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2003 FEITERT ) LEHEISTE T L, B SEAS O BRPRIIS DL IFF S 7275, DNA B0 RH o
FH TR ORI WET | DNA ORI DAL R B R 38 BT B O AR VRS
iz, 20 DNA O IEEH O EA L2 ED7R DNA OAF ALRCEAN D AT AL, 7T b, Vo mRibrs
E D% RENEMIZ L DBIAR R BB LT Y = 2T 4 7 A LT TV D, 2L TE Y =X T 47 AD
BT, BROFA EMALOER &2 > TRV, Fil R BIa AR — 7y e LU TER SITVD,

—J7 . RNA bERGZ kA R EMiZZ T HZENELIIY ATk, KEE(k, TETF vk, FA4— Akl
100 FEEAA 2 5 S RR7E M D3MFIE T H(2), 24D RNA (E£fiIL, transfer RNA (tRNA), messenger RNA (mRNA),
ribosomal RNA (rRNA)Z LU &T 28k 4 72 RNA IZFEL(2), ZHE 10 RNA 25MfaN CHEblicime 35
FECHFICEETHLEEZLN TN,

1970 FEARUTIZC O TEDIFEN LI 72572 mRNA H10 N6-methyladenosine (m6A)I%., % F. 24 i T RNA
HOEZIAFIET DN AR Th ol ITF | BRI T 2RO B LR AR — 7 = — & Wb
VATV T b= MMENT OWEHAICTEY  m6A 1T mRNA (ZT 2 Z DIIFAAETHO TR, 3 FERIRREL (3-
untranslated region: 3’—UTR)'?3X}\77°:IF‘/}§J@GC$¢LTT?ET5:&%§%%ﬁ>&f£0f:(3—5)o SHIZ, moA 13,
AF)VALHESR METTL3, METTL14, WTAP (6), it A /L% fat mass and obesity-associated protein (FTO)(7),
AIkB homolog 5 (ALKBHS) (8)IZ LV A I ATF AL HIFEIS D ZEN G E72 5T, FT2 moA ZFRikLZ
DOIREE K7-9 43 7L LT YTHDFI-3 2 RIESNTZ(9), ZNHRRMT 7%, méA Z HHIEL T YTS521-B
homology domain family (YTHDF)1, YTHDF3 | mRNA OFFRIZHEIZ(10-12), YTHDF2 |3 mRNA D3RI
FHELTWD (Fig.l) (9,13), ETTLS
mEA @ﬁél 1@[] %%1‘%753% 5 M‘ﬁ;ﬂ_':4 EahfTneEsE

INETRHHIT, mOA (EHH
" " mRNA AAA m mRNA @A
d

"f‘EHH@@ 'ﬂﬁ(14 15) *&HJ;{ — polyA

5-UTR 3-UTR 5UTR 3.UTR
LOFEI(16), ¥E(17, 18)% 5 - \ij
. . \
T AREEENSHDLZEN D pNY o
Sso ALKBHS X FAALER

Mo TEL, 20X, Bin

FHBI RNA (BRI mRNA @‘@
— polyA

D ﬁ:]IJ 'fﬁl] é hé%*‘% 6i I— II:O }‘ ? 5-UTR 3-UTR
‘/X7U7G]*‘:7XJ &l/ \5%)?77:’_73? EHERL s zmg::; [ ER S

YTHDES MRNA®D 5
B E L TRIES AR O T

Fig.1. Regulation of gene expression by N6-methyladenine (m6A) in mRNA.



Do LNLIRIAE, %<0 RNA EHiD AW FEHIE T2 OHIE T HESSICITR B EOBHEMEIC O\ T4y
WZHABEZ2 > TUVR Y,

ARMFFEETIL, BISLIRRE OTEWHEARY 4+ & LT 2-oxoglutarete (20G) and Fe(Il)-dependent oxygenase KA1
%495 DNA/RNA il AF/LALI%5 prostate cancer antigen-1 (PCA-1)% [FE L(19). BiISZARFE M AEEZ V-
in vitro BX N in vivo EHTIZISVNT, PCA-1 OFEHINH A Ml O HEFEm i (5 11 i N B E 2R 972
k%i&%bﬂ\é(zo)o PCA-1 1%, KIBE D AIKB &7 3 /ERL~UL T 23%E @\ VERIM A 7R3 e ALKBH 773

(BT DXL R THY, BIE ALKBH3 EMEEI TV D, ALKBH3 13, KEGE X2 7378 AIKB L[RIARICA
F LA CTHE SN — A8 DNA @ 1-methyladenine (m1A), 3-methylcytosine (m3C)% fii A5 /L1k95 DNA
HREEERESE THH(Fig2) (21), —7F . ALKBH3 X, AF /MLANCEVFHESLZ RNA @ mlA, m3C biiAF
AEL RNA HEEREIEELL THERET DL HDILTND(22), LXLAENG, AIROEIY RNA IZiE mlA
R m3C &L MOEMINTFIEL TODIEMNE, ALKBH3 (ZAT /UALIRERO 27253 ABENCAT /UL
STz RNA B O BAT WALZAT > TOD FATREMEDE X AL, Filc /R =T A7V I AR 53 & L Th
RET D2 LD HERIS T,

AHFTETIL, b EHATEDRE ThHAMIR G R IR T ALKBH3 238ERHLL CWAHIEZ7RL, BN
etk % N fRAT 230 . ALKBH3 2SR O BBIIEHERY I THEREL TV D LA R LT, EBIT, ZETATF L
AN ROFFESNIZAT /UL RNA OATF AGEEREL THBIL TV 2 ALKBH3 23, AEFFJIC AT /A LE L
72 RNA b EE LU TREERAIZHAT MBIEMEZ R BT 22078072, EHIT (RNA OATF ARIZE B L, I
FEAMIEARZ B D= RATIC LD . ALKBH3 OFEELINHIAY, tRNA OBEAT ALHIEEZ LTS RIER L
TWHZEEILNI LT, ZIHDOIFZERE 1% ALKBH3 O @R BN NT ATV T MRy ZADH <AL T
SRR DFEIE L A IZ B D 28T LWV P2 R T H D ThH D,

1 286(aa)
(Human) ah oxy -
AKB 1 217(aa)
(E.coli) | 20G-Fe(ll) Oxy |
20G-Fe(ll) Oxy : 2-oxoglutarate and Fe(ll)-dependent oxygenase
domain:
( AlkB
ALKBH3 NH NH
J N+ 2 N
N—CH, & ﬁ ¢
/ ,.J 200G Fe(ll) CO, —./Z_$N CH-0OH N / \N
DNA 0, succinate [ N= HCHO / N=J
RNA  m1A DNA DNA
RNA RNA

Fig.2. Oxidative demethylation of 1-methyladenine and 3-methylcytosine residues in DNA/RNA by
AlkB and ALKBH3.



H1E ERICBITH ALKBH3 O H L 2R
BAERLEEMEOE CHARSE 2B 15 ALKBH3 OFELA | FEmEE R BRIEEZ W THRFILE, 51T,
ALKBH3 ORI 35T DHEREZ MR . BEREHIRRR xenografi &7 V& FIVWTREIL 72,

o5 1B SRR

BRI M I

7R BRSNS ERL R G - R BB O IR0 IEFERE | B LB NG, RS D BRIR IR IR I KON 1996 4F
75 2008 LEDHIIC FlE 2172 116 BIOBFEIN R IR IR 25T, BIKIT. 10%/STFV LT VT ER U Mtk
ER CREER . T 71 aLT,

LS ek o sy )
* Target Retrieval Solution, pH 9.0 (DAKO)

* Antibody Diluent (DAKO)
/S TIREN
PLKi67 E/7m—F LHUAK (Zymed Laboratories)
Pt PCA-1/ ALKBH3 1fLi  (HAF0E TER) (19)
- IR

EnVision+ Single Reagent (HRP. Mouse) (DAKO)
EnVision+ Single Reagent (HRP. Rabbit) (DAKO)

TUNEL 4u£4
* Tumor TACS In Situ Apoptosis Detection Kit (R&D System)

HfEEE 3%

b MNEEE IR PANC-1 (American Type Culture Collection)

‘B NEEE AR MIA Paca-2 (American Type Culture Collection)
- B NESEE IR PK-1 (American Type Culture Collection)

- MNEEE AR BXPC-3 (American Type Culture Collection)

- B M AL PC-1 (American Type Culture Collection)

*FCS



-100 mM E/LVE T RUT L (Wako)

*RPMI-1640 (Wako)

*DMEM (Wako)

SiIRNA NV A7 =7 g9

* Lipofectamine 2000 (Thermo Fisher Scientific)

-siRNA [T GeneDesign 17Ol A L7z, AHFFETHVZ siRNA OECHIZLL IR,

Sense

Antisense

Control siRNA

auccgcgcgauaguacgualT

uacguacuaucgcgeggauTT

ALKBH3 siRNA#1

gagagaagcuucacugaaalT

uuucagugaagcuucucucTT

ALKBH3 siRNA#2

gaaagaagcugacuggaualT

uauccagucagcuucuuucTT

RNA i, cDNA &5k

*illustra RNA spin (GE Healthcare)

*QIAzol Lysis Reagent (QIAGEN)

*miRNeasy Mini Kit (QIAGEN)
-Experion RNA StdSens fi##7% >k (BIO-RAD)
*PrimeScript RT reagent Kit (TaKaRa)

Real-time polymerase chain reaction (PCR) £

*SYBR Premix Ex Taq (Takara)

*Primer

Primer Name

Sequence

ALKBH3 forward

5'-TAC CAC TGC TAA GAG CCATCT CC-3’

ALKBHS3 reverse

5'-GAC AGG CTG ATT TCA TAC ACA CC-3'

GAPDH forward 5-CCATCA CCA TCT TCC AGG AG-3'
GAPDH reverse 5-CCATCA CCA TCT TCC AGG AG-3'
Western blot
+ Cell lysis buffer

RIPA buffer (Thermo Fisher Scientific)

Protease inhibitor (Nacalai Tesque, Inc.) RIPA buffer {Z#& I 1%E72 5 IZERINLT-,

Phosphatase inhibitor (Nacalai Tesque, Inc.) RIPA buffer (Z#&IRFE 1%E72 50 ZHRINLTZ,




*6xsample buffer: 0.35 M Tris-HCI (pH6.8), 10% SDS, 30% glycerol, 0.018% BPB
“10%AR VT 77UV T7IR7 /L (Bio-Rad)

-PVDF i (Millipore)

* SDS-PAGE running buffer: 25 mM Tris, 192 mM glycine, 0.1% SDS

*TBS-T: 10 mM Tris-HCI (pH7.5), 150 mM NacCl, 0.1% Tween20

* Transfer buffer: 25 mM Tris, 192 mM glycine, 20% methanol

*Blocking buffer: 5% skim milk (#:7K)/ TBS-T

HUAEFIR buffer

Can Get Siganl solution 1 (TOYOBO)
Can Get Siganl solution 2 (TOYOBO)

/ST
$T ALKBH3 #iif& (Millipore)
Pip-actin €/ 72— /LHLK (Sigma-Aldrich)
)/ 7NN
HRP 351 rabbit IgG HLIA, HRP 1% 5T mouse I1gG HLA (Santa Cruz Biotechnology)
ECL Prime Western Blotting Detection Reagents (GE Healthcare)

AR IS S BEMR AT
“WST-1 (DOJINDO)

+ 1-methoxy PMS (DOJINDO)

il e {21 R M AL A= RE OO g
+CIM Plate (Roche)

+xCELLigence DP system (Roche)
-~ hKJ% /L (Corning)
« 747 BRI F L (Sigma-Aldrich)

e RIERE PANC-1 % V- Xenograft &7 /L% BV - ALKBH3 O 2l

- C.B-17/lcr-scid/scid Jcl (SCID) ~7 A, 6 Jfiiniff (CLEA Japan)
+ AteloGene Local Use (Koken)
* ALKBH3 siRNA (QIAGEN): 5’-cagagaggauauaacuuaucaTT



552 fi KBRS

e 1 - DY

BRI A 116 BllcD\ T, T ALKBH3 HiiAZ FlO CoE kb2 (0 %17\ . ALKBH3 BESR 20%L
% ALKBH3 {R585UEE . ALKBH3 15 50%24 12 ALKBH3 i S8 BUHEL 2 BRICOMHRLTZ, T 2 #RHZS W
T Kaplan-Meier % P\ N CA A7 BIIROHEE 24T 572, 2 BERIO A7 #i RO HLBIT: log-rank BE % Lz,

Baked N | sy )

RNV AEENRT T 4GB LT 7 VT ay % 5 um ([ YR, =8 ) — LRSI TH T 7 0 B L OWK
SUBRZAT ST, & D%, Target Retrieval Solution, pH 9.0 % W TEVLERIZ X HUFRRTE L E2T1 T 72, WA
NAFLE —BDRNEDT=OIZ, Ui 03%EM(bLKFEKITRL, T 10 A FaX—FLiz,
PBS T 3 [AI&i L 72, ZD1% ., Antibody Diluent THR L 7= —kFifAL 4°CT B oS, ZIRTUAZ =R
T T 1 RIS SET2# . DAB IZE DR AAT o7z, ~V IRV ATLDI T2 — AT A BRI K BT
B AL, BERRIRIZEITH ALKBH3 OFFMiIL, 1000 #ifd47-0> ALKBH3 [PEMROEI A TITo7,

TUNEL %:f4
T 2 AR L~V E T T 4L 5 pm IZ3EEE]  Tumor TACS In Situ Apoptosis Detection Kit %/
WTC, RO T aha— N T AR b= ARG PERI B O R 21T 57,

il (oS

PANC-1 BLT PK-1 flfEKIX 10% FCS ZIRML7- RPMI-1640 T, 37°C, 5% CO, B&HE F TH:& L 72, MIA
Paca-2 flHEFEIT 10% FCS Z¥RNIL7= DMEM T, 37°C, 5% CO, Bghi F Chi#E L7, BxPC-3 BL Y AsPC-1
RARIE 20% FCS 38500 1 mM E/LVE U N D AEIRINL7Z RPMI-1640 T, 37°C, 5% CO, B [ CHi &L

7’9—
—o

SiRNA DT AT =7 av

PANC-1 HHf@#%|Z Lipofectamine 2000 % U T siRNA Zh7 A7 /a2 L7=, 6 well plate |Z 1 x10° cells/
well #FEFEL , AR L7 siRNA (#3210 nM) & Lipofectamine 2000 O #E S AR 2R L 7= Ml @nL 7=,

RNA filitH, cDNA £k
ALKBH3 OFRBLEHIEIZAV - RNA (X, 5 FEO MK B4 4 | illustra RNA spin 2T, ifto 7 ah
I— U T LT,




ALKBH3 ZRBLHNH L7l bix, LT O HET RNA 2L, MU A7 27 a1k 48 B Ofifa %
XL, #Hifa~SL % PBS C 2 [BIPEEL-#. 700 ub @ QIAzol Lysis Reagent IRIMLAEY F A X L7Z,
miRNeasy Mini Kit Z V>, i O mha—/UZHEV total RNA 2l L7z, fliHL7= total RNA OFE X,
Experion RNA StdSens fi#4T=~a FIV TC, Experion H B)&E %Ik EI > A7 L (BIO-RAD) TR L=, 57z
total RNA 500 ng % F\ T, PrimeScript RT reagent Kit % W CHRAFO 7 mha—/LIZHEVy cDNA ARk,
nuclease-free H;O 12XV 10 f5ARL THEERIZEH L,

Real-time polymerase chain reaction (PCR) £

DL HLARICHE > T 7 V&7 #LL | LightCycler (Roche)Z FVWCHIE LT,

Real-time PCRZ: 14
Gene Condition Cycle

7V RELRK
i 1y ALKBH3 95C 30sec 1
SYBR Premix Ex Taq Il 5.0 uL o
. 95°C 5sec
10 uM Forward primer 0.2 uL o 55
10 uM Reverse primer 0.2 uL 60C 30 sec
K P ~M- "SAPDH | 95C 30sec. 1
cDNA 1.0 uL o
95°C 15 sec
Nuclease free water 3.6 uL .
Total volume 10.0 uL 60°C 30 sec 45
72°C 15 sec
T AX T ayh

NV AT =7 a4 48 RE ORI AR L, MifE~<1L R~ PBS C 2 [P L7, Cell lysis buffer Tk
L7z, K BT 5 A Fa~—hM%, 14,000 g T 15 i LU BRIV BT — e Lo, Yo AH
T ay ML, XX E 7 A —MZ 6xSample buffer /12T 95°C, 10 43 fHA > FaX—hL, BVEMESHE T2 H
7N AWz, SDS-PAGE IRV 7 ZUNT IR Wz VT, 200 V EEE F T{To72, PVDF #a A%/ —/L
EIREE K THUKALALFEL | Transfer buffer T 5 RREOLIZ#E, NIV AT 7 —&AT o7, EDBAL TV %
TBS-T T 3 [V L ., 5S%AF LILZIEE T 1 Bl 07 vy 7 %4772, 58 TBS-T T 3 BIFEEL, —&k L
K% 4°C TGS T, BHA T L% TBS-T T 3 [BIYEEFL, “RPUAEZRET 1 BRMSSE, O
TBS-T (ZLD¥EH%1T>7-1% . ECL Plus Western Blotting Detection Reagents % F\ CH &, ImageQuant
LAS 4000mini (GE Healthcare) (2553 ROMREEITHT-,

il S B RE AR AT

NIRRT 27 ath A8 WERIICHINE &2 HIBEL . 96 /N7 L —NZ 10° cells/well TIEREL 7=, 24 W5 24 Ff
MZ&IZ 6 HH, WST-1 I FB LY 1-methoxy PMS iR % 9:1 TIRALIZHDZKT /L 10 pl IINL, 2 FF
[F1#%1Z 450 nm TG ZAHIE Lz, IR EL T 630 nm 2 L7,




AR RE AT

CIM Plate ® Upper chamber % 1%~ R~ 7 /L Ca—7 17 L7z, Lower chamber |Z{LFFHIKE &L T 20% FCS
& T RPMI-1640 2 INLT-, hT AT 27 a4 48 BRI ZKIBEL . Upper Plate (2 4x10* cells/well &
72 B I MBS MR L C R RRAE L 7, IRIEREIT, VT V2 A Kl 7 FF A —xCELLigence DP (ACEA
Biosciences) T~ N7 /L2 3 Dl A B b9~ 2 2 LI R0FHI L 7=,

R AE REfEAT

CIM Plate ® Upper chamber % 10 ug/mL 747 2375 Ca—7 47 Uiz, Lower chamber (2L K&
ELT 15% FCS % & T RPMI-1640 ZIRINLT-, NI A7 20 a4 48 BRI HING A FIEEL . Upper Plate (2
4x10* cells/well &722 I HE I 85 I L CHRREFE L 7o, WEERBIZ. VT v Z A LMl T A% —
xCELLigence DP (ACEA Biosciences) T74~7 vx7F v b (b3 DMilata it 322 LI k0iH L=,

PR AR PANC-1 % A\ /= Xenograft &5 /V% A\ /= ALKBH3 OFFAfl

PANC-1 #iflafk 4x10° cells Z SCID D AD L NIZHEHEL , A% 10 A H XY AteloGene &4 L7- ALKBH3
siRNA FJ T Control siRNA A fEEEJE FHIC B 5- L7, #5015, 1 nmol/VE, i 2 [A], 2 B[ # 5 Uiz, EEARE
13 ROXAEHANTRI L, EFHATE = (5 R (BEEELLE)<0.5

Mifa % 28 H BICIEGA ML, G E EORELITo7,

A EHEAT
FRIZFREM2WOERD | 2 BERIO R E 1. Student’s t-test 2 N TITo72,

53 Hi FEEEEERIRICZE D ALKBH3 O3 BUEAT L0114 T 1% DfifT
B AN TR Bld 20 L L CRIESH
100 (14) 7= ALKBH3 28, FEBIZBWTH E R UE

(case number)

% e OEMAICF 5T D RN H L) BET
v © EATHZL LT, Z Ok 5, HERR IR B O
) 60%1Z33 T ALKBH3 O EFE B FED

Hivle, o, BEEORTER AL SN -

&S S IS I 5\ TH 7L — R
PanIN1B PaniN2 R Q Q o
T o ko . | Fig.3. ALKBH3 is highly expressed in pancreatic o /
intraepithelial neoplasia and pancreatic cancer. (A) JZTEHuH:I/\ ALKBH3 ODIS%‘T?E%
Immunohistochemical analysis of ALKBH3 in normal

pancreatic duct, pancreatic intraepithelial neoplasia 3 E W2 EN B SN E A o T2
(PanIN) and pancreatic cancer tissue. (B) ALKBH3

amm = pacreaﬁc er positive rate in pancreatic tissues as indicated. Data are  (Fig.3A, 3B), =5 IC, JizE 98 W R
shown as mean = S.D.

».

>

_ anINv1.A 40

Positive rate (%)

20 4 (32)




AR 116 BT L CHEii b P e Az T o T2 L 2A AR DO RSEBI IV T ALKBH3 Btz <9 4u g
RO, SRR CO ALKBH3 B O P IED F-EIE 62.5% Th-o7-, i ALKBH3 Btz R L7-
Rk % ALKBH3 ORFIESR 20%LL FAARFBLRE, iR 50%LL L2 @B Bt L CaOtaL T2 A(FigdA), iR
Wz RS T KA BLOYRHIAT = L0 @ MHEARR S DB (Table 1), 512, ALKBH3 SR BRET
L AR BRI LT TR RN LG E 725 7= (Fig4B),

A B
AN : §|W
< - £ Y
2 -
©
5 o
Sk 3p © P=0.0156 === High positivity
7 ] = == | ow positivity
~ a 2
] 5 50
2 3
: : s
5 —
o
R 6
Low positivity
500 1000 1500 2000
& Days after surgery

Lo®

Fig4. High expression of ALKBHS3 is comelated with poor prognosis

after surgery. (A) Immunohistochemical staining of ALKBH3 in

i : ; pancreatic cancer tissue. ALKBH3 positive rate 20 -50% was defined as

W, E \:’-"’: low positivity, while >50% was defined as high positivity. Representative

T images are shown as indicated. (B) Overall survival of 116 patients with

pancreatic cancer associated with ALKBHS3 status. Tumors with high

High positivity positivity of ALKBH3 expression had significantly poor prognosis
compared to those with low positivity (P=0.0156).

Table 1. Clinicopathological characteristics according to ALKBH3 expression

Characteristics ALKBH3 low (n=59) ALKBH3 high (n=57) P value
Age,y 66 (42-81) 66 (33-80) 0.6480
Gender
Male 33(55.9%) 34(59.7%) 0.6854
Female 26 (44.1%) 23 (40.4%)
Histpathological grading
G1 17 (28.8%) 17 (29.8%) 0.6156
G2 34 (57 6%) 31(54.4%)
G3 5(8.5%) 8(14.0%)
G4 3(51%) 1(1.8%)
pT category
pT1/pT2/pT3 53(89.9%) 40 (70.2%) 0.0079
pT4 6 (10.2%) 17 (59.6%)
pN category
pNO 28 (47 .5%) 19 (40.4%) 0.1214
pN1 31(52.5%) 38 (59.6%)
pM category
pMO 57 (96.6%) 50 (87.7%) 0.0735
ph1 2(3.4%) 7(12.3%)
UICC stage
IAIB 14 (23.7%) 7(12.3%) 0.0144
ANIB 38 (64.4%) 29(50.9%)
I 5(8.5%) 14 (24 6%)
[\ 2(3.4%) 7(12.3%)

10



55 4 Hi. PEEEANAEAE PANC-1 1235175 ALKBH3 & B4 il lE o> 3¢ SR AT

PERERR R R Z 3T ALKBH3 D@ RENGROLIIZZ LMD, EMNE g - T
FERIRIEZ W CR BRI 21T 7=, REIBURNTEATHICH -0, STHE g% 15602 4
O BEFE MK MIA Paca-2, PANC-1, PK-1, BxPC-3, AsPC-1 [25(J% §§ 10602 -
ALKBH3 mRNA OFHLZFH 7z, ZORER, HbHREELOE PANC-1 % E% 5.0F-03 -
LIBE DRATIZ WA Z L LT (Fig.5), ENFEEAMIL PANC-1 123\ TR 3 : 008400 |
727% 2 FEHED ALKBH3 siRNA % I\ C ALKBH3 & 5B L7-L = 5. ‘&q“%ﬂq S &

NI ART 27 a1 48 hr 128U T, ALKBH3 mRNA DX HL &35 20%

Fig.5. ALKBH3 mRNA expression levels
ICETIK FL7=(Fig.6A, 6B), 2™ 2 FfifH> ALKBH3 siRNA % i\ C,  invarious pancreatic cancer cell lines
PANC-1 fERKRIZ I 1T D a5 REZ WST-1 £ CRHMIL 7224, ALKBH3 2 ELINHIZ XV HEFERED IR T 2358
DB (Fig.6C), FEDEED 1 SELTHRAEREB L OMEBREDIF AL 17325 F B 5 (23), 2T, ALKBH3
DI THEER L ONEAEREIC 5-2 55 2% Ml OARRE b A2 B X PUE L U CHIE FTHE7: xCELLigence % VT
FHML 72, IZHEEEI X~ N7 L ~DIRENE T, EEREIT 7 T ax s F v FOEMEL TENENEHMEILZ, ©

DOfEF:, ALKBH3 O BIHNICLIRIERER L ONEEREDIK TR LN (Fig.6D, 6E)

A C D
2.54 _
19 ” s Control SIRNA
i m—— ALKBH3 siRNA#1 .-
% O Control sBNA , « ALKBH3 SIRNA#2H
¥ 14 E ALKBH3 siRNA#1 12 —o— Control siRNA g 154
E £ s M ALKBH3 siRNA#2 - B— ALKBH3 SIRNAZ] £ |
L5 T 10 { —e— ALKBH3 siRNA#2 Sosd e i
4 @ 06 4 % i
28 = 0 [
g v 04 4 8
® < 0 3 6 9 12 15 18 21 24 27
& 02 4 E Time (hr)
]
o i 25
E s Control siRNA
ALKBH3 SIENA#H """"""
— ALKBH3 siRNA#2
B ALKBH3 § 15
siRNA:  Control v T T T T N — N 0% (DR NPT P2 s e04
# #2 3 4 5 6 7 8 £
ALKBH3 -}l = Days after transfection 8 os . sttt
p-actin | I o e

0 2 4 6 8 10 12
Time (hr)

Fig.6. ALKBH3-knockdown decreases cell proliferation, cell invasion and cell migration in PANC-1 cells. (A) The relative
expression of ALKBH3 mRNA was determined by quantitative real-time PCR. ALKBH3 expression was significantly decreased in
PANC-1 cells. Data are shown as mean = S.D. (n = 3). **p < 0.01. (B) Cell lysates were immunoblotted with anti-ALKBH3 and
anti-B-actin antibodies. (C) Decreased cell growth of ALKBH3-knockdown PANC-1 cells.  Cell growth was assessed using WST -
1 assay. Data are shown as mean + S.D. (D) Decreased cell invasion in ALKBH3-knockdown cells. Invasion assay was performed
using 1% matrigel-coated CIM-plate 16. (E) Decreased cell migration in ALKBH-knockdown cells. Migration assay was
performed using 10 pg/ml fibronectin-coated CIM-plate 16. The media containing 20% and 15% FCS were used as a
chemoattractant in the lower chamber for (D) and (E), respectively.
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55 E. PEEHIIER xenograft £T VICE T D ALKBH3 F& 840l i oD 2 Bl AL fiRAT

In vitro \Z33 T DTG R MIIARIZ 3\ T ALKBH3 OFE BN iE-CRIERE O Mt 45589528

INABINETR ST, 2T, in vivo (Z3517% ALKBH3 Ol (x4

FHMAEAT 77, B ERE PANC-1

% SCID ~ 7 AD K FIZ 4 x10 AL 7-, BHit% 10 H H XY, ALKBH3 siRNA 3L O control siRNA %3
H RN Tz > TR G- L7222 A, ALKBH3 siRNA £ 5-8% Tl control siRNA # 5-FEIZ LT, 7 B2 E5E
IBAEZN R DFRODIE (Fig.7A, TB), SOITHH H U7 BT A g ik b Y a2 kY ALKBH3 OFBLAFH~ 7

[ml, 2

A

N
(=3
=]

150

Tumor volume (mm?)
@ 2
o o

Tumor weight (mg)

siRNA Control ALKBH3

80

60

40

20

0

C
Control siRNA
- Control siRNA P
-+ ALKBH3 siRNA
P - -2t
{}I ALKBH3 |
0 5 10 15 20
Days after treatment
Kie7
°
%
.. *kk
—= TUNEL

ALKBH3 siRNA

L2, ALKBH3 siRNA # 5.1
Tl ALKBH3 O3 BUK T2 e
Tz (Fig7C), F7=, HiFH
EDfRIE LD Ki6T &
ALKBH3 siRNA (ZXY#pffil&
TV, 612, ALKBH3
SiRNA Z#5- U= fEClE, 7
IWh— AD¥EIFEE72% TUNEL
Bt 2 GRS DT,

Fig.7. ALKBH3 siRNA demonstrates a substantial antitumor effect in vivo. (A) SCID mice were inoculated s.c. with 4 x10°
PANC-1 cells. Mice were then locally injected either control siRNA (n = 8) or ALKBH3 siRNA with AteloGene (n = 6) on days
0, 3, 7, and 10. Data are shown as mean +S.D. (Control siRNA n=8, ALKBH3 siRNA n=6). **p<0.01 ***p<0.001 vs control
siRNA. (B) Tumor weight from ALKBH3 siRNA- or control siRNA-treated mice were measured at sacrifice on 28 days after
tumor cell injection. Each symbol represents an individual mouse; long horizontal lines indicate the mean tumor weight at

sacrifice. (n=8 for Control siRNA,

n=6 for ALKBH3 siRNA). ***p < 0.001 vs control siRNA. (C) Immunohistochemical

staining. A significant decrease in ALKBH3 and Ki67 expression is evident in tumor tissue samples from ALKBH3 siRNA-
treated mice compared to those from mice given control siRNA. TUNEL-positive cells were increased in tumor tissue samples
from ALKBH3 siRNA-treated mice compared to those from mice given control siRNA.

556 fiii /&

M w e

BB R R MR A2 35U T ALKBH3 13 & B TV,
ALKBH3 O @38 BT, i PR R EmWIHBIMZ/RLT,
bR AIIIER PANC-1 1235\ T, ALKBH3 FEBUM B LVEGEGE ., iRHERE . dEEREDIK T80 6N,
SR ABRAK Xenograft &7 WA NT, ALKBH3 OFEBLMHNIC L0 IEER
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%52 % ALKBH3 (245 RNA AT /ULl EEE O Rl E

RNA (Zi%, 100 FEELL_ EOEMDFIETDHIENHMOBILTNDN(2), £ DELDEARIZ OV TABIR BRI
NZHIHE S FAZ DN TUEEAE DGR > TRV, — 757 ALKBH3 13, AF/HEANZEVFFES 2 RNA O
mlA, m3C % 20G, Fe(INIKIFHIZERLHIBAT AALL RNA HEEEEREREL THEIET A2 MbN TS
(19)e ALKBH3 (AT /UALBRERE DO A2 HT | AR AT ALE L2 RNA DOBATF ALD AT AKIZEH B
HL QWD ATREMER S DHEE 2 Hii=7=8 , ALKBH3 1252 RNA AF /U LI E DRI EEITHZEE LT,

51 E EERE
FiA=z)a v F o~ ALKBH3 DOfE#L

‘FLAG-His-ALKBH3 J§#1-~7%— (Link Genomics)

*ABv /3F 2177 A /LA DNA (Sysmex)

< 1A EEE AL BmN HIfE (Sysmex)

*Lysis buffer: 20 mM Tris-HCI (pH 8.0), 150 mM NaCl, 1 mM EDTA, 1 mM EGTA, 10 mM benzamidine, 1 mM
phenylmethylsulfonyl, and 1 mM DTT

*Elution buffer A: liner gradient of 60 mM to 280 mM imidazole in 20 mM Tris-HCI (pH 8.0), 150 mM NacCl, 10%
glycerol, and 0.1% Triton X-100

* Elution buffer B: liner gradient of 50 mM to 500 mM NacCl in 20 mM Tris-HCI (pH 8.0), 10% glycerol, and 0.1%
Triton X-100

*Binding buffer: 20 mM Tris-HCl (pHS8.0), 10% glycerol, and 0.1% Triton X-100

* Dialysis buffer: 20 mM Tris-HCI (pH 8.0), 50 mM NaCl, 50% glycerol, and 0.1% Triton X-100

+ AKTA Prime Plus (GE Healthcare)

*HisTrap HP affinity column, 5 mL, 1.6 X2.5 cm (GE Healthcare)

*Mono Q 5/50 GL anion ion exchange column (GE Healthcare)

*10% R VT 77UV TIRSZ L (Bio-Rad)

-CBB 4:t4if%: SimplyBlue SafeStain (Thermo Fisher Scientific)

Total RNA, small RNA, large RNA OHiH

*QIAzol Lysis Reagent (QIAGEN)

*miRNeasy Mini Kit (QIAGEN)

*RNeasy MinElute Cleanup Kit (QIAGEN)
-Experion RNA StdSens ###7% >k (BIO-RAD)
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6 FHXED RNA [H]53 D 5y ik )
<EVET I — A5V 1% agarose, 2% formaldehyde, and 1 X MOPS

BMERYT IV T IRV A—s3—F 7 TMRNA, 15%, 4M Urea (Wako)

*1 XMOPS buffer (Nacalai tesque)

*0.5XTBE: 6.5 mM Tris, 2.25 mM Boric acid and 0.125 mM EDTA, pH 8.3

*Gel loading buffer II: 95% Formamide, 18 mM EDTA and 0.025% each of SDS, XC, and BPB (Thermo Fisher
Scientific)

*SYBR Gold (Thermo Fisher Scientific)

*Gel elution buffer: 20 mM Tris-HCI (pH 7.5), 0.25 M Sodium acetate, | mM EDTA (pH 8.0), and 0.25% SDS
Tz /)b aniR)V AT VT )V3—)L=25: 24: 1 (PCI) (Nacalai tesque)

«7muaR/LA (Wako)

-xX /)—/) (Wako)

*UltraPure Glycogen (Thermo Fisher Scientific)

*Magnosphere UltraPure mRNA Purification Kit (TaKaRa)

- Agilent Small RNA * K (Agilent)

HAAYa e F U F N FVTZ RNA DRATF /HAROES

I A=z)a )k ALKBH3

<J1A/aYa )~ ALKBHS (Sysmex)

*Reaction buffer: 50 mM Tris-HCI (pH 8.0), 2 mM ascorbate, 0.1 mM 20G, and 40 uM FeSO4

XIVHAFRDXIV AL R~D 55 fiF
*Nuclease P1 (Wako)
+ Alkaline Phosphatase (E. coli C75) (BAP) (TaKaRa)

+1 M ammonium acetate (pH 5.3)

‘LC/MS M Btk (Wako)

B ENTEEE S V- RNA X7V AV ROER:
BRI~ T 1M BERT =T AR (Wako)
‘LC/MS Mtk (Wako)

‘LC/MS I A% /—/L (Wako)

+ Adenosine (Wako)
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*Guanosine (Sigma-Aldrich)

+ Cytidine (Sigma-Aldrich)

*Uridine (Sigma-Aldrich)
+2'-O-methyladenosine (#L 5{Lf%)
*N2,N2-dimethylguanosine (Toronto Research Chemicals)
*N4-acetylcytidine (Carbosynth)
*5,2'-O-dimethyluridine (Carbosynth)
+N6-threonylcarbamoyladenosine (Bio log)

* 1-methylinosine (Toronto Research Chemicals)
* 5-methoxycarbonylmethyluridine (Carbosynth)
+2'-O-methylcytidine (B HLILK)
+2'-O-methylguanosine (3 AL 1%)
+2'-O-methyluridine(H AL %)

* 7-methylguanosine (Santa cruz)

* Inosine (Wako)

*5-methylcytidine (B A{LK)

+ 5-methyluridine (3 5U{k%)

*3-methylcytidine (Toronto Research Chemicals)
*N1-methyladenosine (Carbosynth)
*N6-methyladenosine (Carbosynth)
*N2-methylguanosine (Sigma-Aldrich)
*N1-methylguanosine (Carbosynth)

* 5-hydroxymethylcytidine (Berry & Associates)
* Pseudouridine (Carbosynth)

+2'-deoxyguanosine 15N5 (Cambridge Isotope Laboratories, Inc.)

Pl mlA Hiik% HV - RNA D505 Ik
*Dynabeads Protein G (30 mg/mL) (Thermo Fisher Scientific)

+ Dithiothreitol, DTT (Wako)
*HL 1-methyladenosine HL{A(MBL)
*RNaseOUT Recombinant Ribonuclease Inhibitor (Thermo Fisher Scientific)

*RIP-Assay Kit for microRNA (MBL)
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RIP-Assay kit for microRNA mi-Lysis Buffer, RIP-Assay Kit for microRNA mi-Wash Buffer, mi-Solution I, mi-
Solution II, mi-Solution III, mi-Solution IV
*Lysis buffer: RIP-Assay kit for microRNA mi-Lysis Buffer, containing 1.5mM DTT and 200U/ml RNaseOUT™
Recombinant Ribonuclease Inhibitor

* Wash buffer: RIP-Assay Kit for microRNA mi-Wash Buffer, containing 1.5mM DTT and 200U/mL RNaseOUT™

Recombinant Ribonuclease Inhibitor

*Master Mix Solution: RIP-Assay Kit for microRNA, mi-Solution I: mi-Solution II=10 pL: 240 pL

DNA 7'2—7 %\ /- tRNA O B

*Dynabeads MyOne Streptavidin C1 (10 mg/mL) (Thermo Fisher Scientific)
*1 XB&W buffer: 5 mM Tris-HCI (pH 7.5), 0.5 mM EDTA and 1 M NaCl
*2 XB&W buffer: 10 mM Tris-HCI (pH 7.5), 1 mM EDTA and 2 M NacCl
*Solution A: 0.1 M NaOH in DEPC-treated water

*Solution B: 0.05M NaCl in DEPC-treated water

*6 X SSC: 0.9M NaCl and 0.09M Sodium Citrate

*3 X' SSC: 0.45M NaCl and 0.045M Sodium Citrate

*1 X' SSC: 0.15M NaCl and 0.015M Sodium Citrate

0.1 X SSC: 0.015M NaCl and 0.0015M Sodium Citrate

<200 mM EAF Al ss DNA A U= (GeneDesign) (Table 2)

Table 2. The Sequences of tRINA isolation probes.

Probe Name 5-->3 Probe Name 5-->3'
Ala01(UGC) tggagatgccggggattgaacccggggect Leu02(CAA) tgtcagaagtgggattcgaacccacgcctc
Arg01(CCU) caccccagatgggactcgaacccacaatce Lys01(CUU) cgcccaacgtggggctcgaacccacgaccce
Asn01(GUU) cgtccctgggtgggetc gaaccaccaacct Met01(CAU) tgcecccgtgtgaggatcgaactcacgacct
Asp01(GUC) ctececegtcggggaatcgaacceeggtete Met02(CAU) tgceccctetgaggttcgaactcaggacct
Cys01(GCA) agggggcacccggatttgaaccggggactt Pro01(CGG) gggctcgtccgggatttgaacccgggaccet
GIn01(UUG) aggtcccaccgagatttgaactcggatcge Ser01(CGA) cgctgtgagcaggattigaacctgegeggg
GIn02(UUG) aggtcccaccgagattcgaactcggattge Ser02(GCU) cgacgaggatgggattcgaacccacgegtg
Glu01(UUC) ttcgttacccgggaatcgaaccegegttaa ThrO1(CGU) aggcacggacggggttcgaacccgegatcet
Gly01(UCC) tgcattgggcgggaatc gagecccgggtcaa Val01(UAC) tggttccactggggetcgaacccaggacct
His01(GUG) tgccgtgacteggattcgaaccgaggttge Val02(CAC) tgtttccgeccagtttcgaaccggggacct
lle01(UAU) tgctccaggtgaggetcgaactcacaacct Val03(AAC) tgtttccgeccggtttcgaaccggggacct
lle02(AAU) tggcccgtacggggatcgaaccegegacct Phe01(GAA) tgccgaaacccgggattgaaccagggacct
iMet01(CAU) tagcagaggatggtttcgatccatcgacct SeCO1(UCA) gcccgaaaggtggaattgaaccactctgte
iMet02(CAU) tagcagaggatggtttagatccatcgacct TyrO1(GUA) tecttcgagecggaatcgaaccagegacct
Leu01(AAG) tggcagcggtgggattcgaacccacgecce
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H1 mlA Fii&% /= Immuno-northern blot
+0.5 XTBE: 6.5 mM Tris, 2.25 mM Boric acid and 0.125 mM EDTA, pH 8.3

*Gel loading buffer II: 95% Formamide, 18 mM EDTA and 0.025% each of SDS, XC and BPB (Thermo Fisher
Scientific)

BMERYT ZVVT IRV A—s3—F 7 TMRNA, 15%, 4M Urea (Wako)

*SYBR Gold (Thermo Fisher Scientific)

«FAu A7 (Hybond N+, GE Healthcare)

«—IKPUA: Pt 1-methyladenosine (m1A) HL{A(MBL)

« ZIRBUIAR: HRP 457551 mouse 1gG $ifk (Santa Cruz Biotechnology)

528 EBR5IkL
HAzYa v F b ALKBH3 DL

FLAG-His-ALKBH3 JE_7 % —% ABv /3% 210 (/L A DNA L&6 12 BmN HiflC T A7 =73 a0 L, Va
VEFURIANREG T, DAY A B U R AL AE RS 6 H 12 FLAG-His-ALKBH3 Z3¢HiL
7= A 2hf% Lysis buffer 1 CHREDF AKX L7z, 1% Triton X-100 ZRMNUTZRED A XIRIEZ 4°C, 1 RFEREA
V¥ a_X—RLARIEL, ZD#% 100,000g T 4°C, 1 FEfm.LL, 67220 737 E T A& —hM. Elution
buffer A % F\»C AKTA Prime Plus C HisTrap HP affinity column % FH\ TR 7=, ¥& %% Binding buffer
T 5 &I R L7=1% . Elution buffer B %\ »"C AKTA Prime Plus "C Mono Q 5/50 GL anion ion exchange column
RWTRRLT-, B k% Dialysis buffer Z VN Ti#EHTL . FLAG-His-ALKBH % & T o A= il &
57z BRI, SDS-PAGE 1T\, CBB 4:f4lZJY FLAG-His-ALKBH3 DO Bi&fil L7,

BV A=t

AKX Ty NI, R T- A2z v b ALKBH3 (2 6 X sample buffer %12 C 95°C, 10 4o
FaX—hL, BAEMSETo T a o, —IREUKRIZIL, T ALKBH3 Hifk% . ZREUAKIZIL HRP FE#% T
rabbit IgG iz VT, 8 1 3, 5 1 HilZREa L 72 FIEICHE T o7,

Total RNA, small RNA, large RNA OHiH
e AR PANC-1 2 RIBEL | fiia~<L b4 PBS C 2 [E3EHL7-1% . 700 pL ¢ QIAzol Lysis Reagent ¥/
RETFAAXLT, total RNA [F, miRNeasy Mini Kit Z FV )T, small RNA (200 nt LA T RNA)F5 LT large RNA

(200 nt 2L . RNA)IL, miRNeasy Mini Kit & RNeasy MinElute Cleanup Kit %\ N CTHfF D7 mha— L3¢
WENZ AV LTz, i L7 total RNA, small RNA 355 TN large RNA O /dh'E %, Experion RNA StdSens fi#
Hrae b -V T, Experion H B 5k EIS A7 L (BIO-RAD) ChERELTZ,

17



6 FEEHD RNA [ 57D 5y i f

Total RNA 35X T small RNA %% 8D Gel loading buffer II Z¥%RMIL, 95°CT 5 /3 A > F o X—KL72%% ., K
UBAEVESH T, BVEPESH Tt . MR T 27UV TIRG LT 200V EEBE T CERIKEIZTT o7, BRUKE)
#%. RUT 27U TIRS V% SYBR Gold 25 ¢ 0.5 X TBE H17C 30 2y MR % LY 24T\, tRNA, 5STRNA B X
N 5.8S IRNA (Y T3 FaY0 LTz,

Large RNA Z %25 8 Gel loading buffer 11 Z¥RML, 95°CT 5 /3 A FaX—hL7-t% ., K LEVEMESHT,
BAEMSET %, BT e —R7 LT 50 V EBLE F CERIKEZTo7, BRIKEIR, T Hn—A7 Vi
SYBR Gold Z%Zp 1 X MOPS H1°C 30 43 fl#lc#z, Yetal | 18S rRNA 351 T8 28S rRNA IZFH Y35/ R4 H]D
L7, BIDHHL72/3RIZ 400 pub @ Gel elution buffer ZEML, 37°CT 1 FEEAFaX—k 70, 2D,
15,000 rpm, ZiRE T 10 s3fEiE LU, BiEE0 LTz, EEO 2 580 PCI 2L, 15,000 rpm, 37°CT 10 4>
i L, EiEZ DI, DI RO 7aaR/L A%EEIIL, 15,000 rpm, 37°CT 10 srfiE L., iz 57
L7z, EIED 1/10 &D Glycogen LN 2 f5ED 100% =4 /— /LATRML, -20°CT 1 R LA EWBEIT 5, A
. 12,000 g, 4°C T 20 4yl L, EIEZEBEFELI-% ., KB LT 80% =4 /— VAL T=, 12,000 g, 4°C T 20
i L, EIEEBEIELZ% ., RNA XL v M JEFL% . nuclease free water CHHAMEL 7=,

mRNA |, large RNA 7>5 Magnosphere UltraPure mRNA Purification Kit Z T, IRfFD 71 k 2 —/Li2¢
UNELEE L 72,

HiffEL 724 RNA /%, Experion RNA StdSens fi##7 LT Agilent Small RNA b W CoOBER RS
TWLZ LA R LT,

VoL B "2 B A FVE RNA O AT VARG
RNA &A=z vk ALKBH3 %7213 ALKBHS ZHE & T 1: 0.5 7251912 Reaction buffer [ZFRANL .
37°CTC 2 KEfil A Fa_X—hL7z, IIGNHE TR, =& ) — L IEBIZ LD RNA 2R8I 7=,

XIVAFRDIIV AL R~D iR

500 ng @ RNA ¥A9% 30 pL (2% L. 1 ng/uL @ 2’-deoxyguanosine 15N5 &i%% 5 uL, 0.1 M ammonium acetate
(pH5.3)% 5 pL. 0.5 U/uL Nuclease P1 (Wako)% 1 pL I ONEMIAKZ 5 ul IRIIL7=#%. 45°CC 2 BfffA ¥ =
~R—RL7z, EHIZ0.05U O BAP Z & Teiii% S uL UL, 37°C T 2 REHA v FaX—h 452 L1280 RNA %
KUV F TV RICE TR, SHIZ, 0.1 NHCl % 1.3 L BELOEMIAKE 57 L iU, A7y 7 ALT
%, E5Z7mai/l A 20 mL 2RI, HFOVRLT 7 ALT# . 5,000 g T 5 2o Loy B Loty s
i1 oTm, BiEEm OB (TOMY)Z CHEMERZE L= 50 uL O H/K I THEEMEL, 10ng/ul O RNA X
JUAVRERE LTz, PIEICERL T, B X7V AV ROBPEIZIEL 1 ng/ul, FFHERXIL AT ROBPIEIZIX
0.01 ng/uL DY 7 7% iz,

18



HEOITEREEZ VT RNA XILF L ROE S

RNA FOEMRIL AR FHERI XL AT ROBRIEILLL FOSETIT- 7,
[UPLC 43#75:14]
AEE ACQUITY UPLC H-Class (Waters)

‘B EHHE A 5mM FEEET = L/EEHIK
B : 5mM EiET BT LAR ) —)L

i 0.4 ml/%y
HEANE 10 pl
T I ACQUITY UPLC C18 CSH 1.7 um 2.1x100 mm (Waters)

AN 42°C

A=
IREfH Vi
%A %B
(97) (ml/57)
initial 0.4 99.0 1.0
6.0 0.4 68.0 32.0
6.5 0.4 1.0 99.0
9.5 0.4 1.0 99.0
10.0 0.4 99.0 1.0
15.0 0.4 99.0 1.0
[MS 2347 54F]
AL E Xevo TQ-S MUHf#z MS/MS (Waters)

AT ALTE—R Electrospray ionization (ESI) Positive
FyeIU—mEE 05KV

« P A 77 A 1000 V/hr. 400°C
) — 2R JE 150°C
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[E=F—17]

Table 3. Selected reaction monitoring transitions and parameters for RNA samples

Compound Name Symbol _ Precursorion (m/z) Production (m/z) Cone wltage Collision energy
Adenosine A 268.09 135.948 25 15
Guanosine G 284.057 151.956 20 15
Cytidine C 244137 111.937 20 15
Uridine U 245.164 112.84 15 15
2'-O-methyladenosine Am 282.099 135.914 30 15
N2,N2-dimethylguanosine m2,2G 312.105 179.979 20 20
N4-acetylcytidine ac4C 286.085 153.905 10 10
5,2'-O-dimethyluridine m5Um 273.094 126.922 10 10
N6-threonylcarbamoyladenosine t6A 413.107 280.966 10 15
1-methylincsine m1l 283.078 150.916 20 10
5-methoxycarbonylmethyluridine mcm5SU 317.079 184.954 15 10
2'-O-methylc ytidine Cm 258.103 111.936 10 10
2'-O-methylguanosine Gm 298.061 151.924 15 10
2'-O-methyluridine Um 259.098 112.89 25 15
7-methylguanosine m7G 298.2 166.1 10 14
Inosine | 269.06 136.967 20 15
5-methylc ytidine m5C 258.083 125.939 10 15
5-methyluridine m5U 259.077 126.93 10 10
3-methylc ytidine m3C 258.083 125.949 10 15
N1-methyladenosine miA 282.104 149.939 10 20
N6-methyladenosine meA 282.133 149.949 10 20
N2-methylguanosine m2G 298.08 165.937 15 15
N1-methylguanosine miG 298.082 165.957 10 15
5-hydroxymethylcytidine hm5C 274.087 141.94 25 10
Pseudouridine Y 245.034 208.963 20 10
2'-deoxyguanosine 15N5 dG15N5 273.024 156.932 10 10

Bt mlA HUAZ V72 RNA O fE Ik

1.5 mg @ Dynabeads Protein G Z¥ei#L7=%% ., 15 ug Hrm1A HiikzETe 200 ul @ Wash buffer |28 L, 4°C
T2 B A Fa_X—hL7z, BiEEFROZH. 200 pl @ Lysis buffer THEH L=, T D%, total RNA % 40 pg
1 300 uL @ Lysis buffer [ZFHREL, 4°CT 2 FFE A FaX—hliz, EEEZBRVZ#, 300 ub @ Wash

buffer T 4 [F¥E¥4+ 7=, Dynabeads-FLIA#E A1 250 ul @ Master Mix Solution Z¥RMNL ., 10 FRIHR LT A
X —THAELTZ, &5, 150 pb @ mi-Solution 1T Z¥RANL ., 10 FR LTI AIFH— T LT, ZD
#%. i 2 ub @ mi-Solution IV Z LI F 22— 1B LT, T DIEHRIZ, 400 ul OIKAELIZ 100% T4 ) —
VAR, IRFIL7-%4 ., -20°CC 30 23l EItL . 4°CC 10 4y .0 L7z, 2 ub @ mi-Solution IV Z F ORI
L7t 400 pL OIKH LT 100% 4 /) —/VATRINL  IBFIL 7214 -20°CC 30 43 m A%, 4°C T 10 43O
L7z, BIEZEBRO 14, 500 pl OKELIZ 70% =4 /—/LC 2 [A], RNA XL b PEiELT-, RNA XL vh% 5-
15 43I0 F CTREZL7-1% | nuclease-free water |[CFHAMELT-. BIRAELTZ RNA 1L, 7=/ —/L-Zuad/L Ak
ATl =X ) — LB LTz,
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= AR

Pim1A Piikz AW Z ik Bz k&S 7z RNA % Ribo-Zero Magnetic Gold Kit (Human/Mouse/Rat)
(Epicentre)x W TIRAF O 7 ha— /L IZfew Ml rRNA BLURR= RU7 tRNA ZFrREL, KIT,
SureSelect Strand-Specific RNA Library Prep Kit (Agilent Technologies)% F\ Tk it —27 =4 —HiSeq H
TATF) =l Uiz, v — 7 = AfiEHTICIE . HiSeq 2000 (Illumina)% A7z, fi##T 7 127 2 CASAVA
verl.8.2 (Illumina)% AV C, 572U —R225 FASTQ 7 7 A VA VERLT=, FASTQ 7 7 A L BAG FEME DR
V—R%&BRELEE, V77L& hgl9 (UCSC)~D~VYE L 78T BAM 77 A VAR LT-, BL ORI IE
MBL IZZFFELT,

ALKBH3 THiAF /L {EE 5 (RAN isodecoder DJRIE

L— g ZENTIC LB S BAM 7 71 /L% Partek Genomics Suites 6.6 (Z£{t.3 A7 2) Mock, ALKBH3

[B17C SNP DMFAET LD L, SHIZ, ZOHF T RNA (%S T5L0 & LT,

mIAZXHRELTWDDO T, £T A F2iE T TIAYYT (non-A £/ non-T) B HEBLL TWAHDZE A LTZ,

T U7tz LL RO L& 21T 72, U—RE8 10 BLE, ALKBH3 CTHAT ALSE =407 LT

DIAZ YT DEIGD 10%LL PO RATF ALSHE TN T L TOIRw Y F OEIED 20%Lh EAT-7,
LFEOMFR T, S 7z ALKBH3 CTHAT /AL DOl A 52T 2L HEE S 41D (RNA BEAHIZ-OU VT Integrative

Genomics Viewer (IGV) (Broad Institute) T~ vt 77 —Z D RA[HRAL L IE/INL B D R EAETT-72,

DNA 7u—7% i /- tRNA O Hiff
3= U AENTICEY ALKBH3 DO FEE Th D E[AE LT isodecoder DHHT I/ FERINNC 26 FlFH, 7 —# ~—2X
TlE mlA OIFENHEINTODA, A EIOMENT T ALKBH3 OFE LU CRIESNA D -7 3 FREHIC DWW T
Tu—7EERLT, % isodecoder O 3’ AR uHAIANS 30 HEIEIZH L CHIAHANZ: DNA 4%z 7 a—7 L L CER
L. Z® Sflce T &2 N7~ (Table 2), 10 uL @ Dynabeads MyOne Streptavidine C1 % 1 mL ¢ 1 X
B&W buffer T 3 [EIPEHL7, FitV VT RNase FrZED HHYTE— XL ED Solution A ZIRANL . 2 EIFEEL-
. B —XLEEE D Solution B THEIF L=, T D%, 20 ul @ 2X B&W buffer Z¥RMIL. 5 pg/ul 72552 H
SR LTz, 22~ 20 uL #11Z 50 pmol DE AT Al ssDNA A VT % & TR ETRIMNL, Fii T 15 i -<hE
PRS-, BIEZFROZ#, 40 ul o 1 X B&W buffer T 3 [HI¥EEL72, 20 uL @ 6 X SSC ZHSHIL ., 65°CT 10
AT 2= %, T~ 20 pb @ RNA EREIIIL ., 10 53 A > FaX—hLiz, ZD%, 3 Ko<
DEFER TS, B —X-A4V= DNA-RNA O#EA% 3XSSC T 3 [A], 1 XSSC T 2 [F, 0.1 XSSC TH
[EIYEHF L 72, 0.1xSSC TOWEHHZ, BiEH D RNA JREZHIEL, OD260 nm 7% 0 (Z7/25 F THIRL 7=, Yeid
% . 65°CIZNNR 7= nuclease free water 2 10 uL #RIIL, 65°CT 5 73 fHlA v FaX—RL7izt%, RiFZBEINLT-,
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HT m1A HifA% v /= Immuno-northern blot

HEEL 72 t(RNA X, Z 8D Gel loading buffer Il Z¥sANL, 95°CT 5 /A FaX—hi=tk ., KL MES
Wi, BEMESETZ RNA 2R T 27UV TIRZ VT 200V EEE F CERIKENZI T, BXKEE, R
V77UV 7RG V% SYBR Gold 2519 0.5 X TBE HC 30 4y [H#kE L e fa%1T->7-, 0.5X TBE buffer (22 L
T2 AL ATV ANNT AT 7 — LT, F DAL T L% DEPC-treated water T 1 23[9, JAFZ L7,

UV 7mR) 2 77—"C 120 mJ/ em?® T UV BFHTED RNA AL TV AZEE LT, ZDH, 2% A% LUVIIRIR
T 1 KO 7 myF 7 2ATo72, #E TBS-T T 3 [\ L, —kPiih%z 4°CT—BISSETz, B HA T
>% TBS-T T 3 [IfeifL, ZIRFUAZ=IRT | FRGSE, O TBS-T IC&HUEFE1To72#% . ECL Plus
Western Blotting Detection Reagents % N TH S, ImageQuant LAS 4000mini [Z& 5/ ROEREATT-7-,

5 3 fi ALKBH3 IZEW AT LSS RNA ERTD[EE

ALKBH3 OB AT UALZ I RNA KT 504 A B
FIACERZBH LT D012, hAaare b kba 1 2 3 4 & kDa
ALKBH3 Z#F#L7-, fFRL7ZVas e bR IE ?gg; = S gg:

(X, CBB Yl LV R LT, ALKBH3 D% 1 & ;2: ' ' 4 -

[ZAHY 3% 37 kDa fHiffIC B — N R % (Fig.8A) | #i 37 - S
ALKBH3 Hifk% IV =7 =270 7 my Mo kD Bshi-# nl. WS 25 -

LR UEN ALKBH3 Tlhh = LA e L= (Fig.8B), TEMIL 7 N

jediAa)a e b ALKBH3 Z Mk PANC-1 2>
Fig.8. Purification of recombinant FLAG-His-ALKBH3

SR L7 total RNA &S T72E2 A, 20G, Fe(IDKATFH) protein from silkworm pupae. (A) Recombinant FLAG-His-
ALKBH3 protein were purified by affinity chromatography.

IZ mlA BE0 m3C #AF AL LI (Fig.9A, 9B), 2L Aliquots of the homogenate supernatant and purified fraction
’ were resolved on a 10% SDS-PAGE gel and then stained with

X ?ﬂ@fiﬂlibzwﬁﬂﬁbt ALKBH3 k}iﬁ;éﬂ‘frbﬂﬁ)‘?" CBB. Lane 1, protein molecular \_Neight markers; lane 2, input

lysate; lane 3, flow-through fraction of nickel column; lane 4,

S - o eluent from nickel column; lane 5, eluent purified by ion-
/I/{Ijéj”bfcﬁi)!of_o ji\ DNA 235V \T%@ﬁﬁﬁ‘i<ﬂl% exchange column. (B) Western blot of purified recombinant
FLAG-His-ALKBH3 protein using an anti-ALKBH3

TS m5C IZ DWW TUEBAT AL L 72 > 7=(Fig.9C), antibody.
A B C
0] (] (]
(5] Q [+]
c [ = c
3 e — 3 S I 3
£ 15 c 15 c
< 3 0 3 0z 10
T 10 2w 10 Qo
ED = £E9
Z 05 Z 05 2 05
ol o o
2 oo L o0 2 oo
206, Fe(l) + + - 206, Fe(ll) + L 206G, Fe(ll) + + -+
ALKBH3 -+ +  heat ALKBH3 - + + heat ALKBH3 -+  + heat
denature denature denature

Fig. 9. Recombinant ALKBH3 demethylates m1A and m3C in total RNA. Total RNA purified from PANC-1 cells was incubated in the
absence or presence of silkworm recombinant ALKBH3 and then enzymatically digested to nucleosides by treatment with nuclease P1
and alkaline phosphatase. The nucleosides were subjected to UPLC-MS/MS and the peak areas of methylated nucleosides were
normalized for that of cytidine. Relative abundance levels of m1A (A), m3C (B) and m5C (C) are shown. ALKBH3 demethylated m1A
and m3C in the presence of 20G and Fe(II) but does not in their absence. Heat-denatured ALKBH3 was used as a non-enzymatic control.
Data are shown as mean= S.D. (n=3). **p<0.01.
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HIFENIZIE, tRNA, mRNA, rRNA 72X
WCHERE D 72D RNA MNFEL TS,
ALKBH3 723EVEHET2AF 11k RNA Hi
IFW D RNA FELIZE DD, tRNA,
58 rRNA . 5.8S rRNA ., 18S rRNA . 28S
rRNA, mRNA @ 6 fi?> RNA [#i5y% /3B L
a2 To72(Fig10), ZOfER, 0 ELTZ 6
FEFE D RNA H 3 OWTHIZEWNTYH
ALKBH3 (¥ mlA & m3C ZiATF v ALT 2%
ZEDHBNERD | SHIZ, RNA IZOWTIX
m6A & ALKBH3 OB L7225 vl HEMED RS
IZ(Fig.11), ZAETIZ m6A 1%, mRNA (25
H % <AFAEL, ALKBH 7 73— @5
ALKBHS, FTO BATF AL T HZE LI

B

]

FU trna S 100 18SIRNA
Q
3 50
S
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Fig. 10. Electropherogram of RNA fractions. (A) tRNA (Top), 5S rRNA
(Middle) and 5.8S rRNA (Bottom) were analyzed using 2100 Bioanalyzer
(Agilent) according to the manufacturer’s protocol. (B) 18S rRNA (Top), 28S
rRNA (Middle), and mRNA (Bottom)  were analyzed using Experion (Bio-
Rad) according to the manufacturer’s protocol.

TUWVAH(7-8), £ZC, ALKBH3 & ALKBHS @ m6A (ZxtF DAT MAAERIZ DWW TR L7 -2 A ALKBH3
23 tRNA D mbA Z AT AL T HDIZx LT, ALKBHS IX mRNA @ m6A & RiAT /ALL . i D RNA (Zxf

T HIRMMEN RS2 LRGN E72 5T (Fig.12),

[ = [ =
_%< 1:2 [ None tRNA _%% 16 18S rRNA
22 14 |l ALKBH3 (+) Sk
T 12 59
oc o~
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© 02 N
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i gE 2
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EQOOELSTDEEEC-0D0ICLOOQ>
< © [T} 0w M= © - 0
TNEB3TEEOO0SE BEEBEECEEL
£ £ g <
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Fig. 11. ALKBH3 demethylates m1A and m3C in various RNA species. Data are shown as mean = S.D. (n=3).N.D., not detected.

23



>
w

@ 12 o 12

T 1 S 1

2 08 2 08 Fig.12. ALKBH3 and ALKBHS have distinct roles in RNA
é 3 é < demethylation. t{RNA and mRNA were incubated in the absence
< nE: 06 < 08 (None) or presence of ALKBH3 or ALKBHS, enzymatically
€ o4 € o4 degraded to nucleosides, and then subjected to UPLC-MS/MS.
2 02 e 0.2 (A) ALKBHS, but not ALKBH3, demethylates m6A in mRNA.
5 0 s 0 (B) ALKBH3, but not ALKBHS, demethylates m6A in tRNA.
& O None M ALKBH3 (2 O None @ ALKBH3 Data are shown as mean * SD (n=3). **p=<0.01.

B ALKBH5 B ALKBHS

% 4 i ALKBH3 IO AT /LS5 (RNA DJEE
EIMORELY, ALKBH3 [ZRNAFED A

Stop m 3
i CH LV RNA OBAT /AL & 5 e—— El
' s 5' cDNA k:
BT DI EANRBENT-, RNA T1E, ’ ’ gL -
miA, m3C OHARLTEMEHRENHE B | *
Mismatched base pair E
E'ﬁ‘é:kﬁ%ﬂ%ﬂ“(b \6(2)0 ifl tRNA GC m1A g A:48%
5' m—— 3’ RNA 5 | NomA52%
X, 7Y F AR RIEE TSRS O 8D 7 —— o £l L
AorGorC *
e, p— . S C A
tRNA i#{x 1-(tRNA isodecoder) B FEL , £ Correct base pair 5
Fobr 1} - : S m1A £
DOEIFH) 600 126 £5(24), ILFEDT—7 = 5 e 3 RO 2 A!W
' I T 5 c g :100%
YAEAMROEARITIY 25 RNA & b e
A

isodecoder Z & DHRFAZEARITEI T 515 Fig. 13. Three possible patterns of reverse transcription reaction in the presence of
. . s mlA and the representative sequencing results visualized by IGV. (A) The reaction
Nwa _&A~Xﬁ:%$§éﬂ00%é(24)o is terminated at the m1A site, which decreases the sequence read number at the
corresponding position. (B) A mismatched base is placed at the mlA site, which
ALKBH3 BN E¥ ® X957 FE¥8 @ tRNA increases frequency of non-A as indicated. (C) Correct base pair is formed at the
mlA site. In this case, all reads are A at the corresponding position.
isodecoder ., & DNLIEDE A il #1325 D
P mlA FURERMA —7 2o =2 W CRIEZT 72, ALKBH3 THEAT/LALLIZ total RNA F5 KOV
AFIALSE TR total RNA 2V THL mlA PURTHREIEREL 721 | WG UG EAT 72, TOBE mlA
IMFIEL CWD L KFREBEIT LT N o 70y 7RG HSE DS TSIV T E DALE CTRUGAME L, HDHTR
Ao FHHSHE RN Z 5 (Fig.13A, 13B), TDHE R, > —r o A iffrth . V7 7L ARSI~ e 75
& ZDONLE D) —FEDBD | HHNTL —7 2 AIADOFKER  ARDFEENDIT T DHIELS DY — R 5D
FEME</eD (Fig. 13A, 13B), —J7, mlA DBEFIELZRWGAITIE, EULWEE AR SIL, o — 7= A3
ARECRNEEZBND (Fig. 13C), B4 1, tRNA-iMet-CAT-1-1 @ 58 i1 A TiX, ALKBH3 THiAT /1L
SEHEITT IATYF OEIGD 1% LT, PAT /LS EROEEITIE 30% THY , ZONLEIZ mlA 23
TF1EL. ALKBH3 TBiAT /ULENDHEE 2 BT~ (Fig.14A), —J5 . t(RNA-Tyr-GTA-2-1 @ 58 fird> A T,
ALKBH3 THAF ALSETG G BLUBAT ALSET LAV TICB N TOIAYy F OEIG D 52%,
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66%E <, ZONLEIZ mlA BFEFET DAY, ALKBH3 TIEIEAT /UALS RN E % 2 572 (Fig. 14B), ZD XA
IEMT U745 F . ALKBH3 THAT MAEEID mlA %5 T tRNA isodecoder 73 101 FSE[FE ST, IHIT, ZD
EEFNLE L, (RNA D7 m— "= —THEIEDO VR Y — NGRFRENLESALD T-loop (IALiE T2 58 L Th-oTz, =
OHIZIX, T —F_X—=REOHHIZID | H7212 58 (LI mlIA DMFAET D AlREMES RSN b ob & T
7= (Table 4),

A B
A58 A58
283 = ! 1094 —: !
A:99% A:48%
ALKBH3 Non-A: 1% ALKBH3 Non-A: 52%
*) *) ‘
8- — 1228 .
A:70% A:34%
Non-A: 30% Non-A: 66%
ALKBH3 ALKBH3
) )
- R O O O W O T B I I I M L]
TAGARAGTGREGEAGERGAAEATGLTEAGELATALAGAGGTECATGAATEGARACEATECTETAETA FETERATRRTERGITE N TEHCRTGEPTCRTTA G KGR TG AR TR oG
tRNA-iMet-CAT-1-1 tRNA-Tyr-GTA-2-1

Fig. 14. Identification of tRNA isodecoders demethylated by ALKBH3. (A) In
tRINA-iMet-CAT-1-1, the ratio of non-A at position 58 (A58) decreased from 30%
to 1% by addition of ALKBH3, suggesting that A58 is demethylated by ALKBH3.
(B) In tRNA-Tyr-GTA-2-1, non-A at A58 was abundant (more than 50%) in both
the presence and absence of ALKBH3, suggesting that mlA at A58 is not
demethylated by ALKBH3.

Table 4. Identification of tRNA isodecoders demethylated by ALKBH3 .

Amino acid | Anticodon(number of ALKBH3 target/ Organellum Position in
type number of sequence on data base) fRNA
Ala AGC (1/31) Cytosolic A58

UGC(1/10) Cytosolic A58

Arg ACG(3/7)/ CCG(3/4)/ UCG(2/6) Cytosolic A58
CCU(4/5)/ UCU(2/7) Cytosolic A58

Asn GUU(7/34) Cytosolic A58
Asp GUC(217) Cytosolic A58
Cys GCA(2/38) Cytosolic A58
Gin CUG(3/23)/ UUG(4/18) Cytosolic A58
Glu uuc(1/14) Cytosolic A58
Gly UCC(1/9) Cytosolic A58
His GUG(2M10) Cytosolic A58
lle AAU(3/18)/ UAU(2/5) Cytosolic A58

iMet CAU(7/10) Cytosolic A58
Leu AAG(2112)/ CAG(2/11) UAG(1/4) Cytosolic A58
CAA(2/11) UAA(2/9) Cytosolic A58

Lys CUU(6/24) Cytosolic A58
UuUu(3/20) Cytosolic A58

Met CAU(4/10) Cytosolic A58
Pro AGG(2/10) GGG(11)/ UGG(1/8) Cytosolic A58
Ser AGA(5/12)/CGA(2/4) Cytosolic A58
GCuU(4/8) Cytosolic A58

Thr AGU(510) CGU(4/T) Cytosolic A58
Val AAC(1/12) UAC(4/8) Cytosolic A58

Red characters indicate tRNA isodecoders demethylated by ALKBH3 identified in

this study.
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IHIT, =T TR DN T = a M &L T ALKBH3 OB LU Tl E L7Z tRNA isodecoder
ZHRTLCTHIAHEO72EC Y% DNA 7'e—7 L CERIL  t(RNA O HEEZITV, T mlA Hiik% V72 immuno-
northern blot (20 tRNA H1D mIA O EFT-72L 25, ALKBH3 O LU ClRES 7 tRNA-iMet-CAU,
tRNA-Leu-CAA, tRNA-Ser-GCU T, ALKBH3 (20 ml1A BATF ALEI Tz (Fig.15A), 20 3 FifE%
B te 26 O (RNA HEEH 7 v —7 2 W TR ORI 21T o728 25, B TX727) > 72 tRNA-Glu-UUC %
BT, 97T ALKBH3 T mlA 2MHATF /UALSI TV E(Figl6), — 5, T —F_X—ATliE mlA DNFEAETHE
WESNTODEN, V—7 U AL DT Tl ALKBH3 OB L L CRIESN2) o7 tRNA-Phe-GAA,
tRNA-Tyr-GUA 3 X UMRNA-SeC-UCA (2 OW CRIBEDREZAT o728 25, Bl C& 727 7~ tRNA-SeC-UCA
% FRE | tRNA-Phe-GAA, tRNA-Tyr-GUA DWW FUIEWTH mlA 1I1FIET DA, ALKBH3 THiATF LS
RNZENZORTHBH BB L7272 (Fig.15B),

A B
iMet Leu Ser Phe Tyr
(CAU) (CAA) (GCU) (GAA) (GUA)

ALKBH3 (=) (+) () (+) (-) (+) ALKBH3  (-) (+) (-) (+)

> [>§ - anti-m1A >.‘>

anti-m1A

Fig. 15. m1A levels of isolated tRNA detected by immuno-northern blot. (A) m1A was profoundly decreased by addition of
ALKBH3 in tRNA-iMet-CAU, tRNA-Leu-CAA, and tRNA-Ser-GCU (white arrowhead), which were identified as substrates for
ALKBH3 by the NGS data. (B) m1A is similarly detected in the presence and absence of ALKBH3 in tRNA-Phe-GAA and
tRNA-Tyr-GUA (white arrowhead). Both of these were not identified as substrates for ALKBH3 by the NGS data. SYBR-stained
gel was used for detection of loading control (black arrowhead).

Ala Arg Asn Asp Cys Gin-1 GIn-2 Glu Gly His lle lle
(UGC) (CCU) (GUU) (GUC) (GCA) (UUG) (UUG) (UUC) (UCC) (GUG) (AAU) (UAUL)

()+) ()0+) (5)+) ()+) (X+) (-)+) (5)(+) (-)(+) (-)(+) (=)(+) (-)+) (-)+)

- ."" - -

= -—-

iMet-1 Leu Lys Met-1 Met-2 Pro Ser ThrO1 Val Val Val
(CAU) (AAG) (CUU) (CAU) (CAU) (CGG) (CGA) (CGU) (AAG) (UAC) (CAC)

C)X+) ()+) )+) ()+) (-X+) (X)) () ()(+) (X)) () (R)(+)

: - '3\13‘5 E - —

Fig. 16. m1A levels of isolated tRNA detected by immuno-northern blot. m1A was decreased by addition of ALKBH3 in all
tRNAs, except for tRNA-Glu-UUC, which could not be isolated.
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ALKBH3 (%, 20G, Fe(IN{&KA7AIIZE MR H 2K total RNA @D mlA, m3C Z i AF /L bLTz,
ALKBH3 | tRNA, 5S rRNA, 5.8S rRNA, 18S rRNA, 28S rRNA, mRNA ® mlA, m3C ZMiAF L1kl .
tRNA IZBWTIE mbA AT AL DT LN/ oT2,
ALKBH3 & ALKBHS5 Tl m6A DO AT /LAKIZISUNT RNA I3 L TR LFRIA M2 R LT,

4.  ALKBH3 1ZXY mlA DBATF LALSHLD tRNA isodecoder % [FIEL , & DALEIL 58 (L THHZEDRHIHN
Llpolz,

55 i g
1.
2.
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953 5 JEAiEIcIT D ALKBH3 1255 tRNA BAT VAL KIS S BIARASAE 12 52 5 2

551 TIZBW T, R IZH ) T ALKBH3 D EBHMEERIHSRE T 22L& /R L, 56 2 FIZHW\ T, ALKBH3
INEFRENZAT UALSITZ RNA (ST DBAT VALEESR L THEREL | F3IC tRNA DBEAT ALHIMENIZERS RS
o TNWDZENHBNE 5T, 2T, ALKBH3 723, tRNA DBAF /UALHIEZ L C, mwlao A7 sl D
FOCHHE L QOB REEATHIZEE LT, SRR, 20 7B G Rl B G HIAE . 2D\ 8 Mo 447
WZAFNE725557 mRNA OFFRZRIRANUTHIE T 2 EDEFEA OISO DHY | & /37 E OFHRR I H
XL RICB W CEEARERED —HDLENDH(25), 2T, FAEIZIBWT ALKBH3 78 t(RNA O fiATF /L1
HE AT L2 o B ORREAENC B 5-9-2 rIRetE A At LT,

55 1 Hf SEERAEL

In vitro translation assay

*Flexi Rabbit Reticulocyte Lysate System (Promega)

* Luciferase Assay Reagent (Promega)

LB A RO
*Click-iT® AHA Alexa Fluor® 488 Protein Synthesis HCS Assay Kit (Thermo Fisher Scientific)

* Methionine-free RPMI (Thermo Fisher Scientific)
*3.7% FH/VLT VT ER (Wako)

*3% BSA (Sigma-Aldrich)

*0.5% Triton X-100

RNA dot blot

-PVDF fi% (Millipore)

*2 X SSC: 0.3 M NaCl and 0.03M Sodium Citrate

*PBS-T: 0.1% Tween20/ PBS

*Blocking buffer: 5% skim milk (#:7K)/ PBS-T

- —RHUA: HTmlA HUAMBL)

« ZIRPUA: HRP AT mouse IgG HLf& (Santa Cruz Biotechnology)

T F kR (RNA OHEFET 5 SR T
-rtStar™ tRNA-optimized First-Strand cDNA Synthesis Kit (Arraystar)

-rtStar™ Human tRNA Repertorire PCR Array (Arraystar)
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Gene array % JH\ /- f8FREAE (51 FE LT
+ Ambion® WT Expression Kit (Applied Biosystems)

*GeneChip® WT Terminal Labeling Kit (Affymetrix)
*GeneChip® Human Gene 1.0 ST Array (Affimetrix)
*GeneChip® Hybridization Wash and Stain Kit (A ffymetrix)

052 ffi EERGIE
In vitro translation assay J D AT /L7 tRNA OFERL
73 ik 3K tRNA (Sigma-Aldrich) 15 pg % £52 & L C 50 mM Tris-HC1 (pHS.0). 2 mM ascorbate, 0.1 mM 20G,

40 pM FeSO4 A1, 10 ug dH A==k ALKBH3 & 37°C T 2 B AL Fa_—hL7z, SRS T 4.
TH )= VRBIZE DT (RNA ZRERLT-, JEBEAT AL (RNA 1, IA=2U=z Bk ALKBH3 %R
BPIC ERREFREO I E L 72b 0% FV 72, ALKBH3 (ZEBBAT ALZHROBIEIL, 5 2 %, 5 2 filcid
WLIZXI VA TFRORXIV AL RO B I OVE BT EZ FV 2 RNA X7V AU ROE RO FNEICHEN

17277,

In vitro translation assay

Flexi Rabbit Reticulocyte Lysate System Z-fi JHL T, LA T DAL TH 7 A2 | 30°CT 10 Z7f#A v F =
—hL7z, In vitro translation S 1 ub 1%L T Luciferase Assay Reagent 50 uL Z Nz J<IEFIL | 20/20
Luminometer (Promega) C%& 58 E 2 I E L7z,

In vitro translation it~ DFHAR

Flexi Rabbit Reticulocyte Lysate System 7.0 uL
1 mM Amino Acid Mixture, Minus Leucine 0.1 pL
1 mM Amino Acid Mixture, Minus Methionine 0.1 pL
2.5 M Potassium Chloride 0.28 pL
1 mg/mL Luciferase Control RNA 0.2 uL
Demethylated tRNA 7.0 uL
Nuclease free-water 7.0 uL
Total volume 10 pL

SiRNA NI A7 =79
B, B2 EICRES N RIS T o T,
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RNA i
B2 RSN B T o,

RSB A RO

96 well plate (ZHIEZFEFEL . siRNA h7 A7 =73 90 48 HE[E# . methionine-free RPMI % 50 pM L-
azidohomoalanin (AHA)IZFHBLL CHEHAZHAL | 2 BEEIES LT, T DOHEDOEMEIX, Click-iT® AHA Alexa Fluor®
488 Protein Synthesis HCS Assay Kit DAt D7 mha— /LIZHE T o7z, MIIROEEIL 3.7% HVLT VT ER
%5 te PBS 2T 15 43TV iR ALPEIE 0.5% Triton X-100 A5 ¢9 PBS T 20 43 [H4To7=, MIEIL 2104
Envision v /LF 7L 7174 — (PerkinElmer)(ZJdY) Hoechst 33342; Ex/Em = 340/440 nm, FITC-Alexa Fluor®;
Ex/Em = 485/535 nm {Z X017 572,

RNA dot blot

N RAT =gy A8 IR I & R L, 25 1 52, 55 2 filCRERL 72 715106V, small RNA ZAfiHH L7z,
95°CC 5 Ayl A Fa_X—hL7ztk, KB LEVEVESE T2 small RNA % 200 ng 2>5 2 {547 R 51T PVDF i
ARy Rz, D%, AT L% 2XSSC THEfLTZ#% ., JBEZL . 80°CT 2 Il ~A7 42281tk A 7L
\Z small RNA %[ £ L 7=, Blockingbuffer C 1 Ffff] D7 vy 74T -7, FE PBS-T T 3 [BI¥EEL, —&kL
K% 4°CT—WESUGSET-, BH AT L% PBS-T C 3 [BITEHL, “RPUAZ=RIR T 1 BRIESE, O
PBS-T (ZX2¥i5%1T>7-%% . ECL Plus Western Blotting Detection Reagents % V" CTH &+, ImageQuant
LAS 4000mini ([Z&EDR Y MOIREEIToT,

T F AR B RNA OFEBURET
NIV AT 2l ar 48 WERIRICHIIZ EI L, 5 1 35, 5 2 BlCRLRL 727 EEICHEV Y, total RNA ZfHHHL7C,
FH L7- total RNA X, rtStar™ tRNA-optimized First-Strand cDNA Synthesis Kit & N CRHAT AL S 7244

cDNA G %= 1T>7, D%, rtStar™ Human tRNA Repertorire PCR Array %\ NT, 7 F 2R BID tRNA 3
BT 21T 72 PCR DS SAEIZLL T O Thd,

Real-time PCR&: 14
Condition Cycle
95°C 10 min 1
95°C 10 sec
60°C 1 min

40
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Gene array % ]\ o /85 AYIE S - S BT

Total RNA 100 ng J¥ Ambion® WT Expression Kit VT cDNA G177z, f554172 cDNA 5.5 pg %
GeneChip® WT Terminal Labeling Kit [ZEVWr fifb, 4 F o fbliz, B4 F L&z cDNA b &I
Hybridization Cocktail Z/EHIL | 1554172 Cocktail % GeneChip® Human Gene 1.0 ST Array (27 AL, 45°C,

60rpm C 17 FEfH Hybridization % 17572, % @ % | Fluidics Station (Affymetrix)% H T GeneChip®
Hybridization Wash and Stain Kit (Z Y array @ H 8 JE74 36 L UG AZ1TV ) GeneChip® Scanner 3000 (21 Y array
EAXY L, T —H RS UT-, BUS L7727 —#14, Partek Genomics Suite 6.5 % VT, HBEENT 21T 72,

iTRAQ % JAV - 8RR 2 7 X 7 B S8 BT

T AT =3 ar 48 T4 1% Protease inhibitor 33 TF 1% phosphatase inhibitor %1% ¢ RIPA Buffer "Cifii il
T — ARz, FONTE LRI ET A — M RO Ai 77— R~ 50 mM TEAB (2 Buffer E#i21T>721%
DANTARKEG OGN, FA—NVIEOT VX MAIZLDRGE N7V U bAE1T 572, iTRAQ Reagent-4Plex
Kit (AB Sciex)Z AV T iTRAQ fZik & 177, A4 227 5 CEX 777 2 (AB Sciex) T 8 23 E|[ZL7=DH
WRAT T 27 N TC oy ] & (R IR LB & o T 268 (S TR 24T o 72, 7 — 2 fi# AT 13 ProteinPilot TM Software
4.0(AB Sciex)% AW TITo 72, LLEDIRNTIE, SRSt =AY 20 7EFT (MBLIZZERELT,

55 3 fiii ALKBH3 (285 t(RNA AF/WACHIEZ I Lo 2o 7S B RISk 2 7 8
%2 EORER)S, ALKBH3 73 tRNA ORBAT /ALHIEICIES A

B> TNBZENRHBNE R ST, (RNA DT /T S ALRFIR | Qhore ‘] B K

FEREIT (LRI ATF A % 52T 7= KM B tRNA-Phe DAFAE 1 g oA

TCIESNDA, ZbiT AKB <° ALKBH3 (2 LD AT /1AL

ICXVEIETHLORENRDHD (26), T, XXV ERR=E

25 ALKBH3 [Z85 (RNA DO AT ALK L0 EA 5215 570>

EDDMFTEAT ST, In vitro ([ZBITHRFNFRIT, V72T —F meC miA - meA Added RUA (o)

RNA BLOT= /@Zl%%f {ﬁ?b[l L7z '7‘& ﬂ?ﬁ‘}ﬂ qj(ﬁ'ﬁ ik ﬂ?*EE H:Il % et N Fig. 17. ALKBH3-pretreated tRNA shows increased
in vitro ftranslation efficiency. (A) tRNA was

ALKBH3 TliAF AL L= B3 tRNA BIONRATF LLEH incubated in the absence (None) or presence of
ALKBHS3 for 2 hr and used for in vitro translation.

TV (RNA ZRL. vy 7 = —BIEHLEZAIET AL CTRE The demethylation efficiency of tRNA was
determined by UPLC-MS/MS analysis. (B) The in

L7z, FDFERE . ALKBH3 THHAF WALIE7- tRNA TiE. fiiA vitro translation mixture was incubated for 10 min at

30 °C and the resultant luciferase activity was

FIALEETY VRUY RNA 2RI A AT, LS 7 g Tesred Data ae shown 33 mean + 5D (n.= 3

mw

o =
[==] - ]
N N

o o ©
o [a+] E= [=>]

Relative luciferase activity
[y+]

Demethylation efficiency

PIEMENAEIZ EFLTEY (Fig.17A, 17B), ALKBH3 (% tRNA
DBAF ALZE ST L TH R E ORI =% ST Rl mEi,
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o5 4 £ HUIENICISITD ALKBH3 (255 t(RNA AT IUABHIEIZ I U=2 s 2 7 B RRR £

%3 HICRBUWT, in vitro BIRREERRICEBVT, ALKBH3 THAT LALSH72 (RNA 1TFIR2 A EH-&&
BHZEMHLINE RS T2, FIFEL WO T, ALKBH3 1255 t(RNA AT /UALHIEZ L CH 7 OF
FRIEN R BT 2008551 T-72, PANC-1 fIafkIZ ALKBH3 siRNA # b7 A7 27 a L, NIV AT =
Tar 48 IR ICHlHI L72 small RNA 110D mlA % 5T ml1A Hifkz fv 7z RNAdot blot (ZEDARHHLIZ&EZ A,
ALKBH3 OFEHIHENTLY mIA OEFREEFRDT-(Fig. 18A, 18B), BT, A "I EA ML AT A =0T
FrrThsd AHA AW TRHIL72£25, PANC-1 HEfa#KICHV T ALKBH3 ORBUNHNZLD Higls 7
BHARUIA BIAK FLTWa(Fig. 18C), ZOfEHRIL, HIfENIZF T ALKBH3 2% t(RNA Bl AT /LA il 2/
U CHIAR M35 ATREMEZ 7R L Q5.

A ALKBH3 C Fig. 18. ALKBH3-knockdown decreases nascent protein synthesis of
SRNA.  Contrdl BT 73 paI}creahc cancer cells accompanying accumulation of the methylated
e 0.025 RNA. (A) Immunoblotting showing the successful knockdown of
A'gf;i "% '% ALKBHS3 expression in the transfected PANC-1 cells. (B) Detection
- g_ § 002 of m1A levels in the small RNA fractions from control and ALKBH3
B e < 0015 = siRNA-transfected PANC-1 cells. After extraction and purification,
25 3 f>;- 0.01 serial dilutions of the small RNA fraction (200, 100, 50, and 25 ng)
< o 2 § 0.005 were blotted and probed using an anti-m1A antibody. Data are shown
g S 15 0 asmean = SD (n=3). **p < 0.01. (C) Nascent protein synthesis in
Ze SIRNA Control #1  #2 PANC-1 cells transfected with control or ALKBH3 siRNAs were
2 é 05 ALKBH3 assessed using the Click-iT AHA Alexa Fluor 488 Protein Synthesis
o« HCS Assay. Data are shown as mean * SD (n=5). *p < 0.05, *¥p <
0
SIRNA Control #1  #2 0.01.

ALKBH
5 5 fifi ALKBH3 FEHNHIAY (RNA O ZEE M 325 %8

tRNA DIERFOEEID—-DIZ (RNA FEIED L EME~DEF G- EETHIDH(27), 1B (RNA IE, AL CIERE
PRNTARREE 2 TR+ D 2L TR IELL . ZOSNEAAEITZ (L AVELDE RNA S fRBEEICID RS NDEE 2D
NTWD, £Z T, ALKBH3 (285 tRNA DOAT /ALY (RNA DL EVEIZT 5L THLD TIH RV )nESE
. ALKBH3 FEHM DT o FaRk o> (RNA OFEBENT AT o7, TORER, 2 ba—/L T,
ALKBH3 REIHNCED, S 72 50 D tRNA © 5 6| FHBK T L TV tRNA X 16 FECThH D | £
® 95 H 14 FEEEA ALKBH3 Tl A /UL &5 mlA #&Te tRNA Th o7z, (Fig.19), ZOFEFIZID,
ALKBH3 (2L AT ALHIEOREDS,

Cys-GCA Leu-UAG Ser-UGA
GIn-CUG-1 Leu-CAA Ser-CGA

[] Not detected

SR S o o
W EF WX e A8 L r i b g
O S S O B L72% (RNA DL EMZ L SH | tRNA D
Ladhad Ladiiad hadhiad Ladhiad
-
Ala-AGC Glu-CUC Leu-CAG Thr-AGU-2 SfEEERL, BREEKTO—KER-7-0]
Ala-CGC Glu-UUC Lys-CUU-1 Thr-UGU-1
Ala-GGC Gly-CCC-1 Lys-UUU Thr-UGU-2 L > — .
Ala-UGC ayccc2 [ll | Metcau Thr-CGU HEPEAVRENIZ,
Arg-ACG Gly-GCC Phe-GAA Tyr-GAU . o
Arg-CCU Gly-ucc Pro-CGG Val-AAC Fig.19. tRNAs expression in ALKBH3-knockdown cells.
Arg-UCG His-GUG Pro-UGG Val-UAC-1 tRNAs expression was analyzed using nrStar™ Human
Arg-UCU lle-AAU Pro-AGG val-UAC-2 tRINA Repertoire PCR Array. Red characters indicate tRNAs
Arg-CCG  lle-UAU SeC-UCA that are demethylated by ALKBH3, identified in this study.
Asp-GUC :- iMet-CAU Ser-GCU Fold change vs Control siRNA
GIn-UUG-1 Leu-AAG Il  seracu B .
GIn-UUG-2 Leu-UAA Ser-GGA 03 15
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%5 6 ffi ALKBH3 &S IC LW BFRGEFE TRBEE T DX VB

ZHETHIELY, ALKBH3 (2525 (RNA OBAT ALK Ui s o BRI O TR RIS
iz, AT, HERRE LS T F BT SRR & L X R BUEATIZ LD . ALKBH3 (X FIFGEAR THIES D
BRI DR EAT T2, PANC-1 FIFEAKIZHV T, ALKBH3 siRNA h7U A7 =7 as 48 BEf %12, total
RNA BIOZ U A_ZEEHHL, V=0 T LA BL O 0T 4 — MMt 24T o7, TOFER, ar ha—/L 2~
C ALKBH3 FEEINHNZLY 0.67 I BUR F LA 0B & 44 FHERIE LTz, £ Db, V—r T L AI2kD
LT T BN LS| LL R DX 237/ % 20 FEXE[R E LT-(Table 5), [FIESNI-Z L 7%, 2o 3G Rl
FROBGEIRDIR Y — BEAERR T DL RGBT B D53 e 7 aT 7 — DR T D5 L B0
G EN T (Table 5), ZILHLDF /37 &1, FrICRIRUEFR 2V T ALKBH3 ICEVFlHEZSZIT5EB 2 5

72
Table 5. Down-regulated proteins in ALKBH3-knockdown PANC-1 cells.
Gene symbol Description Fuldccuh:t';i’f vs
AAAS aladin WD repeat nucleoporin 0.869
MLEC malectin 0.583
BUB1B BUB 1 mitotic checkpoint serine/threonine Kinase B 0.613
CDK9 cyclin dependent Kinase 9 0.598
BTF3L4 basic transcription factor 3 like 4 0.579
EIF1AY eukaryotic translation initiation factor 1A, Ydinked 0.662
RPL19 ribosomal protein L19 0.516
RPL27A ribosomal protein L27a 0.650
RPL35 ribosomal protein L35 0.644
NUFIP2 FMR1 interacting protein 2 0.661
SCYL1 SCY1 like pseudokinase 1 0.661
POMP proteasome maturation protein 0.617
PSMA2 proteasome subunit alpha 2 0.605
PSMB2 proteasome subunit beta 2 0.605
PSMB3 proteasome subunit beta 3 0.610
PSMB6& proteasome subunit beta 6 0.546
PSMB7 proteasome subunit beta7 0.535
TPM3 tropomyosin 3 0.527
TPM4 tropomyosin 4 0.638
KRT10 keratin 10 0.521
Ribosome-associated proteins, highlighted in blue. Proteasome-associated proteins,
highlighted in vellow.
o 7 Hfi /NME
1. Invitro FFRRIZEWT, ALKBH3 THAT /AL (RNA IR R A LR-SE T,
2. ALKBH3 &8 BUHi L7Z s MK Ik, m1A ORIINEHHL LS B A RREDIR TSR bz,
3. ALKBH3 Z3&BLINHIU7- MR T, 70 FaR U BIHRNA ORBIAME FL Tz,
4. ALKBH3 ZFBLNHI L7 Bep Mk Cld, URY —AB L0 a7 7 — DE R 55 0SB FIRR L

~ULTRIVE LT,
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Sie

A
VN

ENT /L7 a7 NZED | BN LOFGENTE T L, e E DB EBIR T L OBER B0 | B
FEAN =R LOFRIADTREBANHETe Z E S IFFS LTz, LSe35, DNA OELFI & TRl S Lo I —iT
T.DNA DOIESIOZE LA LEDT DNA R AR OERGFIEA N U s 158 B R [ ey = %7
AT AJECEEDN, 2L DOTBRAEMBAGUITES DS TOBZERHLNE RS TEZ(1), SHIT, ITEDEL
PURDBIFE LMY — 7 = RZX DN T U AV T b= DENT AR OfESLIZED (3, 28, 29). RNA D& il
B LT IBAB 708 2 BRSBTS O TAAE DN G2 | [2ERNT ATV T R A LW Bl vlEa s
LTCHEHEN TS, DNA RCEAR OEAfi AEFREICRO D DI L, RNA 121 100 FEEELL EOERiAF
TET5(2), LOLZRNS AERDS5A-CMEf I 2 FDORIEETE > THODEDIL, m6A = mlA 28T
THY(3-13,30-32), ZLDEEHIZ DN TULIHALNEZR S TWRNWORBUR THD, — 5, Fox MEIL IR Tk
B2 7L ClAEL 72 ALKBH3 (%, DNA/RNA i AT /U LEESR LU THEREL . AT /LRI THE S —A
5 m1A, m3C ZiATF AL TDHZENHESITUND(20), mIA ° m3C DIFEETHETN 7)o 7RI Dt et
RIS AEE S, ZRMEE SR W EMBSEN T ES415, ALKBH3 |X DNA ~U U —EThs ASCC3 &
2ELUTEET DL T, DNA OAF /LB EEEREZ R LATo TWLZENMESN TD(33), LA L
5. RNA AT /UALEEFE L L TD ALKBH3 12DV TIE, AT /UALHITHFHES NI RNA @ mlA, m3C AT
ML T DEOHRENBHHDN22), RN THEBINZAT ALENTZ RNA (ZRTDHEREIC DWW TGN 2o
TR,

AWFZETIE, BeREIZ 36175 ALKBH3 DFEBLT OO BRIR R IR 2 IV CTIRET L 728 24, Ml i s
T ALKBH3 (Z=%88IL THY, ALKBH3 O @ FEBLIMTE TH AR E@EWFBIMEAZ R U, SO, ER Miakk
Z N2 in vitro, in vivo FEHTIZEY . ALKBH3 23RS W THRIGHEERY I THERE T 2 LB b7z, IR
(L ERE AR I35V T, ALKBH3 @ RNA AT /UALEER L L TORENTE B U CTRREMIT 21T o7, £7,
ALKBH3 23EBRHYCAT MALS T2 RNA ZRE LT 270 ERMRafR I L7z RNA 2 WOt 21 7o
720 T OFER . ALKBH3 (I tRNA, 5S rRNA, 5.8S rRNA, 18S rRNA, 28S rRNA, mRNA ® mlA, m3C Z it AF /v
LT BZENRENTZ, EBHIT, RNA 1E m6A bIHAF AL HZENHLIEA T2, £72. mRNA O m6A 13,
ALKBHS5 THAF /UALIINDDIZHL tRNA @ mbA 1§ ALKBH3 DiATF /AL T HZEMBBEZe T, [F
CAF AL EAZTH LT RNA FEIZ KA T VACRESR OFRAMED BRI D ZENRIBI T, ZORERDG,
ALKBH3 [ZAEBRAIZ AT ALS AL RNA IS DAT /UALEESR S U CREREL | FFIC (RNA (SxF LR R TR
FPERSHHZENE 2B,

tRNA 1L, 76 HIERTH% D20, 7a— "—U—T WO ki iEE LHZENABI TS, F2, RNA OHITh
ROEMOFENZLL(2), ZDOEMOFELEMAE ICLD | ABRREEIN R Z LB MBI TN D(27),
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tRNA (ZIX, 7o FaR o ILi@E THHEELS D B2 5 850D (RNA EART-(tRNA isodecoder) 3 MFEIET 2 (24),

Z X, tRNA-Met-CAU Tl, 10 FEFED isodecoder FIEL . EDHIZIL, HEDEMEENFETIHDOLH
AU AERIDOIFAEN DI TN DB IEET5(24), ALKBH3 78, ¥ isodecoder Fi3KD ., & DALEDAF
JTAIERZ AT MALLAFD D), ZO S A BN T 52813 ALKBH3 (252 t(RNA DOAF /AL RN
TEDIIREWEL SONEBE 2D ETHEELRD, 22T tRNA FICEEITHFIETD mIAGO)I KD
HIBLR L — 7 = 2 i O T ALKBH3 O tRNA B O RIEE{To 72, T OfE 5, ALKBH3 THAT LAk
SD mlA Z 5T isodecoder 7% 101 FRAAF ES N, EHIT ERTEALILT T RNA DZa—/—J—7Hf
ED T-loop (INLETH 58 (DT T =2 T o7, tRNA-Phe-GAA, tRNA-Tyr-GUA 1%, 7 —H#~X—X LTI
mlA fFERHRE SN TVDEDD , A EOfFENT Tldk, ALKBH3 O E L L TRIESNAR D -T2, ZOZEE, FT
fLED mlA (KL CThEEERF R T DL A RLTND,

Bt IZ, ARBFZETIL, in vitro RHHRIZHV T ALKBH3 IZED AT AL LTZ (RNA 232 7B OFIRR %
T LHASEHTEEALIT LTz, 61T, MR E O MRETCL ALKBH3 OFBIHICZED (RNA 2%<5 T
small RNA [H7)CTO mlA OFEREFHS N7 E AR T T 22L2H0IC Lz, ZNHDRRIT
ALKBH3 (2% tRNA DAT AL HIHEZS TR R A 95 TREME 2R Th D TH S,

—J7 . tRAN DEHOZEEDOEDEL T, RNA DO EME~DE G355, @ (RNA 1, FMlEN CLEM:
SARREE A TERL T DL TR ELL . ZONLIMEIEICZ(EA AT DHE RNA SRR CHfRSNbsEEZ 2 b T
WD, BERHIZISU T, tRNA O mlASS [, tRNA-iMet-CAU OZENEDHERHICEE THHERESNTND (34,
35), —J7C. tRNA-Met-CAU, tRNA-Ile-UAU, tRNA-Ser-CGA (%, ml1A58 M7 ThZZEMEICEELNED
WEDDY (34, 36), TOREATEFRIT OV TR —HI7R A FFHI T2, ALKBH3 (2855, mlAS8 128
(75 tRNA OIATF /ALK (RNA DL TEMZZEALZTE5HDH tRNA array Z VT ALKBH3 FEELHH] D
T FaRUBID (RNA OIEBFNTEAT 72, T ORER, 22 ha— /W~ T ALKBH3 BT, 705
AR BID RNA DL B33 BUK FLTEY, ZOKRE/D 1T ALKBH3 DFE L7225 t(RNA Th-olz, ZORERIT
ALKBH3 % tRNA OATF MALHI#HIZ LT, (RNA O EEOHIENCE G L, R EE 2S5 aTRENEE
RLTWD, EBHIZ, SHIZ, ALKBH3 OFEEMIZLOEIERL ~ L TORIHZ 2T 52 /S B LU TURY — 4
T OT T = BERER T DX T E NG T, AT, URY — A G R TTHEL TV A (37), £
TaT 7Y —AEMESTUEL TEY(3S, 39), B{EAR ZARRIEMRITN /2 E 1LY, a7 7Y — AT G K 7
NF-kB O] [KFCTohD kB 253 fi# L. NF-kB G AL 3528 T, &R AR 2755 L p21, p27, pS3 &
N T B2 SV I 32 40 - ORI AR T REM D iR T HZE T BRI O TSR L7 D K
IHEREL TV D, ZDIDNT i, AR RBREE FIZRWTHIIE CEDRIIRFA L /B RAF AL L A% ik
O EAG T DHIENHINTND(40), — 7, tRNA Z 0 L7-FHERHIEEERE S L C. ()RNA 7 —LiZBiT5
BRI T D (RNA DIFFELLR (IR /34T A) | (ii) tRNA OZZENE, (iii) tRNA O JHITE~D IR E Rz
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FHND (41-44), ALKBH3 13, FEAIIBIZISUWVTHEEED (RNA OBiAT /LALHIEZ LT, (RNA D% EMEZE
EEEHZET, FFREIENCE 5L TWDTENB Z DIV,

AWFFEDRRIT. ALKBH3 23, BRI AT /LS RNA O mlA, m3C AT /AL T 5L 260N
L. E0DF RNA IZBWTIL, FFED t(RNA D AF VALK Z LT, BB 5L Wb Zea Rz, £

DfER, FHSND 2 BT, BIRROBERDYRY — bEE RS54 _OERe, 70T 7 —bE K
D8 BN EENTEY, ALKBH3 I (RNA AF ALHIEZ ST LT, AR ABREE N CHAEF CED I
JAZ BT 22 B OTEF ORI G L TCNDIENE 2 b, il B TR —BHF TORFRE
Wi &L B IG O LLiR S  SENTMT AL, SIS CIEHi 7o 2 B B O IR R - OB R ITRO &
N, ZEV=RT 4 v 7 RN EL D Z & THBEG O —HICEBRESTINS L, BEAT X
SNDOTIHRV LG SAT2(45), Lo LIEEICE T 2B LOBITICIE, =8 Y =T 1 7 Al
WHEDRIR DT, T T A7 YT I 7 AGIEBERE ORG-S RWDICERZBND, 7z, B TIE, 5
EDT vFa R4 % tRNA tRNA-Glu-UUC, tRNA-Arg-CCG) DI EHMN EH425 Luvo72 tRNA
DREBJHDODNAHPELTEY, ZNULICKIGT 22 Fr22 G X X7 BOREBL EH VRO
PEALICBIE L T D E0ME L HH(A6), ZD XD FFEDT »Fa R EHT % tRNA OFRBNZE(L
TOHMEIL, HOMNERo TRV, =B RF 27 V7 FI 7 ZAflfHlZ LT, Zihn tRNA 0%
B DOPNHNBHETH I TSRS +2ICE X O D, A%RILIZ, BEaDlERICkBITs—
N7 A7 T NI AHIERERERIONIZL TV ZET, ALKBH3 #8072 h 7 A7 V7 R
A 3 T DS T TR R I L 72 D T E D RS LD,
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ALKBH3 1%, FERE IR BRIRICBWCEIEBHELTRY, i PR AR EEWHBEMEEZ R LT,

PR ATRAR PANC-1 Z 2 invitro 38X invivo fiEHTIZIVNT, ALKBH3 DX BT 75 Al a oo B 5H
PHIER S NI BAEE -2 R LT,

ALKBHS3 1%, B A IEE PANC-1 H3D tRNA, 5SrRNA, 5.8S rRNA, 18S rRNA, 28S rRNA LT mRNA
(2B T 20G, Fe(IKAFAIIZ mIA, m3C ZAT/UALL, tRNA IZ2OWV T m6A HFEAT AL L=,

ALKBH3 1%, 5ED tRNA @ 58 it mlA Z AT AL LT-,

In vitro FIERAIZEBVW T, ALKBH3 THATF L L L7Z (RNA 1ZEIER %42 FR-S87-,

ALKBH3 Z 3 BLINHI U7 B ARk PANC-1 Tl. ml1A OHINEFHA L B A FREDIR TR 5
iz, ZORE, 7o FaR B tRNA OFHEME T LTV,

ALKBH3 Z 3 BN L7 MIaR PANC-1 T, UARY — 2B 0T 0T 7Y — a4 " VH
DPEIRRL L TRBUR LT,
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AWEGEE FALRm L E L TREDDITHTZY | #AGTHRE THiREZ Y LT RBOR R e FEE e i
AP B AR ) NS e AR DIV EZ R L ET,

Fro, Ml x OTHREA THE U RIOR PR 2GR A SER A A B 2205 B Bh 2L, AR I SE A4 IR AR e
JeE A RIRERRR BRI R L BT,

Fo| BRI AR OMHE G- KX O 2 O ZFRE A THE EL 28 R SRR R L SR - &R I T
Bz, 1L — BB AR TR B L £

AW ZEIT T DIHTZY, 2RI IZ B ELTAL AR BARHENTFE A . /A ddi £ | BRI IERE

&, FREERE L EESE e WA EE L MEFILFE AT LT DRI R AR A TR
MR A2 B ORI LIRSS L £,
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