisher Scientific
SpectraMax iD5 Molecular Devices
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5 38 XA

FLIHTET2REARNY 2 —DEE

TET2 3BT X —Z T 5 721 N Kl Hil FRE%ESE Ndel 583%AL%1 & Strep-tag |l Bl %1 % |
C Rl HIBRE%E Notl FRFRES 2 (1 L 7= TET2 s - 2MEA S i= 77 2 2 K pTAC-2-Strep-
tag II-TET2 % Eurofins Genomics ([Z& R ZEFE L7z, Z @ pTAC-2-Strep-tag II-TET2 % il fRE# 5%
Ndel & Notl ¢ 37°C 2 h, 65°C 30 min & & H72(2 ug plasmid, 20 U Ndel, 20 U Notl, 1xCut
Smart buffer), fHIfRELZAIED % 1% T /10— 27 S TESIKE L, TET2 #545(1413 bp) D
FrEgn L, TET2 2858 L 7= (Wizard SV Gel PCR Clean-Up System), [RI££/Z pET30c %
HIFREESE Ndel & Notl THLELL T 1%7 A n— 2 S L TESKEI L, BRD /N R(5244 bp)
U0 H L OB L, 2 ORIIREER L 720 pET30c 50 ng (2% LT TET2 2N E/L
11 0EE5TRAL, WKESET75uL & L7z, % 212 7.5 L Ligation high ver2 Nz, 74
#—3 3 L7-(16°C, 16 h),

50 pL E. coli DH5a 2, 74 7 —a VEMZ 5 LNz, K ETS5 min§fiE L7z, £DH%,
42°C, 30 sec A > F aX— kL, K T2 min#i@#E L CpEialk S-S, BEiRE%, 450 pL
SOC iz #sin L ChafEliRA L, 37°C, 1 h RiEE% L7, JPHEIs# S 72 DH5a 100 UL %
LB+Kanamycin & K 5 Hi(#4#2 £ 50 pg/mL Kanamycin) (2t . 37°C TRt L7=, Bk S
Tran=—%8E L, LB+Kanamycin #&AE: (R 50 ug/mL Kanamycin) © 37°C, 16 h 553
L7z, ZORBGEEE % 10,000 x g, 30 sec .0 L T RIEZ#FREL, £E LT, 0%, 77
A 2 R Z i L(Wizard® Plus SV Minipreps DNA Purification System), > — /7 > A it 4t % i
L7=, fENTIZIX Table 4-3 0774 ~—%fEH L., —74F 2 AfiEHT1X Macrogen (ZZEFE L7
(3730xI DNA analyzer, Thermo Fisher Scientific),

Table 4-3. Primer sequence

Name Sequence (5°-3’)
TET2 sequence forward primer 1 GACCGAGACGTTGCGTAAAT
TET2 sequence forward primer 2 GCTCCAAGAGCATCCAAAAC
TET2 sequence reverse primer 1 TCTGACGTGGATGAATTTGG
TET2 sequence reverse primer 2 CGTTGTCTGCACGTTTTCAC
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FE2HTET2 OB £

&L L 7= pET30c-Strep-tag II-TET2 Z IV T, E.coli BL21 (DE3) & W E st L /2%, IPTG IZ
Ko TH R ERBGFHE %1772 > 7-, pET30c-Strep-tag II-TET2 T st L 7= BL21 (DE3)
% 1.5 mL LB+Kanamycin i A5 Hi(#4 5 £ 50 pg/mL Kanamycin)iZ iz C 37°C, 16 h A L
7co K5# K% 150 mL LB+Kanamycin & A5 Hi(#53 EE 50 pg/mL Kanamycin)iZ &2 &%, 37°C
THi & % B4 L 72, ODeoofE 0.8 13T T IPTG (IR 0.5 mM)Z s L, 16°C, 140 r.p.m., 16 h
AR LT, RifEth. =LA T8 A 35 mL 7ok L, &0 BE L 72(4°C, 2,500 x g, 10
min), LiE&FRZE L, 35 mL 0.85% NaCliFiR & MMz CARLT v 7 2 L, #wL5BE4°C, 2,500 x
g, 10 min) ¥ 5 —#HOE(EL 2 E T/ > 72, EIEZFREL. 25 mL 0.85% NaCl &k %z TA
NT w7 AL, mOrEE4°C, 2,500 x g, 10 min)iE L4, EiEZ2FRE L CEEKRZ R L7z,

5572 H R 690 mg (2% L C 3450 L Bug Buster Regent (1 x PBS buffer, 1 x Bug Buster
Regent) & M2 TR L. A > F =X— M (=R, 15 min, 5 r.p.m.) L72%., =045 8fE4°C, 16,000
x g, 20 min) L C/KIEMERE 4 2785 L7=, 1 x PBS buffer T 10 {78 L 7= /KIEVEE 4> 10 mL %
Strep-Tactin Superflow Plus Cartridge % VT, it 1 mL/min (Variable Speed Pump I-Low)
THI AL, 7 —A)—\l &Gz, 2070 —A)L—@/XHED T HZHE 1
mL/min Tyt L7z, &IZ NP buffer (50 mM NaH2POa, 300 mM NaCl, pH 8.0) % it L C#eif i 5y &
5. NPD buffer (50 mM NaH2POs4, 300 mM NaCl, 10 mM Desthiobiotin, pH 8.0) % it L CTI&H
W5y 2537, & 6N HE Sy 10 mL %2 Amicon® Ultra-15 Centrifugal Filter Devices 30K (Z A
A17TC 4°C, 4,000 x g, 20 min 1.0 L CRAME L7z, £722 2 THWZA2TO buffer | X 4°C I2mAIL
THEA L7,

WAZ NG LT- TET2 D2 % 7% L 7-(Protein Assay BCA strain), Reagent A & B % 50:1 ®
EIACIRA L CHHL L 72 Working reagent 200 uL % Sample 25 uL [Z#E4A L, 60°C, 30 min /<
Ji & C 30 min AT 25°CITHm=e L7z, £ D%, KUK 100 uL % 96-well clear microplate |2
77T A L CROLEEZRIE L= (A = 562 nm),

EHIHELNEETORKRESY T SDS-PAGE Tt L=, 2BEZ L(12%7 7 VLT 2 K,
0.37 M Tris-HCI (pH 8.8), 0.1% SDS, 0.05%itffifi 7 > &= A, 0.05% TEMED)IZJEAE 7 v
(3.6%7 7 U /LT 3 K, 0.22 M Tris-HCI (pH 6.8), 0.001% SDS, 0.05%i@fifit 7 > & =17 A, 0.1%
TEMED)ZHJE L. 12% SDS 77 VAT X RFLVEER LT, 2ok, BEXKEHCE Y FL,
VKB O #MAZ Running Buffer (30 mM Tris, 30 mM BES, 0.1% SDS) T5a4&lii7= L. ¥kEhfE
W Ml /X Antioxidant mixture (0.05% Sodium thiosulfate pentahydrate, 0.025% N,N-
Dimethylfoemaide,1xRunning buffer) Tiii/z L7z, M L /=Bl ) &2 &0 Loading Buffer
(200 pL Tris-base Sample buffer, 0.06 M DTT, 10 uL B-Mercaptoethanol) % JE#& L. Loading
sample Z#{# L 7=, 4y &~ — % —(ExcelBand All Blue Broad Range Plus Protein Marker)(Z %,
[FAEIZ55 80 Loading buffer Z ¥/ L. Loading marker & L7z, 10 pL Loading Marker & 20 pL
Loading sample 7 =/LiZT 77 4 L, WRIKENL0 mA)Z{T72 o7, ZD#%, CBB Z T
TNt L, RERIE Yy A AT U=, BARAIZIZ, AU T2 VLT 2 K7 L% 200mLMQ T5
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SrfHEE LT MQ A B Y # 2 5 #kE% 3 [EfT72 572, 20 mL Quick-CBB PLUS # /1%, 60 min,
30 rp.mARE% L7z, Yefaikz HY B 200 mL MQ %1% T 60 min, 30 r.p.m.dE% L, i L7z,

% 318 {E A FILIE4S / L DNA DFRS

Hela #Hi}Z(RBRC-RCB0007, RIKEN)% 9 mL ¢ DMEM (10% FBS, 1xpenicillin—streptomycin
L-glutamine (PSG))5Hh & B4 L Cizadr L72(1,000 x g, 5 min, =), EEEBREL, HrLv
DMEM (10% FBS, 1xPSG)i5#i i x TIEA L, 10 cm dish (Z#5FE L THE: 38 2 49 72 (5% CO»,
37°C), 3 H1%IZ dish N DMEM 551 #5C. 2 mL TrypLE™ Select Z /12 C CO2A{ > F =X
—Z—T3minA ¥ 2_— | LTHINZ 32 L, 6 mL DMEM (10% FBS, 1xPSG)izHl % /i 2.
T20EREE Ly T 47 Liz, #H LV dish{Z 8 mL DMEM (10% FBS, 1xPSG)=s#i % i % .
Z ZICHIEERTR 2 mL Z2iRE L, Mgk L7-, 5 A%, 10 cm dish ® 100% = > 7 /L= > Al
B2 2 mL TrypLE™ Select /1%, CO2A > F a2X—F—T3mnA > FaX—hL, £D
#. 8 mL DMEM (10% FBS, 1xPSG)¥sHiz % C 20 [AfEE Xy T ¢ 7 L=, B L7
HelLa #ifi 1 mL Z M ERFHEAR TN 2 T, MfacE JIE LT,

# L 10 cm dish (Z 9 mL DMEM (10% FBS, 1xPSG):#i % il 2 C 1 mM 5-Aza-2’-
deoxycytidine Zf&JRE2Y 0, 0.1, 1, 10 pM & 725 X O IR L7z, 5-Aza-2'-deoxycytidine % ¥
MU7-4%E 9 mL DMEM (10% FBS, 1xPSG)#5#f1iZ 5.0x10° cells ® Hela i Z#\ T 1 H i
1338(5% COg, 37°C)T % = & TIE& A F /LB 24772 > 1=, £538%% . # L\ DMEM (10% FBS,
1xPSG)i5Hl 10 mL (ZHHIZZH#Ha L, 3 H[HEEHE L72(5% CO2, 37°C), hi#&E# . Ml [alU L,
DNeasy Blood & Tissue Kit Z v T4/ & DNA Z i L7,

HH L7247 2 DNA D A F LAk L~ % COBRAEIC L » TFMi L 7=, %/ & DNA 1 g iZ
%t LC EpiTect Bisulfite Kits & iV, SA W L7 7 A4 NMLEZ T/ o7, TD%, AP LT7 7
A NMLBRFEM) ZKEHLL . PEW 250 ng Z#5C PCR T LINE-1 fEI & #4918 L 7=, LINE-1 fEiko
— i % HElE 9~ % primer (Table 4-4)% v C, 95°C 5 min #%, 95°C 10 sec, 55°C 30 sec, 72°C 1
min % 35 %A 7 W4772 5 72(250 ng /31 L7 7 A NEHLEEY), 0.5 UM each primer, 1xEx Taq
Buffer, 1 U Ex Taq HS, 0.3 mM dNTP), HAJDOFEEIMHEIE STV 5 & XK E) ThesR 4,
PCR pEW) % K51 L 7= (Wizard® SV Gel and PCR Clean-Up System), = ®#. fi|[REE% Tagel T
PCREMZGIKI L, 7/ 5 DNA DA F AL L~V %3 L7z, PCR#E® 200 ng (Zxf LT 2U
Taqel Z¥A L. 65°C 1 h, 80°C 20 min 1 > F oX— k L7z, HlIREFFRUHEFEY) % BXIKE) T
fifttr L 72 (SuperSep™ Ace, 15%). vKENRE R & B AEHT > 7 k Image J TEMT L. & 7LD
GIErEIA L0, 7 A DNADAF AL L~V EEH LT,
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Table 4-4. Primer sequence

Name Sequence (5-3)
Bisulfite forward primer G(T/IC)GTAAGGGGTTAGGGAGTTTTT
Bisulfite reverse primer AAC(A/G)TAAAACCCTCC(A/G)AACCAAATAT

FABETET2 ZALV=4/ L DNA 240 » FILIE LR JLEIEE

TET2 12 L% 5mC BLIGIC Lo TA U7 a7 EE R4 7 2 DNA JEE (K IFHDIC BN %
R L7Z, Hela il X v #itt L7=%" 7 2 DNA 0, 100, 500, 1000 ng <1 E & & Te SO %
FHELL . 5 L @ TET2 (KEE 0.7 uM)ZIRM L., & 20 ybL & L7 (KKIBE: 75 uM
Fe(NHa4)2(S04)2, 2 mM Ascorbic acid, 1 mM a-ketoglutaric acid, 50 mM HEPES ,pH 8.0), TET2
Whn#, 37°C, 1 h £ > F a2aX— L, TET2 I LWL IG CTEKR SNz a s BE
EnzyChrom™ Succinate Assay Kit Z AV CHlE L7z, BARBIIZIZ, ATP, Phosphoenolpyruvic
acid, NADH, Pyruvate kinase, -lactate dehydrogenase % & ¢ Working reagent Z {4 L, TET2
SORMIE 20 pl 2% LT 80 uL Working reagent Z i1 L 7=, 25°C, 30 min f > % = ~X— M &,
AR Z ) 5E L 7= (EXIEm=530/585 nm, 37°C),

TET2 12X % 5mC BLIGIC & » THE U a T EEER S 7 2 DNA @ X F AL L~ULICH
BT 20 atd 5720, % 3 #i 3T LKA F 11~ /7 4 DNA (0, 0.1, 1, 10 uM 5-
Aza-2-deoxycytidine ZLEE) & /=, KA F k5 7 2 DNA 100 ng £721% 500 ng & HEPES
buffer (pH 8.0), Fe(NH4)2(SO.)2, Ascorbic acid, a-ketoglutaric acid Z A& L TR AZ AR L7,
ZZIZ5uL @ TET2 (KR 0.7 uM)Z IR L, 22820 uL & L7z, TET2RN#%, 37°C, 1 h A
X axX— kL, TET2 IZ X5 bOS THER S Vi 27 i &% EnzyChrom™ Succinate
Assay Kit % T 5T & [FREOERVE CHOLIRE 2 1E LT,
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FAH RBRIER - BE

BIRTET2 RBRI 2 —DHEE

I FRE%E Ndel & Notl THLEL L T/ 5HM 7= pET30c & TET2 #E/Lt 11 1 DEETTA 7 —
varlic, 745 —va v EDEROCTKRIBE DH5a OB AT/, JBREhizan
=—% LB+Kanamycin iR TR L=, ZOBBENSHHLEZT T A RO —47 A
fi#ATIX Macrogen IZEFEL, v —F v 7HER LU pET30c-Strep-tag II-TET2 AEHE Xz
Z L DVR &I (Fig.4-3, 4-4), 14 X7z pET30c-Strep-tag II-TET2 DX % —= 7% Fig.4-
51Z7~9, pET30c-Strep-tag II-TET2 i< RIKEN BRC (Z%7#t L 72(RDB18377),

DNA sequence of the codon-optimized Strep-tag II-TET2

ATGTGGTCCCATCCGCAGTTCGAAAAAGACTTTCCGAGCTGTCGCTGTGTTGAACAGATCATCG
AGAAAGATGAAGGCCCGTTTTACACCCATCTCGGTGCCGGTCCGAATGTTGCGGCTATTCGCGA
AATCATGGAAGAGCGTTTCGGCCAAAAAGGCAAAGCCATCCGCATTGAGCGTGTGATCTATACC
GGCAAAGAGGGTAAAAGCAGCCAAGGCTGTCCGATTGCCAAGTGGGTAGTACGCCGCTCTTCAT
CGGAAGAGAAACTGCTCTGCTTAGTGCGCGAAAGGGCAGGTCATACGTGCGAAGCAGCCGTTAT
CGTCATTCTGATTCTTGTGTGGGAGGGGATTCCACTGTCTCTGGCGGATAAGCTATATTCGGAG
TTGACCGAGACGTTGCGTAAATACGGCACACTGACGAACCGACGTTGTGCCTTAAACGAAGAAC
GGACGTGTGCATGCCAAGGTCTTGATCCAGAAACCTGTGGCGCGTCCTTCAGTTTTGGATGCTC
TTGGAGCATGTACTATAACGGGTGTAAGTTTGCGCGTAGTAAGATACCGCGCAAGTTTAAGCTG
CTGGGAGATGATCCGAAGGAAGAGGAAAAACTCGAAAGCCACCTGCAGAATCTGTCGACGCTGA
TGGCGCCTACCTATAAGAAATTAGCGCCGGATGCATACAACAATCAGATCGAGTATGAACACCG
TGCCCCTGAATGCCGCTTAGGCTTGAAAGAAGGCCGTCCGTTTAGTGGCGTGACCGCGTGCCTC
GACTTCTGCGCACATGCTCACAGAGACCTGCATAACATGCAGAATGGGAGTACCTTAGTGTGTA
CCCTGACCCGCGAAGATAACCGAGAATTTGGGGGCAAACCTGAGGATGAACAGCTGCACGTTCT
TCCGCTGTATAAAGTCTCTGACGTGGATGAATTTGGTTCGGTTGAAGCGCAGGAAGAGAAGAAA
CGTTCGGGTGCCATCCAGGTGCTGTCATCGTTTCGTCGCAAAGTCCGGATGCTGGCAGAGCCAG
TGAAAACGTGCAGACAACGCAAATTGGAGGCCAAAAAAGCGGCAGCGGAAAAACTGTCAGGGGG
CGGTGGCTCCGGAGGTGGTGGGTCTGGCGGTGGTGGTAGCGATGAAGTCTGGAGTGACTCCGAA
CAATCGTTCTTGGATCCGGACATTGGAGGCGTAGCTGTGGCTCCAACTCATGGCAGCATCCTGA
TTGAGTGCGCCAAACGTGAACTTCATGCGACAACTCCGCTGAAAAATCCGAATCGGAATCATCC
CACTCGTATTAGCCTCGTGTTCTATCAGCACAAATCCATGAATGAACCGAAACACGGGTTAGCC
TTGTGGGAAGCAAAAATGGCTGAGAAAGCGCGCGAAAAAGAGGAAGAGTGCGAGAAATATGGCT
AA

Fig. 4-3 The codon-optimized DNA sequence of Strep-tag II-TET2
DNA sequence encoding TET2 (RefSeq accession: NM_001127208), which 1129—-1936 residue with
14811843 replaced by a 15 residue GS-linker, is shown as blue and Strep-tag Il is highlighted by yellow.
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Amino acid sequence of Strep-tag II-TET2

MWSHPQFEKDFPSCRCVEQITEKDEGPEFYTHLGAGPNVAAIREIMEERFGOKGKAIRIERVIYT
GKEGKSSQGCPIAKWVVRRSSSEEKLLCLVRERAGHTCEAAVIVILILVWEGIPLSLADKLYSE
LTETLRKYGTLTNRRCALNEERTCACQGLDPETCGASFSEFGCSWSMYYNGCKFARSKIPRKEFKL
LGDDPKEEEKLESHLONLSTLMAPTYKKLAPDAYNNQIEYEHRAPECRLGLKEGRPEFSGVTACL
DFCAHAHRDLHNMONGSTLVCTLTREDNREFGGKPEDEQLHVLPLYKVSDVDEFGSVEAQEEKK
RSGAIQVLSSFRRKVRMLAEPVKTCRORKLEAKKAAAEKLSGGGGSGGGGSGGGGSDEVIWSDSE
OSFLDPDIGGVAVAPTHGSILIECAKRELHATTPLKNPNRNHPTRISLVEYQHKSMNEPKHGLA
LWEAKMAEKAREKEEECEKYG

Fig. 4-4 The amino acid sequence of Strep-tag II-TET2
Amino acid sequence encoding TET2 (1129—-1936 residue with 1481—1843 replaced by a 15 residue GS-
linker) is shown as blue and Strep-tag Il is highlighted by yellow.

6xHis

Strep-tag II
RBS -
lac operator pET30c-Strep-tag II-TET2

6656 b
T7 promoter P

lacl promoter

Fig. 4-5 pET30c-Strep-tag 11-TET2 vector map
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FE2HTET2 OB £

PET30c-Strep-tag II-TET2 % H\ T E.coli BL21 (DE3) % X & #nifh S, TET2 ORBFHE 1T
72572, ODeoofiEi 0.8 1T TR 0.5 mM & 722 X 912 IPTG ZIRINL TH L8y EREL% 5
7, HE L CEOLNERER 19 2 Bug Buster Regent 2 FHW TR &l L. AKIAEVERE 2y
ZAHRL U7z, TET2 ([QI3ksHl# 7L LT Strep-tag Il Z@l& L TH D720, KEMHES LD .
Strep-tag Il ZFIH LT TET2 DR AT/ o7z, KRB & LT, EilRESy, ey &k OV
B 2y 2 B U, £ 500723 B4y 10 mL % Amicon® Ultra-15 Centrifugal Filter Devices 30K
TIME LTz, T Dk, FEELE /) % SDS-PAGE Tt L7z, & OfESL. J#ME L 7= 7y < 31
DALEATIT (52 kDa) 223> R A3k & 7= (Fig. 4-6), SDS-PAGE Dl B2 & B M Y 7 b
Image J IZ K-> TN REEZJIE L, TET2 ORREZEH L7, ZOf5%, Enriched elution
fraction 1> TET2 OFEHLEEIL 51% Td Y . Enriched elution fraction #1¢> TET2 2| 99.1
ng/uL TH D Z EARENTZ, ZD TET2 (2 DTT & Glycerol Z#iA L. -80°C TRAE L /- (&1
J 49.5 ng/uL TET2,5 mM DTT, 50% Glycerol), TET2 Z#8I#5E X 150 mL @ LB 551 C3hE L |
OGNS 1 g DREEEZRINTEX 72, ZOMEK L g 2L, TET2 ORI - &
Z519.8ug O TET2 MG L7272, B4 72 0 o TET2 OUYLEIT 0.13 mg/l THh D Z & AR
STz,

(Mass/kDa) M 1 2 3 4 5§ M
240—p o 8= 1. water-soluble fraction
— Y — .
128/5 =3t : % 2. Filtered water-soluble fraction
100 % 3.Flow-through fraction
12" ~ - e 4. Wash fraction
gg_u W 5 Enriched elution fraction
35— .
25— -
R
20 —w
15—
10— -

Fig. 4-6 SDS-PAGE analysis of purified TET2 (MW: 5.2x10%)
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% 3E{EAFILIEES/ L DNA DRR

5-Aza-2'-deoxycytidine /£ 0, 0.1, 1, 10 uM THLEE L 7= HeLa Mif@ K V. 4~/ & DNA % fhiH
L7z, ZHUHD5 7 5 DNA IZK LT COBRA JEIZ Lo TAF MUV NV EFM LT, 7/ A
DNA Z /XA H )7 7 A MLEL L, LINE-1 IR ZHEIE 2 77 A ~— 2 T PCR &7 7=,
PCR M % Taqel TUIKT L. EXKE TN L7=(Fig.4-7), TKEIFER LV . Taqel LLEREM T 80
bp & 160 bp fUTiZ 2 DD/ RAER S 4L, Tagel (IZ X > TAF Ik CpG NIk Z &
DR E Tz, EEARNT Y 7 |k Image J T 80bp & 160 bp ™D 2 DD 3 KR ZHIE L, 80
bp D X RIRE/(80 bp D32 RIRE+160 bp D3 RiEE)x100 DFE ATV, A F i kL
L EFIH L7z (Table 4-5), * DOfE%. 5-Aza-2-deoxycytidine 0, 0.1, 1, 10 uM THLEE L 7= HelLa
FR DS 7 2 DNA D X F AL L-IUEZNE L, 67.2%, 45.4%, 37.9%, 31.8% Cho72, fE-
T, 5-Aza-2'-deoxycytidine JREKFINCA T AL LU BNEKF L2 Z LW LN E R 5T,
LINE-1 fEIk D 2 F AL L L1347 ) 2 DNASRD A F UL L~UL L FARET % 7260 3834 5-Aza-
2-deoxycytidine JEEEKAFIINC T 7 A DNA 2RO X F AL L~V MK R L7247 2 DNA Z il
TEZ EIRENT,

5 —TCGA 3 > 5 TCGA 3 > 5 TCGA —— 3
Bisulfite
conversion PCR 80 bp
5 —TCGA 3 > 5 TUGA 3 > 5 TTGA — 3’
— % bp !
5-Aza-2’-
deoxycytidine (uM) 0 0110 10 O 0.1 1.0 10
Taqel + + + + - - - -

200 bp—»
150 bp—

100 bp—>

50 bp >

Fig. 4-7 Global DNA methylation analysis by COBRA

Table 4-5. Global DNA methylation levels of the hypomethylated genomic DNA
5-Aza-2’-deoxycytidine (UM) 0 0.1 1 10
Average (%) 67.2+5.7 45.4+1.9 37.9+43.1 31.845.5
(n =3, mean = SD)
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FABETET2 ZALV=45/ L. DNA 240D » FILIE LR ILVEIEE

4-1. 4°J I DNA EEREDRE

TET2 (2 X% 5BmC B{bEURNIC Ko THA LTz a s BEEN S/ & DNA ORRFERIFHIZIEM
TEHRT D012, TET2 @ 5mC B{bJSIC L » TE U a7 B&E% EnzyChrom™
Succinate Assay Kit ICL VW EB L7, ZOansBEREIL. a7 BNE EN-EKIC
Working reagent Z i L. UG SE7-RICE L 28 MEAIEEICa N BEBEAERT DY
ETHDH, ERoanygEsEx y MINEYOFEMRTEILZ S TWRWnas, Michal b0
AN FREBIEORE 02T 5L, UTOBMBEMSHELTND EHEHIESD,

Succinyl-CoA synthetase

(1) Succinate + ATP + CoA - Succinyl-CoA + ADP + Pi

) _Pyruvate kinase
(2) ADP + Phosphoenolpyruvic acid - Pyruvate + ATP

L-lactate dehydrogenase
(3) Pyruvate + NADH + H* - L-lactate + NAD*

FELOFER UG K o THA U7z NAD* O & % 4t G (EX/Em=530/585 nm) CHIET 5 Z & IT &
DEHE L T2 EHERI S D, 2F 0, AUTZanyBEITEARECKTET D, Ny o T
Ty R EE LI I, MIELEZETOY 7 AoatimiEix, TET2 & Working
reagent O A D EUGIE (Y /7 2 DNA JEIFLE F) DHEEHERE 2 7 L5z,

TET2 @ 5mC BRLIGIC Ko THE LTz anZ BEENR S 7 L DNA O ERFAIICHNT %
DREFT 5728, 4~ 5 DNA &% 0, 100, 500, 1000 ng & LC TET2 CHLIE L 7=, D%,
EnzyChrom™ Succinate Assay Kit # W Ca s iEz2 E R LR, 7/ & DNA JEERK
TR EBRE DS EE N L 7= (Fig.4-8), #iZ. TET2 Ik % 5mC BALAUSIC L » TA Lz 2
JBEIIAFIETERAERTHL I LW RINTE, SHICZO/ENS, BHRAZ RO
LA, 223ng/uL (44.6 ng) Th o7z, LhbEX Y, KRFEEZHN TR/ 45ng D47/ - DNA
FORAF N N EBRIETE D Z PR ST,
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Methylated CpG (UM)

0 0.050.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
35 1 1 1 1 1 1 1 1 )

3.0 -
25 | ¢
2.0 ~
1.5 ~
1.0 A

0.5 -

Fluorescence intensity (1.0x108 a.u.)

O () T T T T 1
0 10 20 30 40 50
Genomic DNA (ng/uL)

Fig. 4-8 Detection of succinate produced by TET2-mediated oxidation of 5mC on genomic DNA

Genomic DNA 0, 5, 25, 50 ng/uL seems to contain 0, 0.04, 0.22, 0.45 uM methylated CpG. All experiments

were performed in triplicate (mean * SD).

111



4-2. %7/ Ly DNA 26D A FILELRILDBIE

K A F4L% 7 2 DNA 1% Hela fflifin & S FEIRE D 2 F ALBAE K] 5-Aza-2'-deoxycytidine
TRUHT 5 Z LIk > T L7Z, Z D 5-Aza-2'-deoxycytidine ZLERMIA 2~ Sl H L7247/ A
DNA @ 2 F LAk L~ 1L COBRA VE TRl L 7= (56 4 i 311, Fig.4-7), = DOf5HE. 77/ 2 DNA
BIRD A F AL L~V N ZNEI 67.2%, 45.4%, 37.9%, 31.8% %7 / 2 DNA Z i+ 25 =
& NHRT- (G 4 #i 3 1, Table 4-5),

COBRA JETRIAf L 72 A F LAk L ~UL 67.2%, 45.4%, 37.9%, 31.8% D%/ 1 DNA % v
T, TET2 12k % 5mC B{LAUSIC K> THEUTZa T BREN T/ 5 DNA 28D 2 F ik
AOUERAFHNCIEINT 5 v fat L7z, £9°4° 7 2 DNA & 500 ng ([2%f L C TET2 & i &4,
A U7z N7 iR E EnzyChrom™ Succinate Assay Kit % VN TA U728 G FE 2 F5 1 (2 E
B L72(Fig.4-9), TDOFEE. 7/ & DNA £KD A F AL L~UL L a8 E 1 @ OB S B
572(R2=0.98), = DD R.S.DIEAF/LL L 67.2%, 45.4%, 37.9%, 31.8% T, ZhZ
I 1.70%, 2.92%, 4.74%, 4.23% ChH-7-, X5, 4~/ 2 DNA £ 100 ng (ZxF LT [AEEIC
FRET U7 SR (Fig.4-9), [RIERICEWFEEAMEY &V (R2=0.98), R.S.D 1T A F /(b L~ 67.2%,
45.4%, 37.9%, 31.8% T, I Z1 6.67%, 3.88%, 20.7%, 37.4% ThH -7z, U LEOFER LY,
TET212 L5 5mC R LSSIC L » THEL T a I BEZERETHZ LXKV, H&/N100ng D
77 2 DNA & TS/ A DNA 2D A F AL LV EZRETE L 2 LRSSz, AT
JAL L ~OUZ BT B at i ] TR BN R SN2 9(p < 0.05), RFIE T 20%D /) A
FMMEL NV EERETEDLEEZOHND,

t MEFEMEO S 2 5 DNAIZEIT S CpG A MIEHF K 70-80%75 A F /UL ST 5
165166 A FyEIZ LY. &/ A DNARED A F AL L~ TET2 & AW CTHRIE L7 =
S5 B L=l i &2 VT (Fig. 4-9), 4/ 2 DNA D X F /L b L-~UL 80% & L 7-HE Dt
EAZRMNTH &, 7/ L DNA 100 ng DI§8 1.4x108 a.u., 500 ng DOFF)S 3.2x108 a.u. & #E
sz, LEoXHice NEFMIOSZ 7 5 DNA D X F Al L~L b AR Tk IV CHRIE
AEETH D Z LR ST,

ATFEITAET Hela #ifa SHhH L7247 & DNA I2xF L CENi L7, HelLa Ml 7/ A
DNA Dt Ka v 2 F L L~UUEH 0.025%LL FCTh D Z ERHES B 9 S5
b MRIEEMTH 5 HEK293 o~ 7 ARHIfIZ 3517 5 5hmC <° 5fC, 5caC DfF7E &I,
5mC 23/ FNL UL THFEL TWDH DR L, 5hmC A E a2 E /)L L~ 5fC, 5caC |[ZF
ST 7 = & FEALUF LOMFIEL TV 14164 o [ o U HDE|E TrRrd & 5hmC
K°5fC, 5caC DFF{ERIZZ N Z 4L, BhmCiE#90.1-1%, 5fC, 5caC i3/ 0.0002%LL F T 5,
o T, A TET2 OFBLRIS THE LTz a T iR, 1ZE2 TN 5mC #{k L CTAELZan
JETHDLEZEZDILD,
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357 A 100ng of genomic DN
oo' 3.0 A 500 ng of genomic DN
= 0 e
[ @
€ 15
3
C A A
1.0 - »
N
—_ - —-,,,__
0.5 -
[ J&A
0 T T T I | | I I

30 3 40 45 50 55 60 65 70
Methylation level (%)

Fig. 4-9 Quantification of global DNA methylation levels using TET2-mediated 5mC oxidation
The amount of succinate produced by TET2-mediated 5mC oxidation in 500 ng (circle) or 100 ng of
genomic DNA (triangle). All experiments were performed in triplicate (mean = SD). The line shows the
best-fit linear regression (R? = 0.98 for the both results). The genomic DNA extracted from 0, 0.1, 1, 10
uM 5-Aza-2’-deoxycytidine treated HelL a cells have the methylation levels of 67.2%, 45.4%, 37.9%, 31.8%,
respectively (Table 4-5). The genomic DNA 100 ng, which has 67.2%, 45.4%, 37.9%, 31.8% methylation
levels, contain 0.90, 0.61, 0.51, 0.42 pmol of methylated CpG in 20 uL volume. Meanwhile, 500 ng of
hypomethylated genomic DNA contains 4.5, 3.0, 2.5, 2.1 pmol of methylated CpG in 20 pL volume.

FoHi k&S

WABETIIATF LY b UEREEESR TH D TET ORISR L, fEkiE L Y b5z
BRAT 7T ) LADNABIKD XA F AL L~V ERIET 5 HEZBBE T2 22 HE Lz,

ARFETHEHT 2 TET2 IZKBE 2 H CHHe 2 47E L, Strep-tag I1/Strep-Tactin system %
PR LU TR L7, R L7 KR 690 mg &Rk L CKIRMER /> 2708 L, RS W
TAESE. 49.5 ng/uL @ TET2 28 150 pL 67z, 20 TET2 ZHWT4 7 A DNA Z LB L |
AN ERBZER LR, 7/ 5 DNARERFIIC a7 BREPEML TORERTE, S56IZ,
477 2 DNA D A F AL L ~UUIRTFRNC &, TET2 @ 5mC BLEUS TA Uiz =7 BR &N
L RSNz,

ULEDORREL Y, KBTI, TET2 ® 5mC LIS TAE LT ans EZERT 52 & T
J 5 DNA ZIRD A F AL L~ v & e/ 45 ng TRIETE 2 Z LR ENT,
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ESEHER

AMFZEIZ L > TDNA 2 F b, ~I ATk, BIOE ReX o 2 F b L~z fE - )
HICHIET D HEEZBS LT,

% 1 ETIE, b MR DEMY U RN A R EOEIRICBIT D BE RV by
VEMIZOWTIBA L, BEfFDO A TF b, ~I AT, B Re %o ATk L UL HIEEIC
ONTE &, AFEOBEZREZA LT Lz, IEFHINEE i L= ) 2 DNA &R0 B 72K
ATF AR, BRx AR O D AR R BIZ A B, BADHZEITAT—UN LR 51F
E7 7 5 DNAEERD A F AL L ~VFET LTS, PHRIRERREA TH 27 Y A ~—h§
RNN=F Y PFIZONT ST L DNAEED A F AL L ~VIRT LT 5, 28 Aok
WA R B CRE VDAL TVDDIEATF UL LD B TIERL, ~I ATF b L~r
TIREEA AR Wilm's JEBS CTrRi< . B RE 32 A F B L~ E s AUl & Pl iR pe B T &
LK FLTWA, TD7, ZbOEBHiY b RO 7 A DNA 2RO L)L & JIEd
D EE, BASCHRARRIEBREZ DN S ETEETHD, T E THE SN DNA X F L
L~V HIEE & LTI, AN L7 7 A FMES HPLC #£, LC-MS/IMS 1%, ELISA 157 E 3%
Fons, LarL, A P77 A MMES HPLC #, LC-MSIMS JE1%, JEHEA L 2RAL PRl 35
WUBRS BT, 5 RERI LA B oD KR 72 RIE R 2 %, ELISA ¥EI1THL 5mC ik & FI 3 5 ik
T, PUED 5BMC ~DORFEMEIIIEF I E VA EEREIOWERIEL L L L, fifECS ) &
DNA O A F AL LV ZHET D2 ETEE LY, DNA ~3 2 F UL L~ULHIEE & LT,
Hairpin-bisulfite PCRIENBIR IN TS, LL, TOHEL RS YL T 7 A MLE A LE L
TH0, ERETHEMNRIEY, BEROERAT v 72 0nEE L, WELK XL ETIIKIE
R A BT %, DNA & Fr kI AF L~V ERIET 5121, A F b L~ VEETH
DAY NT 7 A MEERAND Z EITHRRW, ZHIE AL T LT 7 A MLERIZ L - TREH
VRVART T IIOVIZEREINTLE 9, 5mC & 5hmC 3EHR SN2z, 5mC & Xl
EOT NN ThD, I, B FaxF AT b Lb~ULfllEE E LT 5hmC @27 Y =
RIS E RIS 2 HERBE S TS, LnL, 20 5hmC 7Y a3 Lo,
TET /<> Bisulfite JUBE, > — 7 v A fifMr & T 2720, EBRAT v 7 BEEEN KO,
ERH S 4 KU EET 5, DLz &nhe | By h o UHE LV ERIET DT, HHE
PR ERERRKIE A0 B R 2 B L LW « RS I EEALE L Shb,

% 2 CTlX, UHRF1SRA-Fluc Z H\ 72 DNA~3 A F AL L~V G EE 2B Lz, -~
3 A F UL CpG i & E HE UHRFL SRA (2 Luciferase % fili A & €72 UHRF1 SRA-Fluc @& &
HEZHWT, BRET ZFJH LTI AT L~V ZRE LTz, K2 F TR 2 A
L 72 UHRF1 SRA-Fluc I&, Luciferase DJENIEME &~ I A F 11k DNA #E GEMEO 5 A frf L
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TWD Z ENfER SN, FEAT L, ~I ATF LR A F UL DNA 125 LT, BRET ZH
W ARFEZ M L7 fE R, FEAF b, A F UL DNA & bl L TH 1.3 50 BRET ¥ 7 /L
W~ AF AL DNATEE F ORENTZ, EHIT, ~I AF /L1 0, 20, 50, 100% D DNA

2kt U CARFIEEABR LI R, ~ 3 A F UL LUK TFEIIIZ BRET & 7 L2388 L7 (R? =
0.99), Z OFRFOMHXMEAER 7 R.S.D.1% 3.11%LL FToh -7z, Hairpin-bisulfite PCR 7:£® R.S.D.
1T 72%LL FCTHDHZ LD 146 UHRFL SRA-Fluc % W72 R TIEIIBEAATE & [FIRRE O IE
TAIAF L LAV EHRETE 5 2 L R RB S 7= (Table 5-1), L L., EHHII & 23 A0
fal % Bl L7 BRI A F AL L~V D2 R/ 1L.2% Th Y 1112 Z 0EZJETE 5 2 L3,
IRABI~DISTICORR D, ~IAF L~ 1.2% D% % [ET 5 7-9I121%. UHRFL
SRA O~ A F LAt DNA ~DOFs8RME%E EiF 50813 H 5, KRFIETIL, UHRFL @ SRA
domain (414-617 residue) Z Il L7273, SRA & C KEHAIZALE 95 Spacer f8Ik A (1195 Z
EIZE 5T, ~I AF L DNA ~OFEGMWER ER T2 Z LB HE SN TND 0, 2079
UHRF1 SRA-Spacer-luciferase @& & A E ZFH 5 2 LIk KV @&V BRET 2% 41556
nNsLEzZ6N5, 5T, § 3 #FTlX UHRF2 SRA-Fluc @ * F /L4t CpG ~DfiiA % HES
572912 MBD ZIFIN L7243, UHRFL SRA-Fluc % V2~ A F /(L L ~ULHIEIRIZ BN T
., MBD 2T 25 2 & TAIAF AL L~V E X &R EICHIET D 2 E R ATREIC R D L&
2 bbb, MA T, RFEIZBWT BOBO-3 iRMME DA v F 2 ~— LA 30 /3 &3¢ E LT
W5 A, Ruedas-Rama & DAffFE T, BOBO-3 % 2 A% DNA & 10 5y CRAEIEATHZ L%
RLTWD 157 iz, RFEIZBWTH A % 2 X— NF O/ NS RaAE v, L0 R T
DOMERRF SN D,

% 3% TlL. UHRF2 SRA-Fluc % iV 7= DNA B R 12 33 X F LAk L~L 1 5 8 1 % BRSE L
7z, UHRF2 SRA-Fluc IZ KGHE # AW THB X AL, & Fa ks A F /UL DNAIZHT D /EH
REMRMT 2 L7=#5 5. UHRF2 SRA-Fluc 78 Luciferase O FEIEME & B R a3 2 F /11K CpG #E &
EHEZRFFL T D Z EAURE Tz, LavL, UHRF2 SRA-Fluc 1T # /L {L DNA IZ b5 & L T
BY, BRI AT CpG & A F L CpG Dl 573 DNAIZTF/E L7254, B/ Ku
FUAF MU LV ERET D Z LT KRW, 22T, AF L CpG n’%a RAETHD
MBD ZN4 25 Z LI2X > T, DNAHDAF AL CpG % TH 7 vy X 7352 L2,
DNA ZEE S 4727 L — M2 MBD i L THEE#% 12, UHRF2 SRA-Fluc % RN L T4l
dsDNA (Z%f L CREGRERENT 21T 72 o 72, ZDFER, 20 pmol ® MBD ZifMT 52 L2k - T
A F AL DNA FF1E FIZ81F 5 UHRF2 SRA-Fluc M%& 58 13 FE 2 F/1{k DNA & [FIFLE £ T
TL7/7, £Z T, BRET assay l[ZB\TH MBD #iEA L., B Fax 2F A b L~UL&2HE L
77 ERERU AT AL~ % 0, 20, 50, 100% & 725 K 52 AT L DNA & & Ru A
F 4k DNA % R4 L7z DNARIRIZ% L C MBD & UHRF2 SRA-Fluc % fV»C BRET assay %
FEhi L=, TORE, B Faxs AF L LU ER4 2 L4 BRET 7 /L (8L T
maNTz, ZORFOR.SDIL040-1.9%ThH -7, S HIZT/ ADNAIZEBITSHE FuF A5
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MMEL SV ZRIETEDDOPRERTT 272012, B FrXd I AF /L~ rDmns ) L DNA %
TET2 OIS ZFAWTIER L=, TET2 TUHT L LICL> Tk KX A F kL~ L
) 43.7% D75 ) L DNA ZERITE /-2 B 2 v, 20 TET2 L5 7 4 DNA L% O Hela
77 2 DNA ZiREGH 011, 317, 6:14, 1.0 £ 725 L O ITREAEDLE. ZbD S/ L DNA K%
%f4:1Z BRET assay % 3 L7-, T OfE%. TET2 4LFR4 7 2 DNA BKIFAIIC BRET &7 L
PN L7=, Z OO R.S.D X 0.76-227% CTdh -7, T TET2 MLEES / A DNA Z VTR
FIEOMHBREBHFLI-E ZA, &/NT75ng D% ) ADNADE Rk 2 F b L~UL %
ETEDIEMREENT, XD, AFETIE UHRF2 SRA-Fluc % V5 Z & Tffiffilc e R
12X AF L L~V EZRIETE 5 2 &R &z (Table 5-2),

% 4 ETIX, TET2 @ 5mC B{LJEZFIH L7247 7 2 DNA &R0 2 F Ak L~ Ll EE %
BAFE L7z, RFIEFAFOIZOIC, TET2 IZTKMH 2 W CH#L X AFE L7z, ~7/ 2 DNA 500 ng
£ 100 ng IZKF LCTET2 2GS, ZORIGHRETELanyBELZERLIER. &6
504 ) 1 DNA BIZBWTH, 7/ L DNA O A F AL L ~UURTFRIC 22~ 7 B B3 B8N L 7=
(R2=0.98), Z®OWK® R.S.D.IZ, #/ - DNA &7 500 ng OFfiL 1.6-4.7%, ~/ 1 DNA &)
100 ng DI 3.9-37% T -7, AFH:I1L 100ng D4/ L DNA % KGRI A F AL L~V %
rd2ZENARETHY . ZIUIEEBER RERREEO R TR b RIERER FIETH L Z
&R E LTz (Table 5-3), MBD @ X F LAk CpG (2% 9% Kald 5 nM T 86 TET2 ® X F/14k
CpG 1ZxF 9% KmlE 480 nM (Keat 2.12x103/sec) Td % 161, MBD-Fluc % i\ 7= BRET assay C
[ZHIELT 2.2 ug D4/ 2 DNA (200 nM D % F LAk CpG)Zf#i fl L 143, MBD @ Ka ® 40 {5 8D
AF AL CpG MMLETH 7=, ©DF V., BRET 2T 521X DNAFEAEAED Ka D 40 i
LU EDIREDIER) CpG N ETH D, — 7 T4AMHL 0.7 pM TET2 Z VT 100 ng D5/ A
DNA (45 nM O A F LAk CpG)Z M L, Km £V £ 10 fHRWRE D 2 F 11k CpG Z M T
72, TET2 D A F AL CpGIZHT D Km, Keat 2> & SUGHIEE Vo 2 HH 3% L 0.14 nM/sec T,
AWFFETIT LB S 72720, ARIZVo D E ERUSEE T L7z & 45 LK 500 nM D A F /L
£ CpG LS HED Z kD EHEESNLD, 100 ng D7/ 2 DNA H D X F L4k CpG I
45 1M TH D72, FHE EIX 1RO TET2 UG TR TD A F AL CpG 2L TE T\ H E#H
265, anIBERX Yy MEHWIWERISTELLan/BErERTE 5700, TET2 & H
W5 Z & CBRETassay &V b EEEICATFUALL XV EZETEZEEXLND,

v MEFMIRD S 2 . DNA IZB1T 5 CpG WA MIEHFK 70-80%0 A F /LI LTV D
165166, 5 ) & DNA DA F AL L~V % | KFEEEZ AW THE LR 65 b ior Pl
ZHWT, AF L0 80% L LI-REQEOGIRE 2 R+ 25 & 57/ . DNA 100 ng DRE)
1.4x108 a.u., 500 ng DKH 3.2x108 a.u. L HEH S5, 2F V0, v MEFMEOS 2 2 DNA
DAF AL LZBWTHARFEZHWTHERRETH D Z LRI/, 2018 I

. BEE Y —F2 PN T TET2 OBERUSEEMIT 2% L7z %, ZOoWEICLD &,
TET2 OEEESICB T 2 BEMEEIT 10 min TR LZZ LVRENE, 2028k, K
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72l B W TE TET2 &4/ A DNA & ORISR 2 10 min I28fE T, L0 EEHToOfE
BT ARG TEX S, LEXY ., KETIZ TET @ 5mC LS TE U any BeExrE
BT HZETY ) LADNAEIKRD A TF AL LSV B 5 O mEEICHIE TE 5 Z ERRENT,

AT LTz A F b, ~I A F LB L O R F v 2 F b LU S I EE IR
TG AL TN T 7 A ML E O PR 2 LB L Ly, REZIRET 5 DA CHIETHE
72 5 TH H(Fig.5-1), BRET Z#FIH L7z~I AT AL L~LHlEIEE B Rax o 2 F kL
~SOVRIEET, BRI ST H B AEIC Luciferase ZfhE SHE-EABEEHWLHIETH
V. BAEEHEEZEZDZ LI, TOBMERLEZR D077y 7+ —LATHETE D,
DFEY | ARWFFEE THIFE S L7z A F Uk CpG KA 7T %5 MBD-Fluc & JE A F 4k CpG IZHEA T
% CXXC-Fluc # H\Wiz XA F o b L~V HIEEIZ, ARBFZE TH% L7 UHRF1 SRA-Fluc &
UHRF2 SRA-Fluc Z#lA& b5 Z & T, flx DEMELZ FRHCHIET 2 Z LN TE D,

BT, TET ZHAW T @RE 2 A F AL L-UVHIEEIL, TET2 @ 5mC LG % FI 35
ZEIZE Y, 77 5 DNA 100 ng TAF /AL L~V & fifE - @B ICHIE T& 72, DNA~I A
FALL AR Fa U AF AL L~V SRS ERMT 2 2 & T, L&D DNAIZX
LTT v A FBETHL EEZX D, B MEERNTIE, ~I AF (b DNA 1T A FIUALHERFBE R
DNMTL {2 Ko THREAM S F o N AT &5, DNMTL L SAM (S-adenosylmethionine) 7>
DAFNEE Y MO B ARBITEEBE T D RS Z T B8R T, 2 OFFERSUGIERE T SAM
I% SAH (S-adenosylhomocysteine)iZZ#i &5, D7, ~I A F/L{k DNA & DNMT1 %
FIGESHETHEL S SAH BIIA~I AF UL LVIKET D L B2 bND, 77— D7) 3y
NN TURT 2T —FThD T4-BGT (T4 Phage B-glucosyltransferase)i, 5hmC % 5ghmC (5-
glucosylhydroxymethylcytosine)iZ 7" U = 2 /A4 5 Js A il %, 2 ORUSEE T UDP-Glu
(uridine diphosphate glucose)id UDP (ZZ&#iZi 5, 6> T, & Kr ¥ XA F/L{L DNA & T4-
BGT ZLJRSHTAL D UDP &iE, b RrF U A F /UL L~WKFT 5 EESN D, L
Eo X9z, EMEAE T L LTS Z T 2 RS FET VR, B L1 & m R
FEZHES 5 Z &N ATREIC 72 D,

AHFGE CRR%E U7 IR s cfDNA ZIERICERARETH H LB Db, BFH
ENABFEOMIEF O cIDNA BEIXZNZ1H 1 ng/ul, % 1.5 ng/uL TH Y 183 KFiEOMK
HIRFUIEN I, ~I A TF /L L~V HEEIR 156 ng/ul, B R o A F b LUV ilEE
1% 0.75 ng/uL, A F AL L~ULHIEREX 0.45 ng/ul Th o7z, #iZ, & Rad v A F b~
NHTETE & A TF AL L~V IETEL ofDNA 25 RICHIE R RE Tdh %, UHRF1 SRA-Fluc % fiv»
7o~ AF AL L-VRIETE T MR T cfDNA JREEIZ IR IR AN 72 e e o, 20 F £ Tldik
T 7205, UHRFL SRA-Fluc D~ A F L4k CpG ~DFERMZ EiF 5 Z & TR FTREIC 72

HEMESIND, LR L7 SRA O TFiitlc Spacer fid% % {11 L7z UHRF1 SRA-Spacer-Fluc %
E4 2 Z & T, ~I ATk CpG ~DFEEMEZ LT, cfDNA H D~ X F L4k CpG & ]
AR 2D TIEARWNEEZZBILD,

117



PER X0 HEE - HIZ 7 ) ADNA DA~ ATk, B Raf 2Tk, A F{bL~L
PRIET D Z EBHPRIZAEERAN DY b v A OBRRMITICERT 5 LS D, ERN
D~ A F AL CpG 1FIEFE 72 DNA i A F /AL DiEFE T—HH D X F 1Ak CpG D 850D 3 i A
FUEEND ZEICE>TAELD EEZ LN TN 100, DNMTL & UHRFL (28 AMIa <5

BEROEAF IR E T DEE, BRI L TONDZ RN TEY 102 X LICEREFRO
WFE TIL UHRFL 1% de novo A FALICEE G35 2 L b@iE S Tng 100, oF 0 AAMl
TUHRFL 2M@EFEBLL T 5 2 & EEEERK O Tk UHRFL 28 de novo A F Lk 43
B2 Z LI Ko THRAMBIREFORBLZME L T L0 TIERN N EEZ B, UHRFL B
RS DI AT L CpG ITMEEEIFIZZ < AL 2D TRy bl &5, LaL, Z
NETH /7 L DNA HF D~ A F LK CpG 1% WGBS <° Hairpin-bisulfite PCR (2 & » CTfi#fr &+
TEN, DA EDOFEEE~I AT L DNA OBEMEZRTHIZZ LV, 2O~ AT )L
L~V 2 fffE - GEICHE CE UL, DAMIIZE T 5T ) ARIKOTEF A F Al &~
IAF AL CpG & DREL A FIALRFE ORI HF G T2 LB b5, BEICBITSE Fr
FUAF AL LV DR T~ U 2D ZERB et B e LB R FFRE I OIR T ICEET 5 2 &
DL IZSNTNH IS SFEY | RIZBITHE Red AF 1y b O TIFEE O
KT2HETEEZLN, ZOZ LIZADPD BAF O TIZE Rudxv 2 F L ~UL
PR T2Z L LT LOTIEARNMEHENEND, S OICTEMEREFEMIC X5 DNARLEE
THEL D 80x0G MK S5 LiTfFED 5mC ORLAFEIND Z ERHEIN TS 40,

DOFAME & L2 L ITIH B T 2 MBEREN L 7 IEHBERE L L FETLHEEZL LD,
ZD7=, Z O DNA#E mﬁ@kthm%/f%wmv«w IXAHBATEDS B 2 D Tl e & HE

MEnz, 2Ot FaFy AF b ~L A fifE - WCHETE T, AEEERSA LY
X\%Mﬁk:ié%ﬁﬁ@&@@%ﬁ%%hZﬁﬁﬁ%a%@%ﬁ%%%%%Té_kZA
239 Th s,

PLEX 0 EfEEICHEAT2EAEIC Luciferase & A SE-EAEZ HWHIZEROE
fFE L DO RIREIC, (B IS T DR 2 AWV IVSEME MG 2 BREICHETE, Zh
BOFIEIZ LY EMRFEROBZKNFAREIC /R 57210 T2l TR by by oD AR
HERE LVMBAT 2 Z LIcEmRT 2 L HIff s D,
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Table.5-1 Comparison of this assay with different methods
for the detection of DNA hemi-methylation

Input of genomic DNA . .
Method (Hemi-methylated CpG) Time R.S.D. (%) Reference
WGBS 5 ug (1.2 pmol*) >24 h N.D. 36
nasChliP-seq N.D. >13 h N.D. 35
Hairpin-bisulfite PCR 2 ug (0.48 pmol*) >3.5h <7.2 146
i ERET 225y ey 1.5 pg (20 pmol) 35min  1.5-3.3%

UHRF1 SRA-Fluc
N.D.: Not determined
* The amount of hemi-methylated CpG was speculated when hemi-methylation level of genomic

DNA is 1.8%?%12,

Table.5-2 Comparison of this assay with different methods
for the detection of DNA hydroxymethylation

Method Input of genomic DNA Time R.S.D. (%) Reieeren
Liquid chromatography 20 pg (0.27 pmol*) >3 h N.D. 14,149
TAB-seq 3 ug (0.04 pmol*) >3 days N.D. 150
ACE-seq 1-50 ng (0.0007 pmol*) 4h N.D. 151
hMe-Seal 30 pg (0.40 pmol*) >5h N.D. 152
0xBS-seq 1 pg (0.01 pmol*) >6 h N.D. 153
ECL 0.2 ng (0.000003 pmol*) 15 h N.D. 154
ELISA 20 ng (0.0003 pmol*) 5h N.D. 155,156

This BRET assay
using UHRF2 SRA-Fluc

N.D.: Not determined

* The amount of hydroxymethylated CpG was speculated when hydroxymethylation level of
genomic DNA is 0.1%.

** |t supposed that TET2-treated genomic DNA contain hydroxymethylation level of 43.7%.

2.2 ug (13 pmol**) 35 min 0.76-2.27%
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Table.5-3 Comparison of this assay with different methods for the detection of DNA methylation

Method Input of genomic DNA Time R(;);D Reference
Bisulite. ~ RRBS 0.01-0.3 ug (2.7 pmol*) >24 h N.D. 121
method WGBS 5 pg (45 pmol*) >24 h N.D. 122
COBRA 1.5 pg (13 pmol*) >16 h <2.0 145
Liquid chromatography 3 ug (27 pmol*) >3 h <3.0 124
Electrochemical analysis 5 ug (45 pmol*) 45 min <4.0 128
MeDIP-seq 4 ug (36 pmol*) >4 h N.D. 129
MBDCap-seq 1 pg (9.0 pmol*) >4 h N.D. 130
SPR 0.0002 pg (0.0018 pmol*) 45 min <7.0 132
ELISA 0.01 ug (0.090 pmol*) >2 h <15 134
Methyl acceptance assay 0.2 ug (1.8 pmol*) >1h <5.9 139
Zinc finger-GDH 3 ug (27 pmol*) >1.5h <1.0 140
Zinc finger-luciferase 3 ug (27 pmol*) >1.5h N.D. 141
Split-luciferase 0.02 ug (0.18 pmol*) >12 h <10 142
BRET assay 2.2 ug (20 pmol*) 35 min <2.2 144
. . 0.1 pg (0.90 pmol*) 3.9-37%
This assay using TET2 0.5 ug (4.5 pmol¥) 15h 1.7-4.7%

N.D.: Not determined
* The amount of methylated CpG was speculated when methylation level of genomic DNA is
67.2%.
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(A) Methods for the detection of DNA hemi-methylation and hydroxymethylation

UHRF2SRA-Fluc yHRF1 SRA-Fluc
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Electrochemical ~<1h

method

Time
JL
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WGBS Hairpin-bisulfite ~ ELISA
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® HPLC
High™<_ '
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(B) Methods for the detection of DNA methylation
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Fig.5-1 Development area in 5mC and 5ShmC detection
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