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 3 

 Supplementary Fig. 1: Secondary structures of tRNAs used for incorporation of cγAAs, cβAAs, and D-amino acids. 

a, tRNAPro1E2CAU used for decoding AUG codons. For decoding other codons, the sequence of anticodon loop was changed 

accordingly (see Supplementary Table 3 for the sequences). The D-arm motif for EF-P binding consists of a 9-nt D-loop 

closed by a stable 4-bp stem (highlighted in red). The T-stem motif for EF-Tu binding is highlighted in blue. b, 

tRNAGluE2GCA used for decoding UGC codons. The T-stem motif for EF-Tu binding highlighted in blue is identical to that 

of tRNAPro1E2. c, tRNAfMetCAU used for incorporation of ClAcy at the initiator AUG codon. 
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 Supplementary Fig. 2: Ribosomal synthesis of model macrocyclic peptides containing cγAA or cβAA. a, Sequence 

of template mRNA for a model peptide. XXX indicates the codon used for incorporation of cγAA or cβAA. b, MALDI-

TOF mass spectra of model peptides. Codons used for incorporation of cγAA or cβAA are indicated. Calcd. and Obsd. 

indicate calculated and observed [M+H]+ values, respectively. 
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Supplementary Fig. 3: Purities and identities of peptides synthesized by SPPS. a,c, UV (λ = 280 nm) chromatograms 

of peptides by UPLC. Purity was determined by calculating the ratio of peak area of desired peptide relative to the combined 

areas of all peaks present. b,d, MALDI-TOF mass spectra of peptides. Calcd. and Obsd. indicate calculated and observed 

[M+H]+ values, respectively. † and ‡ indicate sodium and potassium ion adducts, respectively. 
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Supplementary Fig. 3, continued. 
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Supplementary Fig. 4: Chemical structures of selected peptides by RaPID including the most potent variant 

GM4H3Q. See Fig. 3b for GM4. 
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Supplementary Fig. 4, continued. 
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Supplementary Fig. 5: Binding kinetics of macrocyclic peptides against Mpro. SPR sensorgrams of selected peptides 

and variants. The sequences and kinetic values are shown in Table 1. Five different concentrations (nM), indicated by the 

numbers above the sensorgrams, of each peptide were injected for measuring kinetic constants. Binding sensorgrams were 

fitted using the standard 1:1 binding model. Red and black lines indicate raw sensorgrams and fitted curves, respectively. 
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Supplementary Fig. 6: Serum stability assay of macrocyclic peptides. a, Structure of the internal standard peptide used 

in serum stability assays. b,c, Chromatogram and mass spectra of reaction mixture after incubation for 24 h (GM1, 

GM1γ14A, GM4, GM4H3Q, GM5, and GM5γ24A) or 1 h (GM2, GM3, GM3γ210A, and GM4γ14A). Red and blue arrows 

indicate [M+2H]2+ and [M+3H]3+ ions, respectively. Calcd. and Obsd. stand for calculated and observed m/z values of 

peptides. d,e, Chromatogram and mass spectra of fragments GM4-f1−6 and GM4γ14A-f1−3, respectively. Red and black 

arrows indicate the [M+2H]2+ and [M+H]+ ions, respectively. 
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Supplementary Fig. 6, continued. 
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Supplementary Fig. 6, continued. 
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Supplementary Fig. 6, continued. 
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