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Maonoisotopic Mass: 5559.673246
Chemical Formula: C246H383NE65070S6
Adduct: NO ADDUCT

Charge: 0

Average Mass: 0

Resolution: 20000

Mult: 1

Type: Gaussian

Threshold: 0.01

Fraction: 0.1
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Maonoisotopic Mass: 5573.68858596
Chemical Formula: C247H385N6507056
Adduct: NO ADDUCT

Charge: 0

Average Mass: 0

Resolution: 20000

Mult: 1

Type: Gaussian

Threshold: 0.01

Fraction: 0.1
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Supplementary Information Fig. S1:

Predicted isotope patterns of preNsoA1-8H,0

(a) and preNsoA2-3-8H,0 (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 preNsoA1l
and preNsoA2-3

The predicted patterns were calculated using
http://www.envipat.eawag.ch
without adduct/charge



http://www.envipat.eawag.ch/

Monoisotopic Mass: 797.2485473
Chemical Formula: C247H392N6507056
Adduct: H7

Charge: 7

Average Mass: 0

Resolution: 20000

hult: 1

Type: Gaussian

Threshold: 0.01

Fraction: 0.1
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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 preNsoALl 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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Supplementary Information Fig. S2a:
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Supplementary Information Fig. S2a:

Example for calculating the accurate measured mass for preNsoA1 — 8H,0 (A1) and preNsoA2/3 — 8H,0 (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. S2b:
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Supplementary Information Fig. S2b:

Example for calculating the accurate measured mass for IAA-treated preNsoAl — 5H,0.

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 preNsoAl —5H,0 + 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 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

Al
5 dehydrations

3 CAM
LC-MS spectra of IP generated preNsoA peptides treated with iodoacetamide for alkylation
100- of free cysteine residues. 827.8538
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 preNsoAl1 -5 H,0 + 3 CAM
indicating incomplete dehydration and incomplete ring formation. 827 7031
However, as shown in Fig. S4c and Table 1, after deconvolution a series of dehydration and ' 827 9919
CAM modification states of both preNsoA1 and preNsoA2/3 can be assigned '
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Supplementary Figure S4c:

A1-5H,0+3 CAM
5785.8984

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:
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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), pnsoAA with nsoA1-4 deleted3°
(lanes 4, 8) or the empty plL253 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 S6: 1
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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

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

3: purple arrow: YKSKSACTPGCPTGILMTCPLKTATCGCHITGK-8H,0; the 2" 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 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:
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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 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)

- #dehydrations

cAML L
0 | 1 17 3
2

N .

Table S2: Table S3:

SKSACTPGCPTGILMTCPLKTATCGCHITGK peptide SACTPGCPTGILMTCPLKTATCGCHITGK peptide

(2 missed cleavages) (1 missed cleavage, cleaved inside potential ring A)

- #dehydrations - #dehydrations

caml
HEl 7 2 1

Bl
N -

eam|
1 1 5 9

9 4 4
5 2 1

1




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)

B BlIons B+2H B-MNH3 B-H20 AA ¥ Ions ¥+2H Y-NH3 ¥-H20 Y
1 1641 82.5 146.1 Y 3.227.5 16143 32105 32095 33
42 2922 146.6 2751 274.2 K 3.064.5 15327 30474 30465 32
3 361.2 181.1 J44.2 J43.2 s-18 29364 14637 29193 29184 31
4 4893 2451 472.3 471.3 K 28673 14342 28503 28493 30
5 55383 279.7 2413 5403 s-18 27393 153701 27222 27212 28
6 [ 6293 315.2 612.3 611.3 A 26702 13356 26532 26522 28
7 7323 366.7 7153 714.3 C 2599.2 13001 25822 25812 X7
2 8154 408.2 793.4 974 T-18 2496.2 12486 24792 24782 6
9 M24 456.7 895.4 894.4 P 24131 120701 23961 23951 I5
10 969.5 485.2 952.4 951.5 G 23161 11586 2,2991 22081 24
11 10725 536.7 1.055.4 1.054.5 C 22591 11300 22420 22411 23
12 11,1695 585.3 11525 11515 P 21561 10785 2139.0 21381 22
13 11,2526  626.8 1.2355 12345 T-18 2,059.0 10300 20420 20410 21
14 1,309.6 6553 1.292.6 1.291.6 G 1.976.0 983.5 1.958.9 1,958.0 20
13 14227 T11.8 14056 14047 I 1.919.0 960.0 1.901.9 19009 15
16 15358 7624 1.918.7  1.517.7 L 1.805.9 903.4 1.788.8 17879 13
17 1,666.8 8339 1.649.8 16488 M 16928 84609 16758 16748 17
13 1,749.8 8754 17328 1.7/31.8 T-18 15617 @ 7814 15447 15437 16
13 1,852.8 926.9 18358 18348 C 14787 7399 1461.7  1.460.7 15
20 1,949.9 9754 1.9329 19319 P 13757 6834 13587 1357707 14
21 2,063.0 10320 20459 20450 L 1.278.6  639.3 1.261.6 1.2606 13
22 21911 10960 21740 21731 K 1.165.6 283.3 1.148.5 11476 12
43 22741 11376 22571 2251 T-18 10375 519.2 10204 10195 11
24 23451 A3 23281 232741 A 954.4 4777 937.4 9364 10
43 24282 12146 2411.2 24102 T-18 8834 442.2 866.4 8654 9
6 2,531.2 12661 25142 25132 C 200.4 400.7 783.3 7823 8
27 25882 12946 25712 25702 G 697.3 349.2 680.3 679.3 7
28 2,691.2 13461 26742 26732 C 640.3 320.7 623.3 6223 6
29 28283 14146 238113 28103 H 537.3 269.2 520.3 519.3 5
30 29414 14712 292453 29234 I 400.3 200.6 383.2 Jg2.2 4
31 30244 1327 30074 30064 T-18 | 287.2 144.1 270.1 269.2 3
32 30814 15412 30644 30634 G 204.1 102.6 187.1 1861 2
33 32275 16143 32105 32095 K 147.1 74.1 130.1 1201 1




Fragmentation Table S5 for spectrum in panel b) in Fig. 3

Peptide sequence YKSKSACTPGCPTGILMTCPLKTATCGCHITGK (no CAM, 7 dehydrations)

B BlIons B+2H B-NH3 B-H20 AA Y Ions Y+2H Y-MH3 ¥-H20 Y
1 1641 82.5 146.1 Y 3.245.5 16233 32285 32275 33
4 2022 146.6 2751 274.2 K 30825 15417 350654 30645 3Z
3 361.2 1811 344.2 J43.2 S-18 29544 14770 29374 29364 31
4 43893 2451 472.3 471.3 K 28854 14432 238683 238673 30
5 bV6.3 288.7 559.3 558.3 5 27573 137941 2.740.2 27393 29
& 6474 324.2 6530.3 629.3 A 2670.2 13356 26532 26522 28
£ 7504 3757 733.3 132.3 C 2,589.2 13001 25822 25812 Z7
8 8334 417.2 816.4 8154 T-18 2496.2 12486 24792 24782 6
5 9305 465.7 913.4 912.4 P 24131 12071 23961 23951 25
10 937.5 494.2 970.4 969.5 G 23161 11586 22991 22081 24
11 '1.090.5 5457 1.073.5 1.0725 C 2,2591 1.130.0 22420 22411 23
12 11875 294.3 11705  1.169.5 P 21561 10785 21390 21381 22
13 1,270.6 635.8 1.253.5 11,2526 T-18 2,059.0 1.030.0 20420 20410 21
14 1,327.6 664.3 13106  1.309.6 G 1.976.0 988.5 1.958.9 1,958.0 20
15 1.440.7 720.8 14236 14227 I 1.919.0 960.0 1.901.9 1.900.9 15
16 1,553.8 irf4 1.536.7 15358 L 1.805.9 903.4 1.788.8 1.787.9 18
17 1,684.8 442.9 1.667.8 1.666.8 M 1.692.8 446.9 16758 16748 17
18 1,767.8 384.4 1.750.8 1.749.8 T-18 1.561.7 781.4 15447 154307 16
13 1,870.8 935.9 1.853.8 18528 C 1478.7 739.9 1.461.7 1460.7 15
20 1,967.9 034.5 19509 1,949.9 P 1.375.7 688.4 1.358.7 1.357.7 14
21 2,081.0 10410 20640 2.063.0 L 1.278.6 639.8 1.261.6  1.260.6 13
22 22091 11050 21921 21911 K 1.165.6 583.3 11485 11476 12
23 2,2921 11466 22751 22741 T-18 10375 219.2 1.0204 10195 11
24 2,363.2 11821 23461 23451 A 954.4 477.7 937.4 9364 10
23 2.446.2 12236 242092 24282 T-18 8334 442.2 866.4 8654 9
26 2,549.2 M2F51 25322 2531.2 C 300.4 400.7 783.3 823 &
27 2.606.2 13036 25892 25882 G 697.3 349.2 680.3 6793 7
28 2,709.2 13551 26922 2.691.2 C 640.3 320.7 623.3 6223 6
29 28463 14236 28203 28283 H 537.3 269.2 520.3 9.3 5
S0 29594 143802 29423 29414 I 400.3 200.6 383.2 3822 4
31 30424 15217 30254 30244 T-18 @ 287.2 144.1 270.1 269.2 3
32 53,0994 15502 30824 30814 G 204.1 102.6 187.1 1861 2
33 3,2455 M6233F 3,2285 33,2275 K 147.1 4.1 130.1 1291 1




Fragmentation Table S6 for spectrum in panel c) in Fig. 3

Peptide sequence SKSACTPGCPTGILMTCPLKTATCGCHITGK (no CAM, 6 dehydrations)

B Elons B+2H B-MH3 B-H20 AA Y Ions ¥ +2H Y-MH3 Y-H20 ¥
1 70.0 35.5 52.0 5-18 29724 14867 29554 29544 51
2 1884 996 181.1 180.1 K 29034 14522 28863 28854 30
3 2852 268.1 267.1 5 27753 1.3881 27582 275713 8
4 356.2 339.2 338.2 A 2,688.2 13446 267V1.2 26702 28
5 4502 442.2 441.2 C 2617.2 13091 26002 25992 27
6 560.2 280.6 243.2 a42.2 T 25142 12576 24972 24962 25
7 6573 32820 6403 639.3 P 24131 12071 23961 23951 25
8 7143 [35F07  697.3 696.3 G 23161 11586 2,2991 22981 24
5 8173 4092 8003 799.3 C 22591 11300 22420 22411 215
10 9144 457.7 497.4 396.4 P 21561 10785 21390 21381 2
11  997.4 499.2 980.4 9794 T-18 2,059.0 1.,030.0 20420 2041.0 11
12 1,054.4 527.7 1.037.4 10364 G 1.976.0 988.5 1.958.9 1,958.0 20
13 1.150.5 1,149.5 I 1.919.0 960.0 1.901.9 1.900.9 19
14 640.8 1.263.6 1.262.6 L 1.805.9 903.4 1.788.8 1787.9 13
15 14117  T06.3 13946 1,393.6 M 16928  846.9 16758 16748 17
15 14947 T747.8 1477.7 14767 T-18 1.561.7 | 7814 10447 1.543.7 16
799.4 1.580.7 1.579.7 C 14787 7399 1.461.7 1.460.7 15
12 16948 8470 1.677.7 1.676.7 P 13757 6384 1.358.7 13577 14
13 1,807.8 904.4 1.790.8 1,789.8 L 1.278.6 6398 1.261.6 12606 13
20 11,9359 968.5 1.918.9 1.917.9 K 1.165.6 283.3 1.148.5 11476 12
21 2,019.0 10100 20019 20010 T-18 10375 519.2 1.020.4 10195 11
22 2090.0 10455 20730 20720 A 054.4 4777 937.4 036.4 10
23 21730 1.087.0 21560 21550 T-18 8834 442.2 466.4 8654 9
24 22761 11385 2,259.0 2,258.0 C 200.4 400.7 783.3 7823 8
45 2,3331  1167.0 2.316.0 23151 G 697.3 349.2 680.3 679.3 7
&5 24361 1.2185 24191 241841 C 640.3 320.7 623.3 6223 ©
27 25731 12871 25561 25551 H 537.3 269.2 520.3 5M9.3 S
28 2,686.2 13436 2,669.2 2,668.2 I 400.3 200.6 383.2 382.2 4
23 2,769.3 13851 27522 27513 T-18 | 287.2 144.1 270.1 269.2 3
30 28263 4136 28093  2.808.3 G 204.1 102.6 187.1 2
31 29724 1486.7 29554 29544 K 147.1 74.1 130.1 1




Fragmentation Table S7 for spectrum in panel d) in Fig. 3

Peptide sequence SACTPGCPTGILMTCPLKTATCGCHITGK (3 CAM, no dehydration)

B B Ions B+2H BE-MH3 B-H20 AR Y Ions Y+2H Y-MHS Y-H20 Y
1 880 44.5 70.0 s 20824 14917 209653 29643 29
2 158a0  80.0 141.1 A 28953 14482 28783 28773 2=
I 391 1601 3011 C457 28243 14126 2.807.3 28063 27
4 4202 21106 402.1 T 2664.3 13326 2647.2 26462
5 B17.2 250.1 409.2 P 25632 12821 2546.2 25452 25
6 5742 2876 556.2 G 2466.2 (12336 24491 24481 24
7 7343 367.6 716.2 C+57 24091 [1.2054 23921 239141 23
3 833 M6.2 213.3 P 22491 14251 22324 22341 22
9 9324 4667 014.3 T 21521 10765 21350 21340 21
10 9894 4952 071.4 G 2051.0 10260 20340 2033.0 20
i1 11025 5517 10845 1 19940 | 9975 19770 1.976.0 19
12 1,2155 6083 11975 L 18809 9410 18639 18629 18
13 1,346.6 6F38 13286 ™M  1767.8 | 8844 17508 17498 17
14 14296 7153 14116 T-18 16368 8189 16197 16188 15
15 1,589.7  795.3 15716 C+57 155837 7774 15367 15357 15
16 1,686.7 8430 16687 P (13937 @ 6974 13767 13757 14
i7 1,799.8 9004 17818 L 1,296.7 6488 12796 12786 13
i@ 19279 9644 19109 19099 K 11836 5923 11665 1,1656 12
9 2,0109 1,006.0 19939 19929 T-18 1,0555 | 5282 10384 10375 11
20 20820 1,015 206490 20640 A 072.4 486.7 055.4 9544 10
21 21650 1,083.0 21480 21470 T-18 9014 451.2 8844 8834 9
22 22680 11345 22510 22500 C 2184 409.7 801.3 2004 8
23 23250 11630 23080 23070 G 7154 358.2 698.3 6OT.3 7
24 24280 1,245 24110 24100 C 658.3 3297 641.3 6403 &
25 25651 1,2831 25481 25471 H 555.3 278.2 538.3 537.3 5
2% 26782 13396 26612 26602 I 418.3 209.6 401.2 4003 4
27 27792 13901 27622 27612 T 305.2 153.1 288.2 2872 3
23 28363 14186 281902 28182 G 204.1 102.6 187.1 2
29 29824 14917 29653 29643 K 147.1 74.1 130.1 1




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

B Blons B+2H B-MH3 B-H20 AA ¥ Tons ¥ +2H Y-MH3 Y-H20 |
1 84.0 6.0 T-18 10375 5192 10204 1,0195 11
2 155.1 137.1 A 054.4 ATT.7 a37.4 936.4 10
3 238.1 2201 T-18 8834 4422 866.4 a654 9
4 314 3231 C 2004 400.7 783.3 7823 &
5 398.1 3801 G 697.3 349.2 680.3 679.3 7
& 62 25141 483.1 C 640.3 320.7 623.3 6223 ©
7 6382 3196 620.2 H h3r3 269.2 h20.3 9.3 5
8 F513  376.2 7333 I 400.3 383.2 Ja2.2 4
9 B33 MTT 8163 T-18 287.2 270.1 269.2 3
10 8914  446.2 ar3d G 204.1 187.1 2
11 1,037.5 519.2 1.020.4 1,019.5 K 147.1 130.1 1
Fragmentation Table S9 for spectrum in panel b) in Fig. 5
Peptide sequence TATCGCHITGK (2 dehydrations)

B+2H B-MH3 B-H20 AA ¥ Tons ¥ +2H Y-MH3 Y-H20 ¥

66.0 T-18  1,055.5 528.2 1.038.4 10375 11

137.1 A 972.4 436.7 955.4 9544 10

2201 T-18 9014 451.2 284.4 8834 9
323.1 C 818.4 409.7 801.3 8004 8
380.1 G 7154 J358.2 698.3 697.3 7
251.1 483.1 C 658.3 329.7 641.3 6403 ©
319.6 620.2 H 555.3 278.2 238.3 5373 5
376.2 1333 I 418.3 401.2 4003 4
426.7 834.3 T 305.2 288.2 2872 3
455.2 291.4 G 204.1 187.1 2
528.2 1.038.4 1,037.5 K 147.1 130.1 1




