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Cinnamycin CRQSCSFGPFTFVCDGNTK
Duramycin CKQSCSFGPFTFVCDGNTK
CinnamycnB CASTCSAGPFTFVCDGTTK
Mathermycin CASTCSFGPFT I ACDGTTK

Kyamicn CASTCSAGPFTFACDGSTK

| . |
B H

FIG 1 Kyamicin peptide sequence and biosynthesis. (A) Alignment of core peptides of
kyamicin and a selection of known Type B cinnamycin-like lantibiotics, with the positions of the
thioether and lysinoalanine bridges in the mature peptide shown. Conserved residues are
highlighted in green, similar residues are highlighted in grey. (B) The kyamicin biosynthetic gene
cluster, with genes colored according to predicted function. (C) Schematic of kyamicin
biosynthesis. The thioether bridges are formed first by dehydration of Thr4, Thr11, Thr18 and Ser6
by KyaM to form dehydrobutyrine (Dhb) and dehydroalanine (Dha) residues, respectively. After
thioether cyclization by KyaM, Dhb becomes S-linked Abu and Dha becomes S-linked Ala. Asp15
is hydroxylated by KyaX and the lysinoalanine bridge is then formed between Dha6 and Lys19 by
KyaN. After the core peptide is fully modified, the leader peptide is proteolytically cleaved. (D)
Structural representation of the mature kyamicin lantibiotic.
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FIG 2 Activation of kyamicin biosynthesis and heterologous expression. Overlay bioassays
were carried out with B. subtilis EC1524 and agar plugs were taken adjacent to the central streak
and analysed by UPLC/MS. Extracted ion chromatograms are shown where m/z = 899.36 ([M +
2H]?*). Images and LC traces are representative of at least three biological repeats. (A) Activation
of kyamicin production in KY21 strains. The pEVK4 vector containing kyaR1 and kyaL results in a
zone of inhibition, corresponding to the production of kyamicin, in contrast to the pGP9 empty
vector control or the wildtype strain. (B) Heterologous expression of kyamicin in S. coelicolor
M1152. A zone of inhibition, corresponding to kyamicin production, is observed only when the
pWDWB63 carrying the kya biosynthetic genes is expressed in combination with pEVK6 carrying
kyaR1 and kyalL.
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m/z = 899.36 m/z = 854.42
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FIG 3 Characterisation of kyamicin. The connectivity of the peptide was confirmed by chemical
reduction followed by tandem MS fragmentation. Reduction with NaBH,-NiCl, resulted in the
cleavage of the methyllanthionine bridges (blue), corresponding to the loss of three S atoms and
gain of six H atoms, with a mass shift from [M + 2H]2* = 899.36 m/z to 854.42 m/z. Tandem MS
using the MALDI-ToF LIFT method allowed identification of the y ion (NHj3*) series for the
complete peptide (Figure S5). Fragmentation of the lysinoalanine bridge (pink) occurred via
rearrangement to give N=CH, at the terminus of the lysine sidechain and a glycine residue at
position 6.
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FIG 4 Comparative bioassay of kyamicin, duramycin and cinnamycin against B. subtilis
EC1524. The MIC of each substance was determined by direct application of serial dilutions of the
compounds in water on a SNA plate inoculated with B. subtilis EC1524. NC = H,O as the negative
control. The MIC of kyamicin is 128 pg/mL, whereas duramycin inhibits at 32 pg/mL and
cinnamycin at 16 pg/mL.
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SARP binding Site . Biosynthetic . Immunity & Export. Regulation Unknown function

B kyamicin TGAAACAGCTTTGAAGGCGGACTGAAACC
cinnamycin TGAAAGCGGAGTGAAACCGTAGTGAAAGC
duramycin TGAAAGCGGACTGAAACCGTAGTGAAAGT
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Microbiology

FIG 5 Schematic of duramycin BGC and plasmids used to construct pOJKKH and
SARP binding sites of kyamicin, cinnamycin and duramycin. (A) The S.
cinnamoneus DNA sequences represented on the plasmids pDWCC2 and pDWCC3
are present in the published genome sequence as 81593-99144bp of contig
NZ_MOEP01000024.1. pDWCC2 consists of the area from the left side Kpnl site (from
durorf1) to the central side Kpnl site in durX. pPDWCCS3 consists of the area covering
from the central Kpnl site in durX to the right side Kpnl site after a putative integrase
encoding gene. The putative duramycin resistance/regulatory genes are represented in
the published genome sequence by 54637-59121bp of contig NZ_MOEP01000113.1.
(B) Sequence alignment of putative SARP binding sites of kyamicin, cinnamycin and
duramycin. Conserved residues within all three sequences are marked with asterisks
and the 5bp SARP binding motifs are in bold. The alignment was performed with
Clustal Omega (v1.2.4).
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FIG 6 Activation of duramycin biosynthesis. Overlay bioassays were carried out with B. subtilis
EC1524 and agar plugs were taken adjacent to the central streak and analysed by UPLC/MS.
Extracted ion chromatograms are shown where m/z = 1006.93 ([M + 2H]?*). Duramycin was only
detected in the strain carrying both pOJKHH and pEVK6. The duramycin peak aligns with an
authentic standard of duramycin (1 mg/mL in 5% formic acid), shown on a separate scale. Images

and LC traces are representative of at least three bi

ological repeats.
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TABLE 1. Proteins encoded by the kyamicin, cinnamycin and duramycin BGCs.

Kyamicin Cinnamycin Duramycin Proposed function

KyaN (123aa) CinN (119aa) DurN (119aa) Formation of lysinoalanine
bridge

KyaA (78aa) CinA (78aa) DurA (77aa) Precursor peptide

KyaM (1065aa) CinM (1088aa) DurM (1083aa) Formation of lanthionine
residues

KyaX (302aa) CinX (325aa) DurX (327aa) Hydroxylation of Asp15

KyaT (327aa) CinT (309aa) DurT (352aa) Export

KyaH (294aa) CinH (290aa) DurH (290aa) Export

Not Present

Not present

Not present

Not present
KyaR (216aa)
KyaK (372aa)
Kyal (226aa)
Kyaorf11 (295aa)

KyaR1 (260aa)

CinY

CinZz

Cinorf8

Cinorf9

CinR (216aa)
CinK (354aa)
CinL (236aa)
Cinorf11 (396aa)

CinR1 (261aa)

DurY

Durz

Durorf8

Not present
DurR (216aa)
DurK (349aa)
DurlL (235aa)
Durorf11 (396aa)

DurR1 (261aa)

Not essential
Not essential
Not essential
Not essential
Regulation
Regulation
Immunity
Not essential

Regulation
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TABLE 2. Calculated and observed m/z values for lantibiotic compounds in this study

Compound Formula Calculated Observed Error (ppm)
[M + 2H)* m/z [M + 2H)* m/z

Kyamlcm C76H103N2002583 899.3551 899.3553 0.22
Deoxykyamicin C76H108N20024S3 891.3576 891.3557 -2.13
Partially Reduced C76H110N2002582 884.3768 884.3767 -0.11
Kyamicin

Partially Reduced C76H112N200258 869.3987 869.3990 0.35
Kyamicin

Reduced Kyamicin C76H114N20025 854.4204 854.4202 -0.23
Duramycin CgoH125N2302553 1006.9262 1006.9232 -2.98
DeOXydUramyCin CagoH125N23024S3 998.9287 998.9253 -3.40
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TABLE 3 Strains and plasmids used in this work.

Strain Description Reference

Saccharopolyspora sp. KY3  Strain from the cuticles of Tetraponera penzigi This work

Saccharopolyspora sp. KY7  Strain from the cuticles of Tetraponera penzigi This work

Saccharopolyspora sp. Strain from the cuticles of Tetraponera penzigi This work

Y21

KY3/pGP9 Saccharopolyspora KY3 strain carrying the empty This work
pGP9 plasmid

KY7/pGP9 Saccharopolyspora KY7 strain carrying the empty This work
pGP9 plasmid

KY21/pGP9 Saccharopolyspora KY21 strain carrying the empty This work
pGP9 plasmid

KY3/pEVK4 Saccharopolyspora KY3 strain carrying pEVK4, This work
which activates kyamicin production

KY7/pEVK4 Saccharopolyspora KY7 strain carrying pEVK4, This work
which activates kyamicin production

KY21/pEVK4 Saccharopolyspora KY21 strain carrying pEVK4, This work

Streptomyces coelicolor

which activates kyamicin production
Non-antibiotic producing superhost

Escribano et

M1152 [AactAred Acpk Acda rpoB(C1298T)] al., 2011
M1152/pEVK6 M1152 carrying pEVK6 This work
M1152/pWDW63 M1152 carrying the kyamicin biosynthetic genes This work
M1152/pEVK6/ pWDW63 M1152 carrying the kyamicin biosynthetic genes and  This work
pEVKS, which activates kyamicin production
M1152/pWDW63/pEVK12 M1152 carrying the kyamicin biosynthetic genes This work
pEVK12 for constitutive expression of kyalL
M1152/pWDW63/pEVK13 M1152 carrying the kyamicin biosynthetic genes This work
pEVK13 for constitutive expression of kyaR1
M1152/pOJKKH M1152 carrying the duramycin biosynthetic genes This work
M1152/pEVK6/pOJKKH M1152 carrying the duramycin biosynthetic genes This work
and pEVK®6, which activates duramycin production
Bacillus subtilis EC1524 Bioassay strain; trpC2, Subtilin BGC deleted Widdick et al.,
2003
Plasmid Description Reference
pGP9 pSET152-derived ¢BT-based integrative expression  Gregory et al.,
vector 2003
pld10257 oriT, @BT1 attB-int, Hygr, ermEp* Hong et al.,
2005
pSET152 $C31 attP-conjugative vector Gregory et al.,
2003
pEVK1 pUC57/R1L Synthetic construct with kyaR1L genes ~ GenScript”
pEVK4 pGP9/R1L for constitutive expression of kyaR7L in This work
Saccharopolyspora
pEVK6 plJ10257/R1L for constitutive expression of kyaR1L This work
in S. coelicolor
pEVK12 plJ10257/L for constitutive expression of kyal in S. This work
coelicolor
pEVK13 plJ10257/R1 for constitutive expression of kyaR7 in This work
S. coelicolor N
pWDW60 pUC57/Kya synthetic construct with the kyamicin GenScript
biosynthetic genes kyaN to kyaH
pWDW63 pSET152/Kya for constitutive expression of the This work
kyamicin biosynthetic genes in S. coelicolor
pOJKKH pOJ436-based plasmid carrying the duramycin This work

biosynthetic genes durN to durZ
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