(®)
2016 2019

RNA

Elucidation of the molecular mechanism of disease development by disruption of
RNA metabolism

Hanada, Toshikatsu

13,200,000

tRNA RNA
NOL9 tRNA in
vitro in vivo tRNA 5*Tyr-tRF p53

NOL9

in vitro kinase assay NOL9
tRNA small RNA
small RNA PKM2 PKM2

In this study, we investigated the molecular mechanism of neurodegeneration
involving tRNA metabolism and the function of a novel RNA kinase molecule, NOL9. In vitro and in
vivo analysis of various tRNA fragments, which have been reported to cause neuronal cell death,
revealed that 5"Tyr-tRF derived from tyrosine tRNA induces p53-dependent neuronal cell death. In
vitro kinase assays using the mouse fibroblasts or recombinant proteins produced by a cell-free
protein expression system were performed for NOL9. However, no kinase activity was observed in NOL9

molecules, which was surprisingly different from previous reports.
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UTHEE. RNA OHFREIERE 2 S0 S E D00 1 LRk e B & OB HE ST Y, TRNA R
B & D BT T R RS O L B RIS D IRIRA~DIGHB RS VD, LinL
N5 ZDOIFRRED THEREIZ OV TIIRTE AR SR, Tz 13 RNA (REHFEE D 75 7 A B = X A
ZHONCT D720, RNA T —B LW IERIC2=—7 2 FF> CLP1 2 FIZEH L. &
F—BIEMRIE ) v 7 A v~ 7 A& ERLL T CLP1 OAEENICHIT A RNA - —F & L TOEE
ERRET LT, ZORER, 2O~ U RAET ANETHEOMRAEERBEZRET S22 /AL, £
DJHK & U THEE 72 transfer RNA(tRNA) WA OZFEIC L DML A MLV A THD Z L 2% A LT,
X5, B b CLP1 BB TZEAERDOF RN MV a TR S, ~ U AT T VRERICEITIEO M
REMBERERIET D Z EDHLNC R -T2, BE, MREMEBERED —2>TH D
Pontocerebellar hypoplasia Type 10 (PCH10) & U CERHINADIZE -S> T 5D,
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Fexl,. TNETRNAFF—F¥ 77 I U —43FCLP1 {ZFH L. CLP1 ® X% —EIEMEN tRNA D
REAEREICEETH Y . TONTHEREDIFEIC L 0 MR EMIKENRIET A Z LA~ T AET
LT BT LTz, EHIT, b b CLP1 BAn 722K 28 BB 13V NHIE 2 1 © P B MR B 2 FE
TAHZEEOXT LD, AIFFETIE, 7 tRNA S 2N BE 53 2 AR S MR R JE D 4y 11
BEBHONIT LI EEEEE L, &5ITH 9 —2D RNA FF—E /57 NOL9 DERINKEEE & &
BLEOBEICOWTHMBICEN. LI~ AT V2 W THIZE 21T 9, U E X 0 ka7 B
ELT, RNA T —87 7 I U —DEKRNIZIT 550 T ORI & |

RNA ARG B 23B8 53 DB Oy T2 RN+ Z L 2 B LT,

3. WFFED Ik

(1) FRRAE MR RO IR & 72 5 RNA W - DRI E,

ZETO CLPL BB T ZERE BARDOWITE D & ARSHIIRSE D JFIA & 72 2 MNE PN B FENE tRNA [y
FREDEA & LT, tRNA FiiBE(E25H4E 1T 5 57 exon Wi (5" Tyr—tRF) | intron Wi . 3° exon [¥7
RS TWD, WEREHMEZRERDE LTV, ARIFZETIE. 4 tRNA W % in vitro
BEO in vivo DWET /WVIZE W TREEA SH, ZORBIBIFENT /> D AP MR B & ORE
MEEHONIT D, T 0T 4 — LTI LY IR tRNA BT ISR AT 20+ & 5 L.,
SRHED T A T = XA DRI ST 5,

(2) CLP1 & [RIEEIZ RNA ¢ —BIEMEA FF2 NOL9 OFEEEZ BH 5 M T %,

NOLO 13/ IMERICIRTEL, UAR Y —ARNA (rRNA) REFHICBEE-32 Z LRI TWnad, L
L22N 5., ZO05 . FriAEERNIZBT 23 —BiEEoKEN SOV TR RIATH B,
ARFFEIZBUNT, NOLY DX F—BiEEDEREE T —BIHEMERKENOLI /) v 7 A v~ A& AN
TR 5,

(3) b b CLP1 s A% (R140H) Mk L7/ v 7 A o~ AO/ERL L b

<~ ADBGTHRETT MERIZONWT, Fxidm L7 haRb—y g U iEE WS 7 L
HLIC LV REMER AT TWA, KX aPxr MIBWT, BREFATAEZOOEKAY
TN ZT VAR I RT TR ALY TNCTHZEICLVENRIZ ) v I A N TE
HZ L EEBRBICHERL, AFEZHWT MLaTERLINE b CLP1 BETFERETHD 140
FBHDOTNX =V B AT U UNIER L) v 7 A v~ T AOBIITRE L=,

4. WF7EE R

(1) RIS MR B D JFR & 72 % RNA B ORI E DWW T

FT. invitro LoYULIZEBIT AT E LT, B MR IEIEIEA I SH-SY5Y 12 5 Tyr—tRF %
EriokE 4 72 tRNA Wr 2 A L7-, #PESHIB~D LA 5 Tyr—tRE O Zr )N Rl 7E 2 75
L7, pb3 s T % /KB S/ SH-SYSY 1213 5 Tyr—tRF 1332 R & o 1= 7=, pb3 &4
L 7= MR sERSAE O RS 503 RIe ST,

DX, invivo LrIVICBIT AT LT, B9 7 40 v afRICtRNA BT 2~ A 7 1A o
Vxlvary UTERICRT DHEBEEZRT LTz, 5 Tyr—tRF 28 A SN T7 T 7 v 2 13/N88
SE I, X BICEREICRIT 2 EERRIE O 3 FR D BTz,

51T, PTT97 4y 212BWVTH 5 Tyr—tRF 12 X D HERZEMED pb3 ITIKIFET A Z i~ 5
72D pb3FENATH ) )T FH ALY % 5 Tyr—tRF L 7T 7 4 v a®icA V=
Jvarliz, ®NT4V XD p53 /v 7 X ALY 5 Tyr—tRF (2 X 2 AR a5 X4
il &7z, ORI, REY 5 Tyr—tRF 12 L D MMIESEIE phb3 IKIFRITH D Z E BRI X
niz,

S HIZ, 5 Tyr—tRF 1T K 2 MHAIRRSE D 53 FHAEREB O 72D 5" Tyr—tRF LG T 5% X0 F
Z DARTS EB L O v 7 A — AT TR L, B e xS —E M (PKM) Z[FE L7,
PKM (21X PKM1 & PKM2 & \WND T A Y T —ABFET DN, BT T 7 4 v afi~5  Tyr—tRF
L FNZFND PKM mRNA %[RRI A4 % & PKM2 mRNA D Z 23 912 5° Tyr—tRF O ESHIIRAE
EERI U £ VAT T B AETE Tyr—tRF 28 PKM2 ICEEES T 52 L 2R LT,
ZORERLI Y 5 Tyr—tRF X PKM2 [T D8 %2 KIF L, ZOFEF & L Crbisiiast s 2k
ShAZ ¥ LT (Inoue et al., BBRC, 2020),
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1. AR 1T DAE & 7 tRNA W i B FE 0 2
(A) 8 Tyr—tRF ZBASNT-T T T 7 4 > 213/ NEEHIB ZRT,
(B) 5" Tyr—tRF ZE A L8R & - & S RAERE 2R~

(2) NOL9 @ & F—BIEHIZ >\ T

XS —BIEHEKRBENOLI /v 7 A o~ T RAENERR URNT 24T 72 > 723, Bl B 7e KRBV 258D 72
Motz FDOT=8H, NOL9 DX F—BIEMEIZOWT, S SIZEEMART 21T/ o7, ~ 7 AR
HELFHIAE (MEFs)  (BpARU R ONCLPL O F F—BiEEE2 L LTz ) v 7 A v~ A (Clpl ") L
FOMRE (BRI Clpl "% ZFHUNT. in vitro kinase assay (Z X VW PNZEME NOL9 @ RNA 25
—BIEMEE R Lo, Ema S X7 BREBLREZ W T~ T A NOLY fl#i x & o X7 B % AE
L, ~ 7 ANOL9 @ RNA ¥ —BIEMEZFHME L7z, X512, NOL9 @ siRNA fRIIC KT 384
a5 7-. MEFs (B4R Clp7 ¥%) o> NOL9 @I HIME 2 IV T GAPDH mRNA A2 4%Hg & L7~
SiRNA D/ > 7 X7 R AT L=, £ ORER. R TIT>72W\WT 40D in vitro kinase
assay IZBWTH, =7 &2 NOL9 O 5237 RNA ¥ —PIiEHEIIBO b hnoT-, 2%, =
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RNA % —PIEMEA EIZ siRNA RESICBID 5 = & AVRME X4u7= (Fujinami et al., BBRC, 2020) ,

Recombinant proteins produced in
rabbit reticulo lysate

T4PNK FLAG-CLP1 WT-NOL9 S329A-NOL9 Control
0 30 0 30 60 90120 O 30 60 90120 O 30 60 90 120 0O 30 60 90 120 min
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2. In vitro kinase assay
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BRI DB & 372 b SRR S 7=, b b CLP1 Ein - R HEE O f B/ 2 F N 7= 561 T
WFFETIE, A YA pre—tRNA 2 HA U724 > i RNA W SN IC i b 26 < ERE L T
WD ZEMNDL, ZO tRNA BT BN BEERIEICE G T 50 TIZnnhEZ 2o T\, L
LS, A~ AETNADOY TN ERHWNC ), —HF 7oy Mok tRNA B OEEEZIT-
7eZAH ZOA L U RNAKIR OB BT 5 Tyr—tRF 4 &FFE L TWAH Z NP LN E 72>
7oo (1) OFEBRE Y A2 bay RNA W ITIEFEN 22 & CLP1-140H v 7 A & & | CLP1
BGFAERICBIT DA MEBIL, CLP1 T —BiEMKIE ) v 7 A o~ A L [EREIC 5 Tyr-
tRF OFfENBREIC L DD TH D Z EOVURIB I N7z, AFFERMEIT, B b CLP1 {5 T-A R
X o TIET DR/ IRTERR 10 BUD 3 F- A D = XL ZA LN LI TRl 7 LREL
W30 72 7 v 7 A HAROFEIFHI IS 7e RN o7, BIE, BRERT CH 5,
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