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Supplementary Information Fig. S1: 

Predicted isotope patterns of preNsoA1-8H2O 
(a) and preNsoA2-3-8H2O (b). A comparison of 
the patterns of preNsoA2-3 with the observed 
pattern is shown in (c-d) (next slide)

The patterns are very similar since there is only 
a single residue difference between preNsoA1 
and preNsoA2-3

The predicted patterns were calculated using 
http://www.envipat.eawag.ch
without adduct/charge
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http://www.envipat.eawag.ch/
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Supplementary Information Fig. S1 (continued)

Comparison of the predicted isotope pattern of 
preNsoA2-3 with the observed pattern.

The observed isotope pattern of preNsoA1 is too 
weak for a reliable comparison (see Fig. S2a)

(c) Predicted isotope pattern of preNsoA2-3 
(charge 7+) http://www.envipat.eawag.ch

(d) Observed isotope pattern of preNsoA2-3 
(charge 7+)
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http://www.envipat.eawag.ch/
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Supplementary Information Fig. S2a: 
Example for calculating the accurate measured mass for preNsoA1 – 8H2O (A1) and preNsoA2/3 – 8H2O (A2).
The sample was analysed by LC-MS on the Synapt G2-Si mass spectrometer (Waters) with Leu-enkephalin  as lock mass (m/z
556.2766).
(a) Lock mass corrected isotope patterns at charge state 7+ showing the monoisotopic peaks at m/z 795.2461 (A1) and m/z 797.2475 
(A2) (arrows) corresponding to deconvoluted monoisotopic masses of 5559.6718 (A1) and 5573.6816 (A2) or m/z of 1+ of 5560.6791 
and 5574.6889.
(b) Acquired raw spectrum without lock mass correction

Supplementary Information Fig. S2a: 
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Supplementary Information Fig. S2b: 
Example for calculating the accurate measured mass for IAA-treated preNsoA1 – 5H2O.
The sample was analysed by LC-MS on the Synapt G2-Si mass spectrometer (Waters) with Leu-enkephalin as lock mass (m/z
556.2766).
(a) Lock mass corrected isotope pattern of preNsoA1 – 5H2O + 3 CAM at charge state 7+ showing the monoisotopic peak at m/z

827.3979 (arrow) corresponding to a deconvoluted monoisotopic mass of 5784.7344 or m/z 5785.7417 (1+). The theoretical 
mass is 5784.7691 (m/z 5785.7764) and the error 6 ppm.

(b) Acquired raw spectrum without lock mass correction
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Supplementary Information Fig. S2b: 
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Supplementary Figure S3

LC-MS spectra of IP generated preNsoA peptides.
(a) MS spectrum showing charge states 4+ to 9+ of 
preNsoA peptides
(b,c) Zoom of the isotope pattern of charge state 7+ 
from 2 different experiments. After deconvolution (see 
Fig. 1 main text) the isotope patterns can be assigned to 
fully dehydrated preNsoA1 and preNsoA2/3 (most 
abundant) and a series of patterns indicating the 
presence of lower dehydration states.
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Supplementary Figure S4a
LC-MS spectrum of IP generated preNsoA1-3 peptides treated with iodoacetamide for alkylation of free cysteine residues.
Spectra were combined over a range of 0.4 min where all versions of the modified preNsoA1-3 peptides eluted.
Monoisotopic masses (for zoom see Figure S4b) were selected and deconvoluted manually resulting in values shown in Table 1 
(main text). Some modified peptide versions are indicated.
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Supplementary Figure S4b
LC-MS spectra of IP generated preNsoA peptides treated with iodoacetamide for alkylation 
of free cysteine residues.
Monoisotopic masses were selected manually from all detectable isotope patterns in the 
range shown in Fig. S4a and deconvoluted resulting in values shown in Table 1. The most 
abundant isotope pattern (*) at m/z 827 could be assigned to preNsoA1 – 5 H2O + 3 CAM 
indicating incomplete dehydration and incomplete ring formation.
However, as shown in Fig. S4c and Table 1, after deconvolution a series of dehydration and 
CAM modification states of both preNsoA1 and preNsoA2/3 can be assigned 
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Supplementary Figure S4c:

Spectrum of IAA treated preNsoA peptide deconvoluted from a selected 
range of isotope patterns using the MaxEnt3 tool in Masslynx (Waters):
The spectrum was deconvoluted from charge state 8 using the MaxEnt3 tool in 
Masslynx. Masses are given as m/z of charge state 1+.
It shows a portion of 7- and 8-fold dehydrated preNsoA2/3 with no CAM 
modification (*) indicating complete modification including formation of all 5 
rings.
Otherwise, a predominant peak of preNsoA1 and several peaks of preNsoA2/3 
with 3 to 5 CAM modifications are present indicating incomplete modification. 
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Supplementary Figure S5: SDS-PAGE and Western blot of protein extracts
Protein extracts are from cells (lanes 2-5) and TCA-precipitated supernatants (lanes 6-9) from L. lactis
UKLc10 containing pnso (lanes 2, 6), pnso and pTGnsoA3-nsoA4 (lanes 3, 7), pnsoΔA with nsoA1-4 deleted30

(lanes 4, 8) or the empty pIL253 vector (lanes 5, 9). M, SeeBlue Plus2 marker (Invitrogen). Lanes 1, 5, 10 
no sample loaded. A band can be observed in the 6 kDa region in lanes 2,3,6,7.
Bands in the high mass range result from unspecific interaction with very abundant proteins.

Supplementary Figure S5:

kDa kDa



RT: 15.24 - 53.59

16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

Time (min)

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

NL: 5.95E7

m/z= 
371.49-371.51+377.50-377.52+519.23-519.24+
528.23-528.25+594.26-594.28+603.27-603.28+
646.50-646.52+964.43-964.47+973.44-973.46+
982.45-982.47 F: FTMS + p NSI Full ms 
[300.0000-1500.0000]  MS 160206_01

Supplementary Figure S6:
LC-MS elution profiles of tryptic peptides generated from preNsoA1-3 
1: blue arrows: differently modified tryptic peptide TATCGCHITGK
2: green  arrows: differently modified tryptic peptide SACTPGCPTGILMTCPLK
3: purple arrow: YKSKSACTPGCPTGILMTCPLKTATCGCHITGK-8H2O; the 2nd peak for this peptides as shown in 
Fig. 4 (main text) overlaps with the strong green labelled peak 1
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Supplementary Figure S6:



Supplementary Figure S7

Supplementary Figure S7:
Selected MS2 spectra for the tryptic peptide SACTPGCPTGILMTCPLK from preNsoA1-3.
Although dehydrations are present (b,c), the series of fragment ions covering all ring regions 
indicate that no ring formation has occurred.
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Supplementary Figure S8:
MS2 spectra for 2 selected PSMs matching the tryptic peptide SKSACTPGCPTGILMTCPLK from preNsoA1-3.
The presence of y-ions y11 to y15 indicates that there is no CAM modification on C residue C(5) and a possible 
dehydration on the S1 residue. This pattern would allow for the presence of ring A, but not ring B and C. But 
note that those are 2 out of only 6 PSMs for this peptide and that there are 166 PSMs for peptide 
SACTPGCPTGILMTCPLK ruling out the presence of ring A.

Supplementary Figure S8:
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Supplementary Tables S1-S3
Lists of PSMs for modified NsoA1-3 core peptides generated by missed cleavages of trypsin

Table S1: 
YKSKSACTPGCPTGILMTCPLKTATCGCHITGK peptide 
(3 missed cleavages, potential ring A underlined)

Table S2: 
SKSACTPGCPTGILMTCPLKTATCGCHITGK peptide 
(2 missed cleavages)

Table S3: 
SACTPGCPTGILMTCPLKTATCGCHITGK peptide 
(1 missed cleavage, cleaved inside potential ring A)



Table S4-S9: Fragmentation tables for spectra shown in Figures 3 and 5 (main 
text) All tables have been exported from Scaffold file 3, also provided as Supplementary 
Info

Fragmentation Table S4 for spectrum in panel a) in Fig. 3
Peptide sequence YKSKSACTPGCPTGILMTCPLKTATCGCHITGK (no CAM, 8 dehydrations)



Fragmentation Table S5 for spectrum in panel b) in Fig. 3
Peptide sequence YKSKSACTPGCPTGILMTCPLKTATCGCHITGK (no CAM, 7 dehydrations)



Fragmentation Table S6 for spectrum in panel c) in Fig. 3
Peptide sequence SKSACTPGCPTGILMTCPLKTATCGCHITGK (no CAM, 6 dehydrations)



Fragmentation Table S7 for spectrum in panel d) in Fig. 3
Peptide sequence SACTPGCPTGILMTCPLKTATCGCHITGK (3 CAM, no dehydration)



Fragmentation Table S8 for spectrum in panel a) in Fig. 5 
Peptide sequence TATCGCHITGK (3 dehydrations)

Fragmentation Table S9 for spectrum in panel b) in Fig. 5 
Peptide sequence TATCGCHITGK (2 dehydrations)


