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Supplementary figures 
Development of native chemical ligation trapping with synthetic AIPs 

 
Supplementary Figure 1. Development of native chemical ligation (NCL) trapping with synthetic AIPs. a, 
NCL of Ssc-AIP8 (10a) and H-Cys-OMe (S1) (50 equiv) in the presence of TCEP (30 mM) at pH = 7.4 went to 
completion after 6 h. b, NCL trapping of Ssc-AIP8 (10a). The AIP 10a (conc. = 0.02 mM) was trapped using Cys-
Rink amide PEGA resin (5) (50 equiv) in 20% DMF in phosphate buffer in the presence of TCEP (30 mM) 
overnight at 37 °C to give resin-bound linear 9mer peptide (S3). The peptidyl-resin S3 was washed a) 3 ´ DMF, 
3 ´ MeOH, 3 ´ H2O, b) treated with a TCEP solution (0.5 M) for 15 min, washed again c) 3 ´ H2O, 3 ´ MeOH, 
3 ´ CH2Cl2 and dried under suction. The dried resin S3 was treated with a cleavage cocktail (TFA–H2O, 97:3) for 
2 h to release the linear 9-mer peptide with a C-terminal cysteine residue (S4). The TFA was evaporated and the 
remaining residue taken up in 50% MeCN in H2O (100 µL) and analysed by LC-MS. The extracted ion 
chromatogram (EIC) for m/z [MH]+ = 1111.5 of S4 showed a strong signal at tR = 1.50 min and the corresponding 
m/z of S4 as well as the m/z of the internal disulfide of S4 were the only signals present at tR = 1.40–1.60 min.  
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LC-MS traces of sequence-guided identification of AIPs 

 
Supplementary Figure 2. Sequence-guided identification of S. aureus AIP-I (1) from bacterial supernatant. 
a, AgrD sequence of S. aureus agr-I (UniProtKB: Q53643). b, Total ion chromatogram (TIC) of the TFA 
cleavage solution of trapped AIP-I (1) and extracted ion chromatograms (EIC) for m/z = [MH]+ of possible linear 
AIP-I sequences including a C-terminal cysteine. c, NCL trapping of synthetic AIP-I (1) confirms the identity of 
trapped AIP-I (1) from bacterial supernatant. 
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Supplementary Figure 3. Sequence-guided identification of S. aureus AIP-II (2) from bacterial 
supernatant. a, AgrD sequence of S. aureus agr-II (UniProtKB: O33586). b, Total ion chromatogram (TIC) of 
the TFA cleavage solution of trapped AIP-II (2) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear AIP-II sequences including a C-terminal cysteine. c, NCL trapping of synthetic AIP-II (2) 
confirms the identity of trapped AIP-II (2) from bacterial supernatant. 
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Supplementary Figure 4. Sequence-guided identification of S. aureus AIP-III (3) from bacterial 
supernatant. a, AgrD sequence of S. aureus agr-III (UniProtKB: O33589). b, Total ion chromatogram (TIC) of 
the TFA cleavage solution of trapped AIP-III (3) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear AIP-III sequences including a C-terminal cysteine. c, NCL trapping of synthetic AIP-III (3) 
confirms the identity of trapped AIP-III (3) from bacterial supernatant. 
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Supplementary Figure 5. Sequence-guided identification of S. aureus AIP-IV (4) from bacterial 
supernatant. a, AgrD sequence of S. aureus agr-IV (UniProtKB: Q9L561). b, Total ion chromatogram (TIC) of 
the TFA cleavage solution of trapped AIP-IV (4) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear AIP-IV sequences including a C-terminal cysteine. c, NCL trapping of synthetic AIP-IV (4) 
confirms the identity of trapped AIP-IV (4) from bacterial supernatant. 
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Supplementary Figure 6. Sequence-guided identification of S. saprophyticus AIP (Ssa-AIP, 8) from 
bacterial supernatant. a, AgrD sequence of S. saprophyticus sequenced in this study. b, Total ion 
chromatogram (TIC) of the TFA cleavage solution of trapped Ssa-AIP (8) and extracted ion chromatograms (EIC) 
for m/z = [MH]+ of possible linear S. saprophyticus AIP sequences including a C-terminal cysteine. c, NCL 
trapping of synthetic Ssa-AIP (8) confirms the identity of trapped Ssa-AIP (8) from bacterial supernatant. 
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Supplementary Figure 7. Sequence-guided identification of S. lugdunensis AIP-II (Slu-AIP-II, 9) from 
bacterial supernatant. a, AgrD sequence of S. lugdunensis agr-II sequenced in this study. b, Total ion 
chromatogram (TIC) of the TFA cleavage solution of trapped Slu-AIP-II (9) and extracted ion chromatograms 
(EIC) for m/z = [MH]+ of possible linear S. lugdunensis AIP-II sequences including a C-terminal cysteine. c, 
NCL trapping of synthetic Slu-AIP-II (9) confirms the identity of trapped Slu-AIP-II (9) from bacterial 
supernatant. 
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Supplementary Figure 8. Sequence-guided identification of S. schleiferi AIP (Ssc-AIP, 10) from bacterial 
supernatant. a, AgrD sequence of S. schleiferi sequenced in previous study (NCBI accession: PRJEB1574).1 b, 
Total ion chromatogram (TIC) of the TFA cleavage solution of trapped Ssc-AIP (10) and extracted ion 
chromatograms (EIC) for m/z = [MH]+ of possible linear S. schleiferi AIP sequences including a C-terminal 
cysteine. c, NCL trapping of synthetic Ssc-AIP (10) confirms the identity of trapped Ssc-AIP (10) from bacterial 
supernatant. 
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Supplementary Figure 9. Sequence-guided identification of S. simulans AIP (Ssi-AIP, 11) from bacterial 
supernatant. a, AgrD sequence of S. simulans sequenced in this study. b, Total ion chromatogram (TIC) of the 
TFA cleavage solution of trapped Ssi-AIP (11) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear S. simulans AIP sequences including a C-terminal cysteine. c, NCL trapping of synthetic Ssi-AIP 
(11) confirms the identity of trapped Ssi-AIP (11) from bacterial supernatant. 
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Supplementary Figure 10. Sequence-guided identification of S. hyicus AIP (Shy-AIP, 12) from bacterial 
supernatant. a, AgrD sequence of S. hyicus sequenced in this study. b, Total ion chromatogram (TIC) of the 
TFA cleavage solution of trapped Shy-AIP (12) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear S. hyicus AIP sequences including a C-terminal cysteine. c, NCL trapping of synthetic Shy-AIP 
(12) confirms the identity of trapped Shy-AIP (12) from bacterial supernatant. 
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Supplementary Figure 11. Sequence-guided identification of S. chromogenes AIP (Sch-AIP, 13) from 
bacterial supernatant. a, AgrD sequence of S. chromogenes sequenced in this study. b, Total ion chromatogram 
(TIC) of the TFA cleavage solution of trapped Sch-AIP (13) and extracted ion chromatograms (EIC) for m/z = 
[MH]+ of possible linear S. chromogenes AIP sequences including a C-terminal cysteine. c, NCL trapping of 
synthetic Sch-AIP (13) confirms the identity of trapped Sch-AIP (13) from bacterial supernatant. 

  

1 2 3 4
0

1×106

2×106

3×106

4×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

1 2 3 4
0

2×105

4×105

6×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

1082 1088 1094
m/z

1082 1088 1094
m/z

H-NLASINPCTGFFC-NH2! H-LASINPCTGFFC-NH2!
EIC for [MH]+; 
m/z = 1271.6

H-ASINPCTGFFC-NH2!
EIC for [MH]+; 
m/z = 1158.5

H-SINPCTGFFC-NH2!
EIC for [MH]+; 
m/z = 1087.5

H-INPCTGFFC-NH2!
EIC for [MH]+; 
m/z = 1000.4

H-NPCTGFFC-NH2!
EIC for [MH]+; 

m/z = 887.4

H-PCTGFFC-NH2!
EIC for [MH]+; 

m/z = 773.4

Supernatant NCL trapping NCL trapping with synthetic S. chromogenes AIP (13)

MAIFETLFNLFTTLFKTLG NLASINPCTGFF DEPEVPQELRETE 

1087.4

Total ion chromatogram (TIC) 

0 2 4 6 8
0

2×107

4×107

6×107

Time (min)

To
ta

l Io
n 

In
te

ns
ity

0 2 4 6 8
0

2×105

4×105

6×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

2×105

4×105

6×105

Time (min)
0 2 4 6 8

0

2×105

4×105

6×105

Time (min)

0 2 4 6 8
0

2×105

4×105

6×105

Time (min)
0 2 4 6 8

0

2×105

4×105

6×105

Time (min)
0 2 4 6 8

0

2×105

4×105

6×105

Time (min)

900 1000 1100 12001300
m/z

900 1000 1100 12001300
m/z

1087.7

a

b

c

S. chromogenes AgrD

EIC for [MH]+; 
m/z = 1087.5 m/z display at t = 2.20–2.90 min

EIC for [MH]+; 
m/z = 1087.5 m/z display at t = 2.20–2.70 min

H-KTLGNLASINPCTGFFC-NH2!
Extracted ion chromatogram (EIC)

 for [MH]+; m/z = 1784.9

H-TLGNLASINPCTGFFC-NH2! H-LGNLASINPCTGFFC-NH2!
EIC for [MH]+; 
m/z = 1656.8

EIC for [MH]+; 
m/z = 1555.7

EIC for [MH]+; 
m/z = 1385.6

H-GNLASINPCTGFFC-NH2!
EIC for [MH]+; 
m/z = 1442.7

0 2 4 6 8
0

2×105

4×105

6×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

2×105

4×105

6×105

Time (min)
0 2 4 6 8

0

2×105

4×105

6×105

Time (min)

0 2 4 6 8
0

2×105

4×105

6×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

2×105

4×105

6×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity



 S14 

 
Supplementary Figure 12. Sequence-guided identification of S. argenteus AIP, which is identical to S. 
aureus AIP-I (1), from bacterial supernatant. a, AgrD sequence of S. argenteus sequenced in this study. b, 
Total ion chromatogram (TIC) of the TFA cleavage solution of trapped S. argenteus AIP and extracted ion 
chromatograms (EIC) for m/z = [MH]+ of possible linear S. argenteus AIP sequences including a C-terminal 
cysteine. (C) NCL trapping of synthetic S. aureus AIP-I (1) confirms the identity of trapped S. argenteus AIP 
from bacterial supernatant. 
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Supplementary Figure 13. Sequence-guided identification of S. schweitzeri AIP, which is identical to S. 
aureus AIP-IV (4), from bacterial supernatant. a, AgrD sequence of S. schweitzeri sequenced in this study. b, 
Total ion chromatogram (TIC) of the TFA cleavage solution of trapped S. schweitzeri AIP and extracted ion 
chromatograms (EIC) for m/z = [MH]+ of possible linear S. schweitzeri AIP sequences including a C-terminal 
cysteine. c, NCL trapping of synthetic S. aureus AIP-IV (4) confirms the identity of trapped S. schweitzeri AIP 
from bacterial supernatant. 
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Supplementary Figure 14. Sequence-guided identification of S. warneri AIP (Swa-AIP, 14) from bacterial 
supernatant. a, AgrD sequence of S. warneri sequenced in this study. b, Total ion chromatogram (TIC) of the 
TFA cleavage solution of trapped Swa-AIP (14) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear S. warneri AIP sequences including a C-terminal cysteine. c, NCL trapping of synthetic Swa-AIP 
(14) confirms the identity of trapped Swa-AIP (14) from bacterial supernatant. 
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Supplementary Figure 15. Sequence-guided identification of S. vitulinus AIP (Svi-AIP, 15) from bacterial 
supernatant. a, AgrD sequence of S. vitulinus sequenced in this study. b, Total ion chromatogram (TIC) of the 
TFA cleavage solution of trapped Svi-AIP (15) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear S. vitulinus AIP sequences including a C-terminal cysteine. c, NCL trapping of synthetic Svi-AIP 
(15) confirms the identity of trapped Svi-AIP (15) from bacterial supernatant.  

1 2 3
0

1×107

2×107

3×107

4×107

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

536 542 548
m/z

400 500 600 700
m/z

2 3 4 5
0

1×106

2×106

3×106

4×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

1076 1082 1088
m/z2 3 4 5

0

1×105

2×105

3×105

4×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

1 2 3
0.0

5.0×105

1.0×106

1.5×106

2.0×106

2.5×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

900 1000 1100 12001300
m/z

1076 1082 1088
m/z

Total ion chromatogram (TIC) 

H-VIRGCTAFLC-NH2!
EIC for [M2H]2+; 

m/z = 541.3

MNLLATLFSKSASNFLSSFG EKAVIRGCTAFL DETEVPAELLKEKQ 

H-EKAVIRGCTAFLC-NH2! H-KAVIRGCTAFLC-NH2!
EIC for [MH]+; 
m/z = 1280.7

H-AVIRGCTAFLC-NH2!

H-IRGCTAFLC-NH2!
EIC for [MH]+; 

m/z = 982.5

H-RGCTAFLC-NH2!
EIC for [MH]+; 

m/z = 869.4

H-GCTAFLC-NH2!
EIC for [MH]+; 

m/z = 713.3

Supernatant NCL trapping NCL trapping with synthetic S. vitulinus AIP (15)

1081.7

EIC for [MH]+; 
m/z = 1152.6

0 2 4 6 8
0

1×108

2×108

3×108

Time (min)

To
ta

l Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×106

2×106

3×106

4×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×106

2×106

3×106

4×106

Time (min)
0 2 4 6 8

0

1×106

2×106

3×106

4×106

Time (min)

0 2 4 6 8
0

1×106

2×106

3×106

4×106

Time (min)
0 2 4 6 8

0

1×106

2×106

3×106

4×106

Time (min)
0 2 4 6 8

0

1×106

2×106

3×106

4×106

Time (min)

*

EIC for [M2H]2+; 
m/z = 541.3 m/z display at t = 3.00–3.50 min

* 541.4

EIC for [M2H]2+; 
m/z = 541.3 m/z display at t = 1.70–2.10 min

1081.8

541.5

a

b

c

S. vitulinus AgrD

H-SSFGEKAVIRGCTAFLC-NH2!
Extracted ion chromatogram (EIC)

 for [MH]+; m/z = 1787.9 

H-SFGEKAVIRGCTAFLC-NH2! H-FGEKAVIRGCTAFLC-NH2!
EIC for [MH]+; 
m/z = 1700.9 

EIC for [MH]+; 
m/z = 1613.8 

EIC for [MH]+; 
m/z = 1409.7

H-GEKAVIRGCTAFLC-NH2!
EIC for [MH]+; 
m/z = 1466.8 

EIC for [MH]+; 
m/z = 1081.6 m/z display at t = 3.00–3.50 min

EIC for [MH]+; 
m/z = 1081.6

0 2 4 6 8
0

1×106

2×106

3×106

4×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×106

2×106

3×106

4×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×106

2×106

3×106

4×106

Time (min)
0 2 4 6 8

0

1×106

2×106

3×106

4×106

Time (min)

0 2 4 6 8
0

1×106

2×106

3×106

4×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

900 1000 1100 12001300
m/z

400 500 600 700
m/z

536 542 548
m/z

m/z display at t = 1.70–2.10 min



 S18 

 
Supplementary Figure 16. Sequence-guided identification of S. hominis AIP (Sho-AIP, 16) from bacterial 
supernatant. a, AgrD sequence of S. hominis sequenced in this study. b, Total ion chromatogram (TIC) of the 
TFA cleavage solution of trapped Sho-AIP (16) and extracted ion chromatograms (EIC) for m/z = [MH]+ of 
possible linear S. hominis AIP sequences including a C-terminal cysteine. c, NCL trapping of synthetic Sho-AIP 
(16) confirms the identity of trapped Sho-AIP (16) from bacterial supernatant. 
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Supplementary Figure 17. Sequence-guided identification of S. haemolyticus AIP (Sha-AIP, 17) from 
bacterial supernatant. a, AgrD sequence of S. haemolyticus sequenced in this study. b, Total ion chromatogram 
(TIC) of the TFA cleavage solution of trapped Sha-AIP (17) and extracted ion chromatograms (EIC) for m/z = 
[MH]+ of possible linear S. haemolyticus AIP sequences including a C-terminal cysteine. c, NCL trapping of 
synthetic Sha-AIP (17) confirms the identity of trapped Sha-AIP (17) from bacterial supernatant. 

  

1 2 3 4
0.0

5.0×105

1.0×106

1.5×106

2.0×106

2.5×106

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

2 3 4
0

1×105

2×105

3×105

4×105

5×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

1162 1168 1174
m/z

Total ion chromatogram (TIC) 

H-SFTPCTTYFC-NH2!
EIC for [MH]+; 
m/z = 1168.5

MTVLVDLIIKLFTFLLQSIG TIASFTPCTTYF DEPEVPEELTNAK 

H-TIASFTPCTTYFC-NH2! H-IASFTPCTTYFC-NH2!
EIC for [MH]+; 
m/z = 1352.6

H-ASFTPCTTYFC-NH2!

H-FTPCTTYFC-NH2!
EIC for [MH]+; 
m/z = 1081.4

H-TPCTTYFC-NH2!
EIC for [MH]+; 

m/z = 934.4

H-PCTTYFC-NH2!
EIC for [MH]+; 

m/z = 833.3

Supernatant NCL trapping NCL trapping with synthetic S. haemolyticus AIP (17)

1168.6

EIC for [MH]+; 
m/z = 1239.5

0 2 4 6 8
0.0

4.0×107

8.0×107

1.2×108

1.6×108

Time (min)

To
ta

l Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×105

2×105

3×105

4×105

5×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×105

2×105

3×105

4×105

5×105

Time (min)
0 2 4 6 8

0

1×105

2×105

3×105

4×105

5×105

Time (min)

0 2 4 6 8
0

1×105

2×105

3×105

4×105

5×105

Time (min)
0 2 4 6 8

0

1×105

2×105

3×105

4×105

5×105

Time (min)
0 2 4 6 8

0

2×105

4×105

6×105

8×105

1×106

Time (min)

1000 1100 1200 1300
m/z

*

1166.6
disulfide

1000 1100 1200 1300
m/z

1162 1168 1174
m/z

1168.7

1166.7
disulfide

a

b

c

S. haemolyticus AgrD

H-QSIGTIASFTPCTTYFC-NH2!
Extracted ion chromatogram (EIC)

 for [MH]+; m/z = 1838.8

H-SIGTIASFTPCTTYFC-NH2! H-IGTIASFTPCTTYFC-NH2!
EIC for [MH]+; 
m/z = 1710.8

EIC for [MH]+; 
m/z = 1623.8

EIC for [MH]+; 
m/z = 1453.7

H-GTIASFTPCTTYFC-NH2!
EIC for [MH]+; 
m/z = 1510.7

0 2 4 6 8
0

1×105

2×105

3×105

4×105

5×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×105

2×105

3×105

4×105

5×105

Time (min)
0 2 4 6 8

0

1×105

2×105

3×105

4×105

5×105

Time (min)

0 2 4 6 8
0

1×105

2×105

3×105

4×105

5×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

0 2 4 6 8
0

1×105

2×105

3×105

4×105

5×105

Time (min)

Ex
tra

ct
ed

 Io
n 

In
te

ns
ity

EIC for [MH]+; 
m/z = 1168.5 m/z display at t = 2.90–3.50 min

EIC for [MH]+; 
m/z = 1168.5 m/z display at t = 2.10–2.50 min



 S20 

Investigation of NCL trapping of the L. monocytogenes AIP 

 
Supplementary Figure 18. Investigation of NCL trapping of Lmo-AIP (20). a, NCL trapping of synthetic Lmo-
AIP (20) in 50% TSB or BHI medium with varying concentrations (8.0–0.063 µM) in a total volume of 10 mL. 
b, Overlaid extracted ion chromatograms (EICs) [M+H]+ for 21 and 22 of NCL trapping performed in TSB 
medium. c, Overlaid EICs [M+H]+ for 21 and 22 of NCL trapping performed in BHI medium. d, Overlaid EICs 
[MH]+ for 21 and 22 of NCL trapping performed on three L. monocytogenes isolates in different media. e, b-
Lactamase inhibition assays performed with supernatants of three L. monocytogenes isolates. The shown error 
bars are the standard error of the mean (SEM) of two individual assays.  
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IC50/EC50 Curves from b-lactamase assays 

 
Supplementary Figure 19. IC50 curves for inhibition of S. aureus AgrC-I. Inhibition properties of synthetic 
AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-I reporter strain 
in the presence of 100 nM AIP-I (1). The shown error bars are the standard error of the mean (SEM) of two 
individual assays performed in biological triplicate..  
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Supplementary Figure 20. IC50 curves for inhibition of S. aureus AgrC-II. Inhibition properties of synthetic 
AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-II reporter 
strain in the presence of 100 nM AIP-II (2). The shown error bars are the standard error of the mean (SEM) of 
two individual assays performed in biological triplicate.  
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Supplementary Figure 21. IC50 curves for inhibition of S. aureus AgrC-III. Inhibition properties of synthetic 
AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-III reporter 
strain in the presence of 100 nM AIP-III (3). The shown error bars are the standard error of the mean (SEM) of 
two individual assays performed in biological triplicate.  
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Supplementary Figure 22. IC50 curves for inhibition of S. aureus AgrC-IV. Inhibition properties of synthetic 
AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-IV reporter 
strain in the presence of 100 nM AIP-IV (4). The shown error bars are the standard error of the mean (SEM) of 
two individual assays performed in biological triplicate. 

  

-8 -7 -6 -5 -4 -3 -2 -1
0

20

40

60

80

100

120

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

AIP-II (2)

-8 -7 -6 -5 -4 -3 -2 -1
0

20

40

60

80

100

120

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

AIP-III (3)

-8 -7 -6 -5 -4 -3 -2 -1
0

20

40

60

80

100

120

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

AIP-III D4A (3a)

-8 -7 -6 -5 -4 -3 -2 -1
0

20
40
60
80

100
120
140

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Ssa-AIP (8)

-9 -8 -7 -6 -5 -4 -3 -2 -1
0

20
40
60
80

100
120
140

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Ssi-AIP (11)

-8 -7 -6 -5 -4 -3 -2 -1
0

20

40

60

80

100

120

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Shy-AIP (12)

-8 -7 -6 -5 -4 -3 -2 -1
0

20

40

60

80

100

120

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Swa-AIP (14)

-8 -7 -6 -5 -4 -3 -2 -1
0

20
40
60
80

100
120
140

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Svi-AIP (15)

-8 -7 -6 -5 -4 -3 -2 -1
0

20
40
60
80

100
120
140

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Sha-AIP (17)

-8 -7 -6 -5 -4 -3 -2 -1
0

20
40
60
80

100
120
140

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Slu-AIP-II (9)

-8 -7 -6 -5 -4 -3 -2 -1
0

20

40

60

80

100

120

log (concentration AIP) in mM

β-
lac

ta
m

as
e 

ac
tiv

ity
  %

Sch-AIP (13)



 S25 

 
Supplementary Figure 23. EC50 curves for activation of S. aureus AgrC-I. Activation properties of synthetic 
AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-I reporter strain. 
The shown error bars are the standard error of the mean (SEM) of two individual assays performed in biological 
triplicate. 

 

 
Supplementary Figure 24. EC50 curves for activation of S. aureus AgrC-II. Activation properties of synthetic 
AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-II reporter 
strain. The shown error bars are the standard error of the mean (SEM) of two individual assays performed in 
biological triplicate. 

 

 
Supplementary Figure 25. EC50 curves for activation of S. aureus AgrC-III. Activation properties of 
synthetic AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-III 
reporter strain. The shown error bars are the standard error of the mean (SEM) of two individual assays 
performed in biological triplicate. 
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Supplementary Figure 26. EC50 curves for activation of S. aureus AgrC-IV. Activation properties of 
synthetic AIPs (10 mM to 10 pM) were determined through b-lactamase activity using the S. aureus AgrC-IV 
reporter strain. The shown error bars are the standard error of the mean (SEM) of two individual assays 
performed in biological triplicate. 
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Supplementary tables 
Supplementary Table 1. Bacterial strains used in this study. 

Name Characteristics Reference 

E. coli IM08B Host strain used for cloning (2) 

S. aureus 8325-4 agr-I type strain Lab stock 

S. aureus RN6607 agr-II type strain Lab stock 

S. aureus MW2 agr-III type strain Lab stock 

S. aureus 4850 agr-IV type strain Lab stock 

P3-blaZ/pargC-I S. aureus RN10829 reporter expressing AgrC-I (3) 

P3-blaZ/pargC-II S. aureus RN10829 reporter expressing AgrC-II This study 

P3-blaZ/pargC-III S. aureus RN10829 reporter expressing AgrC-III This study 

P3-blaZ/pargC-IV S. aureus RN10829 reporter expressing AgrC-IV This study 

S. lugdunensis Strain ID A1, human nose isolate This study 

S. saprophyticus Human nose isolate This study 

S. schleiferi Strain ID 30743, dog isolate (1) 

S. hiycus Pig nose isolate This study 

S. simulans Pig nose isolate This study 

S. chromogenes Pig nose isolate This study 

S. schweitzeri Strain ID 59 This study 

S. argenteus Strain ID 60 This study 

S. warneri  Strain ID 5811483, human nose isolate This study 

S. hominis Strain ID 9525 (1) 

S. vitulinus Strain ID 62, horse isolate (1) 

S. haemolyticus Strain ID1312, dog isolate (1) 

L. monocytogenes isolate 1 Strain ID 10403S Lab stock 

L. monocytogenes isolate 2 Strain ID N53-I Lab stock 

L. monocytogenes isolate 3 Strain ID EGD Lab stock 
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Supplementary Table 2. Primers used for AgrD sequencing. 

Species Forward oligonucleotide (5’-3’) Reverse oligonucleotide (5’-3’) 

S. lugdunensis GTCATCATTGTTGTGCCACATTC GCAGCGTGTACTCGTAGTATG 

S. saprophyticus TGTTTTACTACCTTGGATAGTCGG GTGGTGATAATGACAACTGCATAC 

S. hyicus TCTCTCGAGAGGTCGTAATGG GCTATTCACATGGCGCTCATG 

S. simulans ATGTAAACAAGGAAATGAAGATACT
AGC 

ATGGACTTGCTCTTCTATTCCATG 

S. chromogenes CTACGATAATTAATTTCTCGCGACG GTTTTTCACATGGGGCTCATG 

S. schweitzeri CAAACCAGGCATGTCATCTTCG TTAGATATGCTCCTGCAGCAAC 

S. argenteus CCAGTTCGCCACGTATCTTC GAAATTTTGCCAATATAGGCATACATAAC 

S. warneri TGACATAGTCATGTCGAAACTTACG GCAACCTATACCTAAACGCTTAGTG 

S. hominis GTTGGTTTACCATGGCTCATTG GTGTATTCATAATACGTTTCAATTTCTTCC 

S. vitulinus CTATTCATCAATAGTCTTATCAAAAC
AGC 

CAAAGTCCACATTTTTATGCACC 

S. haemolyticus  GTGACATATGGTGTTGCACTTATC CAAGACAAGCGAAATAATTGTAAGATACG 
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Supplementary Table 3. Previously published and sequenced AgrD sequences used for AIP identification. 

Bacterial strain AgrD amino acid sequence Uniprot/NCBI 

S. aureus agr-I MNTLFNLFFDFITGILKNIGNIAAYSTCDFIMDEVEVPKELTQ
LHE 

Uniprot: 
Q53643 

S. aureus agr-II MNTLVNMFFDFIIKLAKAIGIVGGVNACSSLFDEPKVPAE 
LTNLYDK 

Uniprot: 
O33586 

S. aureus agr-III MKKLLNKVIELLVDFFNSIGYRAAYINCDFLLDEAEVPKELT
QLHE 

Uniprot: 
O33589 

S. aureus agr-IV MNTLLNIFFDFITGVLKNIGNVASYSTCYFIMDEVEIPKELTQ
LHE 

Uniprot: 
Q9L561 

S. saprophyticus MNVIKSISKSISKSISNYFAKVFASIGSISTINPCFGYTDESEIPK
ELTDLYE 

NCBI: 
QBG64256 

S. lugdunensis agr-II MNLLSGLFTKGISVIFEFIGNFSVQDMCNGYFDEPEVPQELID
LHRN 

NCBI: 
QBG64255 

S. schleiferi MKFLDSLLKLLTSVFASISTYAKYPFCIGYFYEPEIPAELLEEE NCBI: 
PRJEB15874 

S. simulans MDLLNGIFKLFAFIFEKIGNLAKYNPCLGFLDEPTVPKELLEE
DK 

NCBI: 
QBG64258 

S. hiycus MAFFESLLNLLTNVFKSLGNFAKINPCTVFFDEPEVPKELRES
E 

NCBI: 
QBG64257 

S. chromogenes MAIFETLFNLFTTLFKTLGNLASINPCTGFFDEPEVPQELRET
E 

NCBI: 
QBG64259 

S. argenteus MNTLFNLLFELITGILKNIGNIAAYSTCDFIMDEVEVPKELTQ
LHE 

NCBI: 
QBG64261 

S. schweitzeri MNTLLNIFFDFITGILKNIGNVASYSTCYFIMDEVEIPKELTQL
HE 

NCBI: 
QBG64260 

S. warneri  MEFLVNLFFKFFTSIMEFVGFVAGYSPCTNFFDEPEVPSELTK
IYE 

NCBI: 
QBG64262 

S. vitulinus MNLLATLFSKSASNFLSSFGEKAVIRGCTAFLDETEVPAELL
KEKQ 

NCBI: 
QBG64264 

S. hominis MTFITDLFIKLFSLILETVGTLATYSTCYGYFDESEVPEELTNL
ER 

NCBI: 
QBG64263 

S. haemolyticus MTVLVDLIIKLFTFLLQSIGTIASFTPCTTYFDEPEVPEELTNA
K 

NCBI: 
QBG64265 

L. monocytogenes MKNMNKSVGKFLSRKLEEQSMKVADSSMSKACFMFVYEP
KSPFVKMQEKNENK 

Uniprot: 
A8E0G2_LISMN 
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Materials and methods 
General information 

Reagents and materials. Bacteria were cultured in tryptic soya broth (TSB) medium and on tryptic soya agar 

(TSA) plates (both Oxoid) supplemented with 10 µg/ml chloramphenicol (Sigma-Aldrich) when appropriate. Na-

Fmoc protected and Na-Boc protected amino acids, 2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetramethyluronoium 

hexafluorophosphate (HBTU) and 2-(1H-7-Azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronoium 

hexafluorphosphate (HATU) were obtained from ChemImpex and PepChem. Aminomethyl ChemMatrix resin 

was obtained from PCAS BioMatrix. Aminomethyl PEGA resin, N,N-diisopropylethylamine, 4-

nitrophenylchloroformate and maleic acid (qNMR grade) were obtained from obtained from Sigma-Aldrich. 

Nitrocefin was obtained from Oxoid. All other chemicals used were obtained in the highest available purity from 

CombiBlocks or IrisBiotech. All solvents used were of analytical grade and purchased from Fisher Scientific. 

Manual solid-phase peptide synthesis was performed in polypropylene syringes equipped with fitted disks, 

purchased from Torviq. 

Analysis and purification. Analytical high-performance liquid chromatography (HPLC) was performed on a 

C18 Phenomenex Luna column (2.6 µm, 100 Å, 150 ´ 4.60 mm) using an Agilent 1100 series system equipped 

with a diode array ultraviolet detector. A gradient with eluent A (water–MeCN–TFA, 95:5:0.1, v/v/v) and eluent 

B (0.1% TFA in MeCN) rising linearly from 0 to 95% of B over 30.0 min was applied at a flow rate of 1 mL min-

1 to determine the purity of peptides (l = 210 nm). Ultra-high-performance liquid chromatography (UPLC) mass 

spectrometry (MS) analyses were performed on a Phenomenex Kinetex column (1.7 µm, 100 Å, 50 ´ 2.10 mm) 

using a Waters Acquity ultra-HPLC system. A gradient with eluent C (0.1% HCOOH in water) and eluent D 

(0.1% HCOOH in MeCN) rising linearly from 0 to 95% of D over 5.20 min at a flow rate of 0.6 mL min-1 was 

applied to analyse reaction mixtures. Preparative HPLC purification was performed on a C18 Phenomenex Luna 

column (5 µm, 100 Å, 250 ´ 20 mm) using an Agilent 1260 LC system equipped with a diode array ultraviolet 

detector. Various gradients with eluent A and eluent B at a flow rate of 20 mL min-1 were applied for the 

purification. Fractions containing the purified target peptide were identified using UPLC-MS or matrix assisted 

laser desorption ionisation–time of flight mass spectrometry (MALDI-TOF MS). Selected fractions were pooled 

and lyophilized. MALDI-TOF mass spectra were recorded with a Bruker microflex bench-top MALDI using a 

matrix of alpha-cyano-4-hydroxycinnamic acid or 2,5-dihydroxybenzoic acid in water/MeCN (1:1, v/v) 

containing 0.1% TFA. The observed m/z corresponded to the monoisotopic ions, unless otherwise stated. High-

resolution mass spectra (HRMS) were recorded using a maXis G3 quadrupole time-of-flight (TOF) mass 

spectrometer (Bruker Daltonics, Bremen, Germany) equipped with an electrospray (ESI) source or on an Agilent 

1290 UHPLC equipped with a diode array detector and coupled to Agilent 6550 QTOF mass spectrometer 

operated in positive electrospray or on a Bruker Solarix WR by either MALDI, or electrospray ionization (ESI). 

Nuclear magnetic resonance (NMR) spectra were recorded at 298 K using a Bruker Avance III HD (1H NMR and 
13C NMR recorded at 600 MHz and 150 MHz, respectively). Chemical shifts are reported in parts per million 

(ppm) relative to the deuterated solvent peak of DMSO-d6 (dH = 2.50 ppm; dC = 39.52 ppm) as internal standard. 



 S31 

Sequence-guided identification of autoinducting peptides (AIPs) 

Sequencing of bacterial isolates. The AgrD-encoding chromosomal region was sequenced for strains in which 

their genome sequences were unknown. Bacterial DNA was extracted from a single colony by resuspension in 

water containing 100 µg/ml lysostaphin and incubation at 37 °C for 30 minutes followed by boiling (99 °C, 10 

min) and removal of cell debris by centrifugation. The DNA was used as template in a PCR reaction (Phusion 

Hot Start II DNA Polymerase, Thermo Fisher Scientific) using primers designed to amplify approximately 1000 

bp encompassing the agrD sequence from respective species (Supplementary Table 2) deduced from publicly 

available genomes. PCR fragments were purified (GeneJET PCR Purification Kit, Thermo Fisher Scientific) and 

sequenced bi-directionally at Macrogen using the same oligonucleotides. 

 

Preparation of bacterial supernatants. Bacterial isolates were streaked on agar plates and grown over night at 

37 °C. Single colonies were then inoculated in 50 mL TSB media overnight at 37 °C in an incubator with 

200 rpm shaking. Overnight cultures were centrifuged with 8000 rpm at 4 °C and supernatants filtered through a 

sterile filter (0.22 µm) and lyophilised. The lyophilised supernatants were stored at -20 °C until they were used. 

 

Preparation of Cys-Rink resin (5). Amino PEGA resin (1.0 g, 0.37 mmol/g) was placed in a polypropylene 

syringe equipped with a fritted disk, swelled in DMF for 30 min and washed with DMF (5 ´ 1 min). Fmoc-Rink-

amide linker (998 mg, 1.85 mmol, 5.0 equiv), HATU (688 mg, 1.81 mmol, 4.9 equiv), and i-Pr2NEt (644 µL, 

3.70 mmol, 10.0 equiv) were pre-incubated in DMF (10.0 mL) for 2 min and then added to the resin. After 2 h, 

the resin was washed with DMF (3 ´ 1 min), MeOH (3 ´ 1 min), and CH2Cl2 (3 ´ 1 min) and treated with a 

capping solution (Ac2O–i-Pr2NEt–CH2Cl2, 2:2:6, v/v/v, 10.0 mL). After 2 h, the resin was washed with DMF 

(3 ´ 1 min), MeOH (3 ´ 1 min), and CH2Cl2 (3 ´ 1 min). The resin was then treated with piperidine in DMF (1:4, 

v/v, 10.0 mL) (1 ´ 2 min, 1 ´ 20 min) and washed with DMF (3 ´ 1 min), MeOH (3 ´ 1 min), and CH2Cl2 

(3 ´ 1 min). Fmoc-Cys(St-Bu)-OH (479 mg, 1.11 mmol, 3.0 equiv), HATU (408 mg, 1.07 mmol, 2.9 equiv), and 

i-Pr2NEt (386 µL, 2.22 mmol, 6.0 equiv) were pre-incubated in DMF (10.0 mL) for 2 min and then added to the 

resin. After 2 h, the resin was washed with DMF (3 ´ 1 min), MeOH (3 ´ 1 min), and CH2Cl2 (3 ´ 1 min) and 

dried under high vacuum for 16 h. 

 

Native chemical ligation (NCL) trapping of AIPs from bacterial supernatants. Fmoc-Cys(StBu)-Rink-PEGA 

resin (5) (50 mg) was placed in a 10 mL polypropylene syringe equipped with a fritted disk, swelled in DMF for 

30 min and washed with DMF (5 ´ 1 min). The resin was treated with piperidine in DMF (1:4, v/v, 2.0 mL) 

(1 ´ 2 min, 1 ´ 20 min) and washed with DMF (3 ´ 1 min), MeOH (3 ´ 1 min), and H2O (3 ´ 1 min). The resin 

was treated with a TCEP solution (0.5 M, pH = 7.00, 0.5 mL) for 15 min and subsequently washed with H2O 

(3 ´ 1 min), MeOH (3 ´ 1 min) and DMF (3 ´ 1 min). Lyophilised supernatant (original volume = 50 mL) was 

dissolved in 10 mL trapping buffer (phosphate buffer [0.1 M, pH = 7.4]–DMF–TCEP solution [0.5 M, pH = 7.0] 

= 7.4:2:0.6, v/v/v) and the solution was added to the resin. The syringe containing the trapping mixture was 
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agitated at 37 °C overnight. The trapping solution was removed from resin and the resin subsequently washed 

with DMF (3 ´ 1 min), MeOH (3 ´ 1 min), and H2O (3 ´ 1 min). The resin was then treated with a TCEP 

solution (0.5 M, pH = 7.00, 0.5 mL) for 10 min and subsequently washed with H2O (3 ´ 2 mL). A solution of 

DMF in H2O (10 mL, 1:1, v/v) was added to the resin and the resin was agitated at 37 °C. After 30 min, was the 

resin washed with DMF (3 ´ 1 min), MeOH (3 ´ 1 min), and DCM (3 ´ 1 min) and dried under suction for 15 

min. The dried resin was treated with a cleavage cocktail (1.5 mL, TFA–MilliQ water, 97:3, v/v) for 2 h at room 

temperature. The peptide containing cleavage solution was removed from the resin, collected and the resin rinsed 

with neat TFA (1.0 mL). The combined TFA fractions were evaporated under N2 stream to near dryness, 

redissolved in a solution of MeCN in H2O (100 µL, 1:1, v/v) and filtered (0.22 µm). The solution was analysed 

by LC-MS as descripted.  

 

Sequence-guided LC-MS analysis. The filtered TFA cleavage solution was analysed using an Waters Acquity 

ultra-HPLC system equipped with a Phenomenex Kinetex column (1.7 µm, 100 Å, 50 ´ 2.10 mm) applying a 

gradient with eluent C (0.1% HCOOH in water) and eluent D (0.1% HCOOH in MeCN) rising linearly from 0 to 

95% of D over 10.0 min at a flow rate of 0.6 mL min-1 and an injection volume of 40 µL. The total ion 

chromatograms (TIC) were analysed by displaying extracted ion chromatograms (EIC) of m/z [M+H]+ values of 

the possible linear peptides with an additional C-terminal cysteine and amide functionality based on the obtained 

AgrD sequence. 
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Synthesis of autoinducing peptides (AIP) 

General protocol for automated peptide synthesis. Automated peptide synthesis was carried out on a Biotage 

SyroWaveTM synthesiser using standard Fmoc SPPS chemistry. The following Fmoc-protected amino acids with 

side chain protecting groups were used: Fmoc-Asn(Trt)-OH, Fmoc-Asp(Ot-Bu)-OH, Fmoc-Cys(Trt)-OH, Fmoc-

Gly-OH, Fmoc-Ile-OH, Fmoc-Leu-OH, Fmoc-Met-OH, Fmoc-Phe-OH, Fmoc-Pro-OH, Fmoc-Ser(t-Bu)-OH, 

Fmoc-Thr(t-Bu)-OH, Fmoc-Tyr(t-Bu)-OH, and Fmoc-Val-OH. The following Boc-protected amino acids with 

side chain protecting groups were used as N-terminal amino acids: Boc-Ala-OH, Boc-Asp(Ot-Bu)-OH, Boc-

Lys(Boc)-OH and Boc-Tyr(t-Bu)-OH.  

SPPS was performed on 0.02 mmol scale using MeDbz-Gly-ChemMatrix (15)4 resin containing additional 5% 

MeDbz-Rink-ChemMatrix. Fmoc deprotection was performed in two stages: 1) piperidine in DMF (2:3, v/v) for 

3 min and 2) piperidine in DMF (1:4, v/v) for 12 min. The deprotection was followed by washing with DMF 

(2 ´ 45 s), CH2Cl2 (1 ´ 45 s), and DMF (2 ´ 45 s). The first coupling reaction was performed as double coupling 

using Fmoc-Xaa-OH (5.0 equiv to the resin loading), HATU (4.9 equiv) and i-Pr2NEt in NMP (10 equiv, 2.0 M) 

in DMF (final concentration = 0.2 M) for 90 min. The remaining coupling reactions were performed as double 

couplings with Fmoc-Xaa-OH (5.0 equiv to the resin loading), HBTU (4.9 equiv) and i-Pr2NEt in NMP 

(10 equiv, 2.0 M) in DMF (final concentration = 0.2 M) for 40 min for each coupling. The last amino acid was 

incorporated as Boc-Xaa-OH. 

 

General procedure for N-acyl-benzimidazolinone (Nbz) formation. After automated peptide elongation, the 

resin (0.02 mmol, 1.0 equiv) was transferred into a polypropylene syringe equipped with a fritted disk using 

CH2Cl2 and the resin was then washed with CH2Cl2 (5 ´ 1 min). A solution of 4-nitrophenyl-chloroformate 

(20.1 mg, 0.10 mmol, 5.0 equiv) in CH2Cl2 (1.0 mL) was added to the resin and the suspension was agitated for 

30 min. The resin was then washed with CH2Cl2 (2 ´ 1 min) and the procedure was repeated. The resin was then 

washed with CH2Cl2 (3 ´ 1 min) and DMF (3 ´ 1 min) and a solution of i-Pr2NEt (87 µL, 0.50 mmol, 25.0 equiv) 

in DMF (1.0 mL) was added to the resin. After 15 min, the resin was washed with DMF (3 ´ 1 min) and the 

procedure was repeated. The resin was then washed with DMF (3 ´ 1 min), i-Pr2NEt in DMF (5%, v/v) 

(3 ´ 1 min), DMF (3 ´ 1 min), MeOH (3 ´ 1 min), and CH2Cl2 (3 ´ 1 min) and dried under high vacuum. 
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General procedure for on-resin cyclisation/cleavage. Dried peptidyl MeNbz-Gly-ChemMatrix resin 

(0.02 mmol, 1.0 equiv) containing additional 5% MeNbz-Rink-ChemMatrix was placed in a polypropylene 

syringe equipped with a fritted disk and treated with a deprotection/cleavage cocktail (2.0 mL, TFA–i-Pr3SiH–

water, 94:3:3, v/v/v) for 1 h. The TFA solution was collected for assessment of the peptide synthesis and the resin 

was washed with CH2Cl2 (3 ´ 1 min), DMF (3 ´ 1 min), and CH2Cl2 (3 ´ 1 min) and dried under suction for 

several minutes. The cyclisation buffer (5.0 mL, phosphate buffer (0.2 M, pH = 6.8)–MeCN, 1:1, v/v) was added 

to the resin (final concentration = 4.0 mM) and the suspension was agitated at 50 °C for 2 h. The solution was 

removed from the resin, collected and the resin was rinsed with fresh cyclisation buffer. The combined peptide-

containing washings were pooled and purified by preparative RP-HPLC. Fractions containing pure peptide were 

lyophilised to afford the desired cyclised peptide. 
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b-Lactamase assay for IC50/EC50 determination 

Sample concentration determination. Concentrations of DMSO stock solutions for compounds containing 

tyrosine were determined on a NanoDropTM OneC microvolume UV-spectrophotometer from ThermoFisher 

Scientific by UV absorbance at 280 nm according to the following equation: 

c	 #$%
$&
' = )*+,	×	./	×	01234156	78945:

;
  

A280 = Absorbance at 280 nm [AU]; e = molar extinction coefficient [number of tyrosine residues ´ 

1200 AU/mmol/mL] 

Concentrations of DMSO stock solutions for compounds without the tyrosine chromophore were determined by 

quantitative NMR relative to the signal (dH = 6.24 ppm, 2H) of the internal standard maleic acid (qNMR grade) 

by using the following equation:  

c	(peptide) #$$52
&
' = C(D;D410;)	×	E($82;19	8910)	×	9($82;19	8910)

C($82;19	8910)	×	E(D;D410;)	
  

I = Integral of chosen proton signal; N = Number of protons; c = concentration of diluted DMSO stock 
 

Construction of reporter strains and plasmids. b-Lactamase reporter strains for AIP-II, AIP-III, and AIP-IV 

were constructed by replacement cloning of agrC-II, agrC-III, and agrC-IV into pagrC-I, respectively. 

Fragments encoding the respective receptor variants were amplified by PCR (Phusion Hot Start II DNA 

Polymerase, Thermo Fisher Scientific) using chromosomal DNA templates obtained from strains RN6607 (type 

II), MW2 (type III), and RN4850 (type IV). Forward primers 5’-

GATACACTGCAGGGCGTAAACGCTTGCAGC-3’(type II), 5’- 

GATACACTGCAGCTATAAGAGAAAGTGTGATAGTAAGTGGAAGC -3’ (type III), and 5’- 

GATACACTGCAGGTACATGTTATTTCATAATGGACGAAGTTG -3’ (type IV) were combined with a 

common reverse primer, 5’- GATACAGGTACCCATACATTCACATCCTTATGGCTAGTTG -3’. Purified 

nucleotide fragments were subsequently cloned into pagrC-I by directional cloning using PstI and KpnI 

restriction enzymes and T4 DNA ligase combined with dephosphorylation of the vector with FastAP 

Thermosensitive Alkaline Phosphatase (all enzymes from Thermo Fisher Scientific), generating pagrC-II, pagrC-

III, and pagrC-IV, respectively. Plasmid constructs were generated in E. coli IM08B from where they were 

transformed into S. aureus RN10829.5 
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Assay protocol for IC50/EC50 determination. The b-lactamase reporter strains RN10829 [(P2-agrA:P3-blaZ)],5 

with pagrC-I3 or pagrC-II, pagrC-III or pagrC-IV substituting the native agr locus with a chromosomal 

integration of P2-agrA and P3-blaZ and a plasmid from which a wild-type variant of the corresponding AgrC is 

expressed, were used to asses inhibition and activation of the AgrC receptor via β-lactamase activity in response 

to varying concentrations of the QS modifying peptides. Overnight cultures of the reporter strains in TSB 

medium were diluted 1:250 in fresh TSB medium and grown to OD600 = 0.35–0.45 (early exponential phase) at 

37 °C. For inhibition assays, peptide stock solutions (10 µL) in 1:10 serial dilutions (final concentrations = 

10 µM–10 pM) were added to each well of a 96-well plate as well as stock solutions (10 µL) of cognate AIP 

(final concentration = 100 nM) followed by 80 µL of bacterial cells. For activation assays, peptide stock solutions 

(10 µL) in 1:10 serial dilutions (final concentrations = 10 µM–10 pM) were added to each well of a 96-well plate 

as well as TSB medium (10 µL) followed by 80 µL of bacterial cells. Positive controls were wells replacing 

peptide stock solution with TSB medium (10 µL) and negative controls were wells replacing both peptide and 

cognate AIP stock solution with TSB medium (20 µL). The 96-well plates were incubated at 37 °C shaking at 

200 rpm for 1 h and immediately frozen down at -80 °C to minimize growth during nitrocefin treatment. Next, 

the 96-well plates were thawed and OD600 values were determined using a plate-reader for normalization 

followed by addition of 50 µL of nitrocefin solution to the wells (final concentration = 33.3 µg/mL). β-Lactamase 

activity was monitored at OD486 every 20 s for 10 min at 37 °C using a plate-reader. Linear nitrocefin conversion 

rates were plotted to obtain IC50/EC50 values by non-linear regression with variable slope using GraphPad Prism 

7.0 software. Assays were performed at least as duplicate determinations in biological triplicate. 
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Compound characterisation 
S. saprophyticus AIP (Ssa-AIP, 8) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. saprophyticus AIP (8) as a fluffy white solid after lyophilisation (2.6 mg, 

15%). Analytical HPLC tR = 15.3 min, purity 95% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C42H58N9O11S+ 896.3971; found 896.3962. Major conformer (conformers were observed in a ration of 1:0.1): 
1H NMR (600 MHz, DMSO-d6) d = 0.84 (t, J = 7.3 Hz, 3H), 0.88 (d, J = 6.9 Hz, 3H), 1.05 (d, J = 6.4 Hz, 3H), 

1.08–1.15 (m, 1H), 1.41–1.49 (m, 1H), 1.63–1.69 (m, 1H), 1.74–1.80 (m, 1H), 1.81–1.93 (m, 3H), 2.42 (dd, J = 

15.9, 7.5 Hz, 1H), 2.57–2.64 (m, 2H), 2.69–2.80 (m, 2H), 2.86 (dd, J = 13.9, 5.9 Hz, 1H), 3.05 (dd, J = 14.1, 3.3 

Hz, 1H), 3.09 (dd, J = 13.0, 4.9 Hz, 1H), 3.18–3.23 (m, 1H), 3.53–3.68 (signals partially observed), 3.82 (dd, J = 

14.0, 5.1 Hz, 1H), 4.25–4.34 (m, 2H), 4.35 (ddd, J = 11.1, 8.2, 5.0 Hz, 1H), 4.44 (dd, J = 9.7, 1.9 Hz, 1H), 4.49 

(qd, J = 6.4, 1.9 Hz, 1H), 4.61 (td, J = 9.4, 5.9 Hz, 1H), 4.88 (q, J = 6.9 Hz, 1H), 4.93 (br s, 1H), 6.63–6.68 (m, 

2H), 6.99 (s, 1H), 7.05–7.09 (m, 2H), 7.13–7.24 (m, 5H), 7.46 (s, 1H), 7.94 (d, J = 9.7 Hz, 1H), 8.03–8.09 (m, 

4H), 8.12 (d, J = 9.4 Hz, 1H), 8.54 (t, J = 5.5 Hz, 1H), 8.67 (d, J = 7.1 Hz, 1H), 8.86 (d, J = 8.2 Hz, 1H), 9.21 (br 

s, 1H). 

 

 
Analytical HPLC of purified S. saprophyticus AIP (8): tR = 15.3 min (l = 210 nm). 
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S. lugdunensis AIP-II (Slu-AIP-II, 9) 

 
The peptide was synthesised on 10 µmol scale using the general procedure for on-resin cyclisation/cleavage. 

Purification by preparative RP-HPLC afforded S. lugdunensis AIP-II (9) as a fluffy white solid after 

lyophilisation (1.1 mg, 13%). Analytical HPLC tR = 15.7 min, purity 95% (l = 210 nm). HRMS (ESI/Q-TOF) 

m/z: [M+H]+ Calcd for C36H47N8O11S2
+ 831.2800; found 831.2791. 1H NMR (600 MHz, DMSO-d6) d = 1.75–

1.83 (m, 1H), 1.86–1.96 (m, 1H), 2.04 (s, 3H), 2.36 (dd, J = 14.3, 10.4 Hz, 1H), 2.39–2.49 (m, 4H), 2.59 (dd, J = 

14.3, 4.3 Hz, 1H), 2.67 (dd, J = 17.6, 8.7 Hz, 1H), 2.78 (dd, J = 13.0, 10.1 Hz, 1H), 2.84 (dd, J = 17.6, 3.9 Hz, 

1H), 2.92 (dd, J = 14.1, 11.1 Hz, 1H), 3.17 (dd, J = 13.0, 4.7 Hz, 1H), 3.38–3.44 (m, 1H), 3.85 (dd, J = 14.5, 4.6 

Hz, 1H), 4.07–4.16 (m, 2H), 4.38–4.45 (m, 2H), 4.59 (ddd, J = 11.1, 9.2, 3.9 Hz, 1H), 4.69 (dt, J = 8.8, 6.8 Hz, 

1H), 6.61 (d, J = 8.5 Hz, 2H), 6.84–6.89 (m, 3H), 7.19–7.26 (m, 3H), 7.26–7.32 (m, 2H), 7.34 (s, 1H), 8.18 (t, J = 

5.3 Hz, 1H), 8.22 (d, J = 9.3 Hz, 1H), 8.30 (d, J = 7.8 Hz, 1H), 8.38 (d, J = 8.7 Hz, 1H), 8.42 (d, J = 7.8 Hz, 1H), 

8.63 (d, J = 7.8 Hz, 1H), 9.19 (s, 1H). 

 

 
Analytical HPLC of purified S. lugdunensis AIP-II (9): tR = 15.7 min (l = 210 nm). 
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S. schleiferi AIP (Ssc-AIP, 10) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. schleiferi AIP (10) as a fluffy white solid after lyophilisation (9.1 mg, 41%). 

Analytical HPLC tR = 19.9 min, purity 96% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C58H75N10O11S+ 1119.5332; found 1119.5307. Major conformer (conformers were observed in a ration of 1:0.25): 
1H NMR (600 MHz, DMSO-d6): d = 0.79–0.85 (m, 6H), 1.01–1.12 (m, 1H), 1.24–1.39 (m, 2H), 1.45–1.58 (m, 

4H), 1.65–1.76 (m, 4H), 1.76–1.86 (m, 2H), 1.90–1.97 (m, 1H), 2.29 (dd, J = 14.2, 11.2 Hz, 1H), 2.63 (dd, J = 

13.0, 11.1 Hz, 1H), 2.65–2.82 (m, 4H), 2.84–2.96 (m, 2H), 3.04–3.12 (m, 2H), 3.21 (dd, J = 13.0, 5.2 Hz, 1H), 

3.26–3.33 (m, 1H), 3.35 (dd, J = 14.6, 3.4 Hz, 1H), 3.43–3.50 (m, 1H), 3.60–3.66 (m, 1H), 3.70–3.76 (m, 1H), 

3.86–3.94 (m, 1H), 4.10–4.20 (m, 2H), 4.27 (dd, J = 8.4, 4.1 Hz, 1H), 4.41–4.48 (m, 1H), 4.51–4.66 (m, 3H), 

6.62 (d, J = 8.4 Hz, 2H), 6.66–6.72 (m, 2H), 6.90–6.98 (m, 2H), 7.12 (d, J = 8.5 Hz, 2H), 7.15–7.25 (m, 6H), 

7.26–7.35 (m, 4H), 7.65 (d, J = 8.0 Hz, 1H), 7.70–7.77 (m, 3H), 8.04–8.11 (m, 5H), 8.18 (d, J = 9.4 Hz, 1H), 

8.66 (d, J = 7.9 Hz, 1H), 8.73 (d, J = 7.3 Hz, 1H), 8.94 (t, J = 5.6 Hz, 1H), 9.10–9.42 (m, 2H). 

 

 
Analytical HPLC of purified S. schleiferi AIP (10): tR = 19.9 min (l = 210 nm). 
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S. simulans AIP (Ssi-AIP, 11) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. simulans AIP (11) as a fluffy white solid after lyophilisation (8.4 mg, 41%). 

Analytical HPLC tR = 18.7 min, purity 99% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C50H74N11O11S+ 1036.5284; found 1036.5257. Major conformer (conformers were observed in a ration of 1:0.1): 
1H NMR (600 MHz, DMSO-d6) d = 0.81 (d, J = 6.5 Hz, 3H), 0.83 (d, J = 6.4 Hz, 3H), 0.86 (d, J = 6.6 Hz, 3H), 

0.92 (d, J = 6.4 Hz, 3H), 1.27–1.37 (m, 3H), 1.42–1.48 (m, 1H), 1.48–1.56 (m, 3H), 1.58–1.66 (m, 1H), 1.65–

1.74 (m, 3H), 1.78–1.87 (m, 4H), 1.89–1.96 (m, 1H), 2.37 (dd, J = 15.6, 6.8 Hz, 1H), 2.56–2.64 (m, 2H), 2.68 

(dd, J = 14.0, 8.7 Hz, 1H), 2.72–2.82 (m, 3H), 2.88 (dd, J = 14.2, 4.8 Hz, 1H), 3.11 (dd, J = 13.1, 5.0 Hz, 1H), 

3.18 (dd, J = 14.2, 3.7 Hz, 1H), 3.27–3.31 (m, 1H), 3.50–3.60 (signals partially observed), 3.73–3.78 (m, 2H), 

4.25 (ddd, J = 11.1, 7.9, 5.2 Hz, 1H), 4.35–4.48 (m, 4H), 4.52 (td, J = 8.2, 5.0 Hz, 1H), 4.81 (q, J = 7.1 Hz, 1H), 

6.64 (d, J = 8.5 Hz, 2H), 6.94 (s, 1H), 7.01 (d, J = 8.5 Hz, 2H), 7.18–7.22 (m, 1H), 7.23–7.30 (m, 4H), 7.46 (s, 

1H), 7.70–7.79 (m, 3H), 8.02–8.11 (m, 6H), 8.49–8.55 (m, 2H), 8.70 (d, J = 8.5 Hz, 1H), 8.74 (t, J = 5.5 Hz, 1H), 

9.24 (br s, 1H). 

 

 
Analytical HPLC of purified S. simulans AIP (11): tR = 18.7 min (l = 210 nm). 
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S. hyicus AIP (Shy-AIP, 12) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. hyicus AIP (12) as a fluffy white solid after lyophilisation (5.4 mg, 26%). 

Analytical HPLC tR = 19.5 min, purity 95% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C51H76N11O11S+ 1050.5441; found 1050.5411. 1H NMR (600 MHz, DMSO-d6) d = 0.72 (d, J = 6.7 Hz, 3H), 

0.79–0.86 (m, 9H), 1.02 (d, J = 6.0 Hz, 3H), 1.04–1.12 (m, 1H), 1.27–1.36 (m, 2H), 1.39–1.47 (m, 1H), 1.49–

1.57 (m, 2H), 1.64–1.72 (m, 3H), 1.78–1.84 (m, 1H), 1.84–1.89 (m, 1H), 1.90–1.97 (m, 2H), 1.97–2.05 (m, 1H), 

2.42 (dd, J = 15.7, 7.1 Hz, 1H), 2.59 (dd, J = 15.7, 6.6 Hz, 1H), 2.74–2.81 (m, 3H), 2.81–2.84 (m, 2H), 3.00 (t, J 

= 12.5 Hz, 1H), 3.16 (dd, J = 12.5, 3.7 Hz, 1H), 3.24 (dd, J = 14.0, 3.8 Hz, 1H), 3.62–3.69 (m, 1H), 3.70–3.78 

(m, 1H), 3.83–3.89 (m, 1H), 3.95–4.03 (m, 3H), 4.08 (dd, J = 10.1, 8.1 Hz, 1H), 4.25 (dd, J = 8.7, 7.3 Hz, 1H), 

4.32 (dd, J = 8.4, 3.8 Hz, 1H), 4.42 (q, J = 7.5 Hz, 1H), 4.48 (ddd, J = 12.0, 8.0, 3.9 Hz, 1H), 4.82 (q, J = 7.1 Hz, 

1H), 5.08 (br s, 1H), 6.82–6.87 (m, 2H), 6.93 (s, 1H), 7.10–7.16 (m, 5H), 7.20–7.28 (m, 3H), 7.52 (s, 1H), 7.72–

7.79 (m, 4H), 7.82 (d, J = 10.1 Hz, 1H), 8.13 (d, J = 5.4 Hz, 3H), 8.21 (d, J = 7.8 Hz, 1H), 8.39 (d, J = 8.7 Hz, 

1H), 8.42–8.51 (m, 2H), 9.02 (d, J = 7.6 Hz, 1H). 

 

 
Analytical HPLC of purified S. hyicus AIP (12): tR = 19.5 min (l = 210 nm). 
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S. chromogenes AIP (Sch-AIP, 13) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. chromogenes AIP (13) as a fluffy white solid after lyophilisation (5.5 mg, 

28%). Analytical HPLC tR = 17.8 min, purity 95% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C45H63N10O12S+ 967.4342; found 967.4337. 1H NMR (600 MHz, DMSO-d6) d = 0.79–0.85 (m, 6H), 1.03 (d, J = 

6.3 Hz, 3H), 1.04–1.11 (m, 1H), 1.36–1.45 (m, 1H), 1.66–1.74 (m, 1H), 1.81–1.90 (m, 3H), 1.92–2.01 (m, 1H), 

2.37–2.46 (m, 2H), 2.60 (dd, J = 15.6, 7.0 Hz, 1H), 2.74 (dd, J = 14.4, 3.9 Hz, 1H), 2.76–2.87 (m, 2H), 3.14 (dd, 

J = 13.0, 4.3 Hz, 1H), 3.38 (dd, J = 14.1, 4.0 Hz, 1H), 3.60–3.68 (m, 4H), 3.69–3.77 (m, 2H), 3.89–3.95 (m, 1H), 

3.96–4.02 (m, 1H), 4.17 (dd, J = 8.9, 3.9 Hz, 1H), 4.22–4.29 (m, 2H), 4.32–4.40 (m, 2H), 4.70 (ddd, J = 11.1, 

9.5, 4.0 Hz, 1H), 4.77 (q, J = 7.0 Hz, 1H), 4.89 (br s, 1H), 5.50 (br s, 1H), 6.97 (s, 1H), 7.09–7.13 (m, 2H), 7.16–

7.28 (m, 6H), 7.28–7.34 (m, 2H), 7.47 (s, 1H), 7.53 (d, J = 8.9 Hz, 1H), 8.08 (d, J = 5.0 Hz, 3H), 8.20 (d, J = 9.5 

Hz, 1H), 8.24 (d, J = 7.9 Hz, 1H), 8.27–8.34 (m, 2H), 8.39 (d, J = 8.8 Hz, 1H), 8.59 (d, J = 7.9 Hz, 1H). 

 

 
Analytical HPLC of purified S. chromogenes AIP (13): tR = 17.8 min (l = 210 nm). 
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S. warneri AIP (Swa-AIP, 14) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. warneri AIP (14) as a fluffy white solid after lyophilisation (7.9 mg, 41%). 

Analytical HPLC tR = 17.4 min, purity 97% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C46H58N9O12S+ 960.3920; found 960.3934. Major conformer (conformers were observed in a ration of 1:0.22): 
1H NMR (600 MHz, DMSO-d6) d = 0.99 (d, J = 6.1 Hz, 3H), 1.72–1.80 (m, 1H), 1.81–1.96 (m, 2H), 2.01–2.11 

(m, 1H), 2.49–2.53 (signal partially observed), 2.59 (dd, J = 15.1, 6.1 Hz, 1H), 2.76–2.85 (m, 3H), 2.86–2.92 (m, 

2H), 2.96 (dd, J = 14.3, 5.3 Hz, 1H), 3.18 (dd, J = 12.7, 3.8 Hz, 1H), 3.30 (dd, J = 14.0, 3.8 Hz, 1H), 3.50–3.60 

(m, 2H), 3.62–3.71 (m, 2H), 3.97–4.03 (m, 2H), 4.03–4.12 (m, 2H), 4.27–4.37 (m, 1H), 4.36–4.47 (m, 2H), 4.52 

(q, J = 7.1 Hz, 1H), 4.65 (q, J = 7.0 Hz, 1H), 4.93–5.10 (m, 2H), 6.69 (d, J = 8.1 Hz, 2H), 6.99–7.10 (m, 7H), 

7.16–7.26 (m, 6H), 7.57 (s, 1H), 7.81 (d, J = 8.9 Hz, 1H), 7.99 (d, J = 9.3 Hz, 1H), 8.06 (d, J = 4.5 Hz, 3H), 8.37 

(d, J = 7.5 Hz, 1H), 8.46 (d, J = 7.9 Hz, 1H), 8.71 (d, J = 8.4 Hz, 1H), 8.78 (d, J = 7.7 Hz, 1H), 9.37 (br s, 1H). 

 

 
Analytical HPLC of purified S. warneri AIP (14): tR = 17.4 min (l = 210 nm). 
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S. vitulinus AIP (Svi-AIP, 15) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. vitulinus AIP (15) as a fluffy white solid after lyophilisation (9.4 mg, 49%). 

Analytical HPLC tR = 17.8 min, purity 98% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C44H73N12O10S+ 961.5288; found 961.5283. 1H NMR (600 MHz, DMSO-d6) d = 0.77 (d, J = 6.5 Hz, 3H), 0.81 (t, 

J = 7.4 Hz, 3H), 0.82–0.87 (m, 6H), 0.87–0.91 (m, 6H), 0.99 (d, J = 6.2 Hz, 3H), 1.01–1.10 (m, 1H), 1.20 (d, J = 

7.0 Hz, 3H), 1.34–1.60 (m, 5H), 1.60–1.70 (m, 4H), 2.00 (dq, J = 13.5, 6.8 Hz, 1H), 2.89 (t, J = 12.3 Hz, 1H), 

3.00 (dd, J = 13.4, 6.4 Hz, 1H), 3.05–3.12 (m, 4H), 3.63–3.70 (m, 2H), 3.78 (dd, J = 17.0, 6.3 Hz, 1H), 3.96–4.03 

(m, 2H), 4.11–4.24 (m, 4H), 4.30 (td, J = 8.3, 6.6 Hz, 1H), 4.37 (ddd, J = 11.9, 7.9, 4.1 Hz, 1H), 5.01 (br s, 1H), 

7.16–7.22 (m, 3H), 7.26–7.30 (m, 2H), 7.69 (t, J = 5.8 Hz, 1H), 7.77 (d, J = 8.4 Hz, 1H), 7.88 (d, J = 8.6 Hz, 1H), 

8.07 (d, J = 5.4 Hz, 3H), 8.20 (d, J = 7.9 Hz, 1H), 8.26 (d, J = 7.9 Hz, 1H), 8.29–8.38 (m, 3H), 8.59 (d, J = 8.6 

Hz, 1H). 

 

 
Analytical HPLC of purified S. vitulinus AIP (15): tR = 17.8 min (l = 210 nm). 
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S. hominis AIP (Sho-AIP, 16) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. hominis AIP (16) as a fluffy white solid after lyophilisation (8.2 mg, 38%). 

Analytical HPLC tR = 16.9 min, purity 96% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C52H64N9O15S+ 1086.4237; found 1086.4221. 1H NMR (600 MHz, DMSO-d6) d = 0.99 (d, J = 6.3 Hz, 3H), 1.17 

(d, J = 6.3 Hz, 3H), 2.31 (dd, J = 14.3, 10.9 Hz, 1H), 2.62 (dd, J = 13.0, 10.4 Hz, 1H), 2.66–2.80 (m, 4H), 2.99 

(dd, J = 14.3, 3.9 Hz, 1H), 3.04 (dd, J = 14.3, 11.3 Hz, 1H), 3.16–3.27 (m, 2H), 3.36 (signal partially observed), 

3.54–3.62 (m, 2H), 3.60–3.67 (m, 1H), 3.80 (dd, J = 14.1, 4.6 Hz, 1H), 3.82–3.90 (m, 1H), 4.00–4.06 (m, 1H), 

4.13 (ddd, J = 11.4, 8.0, 3.8 Hz, 1H), 4.23 (dd, J = 8.4, 3.5 Hz, 1H), 4.41 (q, J = 6.3 Hz, 1H), 4.44–4.54 (m, 2H), 

4.57–4.64 (m, 2H), 4.89 (d, J = 5.0 Hz, 1H), 5.14 (t, J = 5.3 Hz, 1H), 5.51 (d, J = 4.9 Hz, 1H), 6.59–6.64 (m, 4H), 

6.64 (d, J = 8.5 Hz, 2H), 6.92 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 2H), 7.08 (d, J = 8.5 Hz, 2H), 7.21–7.25 

(m, 1H), 7.27–7.34 (m, 4H), 7.74 (d, J = 8.4 Hz, 1H), 7.96 (d, J = 8.0 Hz, 1H), 7.98–8.04 (m, 3H), 8.18 (d, J = 

9.2 Hz, 1H), 8.31 (d, J = 9.0 Hz, 1H), 8.36 (d, J = 7.5 Hz, 1H), 8.48–8.54 (m, 2H), 8.63 (t, J = 5.6 Hz, 1H), 9.18 

(s, 1H), 9.19–9.24 (m, 2H). 

 

 
Analytical HPLC of purified S. hominis AIP (16): tR = 16.9 min (l = 210 nm). 
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S. haemolyticus AIP (Sha-AIP, 17) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded S. haemolyticus AIP (17) as a fluffy white solid after lyophilisation (2.5 mg, 

12%). Analytical HPLC tR = 17.0 min, purity 96% (l = 210 nm). HRMS (ESI/Q-TOF) m/z: [M+H]+ Calcd for 

C50H66N9O14S+ 1048.4444; found 1048.4411. 1H NMR (600 MHz, DMSO-d6) d = 1.00–1.03 (m, 6H), 1.19 (d, J = 

6.3 Hz, 3H), 1.70–1.77 (m, 1H), 1.76–1.84 (m, 1H), 1.89–1.96 (m, 1H), 1.99–2.09 (m, 1H), 2.67–2.79 (m, 3H), 

2.83 (dd, J = 13.9, 8.6 Hz, 1H), 2.96 (t, J = 12.3 Hz, 1H), 3.05 (dd, J = 14.0, 4.2 Hz, 1H), 3.17–3.21 (m, 2H), 

3.63–3.70 (m, 2H), 3.72–3.82 (m, 2H), 3.81–3.85 (m, 1H), 3.86–3.91 (m, 1H), 3.92–3.96 (m, 1H), 3.97–4.02 (m, 

2H), 4.07 (dd, J = 9.3, 2.9 Hz, 1H), 4.23 (dd, J = 10.1, 4.0 Hz, 1H), 4.34 (td, J = 8.4, 5.9 Hz, 1H), 4.38 (dd, J = 

8.1, 5.1 Hz, 1H), 4.42 (t, J = 7.5 Hz, 1H), 4.51 (ddd, J = 12.0, 8.0, 3.9 Hz, 1H), 4.71 (td, J = 8.3, 4.3 Hz, 1H), 

4.78 (br s, 1H), 4.99–5.07 (m, 2H), 5.48 (br s, 1H), 6.67 (d, J = 8.5 Hz, 2H), 6.76–6.81 (m, 2H), 6.95 (d, J = 8.5 

Hz, 2H), 7.10–7.16 (m, 3H), 7.17–7.28 (m, 5H), 7.92 (d, J = 10.1 Hz, 1H), 7.96 (d, J = 9.3 Hz, 1H), 8.04–8.10 

(m, 4H), 8.42 (d, J = 7.4 Hz, 1H), 8.55 (d, J = 8.1 Hz, 1H), 8.62 (d, J = 7.9 Hz, 1H), 8.86 (d, J = 7.5 Hz, 1H), 

9.25 (s, 1H). 

 

 
Analytical HPLC of purified S. haemolyticus AIP (17): tR = 17.0 min (l = 210 nm). 
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L. monocytogenes AIP (Lmo-AIP, 20) 

 
The peptide was synthesised using the general procedure for on-resin cyclisation/cleavage. Purification by 

preparative RP-HPLC afforded L. monocytogenes AIP (20) as a fluffy white solid after lyophilisation (3.0 mg, 

21%). Analytical HPLC tR = 20.0 min, purity 99% (l = 210 nm). UPLC-MS (ESI) m/z: [M+H]+ Calcd for 

C34H47N6O6S2
+ 699.30; found 699.29. 1H NMR (600 MHz, DMSO-d6) d = 0.90–0.95 (m, 6H), 1.15 (d, J = 6.9 

Hz, 3H), 1.75–1.81 (m, 2H), 1.96 (s, 3H), 2.04–2.15 (m, 2H), 2.38–2.45 (m, 1H), 2.69–2.74 (m, 1H), 2.82 (dd, J 

= 13.9, 10.0 Hz, 1H), 2.94 (dd, J = 13.9, 5.2 Hz, 1H), 3.15–3.24 (m, 2H), 3.29–3.35 (m, 1H), 3.74–3.81 (m, 1H), 

3.94 (q, J = 7.3 Hz, 1H), 4.20 (ddd, J = 12.0, 7.6, 4.7 Hz, 1H), 4.37 (ddd, J = 11.2, 8.4, 4.4 Hz, 1H), 4.40–4.46 

(m, 1H), 4.47 (dd, J = 9.8, 4.3 Hz, 1H), 7.14–7.21 (m, 3H), 7.20–7.26 (m, 5H), 7.26–7.32 (m, 2H), 8.04–8.10 (m, 

4H), 8.38 (d, J = 8.8 Hz, 1H), 8.63 (d, J = 9.8 Hz, 1H), 8.66 (d, J = 7.8 Hz, 1H), 8.82 (d, J = 8.4 Hz, 1H). 

 
Analytical HPLC of purified L. monocytogenes AIP (20): tR = 20.0 min (l = 210 nm). 

  

NH

NH

H
N

S

N
H

O

N
H

O

O

OO

O

H2N
S

C34H46N6O6S2
MW: 698.90

10 15 20 25 30

0

200

400

600

800

1000

1200

1400

1600

Time (min)

A
bs

or
ba

nc
e 

(m
A

U
)



 S48 

Supplemental references 
1. Canovas, J., Baldry, M., Bojer, M. S., Andersen, P. S., Gless, B. H., Grzeskowiak, P. K., Stegger, M., 

Damborg, P., Olsen, C. A., Ingmer, H. Cross-talk between Staphylococcus aureus and other staphylococcal 
species via the agr quorum sensing system. Front. Microbiol. 7, 1733 (2016). 

2. Monk, I.R., Tree, J.J., Howden, B.P., Stinear, T.P., Foster, T.J. Complete bypass of restriction systems for 
major Staphylococcus aureus lineages. mBio 6, e00308-15 (2015). 

3. Nielsen, A., Månsson, M., Bojer, M. S., Gram, L., Larsen, T. O., Novick, R. P., Frees, D., Frøkiær, H., 
Ingmer, H. Solonamide B inhibits quorum sensing and reduces Staphylococcus aureus mediated killing of 
human neutrophils. PLoS ONE 9, e84992 (2014). 

4. Gless, B. H., Peng, P., Pedersen, K. D., Gotfredsen, C. H., Ingmer, H., Olsen, C. A. Structure-activity 
relationship study based on autoinducing peptide (AIP) from dog pathogen S. schleiferi. Org. Lett. 19, 
5276–5279 (2017). 

5. Geisinger, E., Muir, T. W., Novick, R. P. agr receptor mutants reveal distinct modes of inhibition by 
staphylococcal autoinducing peptides. Proc. Natl. Acad. Sci. U. S. A. 106, 1216-1221 (2009). 

 

  



 S49 

Copies of NMR spectra 
S. saprophyticus AIP (8) 
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S. lugdunensis AIP-II (9) 
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S. schleiferi AIP (10) 

 
  

0123456789
f1 (ppm)

6
.0

0
1

.0
0

2
.3

5
3

.4
9

4
.1

0
1

.7
0

0
.7

8
0

.9
6

0
.1

9
0

.9
2

1
.4

2
2

.6
8

1
.6

4
0

.4
0

1
.7

6
1

.1
1

1
.1

1
1

.0
7

0
.9

0
1

.0
6

1
.2

2
1

.9
4

2
.3

7
0

.8
8

1
.2

7
0

.9
1

0
.8

0
0

.9
5

1
.9

5
1

.9
1

1
.9

5
0

.3
7

1
.5

9
5

.6
5

4
.1

3
0

.7
5

2
.7

7
0

.2
1

4
.5

9
0

.2
2

0
.7

6
0

.1
9

0
.2

8
0

.7
6

0
.7

9
0

.1
9

0
.7

8
1

.4
8

trifluoroacetate

020406080100120140160180200
f1 (ppm)

1
0

.5
1

5
.2

2
0

.9
2

4
.3

2
4

.7
2

6
.4

2
6

.5
2

8
.8

2
9

.8
3

0
.5

3
5

.2
3

5
.4

3
5

.5
3

7
.0

3
7

.1
4

3
.3

4
7

.0
5

1
.1

5
1

.7
5

3
.1

5
3

.4
5

5
.7

5
6

.2
5

9
.8

5
9

.9

1
1

5
.0

1
1

5
.2

1
2

6
.2

1
2

6
.3

1
2

7
.3

1
2

8
.0

1
2

8
.2

1
2

8
.3

1
2

9
.2

1
2

9
.2

1
2

9
.6

1
3

0
.1

1
3

7
.5

1
3

7
.8

1
5

5
.8

1
5

6
.1

1
6

8
.5

1
6

9
.3

1
6

9
.9

1
7

0
.0

1
7

0
.2

1
7

0
.9

1
7

1
.8

1
7

2
.8

2
0

0
.5

NH

NH

H
N

S

N
H

O

N
H

O

O

OO

O
H
N

O
N

OH

O
H
N

H2N
O

NH2

OH



 S52 

S. simulans AIP (11) 
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S. hyicus AIP (12) 
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S. chromogenes AIP (13)  
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S. warneri AIP (14) 
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S. vitulinus AIP (15) 
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S. hominis AIP (16) 
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S. haemolyticus AIP (17) 
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L. monocytogenes AIP (20) 
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