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Figure 2. Genetic Code Reprogramming for mRNA-Directed Polyester Synthesis

(A) Chemical structure and abbreviation of a-hydroxy acids used in this study. F'2, phenyllactic acid; mF'2°, p-methoxyphenyllactic acid; pF'2°, p-iso-
propylphenyllactic acid; cF'®, p-cyanophenyllactic acid; G'°, glycolic acid; A%, lactic acid; L', isopropyllactic acid. The abbreviations used are
based on structurally similar amino acids. The stereochemistry of pF'®, mF'®°, and cF'® is racemic, whereas that of other a-hydroxy acids is S con-
figuration. All phenyllactic acid derivatives bear a cyanomethyl ester group (LG') and are charged onto tRNAs shown in Figure 3 using eFlexiresin,
while others bear a 3,5-dinitrobenzyl ester group (LG and are charged onto the tRNAs using dFlexiresin.

(B) The reprogrammed genetic code used in this study. a-hydroxy acids assigned to the respective triplets are color-coded as shown.

(Ohta, A., et al. 2007. Chem. Biol.,, 14(12), 1315-1322. X b 5|f)
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Figure 4. Macrocyclization by post-translational thioether-ring closure [36,45]. A

chloroacetyl-amino acid incorporated at the N-terminus using the FIT system spontaneously
reacts with a downstream Cys to generate a macrocyclic thioether bond.
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Graft 2D 2 v o327 OIEEIC O W T A RIFEN L 7256 (Sakai, K., et al. 2022, Nat. Biomed.
Eng. 1-13.) %A 2B Y CEHEFMO FHNIIfTo CEFATLZ, EESHOERTIX
ot & e BALEIC T F N % graft L7z &% v o307 ZHBICHR & Th OGN 2177 -
TEH, ZN0DREIEZIR> THOEENEREZ T 2 L i NTHEINLTVE T, i
Hidf LA~ T F P L RGE v 7 HOMAEDREIUKEFEST S X5 T,
FED T OWCTHRGPICERIEDH Y A TLE, (SRIOGEL IZEEBERSH
DERADR, BIRXTF FPARDBEHEP I —EoliEx L 2bITldhnwi T,
[Takeuchi, K., et al. 2021. Angew. Chem. Int. Ed., 133(12), 6641-6646.])

[ Lasso-Graft @ originality I & 212 % Db, (BEICEWSHZE L 284k 0 p. HFHF



REOMBEHEMEEAEbECHEINRTVEDP) ]
Lasso-graft 3EWIEEL LT F NI —LDRaPID v A7 2% & ICLTEH, BIRRT T
FD77—=a7x7 ZflBAl &) BB B IZRBORHE B ETEAT O s ARBdR D 7
N—=TTERINEZbOD X TT LUATSR),
“RaPID ETHRONIERIRRTF Fid, 10 ® 12~13FL WHFREEHKEEZ DD T74 75
U —DhhHiERI NS 72010, DT EIRIED O & it & OFIBICARERG G 2 2T 5
DI BEZRITCIREEDR TR THNEINT WL 720, BABIES ORI L — T3 h
EHEIC X Y AN THRBON—TICHAL TRIRT 2L 0 HiEEZERELE L X,
(http://www.protein.osaka-u.ac.jp/achievements/pr20210309/ X Y 51H),
F2mARBUR O DR 7N — T CREEYFEC X v 2 T2 b LR S N
TEY, v IF—HTHENLZERNZ V7 EHTH 5 PlexnBl ® MET 122\ Tl AT 2
LIFFED 7 AN T W7z & 9 T, Lasso-graft T2 7 7 F T 5 cyclic peptide I DWW T Ik
R THhN TV X9 TH Y, RaPID iEZTLIC L 2L FWIFE DIER T Lasso-Graft %
BRAFEIN-LEZONE T,

[ Genetic Code Expansion & D&\ i3ff] 5>, |
RaPID %@ H T Flexizyme % i\ GEBHEFICIERART 2/ x A D 5 2 & (FIT & 2
T L)ICDWT, T id Genetic Code Expansion D—2D ik LTEZLNTWE X H T
3, Genetic Code Expansion (%, JERART I /% (RNA ICHAIAATY R Y =2k b
HRE ¢ 25D L TH Y, tRNA ~DHBIABFEB L D0H 5T FIT v 27 A
T Y R A LDO—FHTH % Flexizyme #HWT % & W) FHHD review 285 Y £ L 7z,
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Figure 4. General methods for misacylating tRNA. P.G., protecting group.
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Fig. 5. Model of mRNA —peptide fusion, the unit of selection in mRNA display. Both a molecule of mRNA (gray) and the encoded peptide or
protein (teal and red) form covalent bonds to an adaptor molecule, e.g., puromycin (purple). A strand of complementary DNA (green) is reverse-
transcribed from the mRNA and hybridizes to this template. The figure is drawn to scale for Ecballium elaterium trypsin inhibitor, EETI-II, a
disulfide-constrained, 28-residue (3 kDa) peptide and for its encoding nucleic acid.
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