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Figure S1  Effect of sugar and backbone modification of 5' and 3' termini of mRNA on the translational activity.
(A) Design and sequence of sugar and backbone modifications of chemically synthesized mRNAs. (B, C) The concentration of encoded peptides from each mRNA obtained after 30 min of reaction in the HeLa cell lysate in the in vitro translation system. (n = 3). Data are presented as the mean ± standard error. Statistically significant differences for each mRNA from “NK001” (B) in one-way ANOVA followed by Dunnett’s test are marked as follows. n.s., p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.
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Figure S2  Effect of sugar modification of the 5' and 3' termini and ORF of mRNA on translational activity.
(A) Design and sequence of sugar and backbone modifications of chemically synthesized mRNAs. (B) The concentration of encoded peptides from each mRNA obtained after 30 min reaction of the HeLa cell lysate in the in vitro translation system (n = 3). Data are presented as the mean ± standard error. Statistically significant differences between “NK016” and “NK017” in Student’s t-test are marked as follows. n.s., p > 0.05; #p < 0.05; ##p < 0.01; ###p < 0.001. The statistically significant differences for each mRNA from “NK017” in one-way ANOVA followed by Dunnett’s test are marked as follows. n.s., p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.  
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Figure S3. Results of the LC/MS analysis of NK052. (A) LC analysis chart of ligated RNA, (B) Decovoluted spectrum for a peak from 7.392 to 7.545 min. Mainly obsereved mass (deconvoluted): 54684.78, calcd.mass: 54862.7. 
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Figure S4  MS analysis of translated peptides from chemically synthesized mRNAs.
Extracted ion chromatograms and mass spectrum data of (A) chemically synthesized peptides, (B) translated peptide from NK034, (C) translated peptide from NK041, and (D) H2O.
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Figure S5  Translation activity of sugar and backbone-modified synthetic mRNAs in in vitro cell culture.
(A) Time course of concentration of encoded peptide from hAoSMC after electroporation of each mRNA (n = 3). (B, C) The concentration of encoded peptide from HeLa cells 5 h after the transfection of each mRNA using Lipofectamine messengerMAX (n = 3). (D) Absorbance indicating the concentration of encoded protein from HeLa cells 5 h after the transfection of each mRNA using Lipofectamine messengerMAX (n = 3). Data are presented as the mean ± standard error. The statistically significant differences for each mRNA from “NK042” (B), “NK045” (C), or “NK048” (D) in one-way ANOVA followed by Dunnett’s test are marked as follows. n.s., p > 0.05; *p < 0.05; **p < 0.01; ***p < 0.001. 
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Table S1.　List of RNA fragments used in this study and MS data
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Table S2.　List of ligated mRNAs and MS data
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Table S3.　List of splint DNA for enzymatic/chemical ligation and MS data
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Table S4.　Ligation yields of mRNAs
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Table S5.　DNA Sequence of plasmid DNA for IVT
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Table S6.　List of evaluation samples（IVT-mRNA）
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Figure S7 continued
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Figure S7 continued
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Figure S7: dPAGE analysis of RNAs used in this study. (NK034, NK023, NK026, NK033, NK032, NK025, NK029, NK030, NK035, NK037, NK038, NK024, NK027, NK049, NK051, NK050, NK028, NK031,NK052, NK040, NK042, NK045, NK046, NK047)
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Figure S8 dPAGE analysis of chemical ligation reaction (NK036, NK039, NK052, NK043, NK044) and IVT (NK053)
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N; RNA, n; DNA, N(MOE); 2'-O-(2-methoxyethyl), N(F); 2’Fluoro, N(M); 2’-O-methyl, N(L); Locked nucleic acid, »; phosphorothioate, p; 5’ / 3’ phosphate, N(B); 2’, 4-BNA-NC (N-Me)
*1; isolated yield. *2; No data available due to purchase of full-length product.
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NK048 Enzymatic igation 264 2
NK034. Enzymatic igation 165 £
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NK025 Enzymatic igation 145 32
NKo29. Enzymatic igation 165 32
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NKo27 Enzymatic igation 145 32
NK04 Enzymatic igation 265 63
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N; RNA, n; DNA, N(MOE); 2'-O-(2-methoxyethyl), N(F); 2'Fluoro, N(M); 2-O-methyl, N(L); Locked
nucleic acid, »; phosphorothioate, p; 5' /3’ phosphate, N(B); 2', 4-BNA-NC (N-Me)
*1; isolated yield. *2; No data available due to purchase of full-length product
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GGATCCGAAATTAATACGACTCACTATAGATGGACTACAAGGACGACGACGACAAGATCATCGACTATAAAGACGACGACG
ATAAAGGTGGCGACTATAAGGACGACGACGACAAACACCACCACCACCACCACGCTGCAATCAGTCTGATTGCGGCGTTA
GCGGTAGATCGCGTTATCGGCATGGAAAACGCCATGCCGTGGAACCTGCCTGCCGATCTCGCCTGGTTTAAACGCAACA
CCTTAAATAAACCCGTGATTATGGGCCGCCATACCTGGGAATCAATCGGTCGTCCGTTGCCAGGACGCAAAAATATTATCC
TCAGCAGTCAACCGGGTACGGACGATCGCGTAACGTGGGTGAAGTCGGTGGATGAAGCCATCGCGGCGTGTGGTGACG
TACCAGAAATCATGGTGATTGGCGGCGGTCGCGTTTATGAACAGTTCTTGCCAAAAGCGCAAAAACTGTATCTGACGCATA
TCGACGCAGAAGTGGAAGGCGACACCCATTTCCCGGATTACGAGCCGGATGACTGGGAATCGGTATTCAGCGAATTCCA
CGATGCTGATGCGCAGAACTCTCACAGCTATTGCTTTGAGATTCTGGAGCGGCGGTAATGAATAACTAATCCCTGCAG

BamHI and Pstl site are underlined.
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transcription
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N; RNA, n; DNA, N(M); 2'-O-methyl, m1y; N1-methylpseudouridine, m7GpppG; m7G(5')ppp(5')
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