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Classification of Lanthipeptides

For the purpose of this review, a combined classification system, based on amino acid sequence
similarity of unmodified precursor peptides (without leader sequence) and biosynthetic machinery,
was followed 2. According to this classification scheme, lanthipeptides are separated into four classes
and 16 subgroups (Fig. S1-S4; Fig. 1 main text). It should be mentioned that the classification of
lanthipeptides will evolve with the emergence of new methods for classifying lanthipeptides and the
discovery of putative lanthipeptides from newly reported genome sequences 3>. The reader is
referred to the review by Repka et al ® for an extensive overview on the mechanistic action of the
modification enzymes involved in PTMs.

Sequence similarity network of lanthipeptide core peptides (Fig. 1 main text) were generated with the
Enzyme Function Initiative-Enzyme Similarity Tool (https://efi.igb.illinois.edu/efi-est/) using an E-value
cutoff of 10 and visualized using Cytoscape (v3.8.0). Core peptides used for analysis were selected
based availability of experimental data and hypothetical peptides were excluded. Prediction of helical
motifs in leader peptides were done using PEP2D (http://crdd.osdd.net/raghava/pep2d/index.html).



Figure S1
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Nisin = ————————— MSTKDENLDL-——--——~ VSVSKKDSGASPR
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Pinensin MEDNQVTQIKLSIDDLKIDSEVTSIDSEMNMRLAGGLAGQ

B | 0|

NisinA ITSISL-CEPGEKTGALMG-CNMKA-J§@H-¥sTHV-SK-7
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Paenibacillin ASTIKTT-—-TIKVSKAVCKTLTCICE -G SNeK37

Subtilomycin ——TWATIGKTIVQSVKKCRTFTCGCSLGSCSNCN*38
ThuricinA4-4 ——TWTTI-—-VKVSKAVCKEGTE ICl- TH@sNEK3°
Streptinl ———VGSRYLCTPGJCWKLVKJJE' 'TTVEK?
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H

PinensinA SHPTHTVATDDEGHLCTTIICA4
PinensinB SHPTHTVATDDEGHLCTTIIC-42

Figure S1: Class | lanthipeptides. Where possible structural information is given and lines above letters
indicate ring topology of prototypical lanthipeptide. Unless otherwise stated; Letters highlighted in
corresponding colours indicates residues that participate in Lan/Melan formation. Bold letters in
purple and green designate Thr/Ser that are dehydrated, respectively. Bold black letters indicate
Thr/Ser that escapes dehydration. A) Leader peptides of prototypical class I lanthipeptides. Strongly-
and weakly-conserved residues are indicated by (:) and (.), respectively. Bold letters indicate LanP
(lanthipeptide protease) cleavage sites and bold double underlined letters indicates putative cleavage
sites for pinensin. Highlighted grey letters indicate conserved residues. * Predicted from
WP_080561132.1. Residues predicted to be involved in helical or coiled structures are underlined and
italicized, respectively. Structure prediction performed using PEP2D
(http://crdd.osdd.net/raghava/pep2d/index.html). B) Nisin-like lanthipeptides. * Dehydrated Ser/Thr
residues predicted based on mass of modified peptide and sequence similarity. ** No accurate mass
data reported, dehydratable residues coloured and underlined. C) Epidermin-like lanthipeptides. Blue
line above letters represents C-terminal AviCys. * Dehydrated Ser/Thr residues predicted based on
mass of modified peptide and sequence similarity. D) Planosporicin-like lanthipeptides. Red
highlighted Trp and Pro are chlorinated to chlorotryptophan and hydroxylated to dihydroxyproline,
respectively. Gold highlighted letters in microbisporicin indicate amino acids involved in AviCys
formation. E) Pep5-like lanthipeptides. Grey highlighted Ser/Thr indicate residues that undergo
hydration-deamination. F) Paenibacillin-like lanthipeptides. Grey highlighted letters represent
Ala/Thr that undergo acetylation and hydration-deamination, respectively. G) Streptin-like
lanthipeptides. Red lines indicate alternative ring C for streptin with dashed lines indicating possible
bridging patterns. H) Pinensin-like lanthipeptides. Grey highlighted letters represent Ser that
undergoes spontaneous hydration-deamination.



A

Figure S2
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Figure S2: Class Il lanthipeptides. Where possible structural information is given and lines above
letters indicate ring topology of prototypical lanthipeptide. Unless otherwise stated; Letters
highlighted in corresponding colours indicates residues that participate in Lan/Melan formation. Bold
letters in purple and green designate Thr/Ser that are dehydrated, respectively. Bold black letters
indicate Thr/Ser that escapes dehydration. A) Leader peptides of prototypical class Il lanthipeptides.
Bold letters indicate site of leader cleavage. Residues predicted to be involved in helical or coiled
structures are underlined and italicized, respectively. Structure prediction performed using PEP2D
(http://crdd.osdd.net/raghava/pep2d/index.html). B) Lacticin 481-like lanthipeptides. Grey
highlighted Gly is conserved throughout group. * Position of dehydrated Ser/Thr residues predicted
based on mass of modified peptide and sequence similarity. ** No accurate mass data reported,
dehydratable residues coloured and underlined. C) Mersacidin-like lanthipeptides. Lines above
letters indicates the ring topology of mersacidin (blue line indicates AviMeCys) and haloduracin-a,
respectively. Dashed line indicates a disulphide bridge in haloduracin-a, with underlined Cys residues
taking part in disulphide bridge formation. Grey highlighted residues are conserved throughout group.
Red highlighted Ser are converted to p-Ala. * Blue highlighted letters form methyllanthionine
sulfoxide. ** Position of dehydrated Ser/Thr residues predicted based on mass of modified peptide
and sequence similarity. *** Exact position of dehydrated residues unknown, dehydratable residues
coloured and underlined. D) LtnA2-like lanthipeptides. Grey highlighted Thr are converted to 2-
oxobutyryl. Red highlighted Ser/Thr are converted to p-Ala/ p-Abu, respectively. Red arrow indicates
site of second proteolytic cleavage. * Position of dehydrated Ser/Thr residues predicted based on mass
of modified peptide and sequence similarity. ** Exact position of dehydrated residues unknown,
dehydratable residues coloured and underlined. *** Dehydration status of underlined letters
unknown (six out of nine dehydrated Ser/Thr known). E) Cytolysin-like lanthipeptides. Lines above
letters indicate the ring topology of cytolysinC.and cytolysinCs, respectively. Red highlighted Ser and
Thr are converted to p-Ala and p-Abu, respectively. F) Lactocin-like lanthipeptides. Red highlighted Ser
are converted to p-Ala. Grey highlighted letter represents Ser that undergoes hydration-deamination.
G) Cinnamycin-like lanthipeptides. Bold black letters indicate Ser/Thr that escapes dehydration and
Asp that undergoes hydroxylation, respectively. Dashed gold line and highlighted letters indicates
lysinoalanine bridge and residues involved. H) Bovicin HJ50-like lanthipeptides. Dashed line indicates
a disulphide bridge with underlined Cys residues taking part in disulphide bridge formation. * Position
of dehydrated Ser/Thr residues predicted based on mass of modified peptide and sequence similarity.
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LabyrinthopeptinAl ---MASILELQDLEVERASSAAD-———————— ——— SNASVWE - CC ————— STGSWVPFTCC 89

LabyrinthopeptinA2 ---MASILELONLDVEHARGENR-———————— ——— SDWSLWE CC ————— STGSLFA——CC 8%
Erythreapeptin -——MEMVLELQE LDAPNELAYGDPSHGGG——— —-— ”NLSLLASFAN————“TVSLLT——FH o0
Avermipeptin -———MALLDLOTMES DEHTGGGGA-——————— ——— ”TVSLL SCV-———— “AASVLL——FL o0
Griseopeptin -———MALLDLOAMDTPAEDSFGELATG-————— ——-— ”QVSLLV (“EY————“SLSVVL——("TP9Ij
Catenulipeptin MTEEMTLLDLOGMEQ TE TDSWGGSGHGGGGGD ——-SGLSVTG- CNGH———SGISLL———CDL91
Flavipeptin —-———-MALILDLQGLETPGYGHGGHHHGG————— ——— ETLIVLG CGSQRP ENLELLL——CH 92
NAT-112 ———VOEILELQELPSASATEDMPLV-—————— ——— STLSVSSPCPGWP--SSFTWS--NC—-°3
Stackepeptin ————-MALLDLQGLESPADLSATRGG——————— ——— SSGSGH-SCP————- SNLSATL--CGGTSGLSVLICH®
Curvopeptin = —————- MLDLQGMTP-EYGGGDL————————— ——— SSASLLL-CDKF---8AFSTLL-—-GL-"%°
SapB -———MNLFDLOSMETPKEEAMGDVETG-———— ——-— SRASLLL-CGD-—-—8SLS-ITT-EN-*%¢

Figure S3: Labyrinthopeptin-like lanthipeptides (Class Ill). Precursor sequences are illustrated due to conflicting results regarding leader peptide processing.
Residues predicted to be involved in helical or coiled structures are underlined and italicized, respectively. Structure prediction performed using PEP2D
(http://crdd.osdd.net/raghava/pep2d/index.html). Lines above letters indicate the ring topology of labyrinthopeptinAl (labionin rings) and dashed line
indicates a disulphide bridge. Amino acids involved in lanthionine/labionin formation are indicated Cys residues are indicated in red. Purple and green letters
indicate dehydrated Thr and Ser, respectively. Bold and underlined letters indicate residues that take part in labionin formation (Ser/Thr must be dehydrated).
Letters underlined and not in bold indicate residues that can be involved in lanthionine or labionin formation. Bold black letters indicate Thr that escape
dehydration. * Labionin residues only present in trace amounts, residues involved in Lan formation are highlighted in corresponding colours.



Figure S4

T 1

Venezuelin MENHDIELLAHLHATL PETDPVGVDG——APFAA—————————— TCECVGLLTLLNgléGIICA———W
Streptocollin MENQTLELLAHLHALPETDPVDFDG——ASYSG—————————— TEACVGLLTLLN (Eh] - (o7 WL
Globisporin  MENQODLELLARLHALPETEPVGVDG——LPYGE—————————— TCECVGLLTLLNTVCIGISCA———59
Sf1A MPVAV-PDLLKTDGFRDAGPLEIDDETI PFEDDDREDREHTA ———CLSDP——WVTATERFAEDLNS100

Figure S4: Venezuelin-like lanthipeptides (Class IV). Precursor sequences are illustrated due to
conflicting results regarding leader peptide processing. Residues predicted to be involved in helical or
coiled structures are underlined and italicized, respectively. Structure prediction performed using
PEP2D (http://crdd.osdd.net/raghava/pep2d/index.html). Lines above letters indicates ring topology
for venezuelin. Highlight letters indicate residue that participate in Lan/MeLan formation. Bold purple
and green Thr/Ser are dehydrated and bold black Thr/Ser escapes dehydration.
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