T e e :L_\szstm @
( :?éTO SANGYO UNIVERSI?YI ------ —Lx$

2024 7R 2H
ERRE AL
FRIEARPEEKRT
NIRFEANELRIKE
E SRR R E AR E R REMEE (ST)

%H%(:ﬁt)‘%%ﬁ*ﬂﬁiﬁﬁi_l?’&%ﬁ !
RRIEHE OREREME - @E%H o L L 7= ABCF EFD%E!

~NAFHEDDIL Y PERIEFEFFAREANDFT-LaJgeE~

BIRREB VR Y —LEVIE, mRNA I2O— F3INEREERE 7 I/ BIERA L TRT 5 £
DIEVWFTHY, EBFHRHITIELEDTEEVWR Y NNIVEOAREETT., LA L, URY—A4A
EABTI/BETL—RHRICHRATESZDIITIELEL, BEOT I/ BEFITRIBRHEIETTSEZ
& BARICE>TRERPEHLTLES ZLAAMONATWET, BRREOEHPRBRALEE R
YRVEDERIFEFERICERLTEEZRIILET, COLIBVFRY—LOFRTELIZR/HIATF
& LT, EF-P (Elongation Factor P) % & OBIRIBERFHARRINhTEE L, —5 T, EF-P I
HMEOETICHALREFTIEAW S, RROBEREZEMORFOFENBRINTZTE LD,
ZOXREIIINEFTRHDOEETL,

FRRCREFVBETHIHEE (225 FA) 2EALT, BREEERT THS ofp OER
GEDZEZRICE - TARBREEI L LI ZTREDERHITVL., itk g >y sBN—ETHD
ABCF EFEYD YIMR ZREL EFL7=(K 1), T5IC, EF-PHELVYIMR D, AV ETRIT
FUBIFPREICEENIEINCE >~TEL2BREFERET IRAERE-T L ZHLHLICLEL
1o UEDBERIY., IThF CHEERMTH -7 ABCF AFHVRY —LOBREHEZBEL, 2>
NIBERZRETIANZXLZFMICHETLE L, S50, ERHFRHNFIIZHVERER, S,
ZHIMMEEEFE0L L TEBENTWB ARE(antibiotic resistance)-ABCF EF&h, TS5 Lo 1
PIRIBERIF & L TERT % ABCF Rl F 2 HBHG L LTEILL TELZ L ZBALMCLE L,

ZhI&Y, 2o RIBAREBY RV —LOBIRE A D =X LICET2H-LHMELEON,
MEEMEEEORACH-LRNERORAXICAITA-ERICEZ I LGS ET,

| WRHEE |
LA S AR
Bm % HRs (BFE : BB AST

EREHTFR - FBED)

ﬂ



EZEEN

ERBRROEEBREDFLNILTERT H7-DICI1F, TOBBWFTHEL X VXV BEOMEELT+0IC3E
B2 EDRAIRTT, X /87 ElE mRNA EICEE I NZBEFOHRAREDNFREE Y AV — L
ICE > TEIREN, BRIRLCEET, —ATYRY —LIFEART I /B THBEICBIRTE 2D TR
B REDT I/ BES. EEBR (Vv TALXZV), HVWEEABHICECTI/ B (TR/8T
FUBE LRIV P, 7aY ro&EERESICH L TIEBERGEMET T A Lo NTVETS,
METlE. BIERBIER T EF-P (Elongation Factor P) #°7'0 U > O&ERGERS % $hERICEIRT 2 HRE
ERFELTERALTEY., BREBEDATLI 2@ &I ZE->TWET,

1990 FEREFLUKE, 7/ LEITEDIC LY ETILVEYEIDBEBERLIRL LBELAICS N, B4 DE
TFOMENBENNICHETINTEE L LY L. RETLZLDEGETFIEZOEENRIDOE L TH
V. ERBREROMENERITEXILTT, AL, ETLHBECTHIHERTIE. H3FDEETORE
MNERBADE £ TT, ATPEE AN+t v b (ATP-binding cassette, ABC) X > /X0 &E(Z, NITFUTHD
E MCEDZFZFTREFENSZATPHES K X 4> (Nucleotide Binding Domain, NBD) % 1 #geEi1dr7- 1)
2R DOR—N=T7 7 Y —ROTTF, ZOEIBEBRN XA v &FFD b7 v RR— & —& L THEE
TWET, ABC RNV EIFE R AA DT I/ BREIIERIEICEDSVWTADLL GOY T 7IL—TI29
HFINTLWETH, INoDIBEEBN A v &FKHILBEWABC-FH 7771 —ICET 24 /X08&
(ABCF FF) O#gElx. MEE TRETLR, BEMEHEILINETIC, ABCF RFEHD I B, AR
FoERE L TH LN TWLWS ARE-ABCF (antibiotics resistance, ARE)ICEB L. T n X /Y0 BHMR
JEWHEEICN L CifEZ R 2 FHEEB O AERRICEY $BA TZ £ L7 (Crowe-McAuliffe, Takada, et al,
PNAS, 2018. Murina*, Kasari*, Takada, et al., / Mo/ Biol., 2019. Takada, et al., Nucleic Acids Res., 2022.
Obana*, Takada*, et al., Nucleic Acids Res. 2023, * #*RIEEEE), EAMNICIZ. —HOMEEIF X ~
NOBOER BIR) (CRERYRY —LICHEET 5L THREOEFZIHI L £ 1. ARE-ABCF &
URY —LICHEE L TOEERLZENE LTMEEEZ Y RY — LKV S 2 Z0MRZE\E ML I
BIEEBALOMILTEELL (KH2A), —A T, MBEEMEICIEIFS LA WEEERA ABCF FF I3
B—RICLRTFEINTEY @8, £EYEH/-Y) 2~4 a8 —FHE). VRV — L~ OEGEEEZET
DEFREINETH, BREBICNT sEEIETHEINTEE LT,

| FRAB LR

W E L EER1BERF EF-P - ITEMETERF ARE-ABCF OMRERFAY RAY —LDREIL & 5 &
FHICHEA L, EBT 5 2 & ICEBEB T, #EERA ABCF AT & EF-P & OEEMBIEM RIS 5 &
CICLELT, ZOEBRICEDE, MEREEZNRIC efp ZREDZEZRICLE > TEREBILE R HER
DRFHAT\, HEERA ABCF BIEF Ch B yimRAREL £ L1z, £7-. HEEILS / L b ICHEBEFRA]
ABCF BIZFZ a5t 4 2 (WImR, ydif; ykpA/ybiT, yfmM) GREFL TWETH, ep BEREDZEERICL
> TERBItE 2% ABCF BETFEREIZ yimR DA TLE (K1), E5IC, LiR—KX—@ITEH 5,
e ZEREICEWTIE 7R »OBEFEFICIA, TR ZXVBOLSABET I /BE 70 VAR
BICH<EINCEWTHHRESNELD 2 L. I, ZhoBIRERFRD YIimMR O@FFHIIRICE>T
fREESND Z EBoMcLEL (RI2B), £7-. fthd ABCF RFE D S B, YkpA/YbiT IZEEL Tl
BRUEERMEEMOT I/ BOEREINICL > TEEINIMREFZRET 2 EHEZBL WD I L%
LML EL: (B2C), THOHERERA ABCF T TH 5 YImR KU YkpA/YbiT I3HEEER TIL <
RmEINTEY, VAV —LORTEI %O 720, HEITELDBETI DO LS LHIFRIRERF =&
B REIETCERLEEIONET, /2. @4 D ABCF RFAE T 2EREFEEEEILY Ry — LA




IZEFT % Linker D DORIPENOZEAL TWAET I/ BRBERICK > THEENREINTWLS Z
EZAONICLE LTz S BICAHT —EZRX—R AV ERBERFENTICL > T ZHIEELRF &
L TEBSNTWS ARE-ABCF RIFEA. 29 Lo 7cBIFRIEERF & L TERAT % ABCF RF % HiBd
Tl TERLTERLZEZHONICLE LT,

| soEE |

BRASICEVTE, BEHES - COBIRARDONTWEZ D, MEMICLEZ 7Y -V AEH
MELEE - "M FHD I Y PDDOZENHIERFINTE Y, MEYOBETFHRE, FICEEHEICEL
TYEEER Ex B L-EMBAEIBANICITON, ZOBR, RENLERZXITTCWET, —4
T, BIIRRIGICERZ ST N AT/ DY Z2ERA L-EMEROEAILL R VOARKR TS, ZD7
O, FRFE o205t E B L= —XFEMORERIZ. WEEEEDOR EIC OB DEZRT v
EWHTUWET, SEIFEE L7 YIMR % YkpA/YbiT 4 EOFRHERFZICHT 3 2 & T R0t
ZDE#ELERY., 70U v ESZLSEUEER R NXIJBTHHT7 -7 PHIBRRERLCRYD X >
WROBREDBEEURRICEST 2 Z LI NET,

F7-. BEEDBHTIE, 2050 FICFREIC L DIRTHENH VICK DTHEEBZR. 3WIC1ALE
MR ICRRT 2BRAEICLYIETT 5 & W HHER (2050 F£METY) £HY £9, YImR - YkpA @
£ BMEEMEICES LAV ABCF RFOMEERRIE, BUK - FEICEVWTRANBREOER L 5%
Bl EEF & L CEE SN TS ARE-ABCF RIFE 0L A iR < LT, EERERNMBAIREL
F9, AR, ARE-ABCF %#ER & L BEEOHRICBWTEELRME E ARB 7SI TRl FRin
EHEDFERICHWHIRT 2 RJEEEN IR I N5 #7138 ARE-ABCF O FRIICH KE < BBk d 2 AIgEENH Y
x9,

HED &SI, FRPRATF ABCF BHOFMAKERITZITL. IO OMENELDBRICEWNT
EDESICLTEHRIEL TV ST-DLERET S &3 EREVFOREL T TR BEECNA AT
7/ 8 —nBICETAICAMTICAT-ERNLRMBZIRHET 2 2 & IC2AA ( B/ - ICAMIROM
HTRKEGERNRENDAENE T,

oL

ZEK

= 1 <<
w
= £ £ QL
© x
3 3 & =

bacegrfgund baﬂ,‘?g-%ﬂﬁd

1 efpEEEFXRUABCF BFOEM - —BXRKDODEBLR
WERERA ABCF BI=T (VImR, ydif; ykpA/ybiT, yfmM) RO efp BinT D _EZEKRZFR LEB &L
B LTAER. efo yfmR —BERKk (defo AyfmR) DHDBEEREFTELEZRT Z ENPALMNITA ST,



HERIRTFF

mﬁ%mf&f W
L\Winker

=L RY— BRESOEE
. ARE-ABCF ARE-ABCF
= 1 Eapd
‘lﬂﬁ aeic @ EumPTc K HIEE ATP e
B o mrzcas [ T
ﬁifu«??b <€
ERLIURY—L X linker L or g .
RS O
.[SHE’*'JPTC @ =erc @ EFP ROP vimratP P vimR:ADP
EECRG
ﬁifu«?a‘t%
@ @ ; linker i W :
LI Ry — & armisoss
@ =z @ et w T

X2 HERICHIT ABCF RFOEAEBICET2ET LK

ABCF RFI3EIsREE L= U R Y — LICkEA L. Liker B ASEM RO PTCEWICERYT 3 2 & T 1HE
DR LIRS ORE AR T, £/-4ES L7z ATP 48 ABCF AF(ABCF:ATP) X, B & ® ATPase
SEMICE > THALTWD ATP Z Ik L. ADP #AT(ABCF:ADP) £ 742 & U Ry — L HIREES
%,

A 1 ARE-ABCF T & 2 E MRS, ARE-ABCF AMEE LRy —LICHEA L. MEEROWEH % 5
B4 52T, BIRRISOBHEZIET,

B : ABCF R ¥ YimR H L OBIRIEER T EF-P IC & 2 FRISHEEEE, choRTIE. 70U v 0E
BBy (BT I /B 7R UHAREICKE & 5B #8REFIEFHFLTCLESZYUKRY —AIC
R L. BRRISOBHRZIIET,

C : ABCF EF YkpA/YbiT I & 2. BIEREHE B, YkpA/YbIT 3B (D: 7RRZ X VE) LD
/|EE R 7AF=Y) OBGENZFFREFIEHELTLE-TLYRY —LIEAL. BRRIGOE
AZIEd,

GBS
1) URY—L
TRTOMIELIFEF>TWE RV /INVEEREE, X vt Y v —RNA (MRNA) BRICEDE R Y
NoBaEER @R §5,
F2) HEHE (ZZ5FA)
RENBRETLVHEO—TE, MEEOMHETHY., 40 FULICHIZYHFEYFOMFTIRE K



> T&ET=,

EF3)  AREGE
BRI L, B4 ICIETBIE TRV 2 DOBEEFEED. RIFFICHEET 3 EEYICHGETES
EZ2RR%iET, 2F V., BHTIIEGFAURLAEEY, BAEHOE D EHRICELIRAZERT,
INiE. BEERT 2 ECFOEEREBOMEICEWTEELHSTH Y . BIOEEFIEEEDRA
PEEIER DOFFE ITRILD,

s¥4) ABCFRAET
1 HEBEE (I 7= W) 2 DD ATP #54& K X 14 > (Nucleotide Binding Domain, NBD) #3152 ATP #&&
hty bk (ABC) By BR—R—=T77 I —IIBT DX NVBO—FETHY ., NITUTH
LEMIEDETREINTVWDS, ZDHIB, XA OT7 I/ BREIEREICEOVWT AN
GOY 7= IcpfBanTslY ., ABCFRFIEY 777U —FIZHhfEIns,

E5)  EaEREE
NAFA Y THIT AV REHBFIEIND, N F (EYF) LAV 74T 47 R (IBHRF) 2
GLEAH, KEDT / LRIAEDERZ, sTE#EETBVTBERZNICETT 2 Fik,

F6)  ZHEIMEEET
HEPEROERZ2MEREICH L THEZFE 28BN ZF5T 2 8EF, INoDOEETFIE. LIEL
E7Z7RIFPE T VRRY v E WS RIS EERFICTHFE L. KFEEEICL - TR ICHL
BIsrzenTED,

7)) B
FeARE BEFAOER L 7ZBERINOR T, R/ B - NI 289 %189, A4S,
FEEA T K> (—RMIIC AUG) A oaE Y. #4A3 K> (UAA. UAG., UGA) ouwFnhrTbh 5
BEEIDZETH B,

E8) T/ LR
EYOEBETRBERTHD7T / LOEE, #EE, BIOECHARIEZMERT 5720 DM HE,
T/ LEETOERBERIE. DNA Iz L. BErFrer ok, BEERZHONICT S L
Th s,

T9)  ETFLAEY
ETLEY LT BERARICEWTLLLABEINIEDETH Y . BHEOEYFHBRECIRROM
RICEWTENLZEBRMRE A2 0EET, INL0EYIE. BLFE. BREEYF. D TEDZF
BEDHRICEWTERNLMEZB27-DICFHINTET,

F10) R=nX=T7 73—

A=nR=77 IV —=CE, EMITHBOELEEZRL, BENX 72 IIWENICEET 22 /08
DRERITIN—T %S, A——=T77IV—RNORV/VEIL, T I/ BREHNC=RTEETHE
LUER B Y | ZERDHEEET RT-T 2 e N TE B0, EANEENRFEOEEA D =X LITHEFL
TWb, ZONHEIE. R/ BOENMCEREDERICE W TEELREI 2R,

F11) LR—%—fiF
LR—Z—@iTeld. BEDEBLTFCEGFRROFEEZHRT 272012, LE—X—ELFZM
EYNCBAL, ZORBEZAET 5 Fik, L R— X —EBRFIIBERCAUAEHNBS HFFE (F : =4,
¥, BREURY) 2FOBLRTFTHY . BHOTOE—R—PELETEINEHFEI T, TOH
BLANLEZRHET S EICEY, ZORREHEZBZENICFHETE %,



F12) NMMAEDDILY
NAFHDDILY & ld, EVPFNLFREBCEYFNLEMZEA L CTHRZRET. X #E75
TOEREET, INICIE. EYFHR T O Z0MEY. i, BEASEFBLE. BEER.
B, BE. L2ER EMLREOBRABRBFZORET AL RBENEEND,
71 3) 2050 F£MRE
2014 FE(TA ¥V ABUFDF 12— v P#E (Review on Antimicrobial Resistance) (Z& - TiRH
SN0, TOHREIFT. MERMEDOHBICERZE T, ZORLIPEEICOVWTRELELD
DTHY . D%, HRPOKL LHEEECHEED COMBEICET 2B 0RAEPHRE LT T2,
F14) FEEHLPTC
Peptidyl transfer center D&, XV /XOBEEMEE « VRV —LDOFEEZES FERLOZ &,

RARIE, BRPEAREMEE(ST) BISMANSHRHEESE ACT-X [BEL N (FF /AP —] 18
BB 2HREE DREANG. BREBICANET 2MEYREICESHE O | JPMJAX21BC)| 0 —
BELTERINE Lz, $7-BAFMHRES (SPS) REMEREMEE - EBHFI(C) (23K05017)
(FARARE 5 &), 2T EEHAFR(A) (20H05926), &I (C) (21K06053) (FAZFLIAERE :
TE FE). HEFME (19K16044, 21K15020) (BARAREE BR £5) ICTXEWLEE L

[ %] Resolution of ribosomal stalling by EF-P and ABCF ATPases YfmR and YkpA/YbiT
(ABCF EAF YfmR 5 &£ O YkpA/YbiT (2 & 2 BPERIS AR 14E)

[E#%] Hiraku Takada, Keigo Fujiwara, Gemma C. Atkinson, Shinobu Chiba, Vasili Hauryliuk.

[#8%55] Nucleic Acid Research

(8 R] 202446 529 H

[DOI]) 10.1093/nar/gkaeb56

| mabtk |

(#AZRICBd 5 2 &)
sBHE & (af Un<)
BRI RFITFEEYTER ERD
T939-0398 = LBEI/KEA5180
TEL: 0766-56-7500
Email: hirakutb8@pu-toyama.ac.jp
URL: https://researchmap.jp/19860508

[JSTEZICBT 22 &)
FH FTEF (o727 BH D)
RIARITIREE A BRI SR HEE R SoERamiR s L —7
TEL: 03-6380-9130
E-mail:act-x@jst.go.jp



(Bt - REICEE4 5 2 &)
REBFEEKRT LR
TEL: 075-705-1411

E-mail: kouhou-bu@star.kyoto-su.ac.jp

BRI KRFELER BIFE FWARR
TEL: 0766-56-7500
E-mail: johokenkyu@pu-toyama.ac.jp

RPN IREEAE LR
TEL: 03-5214-8404
E-mail: jstkoho@jst.go.jp



