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The translation factor EF-P is a bacterial L-shaped protein that alleviates
the ribosome stalling that occurs at consequtive prolines in the genetic code translation. In N.
meningitidis EF-P, rhamnosylation of the arginine residue at the L-shaped tip is very important for
its activity. We solved the crystal structure of the rhamnosylation enzyme EarP and the EarP / EF-P
complex from N. meningitidis, and identified amino acid residues important for Arg32 rhamnosylation
activity. The conformation of the rhamnose moiety is suitable for the reaction was estimated by the
docking simulation, and the reaction mechanism of EF-P(Arg32) rhamnosylation was proposed.
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1. EF-P (2 X 2 BIRRAE AR B O HAE
2. HMH EF-P. B4 eIFSA OFIIR% IS & s

EF-P X 1975 4EI2% /L & 41U (Ganoza et al., Microbiol Mol Biol Rev. 2002, 66, 460) 3~"C DHIF 1Z
BIFE S TWwDd RNA ¥ L FREE O % > /87 B ¢ (Hanawa-Suetsugu et al.,
Proc.Natl Acad.Sci.U.S.A. 2004, 101, 9595) . KIGELH/VEXR T E, AFE TIEIRED Y V5%
FELys3HIZ B U U BMIMERi SN TV D 2 & BNEHOAEFT AL, FWEMR CICEETH
% (¥1) (Navarre et al., Mol.Cell 2010, 39, 209; Yanagisawa et al., Nat.Struct.Mol Biol. 2010, 17,
1136; Roy et al., Nat.Chem Biol. 2011, 7, 667)
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WG & fif & 2 OREIEDY (RNA & aaRS & OBEARICEIT 5 2 L, £/ EF-P O U P/L{LEAA
KIBEOEBICEETHSH Z L2 52 Lz (M 2) (Sumida et al., Acta Crystallogr. 2010, F66,
1115; Yanagisawa et al., Nat.Struct Mol Biol. 2010, 17, 1136)
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e0147907) .

2. WHIEDHI

(Neisseria meningitidis, 7 A2V T - A= T v AT 4 A) 7o ERJRE & 72 25 H BRI 5 13
Gud 2 L EEVERICR DT S BIEROE WMV TH D, BRI 130 MBI 0 )i
KEDO—>THY ., PRI, L UTHAEWERIEL U 7 FURIENDH D05, MHPERE O TR
(&0 L DEAPRLIEIZIR>TETWD, FIIRICED 2 2 o X7 BRI Em a3 2720
(CLZADRERAL Y T Y | BEERE 72 EWRIFEHEME RO EF-P B8 KOV A U k&R % T
EI D LD RREOMBEREICR L U7 AN AR MR L CTIT DICRERFEIEME 2B ST
R EDIRIFEHE DI DEFEMA D ZENTED, TAX=UVEREDT b7 2 ARITHTHLO
FIR%EM Th 5, FAREE OIS FHBEEFHTFIEC LV BERRE EF-P B X OMERiZ2 %
% Arg32 IR E DOAEFICARF R THDH Z & £7- BarP Z K S5 L EHOMAMMAIMZ b
52 L &WE L TR Y EarP EF-P 230 5 G OFUEWE & IZEAMET 02 < g 2 8-
REERN 2 — 2y NERDAREER D D, L LR bIEAIRFHILE L 72D BF-P 7457 V)L
LD HRIT LR T2, £ 2 CHIREAEE b IIEELEY AR FIEEZ VT EF-P 74/
VA IE RS SR OIS A BT DN T 5 2 & CREMES B 4 & Todoi UM B e SR 10 C A 2 722 3541 &
=7y FERR L, Bl RAIFERBICRICH I LA E Lz,

3. WD ITiE

AR TIEEICZ X7 EO X #ff BT X ORI FIEEZ O T 217 o 72, BEIRK
i# % EF-P 3 X OY EarP O KIGFHFEH R COREBRI, 7 250, kiifk, %72 EF-P/EarP
BAERDORE fb A & A T oIS & Ji - L~V O L. BB EF-P & EarP OfE G BT
ZH G MNC L7z, EarP 3 X OY BF-P ZRAKZ AW CTIEMIIE, BEOHT. ITC 72 & DAL
fiEdT, Ry¥r 7o 3al—valEaiTH2LI2LY EF-P 74 VU LEMOTEER IO
EF-P &G0 7 I VIR Z O L, X XV E Arg 7 5 VBRGSO T2 7255 1



WA RE LT,

4. WFFERCR

WFFEARER O ITBEERE RO T & ) L AUERFRE EarP & KIBE OFBLR M H K &I
BROWH, 27 ) —=0 72 X0 ERAGICHED UTe, A T 2 60 EarP O 7 AR 5L
B ThDH dATDP-T &) — AL DEEM, £ BF-P O KA A v 1 L OEEGERIZOWTHZ O
WafE< ZenTEl (X3), BaP 3WERBHREA——77 IV —B (GT-B) ([ZB L., #i&
Z el L7 SRBeH Tl SpnG =° UGT72B1 (i & ilT#x Cd %, BarP 13 GT-B IZHRFEAY 72 2 H D #
YT AIWATER A~ T 4=V R RAAL U ERFFD, Arg32 %51 EF-P O KA A > 1 (X EarP
DN K R A A > EFEA L. Arg32 OIS EarP D Aspl6 <2 Asp20 72 & LR EAEH LT,
EarP (3 EF-P R A A 1 &< OBUKRE KOBKIHAEENZ 2 2 £I2 L0 LRSI O
FHaRB L@ WEREREEAZFER L TWDL R LE, 2O XS ITAWEEAT. oM
< OFEERIC LD R B2 & HEAMFIIKGE EF-P & EpmA OBALRBETHY
POFUTI1, POFUT2, Rumi R EZ VNI E RAAL DRy R LA =% 27 a it
% FEHR R ISR O W ILE R & IR T o 7, BarP O BAKMENTIC L V. EF-P @ Arg32
M HIEWLE T BF-P EAHAAEA T 5 BarP O 7 X/ B5%E (Glu89, Glulld) |X EF-P & OfES
BEOYT L VAGIEEOMFIZEETHL Z RPN E o7,

< 4>

n {2 EarP (3) gry
=2 '°EarP Ef,;%’z V=70 K52 EarP

&
- 3
- Asp20 A g AP20 MisT(E Asp20
B Arga2 EFRO m sus—z0
-Arg32 —3 g - wa -4 = Asp16
Asp16 -
dTDP- ‘ﬁ & s
Su/-2 SLIVIPINFZY B ) —’ I
- - 2. -
o X €
(EFP Ear| ' -
> P 3 > "

EF-P EarP/EF-P&EpmA/EF-P
oEhshY

X 3.EF-P 7 &/ v )UAb(ES & (&l 3% EarP, EarP/EF-P A (R O 4# i, EarP/EF-P & EpmA/EF-P
LOBERAAEDELRT,

X 4. EF-P(Arg32) 7 L/ 3 AL D RS HERE



—J7 Arg32 L EHAHAAEA T 5 BarP O 7 X FEFRIL (Aspl6, Asp20) ICERZE A LTHA
EF-P fEGIETEIC DWW TIERE REBER A O hoToDIiZxt L, 7 A 7 S RIEHEIZ R E <K
T U7 FRIZ Arg32 O 77 = Uy LA AEAENS % BarP @ Asp20 (25Tt Ala 38 KT Asn
ERIZED ELH HIFENTERITHER L. GT-B 7 7 2 U —ORIERICH R 2B RER 1T b |
EarP @ Asp20 (ZFHYM T~ BDALEIS 1T S\2 SIS Z 81 B — et gt & LT < Asp. Glu, His 7%
HEDBFET D, 5> T BarP & Asp20 & —MRIEEIEAREE & 32 S\2 MO RIGHME 2 25 L HEH
Iz, —F dTDP-7 A/ — AL EarP O R A A OIS L, EIT C Rl RAA L HH
AAER LTz (IX3),dTDP I% EarP & % < D/KFEREA Z TR L CREEINZERFR S LTV 7znd,
T L) — AT BarP XD OKRFERBA LR B ZRAXF—CZER DT O
IC,av 7 A—varvkloTniz (X4),

EarP/dTDP-7 A /) — A G K L EarP/EF-P A KROMEZERGDED & Argd32 LT 45—
APSEEREZE T2, MoNOBEERLETHDL EZx b, £Z T EF-P #H
HIZBNTT L —AFEER T MU TE DT L) —AD ALy T4 A—v a VERER LK
Hammlb Lize 2 A, “UNTRY DS, a7 43 A— gt ZOBEPROLN RN S
Nize T —ARNS, arTxA—varzede, S2IGIEBIT AR TH D dTDP %
T X T IALIEZ ED, EF-P(Arg32)i1 T & — ABE L ONAREERELICT L —AD Cl R#E
REKESH 2 LINTE 5, dTDP-T A/ — AEAKRTIEL, EarP O Asp20 % & e/l — 7 5EIK
EDONRBEEIZL D T A — A58 0 2720, LLEOFERNS EarP (X F 3 dTDP-7 A/
—RAEFEB L. ZFDOBRICT &) —ARIZZAAT =L ERIC,av T A—varvwd b,
ZO8E S22 BUGTE Z 012 < < | EarP (3R AL Arg DT L LR dTDP-7 A — A
DHEER 72 IR 53 ff 2 BN TUuv D, EF-P 28 BarP L AT D8, Arg32 & OSLRIEE I O EarP
DN—THEBOEELAC DTS, T —AL S, v Tr A= ar~L BT 5, TOh
B EF-PAArg3)IC L BT A7 —AD Cl RFICKT D REBLENAIGEIZ/R D S22 KIGIZXk - T
Arg32 DT L VUAEBEZ D (K 3), ZTD XL HIZ EF-P BfEET HDITENWT A — A D=
VI A= a YEERHEIN TWTR) b ThRUt) BICKERT 5 2 & TRISHMELE
ENDH-RRIGEA T =X L2 HEE L= (Sengoku et al., Nat.Chem Biol. 2018,14,368), & k72 &
DENZAEY TIX, EF-P ORIV 1T elF-5A 32 O&EI %> T Y (X 2), EF-P X EF-P #lIik
HIEHITMEIZOAIFET D 2 L6 EF-P (ERilER 2 LET 2bE W & 3 i Ty &
51 & R E AR () L CRWER O R WA R HUERICT 5 2 LRI T 5,

EF-P OFIERZEHF6 L OVS BRHTIZ I 5 IE RN T X I8 ANHN 28 oD | ARFFERREIC
BHE 4 HMERERRSC 6 ., XE 1. FraF 1R RBERL TV D,



6 6 0 0

Tatsuo Yanagisawa, Mitsuo Kuratani, Eiko Seki, Nobumasa Hino, Kensaku Sakamoto, Shigeyuki 26

Yokoyama

Structural basis for genetic-code expansion with bulky lysine derivatives by an engineered 2019

pyrrolysyl-tRNA synthetase

Cell Chem. Biol. 936-949
DOl

10.1016/j .chembiol .2019.03.008

Hideyuki Takahashi, Haruo Watanabe, Kwang Sik Kim, Shigeyuki Yokoyama, Tatsuo Yanagisawa 9

Meningococcal cysteine transport system plays a crucial role for Neisseria meningitidis 2018

sustaining in the human brain microvascular endothelial cells

MBio e02332-18
DOl

10.1128/mBio.02332-18

Sengoku T, Suzuki T, Dohmae N, Watanabe C, Honma T, Hikida Y, Yamaguchi Y, Takahashi H, 14

Yokoyama S, Yanagisawa T.

Structural basis of protein arginine rhamnosylation by glycosyltransferase EarP. 2018

Nat. Chem. Biol. 368-374
DOl

doi: 10.1038/s41589-018-0002-y.

Seki E, Yanagisawa T, Yokoyama S. 1728

Cell-Free Protein Synthesis for Multiple Site-Specific Incorporation of Noncanonical Amino 2018

Acids Using Cell Extracts from RF-1 Deletion E. coli Strains.

Methods. Mol. Biol. 49-65

DOl
doi: 10.1007/978-1-4939-7574-7_3.




Kato A, Kuratani M, Yanagisawa T, Ohtake K, Hayashi A, Amano Y, Kimura K, Yokoyama S, Sakamoto 28
K, Shiraishi Y.

Extensive Survey of Antibody Invariant Positions for Efficient Chemical Conjugation Using 2017
Expanded Genetic Codes.

Bioconjug. Chem. 2099-2108

DOl
doi: 10.1021/acs.bioconjchem.7b00265.

Eiko Seki, Tatsuo Yanagisawa, Mitsuo Kuratani, Kensaku Sakamoto, Shigeyuki Yokoyama 9

Fully productive cell-free genetic code expansion with structure-based engineering of 2020
pyrrolysyl-tRNA synthetase from Methanomethylophilus alvus

ACS Synth. Biol. 718-732

DOl
doi: 10.1021/acssynbio.9b00288

18 2 3

tRNA

41 tRNA tRNA 50

2018 2019

Toru Sengoku, Takehiro Suzuki, Naoshi Dohmae, Chiduru Watanabe, Teruki Honma, Yasushi Hikida, Yoshiki Yamaguchi, Hideyuki
Takahashi, Shigeyuki Yokoyama, o Tatsuo Yanagisawa

Mechanism of EF-P(Arg32) rhamnosylation revealed by the crystal structure of glycosyltransferase EarP/translation factor EF-
P complex

tRNA Conference 2018

2018 2019




EF-P(Arg32)

20 RNA
2018 2019
o
91 (2018 3 28
2017
EF-P

ConBio2017 2017 12 11

2017

Fab X

ConBio2017 2017 12 11

2017




ConBio2017 2017 12 10

2017

ConBio2017 2017 12 10

2017

tRNA

ConBio2017 2017 12 10

2017

tRNA

19 RNA 2017 7 19

2017




17

2017 6 21

2017

tRNA

12

2017 6 8

2017

EF-P Arg32

90

2017

39

2016




EF-P Arg32

89

2016

Tatsuo Yanagisawa, Hideyuki Takahashi, Takehiro Suzuki, Akiko Masuda, Naoshi Dohmae, Shigeyuki Yokoyama

Neisseria meningitidis translation elongation factor P and its active-site arginine residue are essential for cell viability

2016 tRNA Conference

2016

Tatsuo Yanagisawa, Hideyuki Takahashi, Takehiro Suzuki, Akiko Masuda, Naoshi Dohmae, Shigeyuki Yokoyama

Neisseria meningitidis translation elongation factor P and its active-site arginine residue are essential for cell viability

RNA2016

2016

EF-P Arg32

16

2016




2019
6
EF-P
2018
DOI:
10.7875/first.author.2018.033
EarP EF-P Arg
1
tRNA

2018-163967

2018




