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Artificial translation system using dual sense codon and divided codon boxes
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BFZE R B o2 (3 3C) : We have designed two novel strategies in genetic code
reprogramming, “dual genetic code” and “artificial division of codon boxes”, enabling us to
create extremely engineered translation system. Dual genetic code is a
translation-decoding system governed by two distinct reprogrammed genetic codes. One is
the genetic code used for elongation reaction as usual, and the other is one exclusively used
in initiation step. That is, a single codon has “dual sense” designating two distinct amino
acids in initiation and elongation steps. In the approach of artificial division of codon boxes,
a codon box occupied by one amino acid in natural is virtually split and two distinct amino
acids are reassigned into each part of the divided codon box. This enables us to designate a
codon box for an original proteinogenic and another desirable non-proteinogenic amino
acids. We have experimentally demonstrated these two methodologies. Moreover,
integration of these two novel strategies was also carried out, allowing us to drastically
reprogram the decoding rule of translation system involving a wide array of non-standard
and proteinogenic building blocks (totally over 28 spicies).

AAH IR FE B
(BEHHAL - )
[ERESEN LiEESE & &t
201 04 2,000, 000 600, 000 2,600, 000
201 148 1,200, 000 360, 000 1, 560, 000
I
I
FE
ik 3, 200, 000 960, 000 4,160, 000
i s S (e

P o5 F - fiE - mAaes: - ERBEE L
F—U—R BB SO) T s T I JRREKR - XTF K- R_XTFFRFITA 7TV — -1
YA L JERIRT X Bk



1. WFZEBRAE 4O 5t
HRICBITDa Ro-7 2 BRORHSERIT
WG S L L TabND, ZOxtivE%
B NLRNCE 2 TRoE, KR 20 73 /8
DIANDIERRT 2 7 iaE L LI-FRRR
TAEEERIRETENS . BEF OB s 5 OBZEET
IIWS ONDORART I VB ERETHIZD,
FIRREZR KRR T 2 J BEORIE N BT 72
STLED &V REDBFIE LT,

2. MFEO B/

FERRFBEE AR RIHIAT T2 D DEIE
W B R BRI D FERIE 2t L, KRALIZEG
WerWE L BEREV AT AERD, &
Iz &k, EREHIRREZMREL, N x—T 3
VIZEATET R AR AT RE R FIER A Rk
RERETT D,

3. WD Hik
AWFFETIE, 20 O KR T 2/ B IC
TN 2 A E D S B AR % S B OB D FER R
7/ B A RIFRCRIH ATRE e, Bk O FRER
VAT LAORIEE BT, £3. FaxnH
B35 (1) —HEBER TR & (T) 5%
B 5RO &L ERICIRET 52 L
FEFE L, TO%, Zhb o0 EE i
HEbEDH LT, FRRICHIHTE T
g 7T a7 O E TR & 72(28
FEFALL ) N TEIRR G R AR & 1T - 72,

4. WFFERR S

(I) —HEiB(sh £ DFEIF

O AUG SOz RUThHBtha R & LT
HETEZ20N(NTHKBa )2 O 1
DO 3 K UEANLB GG & E RIS THE
BHORL B n7 2 BEERETRED Dual
sense codon) ? @ DO A TBItE=2 K>
NE—WENTEBHEWCII R — FEFIC
e 20 (N LM RoBER M) 2
IS =ZONRAMRETHIVUL, BlthE R TZE
NENHOBIE ERESZRT L AT L
ARSI LT Z Ll B,

TR, a2 T T a Kb &2 FioBsh
tRNA Z3 24 70 N TRdARIL T b L, =
D tRNA BNZFDT o Fa Rk T 5 AL
Btt =2 N 2R omRNA OFIFRZBEETEX 5
Tl EMRR L, @FEIELZ, X5IT, Y
RIERKRT I VB TT ML ERD
tRNA f77E FC, k92 2 KBl % AN T.5
tha R LR = N OLEICEFD mRNA O
WU AWRTH LT, ORAEETHDLZ &
R LT, @DMERICIL ., 72 5 Dual sense
codon >, ZOLL LD mRNA DRI %217
VW, BRIOFIEREY (ZFEU Eo~XTF R
DIREW) ODHPAER L TNDZ L2 EEy
Mric kv SEEEL 7=,

(I1) B ENER 5% D FEiE

SEEERFEOEIFIZIE, @ T7 RNA R Y A
T — B CIREAMRINT (BAfiEEE b 7272
VN tRNA 23ERRRGRICHRIH S UVERRREEY) & PEAE
TX5H,? @ tRNAEnAsn T, HE| -2
RURy 7 A HEFIZIERART I/ Wk
EERTHIENHEKL? @ nEI= R
VIR 7 AHD a R IR SR
HIZEMEREN? L Wo T = DD MR ER
DB L 72D, Hix 72 mRNA BodZ . RIRD
tRNA JBREW. HHVIIE I RS T 5
20 FEHED T7 #55 tRNA OIFE(E FCHRIER L. &
TOT 2 BRI OWT TT#55 tRNA Z AW T
LHIRAKRNDARETH D L 2R LT
(@), &Iz, Aly-tRNAEnAsn( FBr = Kol
FERIRT I VEEEEID YO L FBICKHE
THRIKT I VBT TT 55 tRNA & 21 %
4T, R—Ry 7 20 EBa R b T
a Rz —2FT O ET /L mRNA EAAI23 1F
LLERENT=Z2 D, @NTFRETH D =
LR LTz, FARRIC, BEOEEDO»E = K
VAR 7 A&ETe mRNA FRAIOFEELT & RN
L. QDRI bR Lz,

(I11) —HBEHF B K O BIEAG 5 % #
P DR T BHITIER A Bl R DT

O & AN (BT LIz RUo28R LT
T, 4%EIa R CHEET D Dual sense codon
ZRFOBEH mRNA OHFEBITER % T7 #55- tRNA %
AW To T, ZORER. TSN TT REY)
DBIELL FEALTWD Z EVERSITC LY
MERSNT-T-8, Mo v 7 MR U7 8rEn
RAFCROIGENTE =,

5. ERFERGLE
(BFFEfRFA | BITEHHE R O gE4 12
EN))

UdEssamsc) (B 13 4)

(DIwasaki, K.; Goto, Y.; Katoh, T.; Suga,
H. Selective thioether macrocyclization
of peptides having the N-terminal
2-chloroacetyl group and competing two
or three cysteine residues in translation,
Org. Biomol. Chem., &5i4A . 2012, in
press.

@Yamagishi, Y.; Shoji, I.; Miyagawa, S.;
Kawakami, T.; Katoh, T.; Goto, Y.; Suga,
H. Natural product-like macrocyclic
N-methyl-peptide inhibitors against a
ubiquitin ligase uncovered from a
ribosome-expressed de mnovo library,
Chem. Biol, # %t A . 2011, 12
1183-1187..

®@Katoh, T.; Goto, Y.; Reza, M.S.; Suga, H.




Ribosomal  synthesis of backbone
macrocyclic peptides, Chem. Commun.,
tFeAa. 2011, 47, 9946-9958.

@ Goto, Y.; Katoh, T; Suga, H.
Flexizymes for genetic code
reprogramming, Nat. Protoc., & #iH .

2011, 6, 779-790.

®Ohshiro, Y. ; Nakajima, E.; Goto, Y.;
Fuse, S.; Takahashi, T.; Doi, T.; Suga, H.

Ribosomal Synthesis of
Backbone-Macrocyclic Peptides
Containing % -Amino Acids,
ChemBioChem, % 7t A . 2011, 12,
1183-1187.

©®Goto, Y.; Ito, R.; Suga, H. A new drug
discovery strategy powered by RaPID
system, MEDCHEM NEWS, 4 ¢
2010, 20, 26-31.

@ Shimomai, D.; Goto, Y.; Suga, H. A
platform technology for the discovery of
novel peptide drug leads, RaPID system,
Kagaku Kougyo, % i . 2011, 62,
109-115.

®Ito, R.; Goto, Y.; Suga, H. Discovery of
isoform-specific ~ cyclophilin  binders
powered by the RaPID system, Peptide
Science, &FifT. 2010, 47th, 244.

@ Ohshiro, Y.; Nakajima, E.; Goto, Y.;

Kawakami, T.; Ohta, A.; Suga, H.
Ribosomal synthesis of cyclic peptides
containing various jyamino acids,

Peptide Science, %5 . 2010, 47th, 212.
New strategies for genetic code
reprogramming; dual genetic code and
artificial division of codon boxes, Peptide
Science, i . 2010, 47th, 62.

Goto, Y.; Okesli, A.; van der Donk, W. A.
Mechanistic studies of  Ser/Thr
dehydration catalyzed by a member of
the LanL lanthionine synthetase family,
Biochemistry, #5tA . 2011, 50, 891-898.
@ Hayashi, G.; Goto, Y.; Suga, H.
Ribosome evolution for two artificial
amino acids in E. coli, Chem. Biol., &t
A, 2010, 17, 320-321.

®Goto, Y.; Li, B.; Claesen, J.; Shi, Y.
Bibb, M. J.; van der Donk, W. A.
Discovery of wunique lanthionine
synthetases reveals mechanistic and
evolutionary insights, PLoS Biol., & #¢H .
2010, 8,e1000339.

CRERE) GH174)
OB - OHRIESE - Em, AR LTS
W92 HIEEL, PatD: 7T YV U UEEE YT
OENHAMES Y —/v . 2012 423 H 27 H.
el

OB - ORI - B, AR LTS
%92 REFES, FIIREEBRILESE 7 V) UF
KRS OmmILAMESR Y —/L, 2012 4F 3
H 27 B, ik

OB - DHRI&SE - BB, F14F £
ALEIGES . N T 3 RARREESR ITIRE
RTF REFINZT V) EREE AT D,
2011412 A 2 H, Ak

D% G R - BHAEIRE - BEH P, 9th

Australian Peptide  Conference . A
posttranslational heterocyclase: a
versatile synthetic tool for various

azoline—containing compounds, 2011 4& 11
H 19 H. Hamilton Is., Australia

® 1% HEAE R - DHRRIKE - BB, 11th
Tateshina Conference on Organic Chemistry.
PatD: a versatile synthetic tool for
various azoline—containing compounds .
2011 /- 11 A 12 A, ZF}

©#% M. BioJapan2011, HEMIEHRRR &
MRZEMEER 2R L7 R R k& A
TFRIAT TV —ORdEE, 2011 4 10
H5H., Mk

D&M - DHIRISSE « B, 55 A
FEEC T AR T A T T X RERkEE
F TV BRERICEDO SIS K
V—JL 201149 A 14 B, o< X

@ i, B oA EBILFEHTES
2011, ~7 v RR({UEMEER &2 Wi iba i o
AT7TY—HEE 20117 H 9B, =&

O EEHE - OHRRISSE - NRFE - A bR - &
WL 13 [ AMEFIE R S VAR YT A
CHEBEEESEHWTHRAGKRRE Y e
JII00F5H, 20114E1HTH, G

@9 Yuki Goto, Bo Li, Yanxiang Shi, Ayse
Okesli, Wilfred A. van der Donk, Pacifichem
2010, Discovery and characterization of
unique lanthionine synthetases reveals
mechanistic and evolutionary insights,
2010 4F 12 H 17 H. Waikiki, USA
OB - NLFE - A B8 - BB, 5"
International Peptide Symposium . New
strategies for genetic code
reprogramming; dual genetic code and
artificial division of codon boxes, 2010
F12 H 4 B, 54

@ARBRERD - Rk - SRR - 1] EFA
KHEE - . 5% International Peptide
Symposium, Ribosomal synthesis of cyclic
peptides containing various
acids, 20104 12 H 7 H. &
@R A K - &R - E . 5T
International Peptide Symposium
Discovery of isoform—specific cyclophilin
binders powered by the RaPID system, 2010
F12 H 8 B, niAl

WL G, B FAFZE - HTBUA BRI

vy —amino



Z Hig LB A, —EBER S Z 0
ERIRAKSZO) 7u s F 37 2010 4E
11 A 19 B, Fk

O 4G, Tth Japanese—German Frontiers
of Science Symposium . New artificial
translation system; dual genetic code and
artificial division of codon boxes, 2010
411 H 13 H. Potsdam, Germany

0 1% e HH #it . International Symposium on
Nano—-bio Molecular Assembly
Reprogramming genetic code and its
application for drug discovery. 2010 & 6
H 15 H. Seoul, South Korea

OGRS - BRI, BRTZ I DNV A, AR
TR b S, M T R =T
— Z =% TR R T F R OFIFRA L.
2010 4E 5 H 18 H., #fik

(ME) Gt 21)

OO - BN - B8, Soi~7F
RE Rl & £ ORI TE~ OIS, AT ¢
AV K. 20124, 125-130

Q%IRRT - WY, ERb¥Fo=a— L
v R, ABZERLA. 2011 4, 32-35

(PEZE PEHE)

OHREREL G 2 1)

TR TV ALBE MR OT Y — A& O
FATF Y —, WZZF D& HiE

FOAFE T - BERGRE - HRRISE
HERIZE « [ENTRFE N AR
FEEE - AR

%= : PCT/JP2012/056181
HEEEH B 201143 H9H

EINAOR] : [ENEUSME (PCT)

ZF RN TR A R

bl A S B O e N Y Sy )
HERIZE « [ENTRFE N AR
FEEE - HFEF

%= : PCT/JP2011/069251
HEEAEH B : 201048 A 27 H
EINAOR] : [ENEUSME (PCT)

ORI (G0 F)

(£ Dfth)

e i

http://www. chem. s. u—tokyo. ac. jp/users/b
ioorg/kenkyu/index. html

6. AFFERERE

(D) AFgEREH

%% {hf (GOTO YUKI)

B RS « KEPEE R 2ER - Bh#L

WF7e& %5« 70570604

(2) Wrge sz
L

(3) HHENFFEA
L



