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Supplemental Figure 1. Amino acid sequence of designed peptides.
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Supplemental Figure 2. MALDI-TOF MS data of CS5 before (a) and after (b) cleavage of the leader 

peptide.
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Supplemental Figure 3. MALDI-TOF MS data of trypsin treated CS5 fragments. It demonstrates that the 

cyclic strep-ligand was correctly formed since CS5 was cleaved by trypsin after Lys12, liberating the cyclic 

strep-ligand.
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Supplemental Figure 4. MALDI-TOF MS data of CS5A (a), CS5D (b), CS5E (c), CS5H (d), CS5M (e), 

CS5R (f), CS5W (g).
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Supplemental Figure 5. MALDI-TOF MS data of nisin modified by NisB mutants. a, modified by NisBwt; 

b, modified by NisBS88P/D234N; c, modified by NisBS88P; d, modified by NisBD234N. 
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Supplemental Figure 6. MALDI-TOF MS data of peptides modified by NisB mutants. a, CS5A, modified 

by NisBS88P; b, CS5A, modified by NisBD234N; c, CS5D, modified by NisBS88P; d, CS5D, modified by 

NisBD234N; e, nisinT2D, modified by NisBS88P; f, nisinT2D, modified by NisBD234N; g, nisinT2E, modified by 

NisBS88P; h, nisinT2E, modified by NisBD234N.



8

Supplemental Figure 7. MALDI-TOF MS data of peptides modified by NisB mutants. a, nisin(1-22)K12D, 

modified by NisBS88P; b, nisin(1-22)K12D, modified by NisBD234N; c, nisin(1-22)K12E, modified by NisBS88P; 

d, nisin(1-22)K12E, modified by NisBD234N; e, nisin(1-22)G14D, modified by NisBS88P; f, nisin(1-22)G14D, 

modified by NisBD234N; g, nisin(1-22)G14E, modified by NisBS88P; h, nisin(1-22)G14E, modified by 

NisBD234N. 
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Supplemental Figure 8. a, Overall structure of the NisB dehydratase and the functions of each domain 1. b, 

glutamyl-tRNAGlu binding site. Amino acids are shown in green that are known to be important for tRNA 

binding; mutation points of NisBT115I are show in red.
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Supplemental Figure 9. a, Overall structure of the NisB dehydratase and the functions of each domain 1. b, 

glutamyl-tRNAGlu binding site. Amino acids are shown in green that are known to be important for tRNA 

binding; mutation points of NisBN292K are show in red.
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Supplemental Figure 10. LanB-alignment-based probability of amino acid occurrence in positions 88, 

234, 115 and 292. Following the obtention of S88P, D234N, T115I, N292K mutations in NisB, the LanB 

family were aligned based on the full model of the N terminal domains (PFAM PF04737 

http://pfam.xfam.org/family/Lant_dehyd_N). The figure depicts the probability of the occurrence of each 

amino acid in the four positions. Clearly none of the four positions is conserved. Wild type amino acid is 

marked by black rectangle; amino acid of mutation is marked by a green rectangle. In positions 88, 234 and 

292 the probability of the new amino acid is higher than of the wild type amino acid. 
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Supplemental Table 1. Stains and plasmids used in this study.

Strain or plasmid Characteristics Source or reference

Strains

L. lactis NZ9000 MG1363 derivative; NisRK+ 2

E. coli XL-10 gold XL10-Gold Ultracompetent Cells Agilent Technologies

Plasmids

pNZnisA leader his2
pNZ8048 derivative, nisA, Cmr, encoding his6 residues behind the 

first Met gene of nisin leader 
3

pCS1 pNZ8048 derivative, CS1, Cmr This work

pCS2 pNZ8048 derivative, CS2, Cmr This work

pCS3 pNZ8048 derivative, CS3, Cmr This work

pCS4 pNZ8048 derivative, CS4, Cmr This work

pCS5 pNZ8048 derivative, CS5, Cmr This work

pCS5A pNZ8048 derivative, CS5A, Cmr This work

pCS5D pNZ8048 derivative, CS5D, Cmr This work

pCS5E pNZ8048 derivative, CS5E, Cmr This work

pCS5H pNZ8048 derivative, CS5H, Cmr This work

pCS5M pNZ8048 derivative, CS5M, Cmr This work

pCS5R pNZ8048 derivative, CS5R, Cmr This work

pCS5W pNZ8048 derivative, CS5W, Cmr This work

pBD-CS5 pNZ8048 derivative, BD-CS5, Cmr This work

pBDA pNZ8048 derivative, BDA, Cmr This work

pBD-CS5D pNZ8048 derivative, BD-CS5D, Cmr This work

pBDD pNZ8048 derivative, BDD, Cmr This work

pNZnisA pNZ8048 derivative, Nisin, Cmr 4

pNisinT2D pNZ8048 derivative, NisinT2D, Cmr 5

pNisinT2E pNZ8048 derivative, NisinT2E, Cmr 5

pNisin(1-22) pNZ8048 derivative, Nisin(1-22), Cmr 5

pNisin(1-22)K12D pNZ8048 derivative, Nisin(1-22)K12D, Cmr This work

pNisin(1-22)K12E pNZ8048 derivative, Nisin(1-22)K12E, Cmr This work

pNisin(1-22)G14D pNZ8048 derivative, Nisin(1-22)G14D, Cmr This work

pNisin(1-22)G14E pNZ8048 derivative, Nisin(1-22)G14E, Cmr This work

pTLR-BTC Pnis nisBTC, Emr 6
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Supplemental Table 2. Primers for PCRs used in this study.

Plasmids Templates Primers Nucleic acid sequences (5' to 3') Characteristics 
(5'-lable)

PXZ1 AAGCTTTCTTTGAACCAAAATTAGAAAACCAAG 5'- phosphorylation
pCS1 pNZnisA

PXZ2 ATTTGTTACAAAATTGTGGGTGTGATTTGCTTAC
GTGAATACTACAATGACAAGTTG  

PXZ1 AAGCTTTCTTTGAACCAAAATTAGAAAACCAAG 5'- phosphorylation
pCS2 pNZnisA

PXZ3 ATTTACAAAATTGTGGGTGTGATTTGCTTACGTG
AATACTACAATGACAAGTTG  

PXZ1 AAGCTTTCTTTGAACCAAAATTAGAAAACCAAG 5'- phosphorylation
pCS3 pNZnisA

PXZ4 ATTTGTTACAAAATTGTGGGTGTGATTTCATGTT
ACAACCCATCAGAGCTC  

PXZ1 AAGCTTTCTTTGAACCAAAATTAGAAAACCAAG 5'- phosphorylation
pCS4 pNZnisA

PXZ5 ATTTACAAAATTGTGGGTGTGATTTCATGTTACA
ACCCATCAGAGCTC  

PXZ1 AAGCTTTCTTTGAACCAAAATTAGAAAACCAAG 5'- phosphorylation
pCS5 pNZnisA

PXZ6 ATTTGTTACAAAATTGTGGGTGTGATTTACAACC
GGGTGTACATAGCGAAATAC  

PXZ7 TTTACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylationpCS5A/ 
pBDA 

pCS5/ 
pBDD PXZ8 GCTTCACACCCACAATTTTGTAACAAATAAGCTTTC  

PXZ7 TTTACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylationpCS5D/ 
pBD-CS5D 

pCS5/ 
pBD-CS5 PXZ9 GATTCACACCCACAATTTTGTAACAAATAAGCTTTC  

PXZ7 TTTACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylation
pCS5E pCS5

PXZ10 GAATCACACCCACAATTTTGTAACAAATAAGCTTTC  

PXZ7 TTTACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylation
pCS5H pCS5

PXZ11 CACTCACACCCACAATTTTGTAACAAATAAGCTTTC  

PXZ7 TTTACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylation
pCS5M pCS5

PXZ12 ATGTCACACCCACAATTTTGTAACAAATAAGCTTTC  

PXZ7 TTTACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylation
pCS5R pCS5

PXZ13 AGATCACACCCACAATTTTGTAACAAATAAGCTTTC  

PXZ7 TTTACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylation
pCS5W pCS5

PXZ14 TGGTCACACCCACAATTTTGTAACAAATAAGCTTTC  

PXZ15 GTGATGATGCATGGTGAGTGCCTCCTTATAATTTATTTTG 5'- phosphorylation
pBDD pBD-CS5D

PXZ16 CATCACCATAGTACAAAAGATTTTAACTTGGATTTGGTAT 
CTG

PXZ17 ACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylation
pNisin(1-22)K12D pNisin(1-22)

PXZ18 GATACAGGAGCTCTGATGGGTTGTAAC

PXZ17 ACAACCGGGTGTACATAGCGAAATAC 5'- phosphorylation
pNisin(1-22)K12E pNisin(1-22)

PXZ19 GAAACAGGAGCTCTGATGGGTTGTAAC

PXZ20 ATTTGTTACAAAATTGTGGGTGTGATTTACAACCGG
GTGTACATAGCGAAATAC 5'- phosphorylation

pNisin(1-22)G14D pNisin(1-22)
PXZ21 ACAGATGCTCTGATGGGTTGTAACATGAAATAAG

PXZ20 ATTTGTTACAAAATTGTGGGTGTGATTTACAACCGG
GTGTACATAGCGAAATAC 5'- phosphorylation

pNisin(1-22)G14E pNisin(1-22)
PXZ22 ACAGAAGCTCTGATGGGTTGTAACATGAAATAAG
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Supplemental Table 3. Primers for PCRs used in this study.

Primers Nucleic acid sequences (5' to 3') Purpose

Pbd1 GAAGTTCTGTTTCAAGGACCCTTGCAGGCAGCTAAGCAGGAAC

Pbd2 CTAATTTTGGTTCAAAGAAAGCTTATTCTTCACGTTGTTTCCGTTTCAATC

Pbd3 CAGCTCCAAGATCTAGTCTTATAACTATACTGAC

Pbd4 CAAGGGTCCTTGAAACAGAACTTCCAATTTGTTACAAAATTGTGGGTGTGATTTAC

Pbd5 GAAGAATAAGCTTTCTTTGAACCAAAATTAGAAAACCAAG

Pbd6 CTTAGCAATAGCGTCCTTTGATTCATG

To construct the 

plasmid that 

encoding the 

gene of 

bacterial 

display protein 

BD-CS5  

Ptlr1 AACTTTTTATCAUGTTTTTTCCTCTCTTTATTTTTATAAGC

Ptlr2 ATACATGAAAUGAGGACTAATAGATGGATGAAGTGAAAG

Ptlr3 ATGATAAAAAGTUCATTTAAAGCTCAACCGTTTTTAG

Ptlr4 ATTTCATGTAUTCTTCCGAAACAAACAACCTTTGAAGTGTG

NisB library 

construction

PS1 CTATCAATCAAAGCAACACGTGC

PS2 GATAACGCGAGCATAATAAACGG

PS3 CTCCAAACGATAAACGGAGTTTTAC

PS4 AACCCTTTTCTTCTTTAACAGACCAGC

PS5 GATTTGTTGTCAGATTTTTCTTGGAAC

PS6 GAATTTGGCAAAGGAGTATGAAAAAG

PS7 CCCAAAGAGTTTTATATTGTCAATGG

PS8 CGAAGCAATATTTTGTGCCGATTC

Sequencing
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