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Analysis of protein degradation promoting mechanism derived from abnormal mRNA
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Accurate gene expression is the backbone of life phenomenon, and its
breakdown and abnormality cause various diseases. In this research project, we aim to elucidate the
degradation mechanism (NMPD) of gene products derived from abnormal mRNA, which is the earliest
protein quality control mechanism. We analyzed short chain type proteolytic mechanism derived from
abnormal mRNA with nonsense mutation, and obtained the following results. Ssel, an exchange factor
for ADP/ATP of Hsp70, was required for promoting degradation of short chain type abnormal protein by

Upfl. Mutant analysis of Ssel revealed that interaction with Hsp70 is essential for NMPD. Moreover,
it became clear that Ssel does not promote the ubiquitination itself of short chain type abnormal
protein itself. This study has led to an understanding of the molecular mechanism of NMPD, a
degradation of truncated protein derived from abnormal mRNA with nonsense mutation.

Upfl Ssel Hsp70



¥ X C—19, F-19—1, 7Z—19, CK—19 (i)

1. WFZEBsE S0 5

EMERE G T RBEIIAEMBESLOBE®RTH
0 | DORHERCEF IR & IR RO A &
705, BT RBEOKEETOT T —0400
BINEDA RV AL > T SF8FERE
i mMRNA REE X VR TERNEREND
PFTRIBUNRIEDT —NVT 1~
TWZHBRENEC D, MEORET 5 0ME
EPRLRAR X B e B Rk LHEBR T 5
Z LT, B FREBOIEMME AT 5,
mRNA SHE & HEHME L. DNA FOERS
AT TAV U TRIGFEDTZ T —IZL - T
BRI DER % 72 HE mRNA % 385% L HE
9 nZ & TR RERY L VEOAKHA
BEMEIT 5, £, ¥ o XV HNEEH
PRI, 7 A — T ¢ v 7B AR UHE
4252 & T MBERD X 7 EDlE
WHEEHEEF L TWb, X /X7 EH & mRNA
D B B 1 ST 7o ARy EF & L C
HELTEXTEY MHAOBEITE AH
ThoT,

o=l NN = b L AN S N 4
mRNA (. EFHND 4 mRNA OF%%

& BN O EFE R FE mRNA TH Y,

ORF 1 DFE - 728 U (A IS IZ K -
TEAENS, /Ay~ mRNA I3,
B R e S E PR T H D NSD
(NonStop Decay) IZFBa%k 41, 3 KfuH»
5EGEIZ iR 41D (van Hoof o, Science
2002) AFFEAREE 1L,/ A b v 7 mRNA
BT D EE B IOV T, T#ik=
RUIERIEICEIR A E D X 9 IC#HET 5
& THREZ X TERED X DI
ENDD BED TN LTz, ZOREE,
HAZAY D mRNA ORI MEMTH 5
AU AP EZAE L, By
NI F R R R~ B Dt E
RW72 LT7Z(EMBO J., 2005; Genes Dev.,
2007), ZAVTEZAEY OB R AE T
HHRYAHOELFLWVEEITH D,
Z D% HHFIRE AR Dom34:Hbs1 (2 K&
ST/ ARy 7 mRNA 2B U R Y — A
DS 52 & T, /A Ny 7 mRNA
NGRS Z a2 LML
(PNAS, 2010; Mol. Cell, 2012, X 1),
FRBRETEAK

Hbs1
Dom34

RURTFRH—
tRNA

<

<

408 —

[#EaR &RV REMRNA | [EEmRNADRELSE |

H1  #iREREFDom34:Hbs1(CLS
/> ANy TmMRNAD SRR

NMD (Nonsense mediated mRNA decay)id:,
T v AE R A RO BE mRNA (ZHFR
72 E P CTh 5, RERLETO

TSRS RS ITK A LT, 2% mRNA |
IZ NMD K+#E28 Y 70— b &, duElC
mRNA BofEsibd, #0O—KFT, T
AL RLZFORE mRNA H RO
WD & X7 BOFREREEIT R AT
Hotz, FFEREEIL, T A ER Ry
FFOHL % mRNA H kDA B 7 X
7N, NMD K112 & » Tt X
5T EERAGMNT LT (EMBO Rep., 2009;
JBC,2013),

2. MO BEW

IEME B FRBIIAEMAZOBRBTH Y |
T DRHE T 1 Thk ~ IR BORRE & 72 5,
Z N7 B & mRNA O 5B S R 1T 3
AUH AN OB AR 1 BEY O 5 F MO HERF I
WIH T DN, MSLIRHFZE0 8 & L TRIEL
THEY ., HAEOREIZIRHATH S, W2
F X, mRNA S0 E B O 288 O PRAE %
O LT E T, TOME, KiEa F
VRV A Ry mRNA OMMEE
FHAE IC DWW TOERAEY O mRNA O E
HIZMERTH 5 R U (A O FTHRERES, @ &
T mRNA IZ31F 5 TR OFR A, 2 I
LM LTz, L LRy s, B mRNA H 3k
DB Z T B D RFRT AT S
TV, AREFFERRE CIX, b & >
NI EREEHMECHIEE mRNA HXE
DECFEVDDEEEOMAEZ BT,

[1)/ Ay T mRNA BEDEES Y
N BB

J VA Ry 7 mRNADS BRSNS B4
VRRIENLlIC Lo TR F A ER
LB, A (7T NEMEERT) O BN
FEE», b LLIERYRTF FE (T F
REHfRIERS) BB & LGRS D i,
RERHATHS (X2), WFREEHIT. H
HENFRE &K Dom34:Hbsl EAIEN 7 v A
k> 7 mRNA O 3K CE# LZY R Y —
LD AYA MIHEEL, T 2=v FOfiF
MAZMHOR T THDZ EEFEHL I,

Dom34:Hbsl 1Z. U R Y — A2 fREES® 5 2
& T/ A b v 7 mRNA OHGE 72 53 fiff~E

/ \ RTFUINRNA

‘L |\ LT
Hbs1 ‘\‘ /
< =/

AN (T
‘m@§j¢ \ 4

- (RTFRRRE%)
®2 JYAMNTREIVIOBDSRIER
< ERIBFIC, f&iba RATRIF L2 nW_T
F RO BRI b BB TH DN, T
F R SHMREEE M H AR IR E L v, AHFSE
T, /A~y 7 mRNA HkDORE Z
TGO IR OBRRIC M e, Kk K
VIR DT T R EHARBER - D[Rl E % 8




&7,

[2)] T REEZHF H>-EE mRNA
HEDEHI 2 /Y BHEREEDHERA

R AV e I RN LA AL o = il X
& mRNA D5 fRAEHEZ 4472 NMD [J 128,
HH mRNA HRO RSN EE Z  X7 EO
SR ERIRICRET S L E2RRLE
(EMBO Rep., 2009), FigHMI S % X7
BLIZ1X Hsp70 & NMD K+ A LTV 5
2 (JBC, 2013) . & D5 fRAEHEIZ 351F 25 1
BIZAHTH D, HAEEHOELWT +—L
VAR /A = - - AR SN = S N £
592 —J)5 T, Ltnl O xF o 74
= 2N L o THAEHN 2 E X F ALIKSF
WS N DR L ME STV D, A
BT, T RAEREF - REHFR
DHLg & 8 DR Ry RS & B 1R
U, (7 =V ¢ T3 fRDN ) Ok
EIZBS-L 9 % Hsp70-Ssel & Hsp90-Stil 7
EDL v ~Nua R OREEE I 6 T
+ 2%, NMD K173 8% mRNA OH T2 <
YL B2 X DR b ARKET D 4y 1A%
ORI %2 B,

3. WOk
HHE mRNA HROBAR A PEWY O 53 i btk D
A2 Bz, LN 2HE #2179,

[1]/ A +y T mRNA HEDEE S /X
HENRISEORER: > 2 v 7 mRNA H
D FE BN T G oy R O BRI H
Ppf Il a2 R U FEIRTE DT T R AR EER 1
DORIEZITY., [2) TV RAEEFH -
f=2% mRNA HEDEHEE S v /Y BHfE
WEORER . R ¥ NI B O fRIC
15 %, Hsp70-Ssel & Hsp90-Stil 72 XD+ %

~o CBER A OREEL A S NCT 5, Ei,

NMD EF1Z & » Ty _Xa BEOTEME 1
S, IR E & L X7 B DS Unfold JREEIZ
HEEFSNAHREER, TuT 7V —bick>Th
fREINDET NVERIET D,

4. WFFERRE:

[1)/ Ay T mRNA BEDEES >
N BB

HLE TR & R UMRETE 9 5 0 R RE O R
Hr:/ APy 7 mRNADLLEREND R
HHEURITENR LI K> TR F Ak
SNDHES. FrAsH (X7 F NEHMEER) ©
BARIEE N, b LIEARYRTF RE (R
7F NEHMFEER) LEEE LTRSS
MENTT 272912, /A b7 mRNA
DR TEHE LY R Y — L& iS5
Dom34 Z BRI T, Ltnl 12 X » THfE
ENAREZRE L, ZORE., B
LT TF NEMBER OR Y T TF FEO
FEBBET D ENHELME 2572, RQC
BT 2RI DAFAE & BT DG RN
Hsoniz,

[2)]F o REERZH>-EE mRNA B
KROEHEE R N\ EHREEED R
FUR L AE RS- B mRNA HkDE
IR 22 2 R G RIS 2R AT L . LT OfE R
#5372, QUpf B EMRIC I DmEH B w20 %
I DIy RIEHEIC R T D2 e T oAb D& E|
Upf A RICR DRSNS R Doy i it
ZiE, 2R FALBMETHD, — 5, Upf 1T
PR B 2 X Do e X F oA BRI
HELZRWZERHALINC Ao T2, @58 B 4
Y RTE DG RAEHE A S R - D[R] E - BT
FW3’UTR IZEAFLC, Upfl & Hsp70 23K 84
R E X R BRI I,
Hsp70 @ ADP/ATP DK 1-CThHD Ssel 3
Upfl (CKDRLEHTY B 5 2 7 D oy iR e
\CHFETHoT2, Ssel D FARMEHT O FEH
Hsp70 &DF AAEF 7 NMPD (ZMZE ThHIE
Z R U, F72. Ssel ITESERI R g XL UG
DO FF AL A RITREL RN ENBH B
(e lz, RIFFEICEY, Frr AERAEFo
7255 mRNA HROBEHT L TG fRT
% NMPD Oy {-F§#8 O HiE 3 A 72 (BBRC,
in press) .

5. TR IE
(WFZERFRAE . WFFEr A S ONEEERFE
=)

Udessamse) (B4 1)
(DSugiyama, T., Nobuta, R., Ando, K., Matsuki,
Y., *Inada, T. Crucial role of ATP-bound
Ssel in Upfl-dependent degradation of the
truncated product. BBRC 18, 3254-3263 (2017)
#HiH Y doi: 10.1016/j.bbre.2017.05.020

@Ilkeuchi, K., Yazaki, E., Kudo, K., *Inada, T.
Conserved functions of human Pelota in mRNA
quality controls for nonstop mRNA. FEBS Let.
18, 3254-3263 (2016)&FE H V
doi: 10.1002/1873-3468.12366.

@ Tsuboi, T., Yamazaki, R., Nobuta, R., Tkecuhi,
K., Makino, S., Ohtaki, Y., Suzuki, Y., Yoshihisa,
T., Trotta, C., *Inada, T. The tRNA Splicing
Endonuclease Complex Cleaves the
Mitochondria-localized CBPI mRNA. J Biol
Chem. 290, 16021-16030. (2015) #EFHidH Y

doi: 10.1074/jbc.M114.634592

@ Kashima I, Takahashi M, Hashimoto Y,
Sakota E, Nakamura Y., *Inada T. A functional
involvement of ABCEI, eukaryotic ribosome
recycling factor, in nonstop mRNA decay in
Drosophila melanogaster cells. Biochime 106,
10-16. (2014) & & » U doi:
10.1016/j.biochi.2014.08.001.

(FRFF] GF111F)



OFiE B A SCFIFR M B Bw s N4 5 el s
FRESAE DO BTEBH, S 10 [BIREE 2 b L R RE
SRE (B R) 2015.11.7-7 AT TR
140 B L&l

@ Inada, T. Novel roles of ribosome
ubiquitination in quality control systems, Genetic
code and translation (FFfFE#{H) ,2015.7.17-18.
Maritim Hotel&Internationales Congress Center
Dresden, Germany

Q@ EDNE mRNA SEE B 1 Upf &K
XDy Xa vz LB 2 o on
7 B R AERSRE O fEAT, R 15 M A AR BHE
BHHEES 2015.6.24-26. HbEAKR—/L (&
)

@7 H R ST R AR AR 5 A8 o0 38 Ay DR TE B A,
% 37 B A AR AWM TFEESR 2014.11.25-27.
INT T 4 AR

(®Inada, T. Ubiquitylation of ribosomal proteins
governs the fate of stalled ribosomes,Joint
Australia and Japan RNA meeting (FAFFiH{H)
2014.11.2-5.University  of Technology,
Sydney, Australia

O H ) SR R S R o &8 S A
BT D2 F A O F MM 55 87 [ H
AAA 2 K 42,2014.10.15-18. (5] 37 5% # = B
SHE - TT U R AR TIVERES

(D Inada, T. Hel2 induces ribosome quality
control by ubiquitination of 40S ribosomal
proteins in stalled ribosomes,Translational
Control (FAFFElH) , 2014.9.2-6. Cold Spring
Harbor Laboratory, NY, USA

®Inada, T. Ribosome assosiated E3 ubiquitin
ligase complex is required for mRNA and protein
quality control systems induced by translation
arrest.Post-Transcriptional Control of Gene
Expression:Mechanism of mRNA Decay, 2014.7.
6-11. BigSky, Montana, USA.

OFGHEFISC. FAESKFORRT LA M X
HEEEBRBBEICB T 2T VR HE
BIROFHLRE, S 14 B H ARE A ERHE2E
2 () 2014.625-27. U — 7 7 8%
I BREEE R — L~ ) 7.

@0 Inada, T. Ribosome ubiquitination induces
protein  quality control by translation
arrest.Ubiquitin  and  Cellular  Regulation,
2014.6.15-20. Saxtons River, Vermont, USA.

Inada, T. Ribosome as a hub for protein and
mRNA quality control.Z5 66 [l H ASHH i A= 4
SREEBY VR YT LA (FF#
{#) 2014.6.11-13 78 RIRHT AR « TR

axfbt 2 —
(&) (FHo )
(PE U PEAE )
ORI (G0 1)

LAY N
FEWE
HERIF
FE¥HE :
&
HFEFEA R -
EPS DR

OBtk (70 1)

SRR
FEWE
HERIF
FHAE -
&
IEFAH
E N DRI

(£ Dfth)
R— A= U5
http://www pharm .tohoku.ac.jp/~idenshi/inada_la
b_HP/HOME(Japanese).html

6. WFICRERE

(D) WFge s

FaH  FI3C (INADA TOSHIFUMI)
BALKT: « KPPesErafrsefl - #dz
WFgeE 35« 40242812

(2) WFFE T3

(4) BF9E b 10 %



