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Figure 1. Biosynthesis of RiPPs. The length of leader and core peptides varies significantly in different systems, and

they are not shown in proportion to their actual lengths.
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Figure 2. The chemical structure of Nisin A" The
fragments of the (methyl) lanthionine residues that are
derived from Cys are shown in blue and the fragments
originating from Ser/Thr are shown in red.
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Figure 3. The chemical structures of the representative lanthipeptides, demonstrating the vast diversity of ring
topologies. For more lanthipeptide structures, please see reviews™'”.
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Figure 4. Lipid II is a precursor for the biosynthesis of bacterial cell wall. Vancomycin binds lipid II via the L-Lys-D-

Ala-D-Ala moiety. Figure is from review".
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Figure 5. Biosynthesis of lanthipeptides. A: (Methyl)lanthionine formation involves Ser/Thr dehydration and
subsequent Michael addition of the Cys thiol to the nascent dehydroamino acids. B: Labionin biosynthesis involves a
second Michael addition to yield the carbacycle. C: Four classes of lanthipeptide synthetases. The conserved zinc-
binding motifs are highlighted by the yellow lines in the cyclase domains. NisB”” and NisC"" represent the achetype
of class I lanthipeptide synthetases (PDB entries: NisB 4WD9, NisC 2G0D). D: Protein similarity map of LanC-like
enzymes. LanCL1(LanC-like)and LanCL2 are from eukaryotes, and their functions are unclear at present. E: The
distinct dehydration mechanisms in the biosynthesis of different classes of lanthipeptides. X; and X, indicate the

peptide linker regions™™.
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1.1 MSEEQLKAF IAKVQADTSLQEQLKA-- EGADVVAIAKAAGFSITTEDLE - KEHRQ- - - - - - - TLSDDDLEGVAGG | FFCVQGTANRFTINVC - - - - - -~ -~ - -
1.2 MSEEQLKAFIAKVQADPSLQEQLKA--EGADVVSIAKAAGFSITTEDL--NSHIT----TKLNLSEEELEGVAGA MDCVSSTAQQTECRPGGPRASYCWDDLR-
1.3 MSEEQLKGFLSKVQSDASLQEQLKV--EGADVVAIAKAAGFSITTEDL--NSHRQ- - - - - - -NLSEDELEGVAGG GLCTLTSNLAAVCCGGCRRATSE-----
1.4 MSEEQLKAFLTKVQADTSLQEQLKA--EGADPVAIAKAAGFAITTEDL--NSHRQ- - - - - - -NLSDDELEGVAGG GSSYRNGKCTFGPACPS -~ - ==~~~
1.5 MSEEQLKAFIAKVQADTSLQEQLKV--EGADVVAIAKAAGFSITTEDL- -NTHRQ- - -~ - - -NLSDDELEGLHGA GPGCTGGWWAFTDTAGGGSCEG-- - -~
1.6 MSEEQLKAFIAKVQADTSLQEQLKV--EGADVVAIAKAAGFSITTDDFERNTHRQ- - - - - - - TLSDDELEGVAGG KSTNGCGCKPGHTLSSFLCTLECWL-------
1.7 MSEEQLKAFIAKVQADTSLQEQLKV--EGADVVAIAKASGFAITTEDL - -KAHQAN- - -SQKNLSDAELEGVAGG TIGGTIVSITCETCDLLVGKMC=--=--=------
2.1 MSEEQLKAFIAKVQADSSLQEQLKA--EGADVVAIAKAAGFSITTEDWDQRPVR - - - - - - - - TLSDEELEGAAGG CCITGESPGSAPTNDYKCTKGRGPGGCY----
2.2 MSEEQLKAFIAKVQADPSLQEQLKA--EGADTVAIAKAAGFSITTEDL-~KEHRQ- - -~~~ TLSDDELESVAGG GNDTVITKEYSCYVTSDKGCC-=--=--==-==-~-
2.3 MSEEQLKAFLEKVKADTSLKEKLKAAKSPEDVVGIAKEHGHEF TADKI- - - - - S-mmmnn- QLSEEELEGVAGG MQAGSCNWICFVNGVYINDGRMANKAI -----
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2.6 MSEEQLKAFIAKVQADTSLQEQLKA--EGADVVAIAKAAGFAISTEDL - -NNHRQ- - - - - - - NLSDDELEGVAGG GICVYVNCVLSIRETPSVI---=--==--==----
2.7 MSEEQLKAFIAKVQADTSLQEQLKA--EGADVVAIAKAAGFSIATEDL--KTHRQ- - -~ -~ TLSDDDLEGVAGG AGCYPICDWTSPTRS === === == =======--
2.8 MSEEQLKAFLTKVQADTSLQEQLKI--EGADVVAIAKAAGFSITTEDL--NSHRQ- -~~~ -~ NLSDDELEGVAGG AACHNHAPSMPPSYWEGEC=-=--=--==--==----
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3.2 MSEEQLKAFIAKVQADASLQEQLRT--EGADVVAIAKAAGFSITTEDL--NSHRQ- - -~ -~ - NLSDDELEGVAGG GGGCDGIRITDKQTVADNTIVPCSCFHQ----
3.3 MSEEQLKAFIAKVQGDSSLQEQLKA--EGADVVAIAKAAGFTIKQQDL - -NAAAS - - - - - - - ELSDEELEAASGG GDTGIQAVLHTAGCYGGTKMCRA- - - - ==~~~
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Abstract: Lanthipeptides are a growing class of ribosomally synthesized and posttranslationally modified peptide
(RiPP) natural products. These compounds are widely distributed among taxonomically distant species, and their
structures and biological activities are diverse, providing an important source for drug research and developement. In
this review, we summarized the recent advances in the understanding of structure, classification, evolution and
substrate-controlled biosynthetic mechanism of lanthipeptide, attempting to highlight the intriguing chemistry and

enzymology in the biosynthesis of this growing family of natural products.
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