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114.09 2 2 0.01 - 

45.041 2 2 0.012 - 

 

Supplementary Table S3. List of clusters in the spectral convolution of SpectrumSurugamide. Clusters are 

shown in the decreasing order of their multiplicities (only clusters with multiplicity at least 2 are shown). 

Cyclopeptidic clusters are shown in bold and cyclopeptidic clusters with masses similar to masses of amino 

acids in surugamide are shown in red. 

 

Supplementary Note: De Bruijn graphs for SpectrumSurugamide  

 
Supplementary Figure S10 shows the pruned de Bruijn graphs of three compositions of 

SpectrumSurugamide that do not contain feasible cycles. 

 
Supplementary Figure S10. The pruned de Bruijn graphs of the compositions of SpectrumSurugamide 

that do not contain feasible cycles. (Left) The composition 113415621471 results in a de Bruijn graph with 

40 vertices and 57 edges and a pruned de Bruijn graph with 18 vertices and 40 edges. (Middle) The 

composition 128471215611011 results in a de Bruijn graph with 52 vertices and 76 edges and a pruned de 

Bruijn graph with 20 vertices and 42 edges. (Right) The composition 128511311011571 results in a de 

Bruijn graph with 94 vertices and 180 edges and a pruned de Bruijn graph with 40 vertices and 92 edges.   

 

Supplementary Note: CycloNovo running time 

 

CycloNovo recognizes cyclospectra by constructing their spectral convolutions (O(n2) 

running time for a spectrum with n peaks) and further sequences all found cyclospectra. 

Using a single 2.5GHz processor, CycloNovo recognized all cyclospectra in the 

HUMANSTOOL and GNPS datasets in ≈35 minutes and ≈31 hours, respectively.  

 

The sequencing step is only applied to a small fraction of all spectra in spectral datasets, 

e.g., CycloNovo recognizes only ≈0.05% of all spectra in the GNPS dataset as 

cyclospectra. The running time for the sequencing step varies widely between spectra and 

depends on the number of putative amino acid compositions, the number of putative k-

mers, and the number feasible cycles in the de Bruijn graphs.  

 

We were not able to benchmark CycloNovo against CYCLONE7 since CYCLONE failed 

to reconstruct most spectra in the CYCLOLIBRARY dataset. For example, CycloNovo 

took ≈3 seconds to sequence SpectrumSurugamide. In contrast, CYCLONE7 failed to 

sequence SpectrumSurugamide and was not even able to infer alanine and lysine as amino 

acids in suragamide.  
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We thus compared CycloNovo with a brute force sequencing algorithm by generating and 

scoring all possible permutations of all amino acid compositions resulting from the 

putative amino acids for SpectrumSurugamide. The brute-force approach took ≈27 seconds to 

sequence SpectrumSurugamide as the highest scoring reconstruction among all 113 generated 

cyclopeptides. In a more difficult example, we analyzed the spectrum with precursor mass 

899.36 and reconstructed the orbitide FVDTTGYD in the S.VULGARIS dataset (Table 

2). CycloNovo sequenced this spectrum in 56 seconds while the brute force approach 

took 58 minutes. For this spectrum, there exist 321 putative amino acid compositions 

yielding over 400,000 candidate sequences. Since the majority of those ~400,000 

sequences do not produce high-scoring 5-mers, they yield the relatively small de Bruijn 

graphs and hence small numbers of feasible cycles and candidate cyclopeptides. By only 

exploring the feasible cycles in the de Bruijn graphs, CycloNovo reduced the number of 

candidate sequences to 2,491. 

 

These examples illustrate that the running time of CycloNovo varies by orders of 

magnitude depending on analyzed cyclospectra. By only exploring the sequences spelled 

by the feasible cycles in the de Bruijn graphs, CycloNovo greatly reduces the search 

space compared to the brute force approach. For example, the brute force approach failed 

after 1000 hours on just two cyclospectra from the CYCLOLIBRARY dataset, while the 

de Bruijn graph approach finished analysis of all spectra in this library in ≈48 hours. 

Supplementary Note “CycloNovo analysis of the CYCLOLIBRARY dataset” lists all 

CycloNovo reconstructions for this dataset. CycloNovo analysis of the HUMANSTOOL  

and GNPS datasets took ~34 and ~149 hours, respectively.  

Supplementary Note: Information about spectral datasets 

 

Information about CyclopeptideDatabase. The PNPDatabase8 combines all known 

peptidic natural products from various databases. Many peptides in this database are 

lipopeptides containing a lipid chain, e.g., surfactin is a cyclopeptide containing a fatty 

acid side chain connected to a fully peptidic part via a peptide bond.  

 

We classify a peptide in the PNPdatabase as a cyclopeptide if its backbone could be 

represented as a circular graph (cycle) with nodes corresponding to either a single amino 

acid or a single lipid tail (i.e. monomers) and edges corresponding to the amide bonds in 

the peptide structure. 1,257 out of 5,021 peptides in the PNPDatabase represent 

cyclopeptides and form CyclopeptideDatabase (note that the CyclopeptideDatabase 

database contains lipopeptides).  

 

Information about the CYCLOLIBRARY dataset. We searched ~130 million GNPS 

spectra against the CyclopeptideDatabase using Dereplicator1 and identified 81 distinct 

cyclopeptides (41 cyclofamilies) corresponding to PSMs with FDR=0% and P-value 

below 10-15. For each identified cyclopeptide, we selected the PSM with the minimum P-

value (among all PSMs identified for this cyclopeptide), resulting in a set of 81 PSMs and 

hence created a spectral dataset CYCLOLIBRARY with 81 spectra (Table S4). 

CYCLOLIBRARY includes only 13 cyclopeptides (6 cyclofamilies) that are made up 

entirely of cyclopeptidic amino acids (Table S4). 34 peptides (25 cyclofamilies) in the 

CYCLOLIBRARY dataset contain lipid tails and 34 peptides (14 cyclofamilies) contain 

non-cyclopeptidic amino acids.  
 

peptide ID 
peptide 

mass 

compound 

type 
P-value GNPS ID k-merScore cycloIntensity 

Antibiotic_FR_901459 609.9 peptide 1.8×10-24 MSV000079098 10 0.59 
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Arthrofactin 1354.8 lipopeptide 1.2 ×10-16 MSV000079772 8 0.96 

Bacillomycin_D2 1031.5 lipopeptide 6.0×10-24 MSV000078635 4 0.95 

Bacillomycin_D3 1045.6 peptide 3.9×10-31 MSV000079450 4 0.94 

Bacillomycin_D5 1059.6 peptide 2.5×10-21 MSV000078635 5 0.85 

Bacillopeptin_B 1035.5 peptide 1.2×10-19 MSV000079054 4 0.88 

Bacillus_amyloliquefaciens_Surfactin_1 1036.7 lipopeptide 1.3×10-18 MSV000080116 6 0.98 

Bacillus_amyloliquefaciens_Surfactin_22 1022.7 lipopeptide 3.0×10-26 MSV000078936 6 0.87 

BK_10 _101A-form 1021.7 lipopeptide 2.5×10-22 MSV000078688 6 0.78 

BK_10 _101C 1035.7 lipopeptide 2.6×10-21 MSV000078937 6 0.96 

Champacyclin 898.6 peptide 5.8×10-26 MSV000078936 6 0.98 

Cyclolinopeptide_A 1040.7 peptide 4.0×10-31 MSV000080050 6 0.93 

Cyclolinopeptide_B 1058.6 peptide 1.8×10-29 MSV000080050 8 0.87 

Cyclolinopeptide_B_S-Oxide 1074.6 peptide 4.6×10-26 MSV000080050 6 0.81 

Cyclolinopeptide_D 1064.6 peptide 9.2×10-20 MSV000080050 6 0.86 

Cyclolinopeptide_E 977.6 peptide 2.6×10-26 MSV000079777 4 0.73 

Cyclolinopeptide_H 1082.5 peptide 5.1×10-20 MSV000080050 6 0.80 

Cyclosporin_B 1188.8 peptide 3.8×10-29 MSV000079098 8 0.65 

Cyclosporin_C 1218.8 peptide 1.4×10-32 MSV000079581 6 0.81 

Cyclosporin_E 1188.8 peptide 4.7×10-27 MSV000079098 8 0.93 

Cyclosporin_L 1188.7 peptide 1.7×10-30 MSV000079098 8 0.81 

Cyclosporin_P 1204.8 peptide 4.6×10-16 MSV000079777 6 0.74 

Cyclosporin_U 594.9 peptide 3.5×10-26 MSV000079098 9 0.66 

Cyclosporin_Y 601.9 peptide 2.0×10-24 MSV000079098 10 0.45 

Cyclosporin,_9CI_4 1188.8 peptide 1.5×10-27 MSV000079098 8 0.61 

Cyclosporin,_9CI_9 1202.8 peptide 1.8×10-43 MSV000079098 8 0.95 

Cyclosporin,_9CI_Deoxy 1186.9 peptide 1.6×10-35 MSV000079098 8 0.85 

Cyclosporin,_9CI_N9-De-Me 1188.8 peptide 3.8×10-32 MSV000079098 9 0.74 

[8'-Hydroxy-MeBmf]1-cyclosporin 1218.8 peptide 3.0×10-37 MSV000079581 8 0.97 

Daitocidin_B2 1064.7 lipopeptide 1.4×10-22 MSV000078937 6 0.90 

Daitocidin_Pumilacidin_F 1050.7 lipopeptide 7.5×10-27 MSV000078936 6 0.76 

Dolastatin_1_11-N-Me 999.6 lipopeptide 9.6×10-18 MSV000078568 3 0.58 

Dolastatin_1_15-Epimer,_31-methyl,_11-

N-Me 
1013.6 lipopeptide 3.5×10-16 MSV000079050 0 0.18 

Dolastatin_1_31 492.3 lipopeptide 1.4×10-19 MSV000078568 4 0.42 

Dolastatin_12 969.6 lipopeptide 4.2×10-16 MSV000078568 5 0.65 

Dolastatin_14_Dolastatin_14 1089.7 lipopeptide 1.5×10-20 MSV000078568 7 0.47 

g-Hydroxy-Meleu4-cyclosporin 609.9 peptide 3.6×10-26 MSV000079581 9 0.56 

Ilamycin_B1 1012.6 peptide 7.7×10-25 MSV000078937 5 0.73 

Ilamycin_B2 1028.6 peptide 1.6×10-19 MSV000078936 3 0.67 

Isocyclosporin_D 1216.9 peptide 5.0×10-27 MSV000079098 7 0.40 

Laxaphycin_A 1196.7 peptide 2.7×10-48 MSV000079050 6 0.95 

Laxaphycin_B 1395.9 peptide 3.9×10-33 MSV000079050 5 0.97 

Laxaphycin_B_32-Epimer,_53-deoxy 690.4 peptide 1.1×10-27 MSV000079050 7 0.18 

Laxaphycin_D 1367.8 peptide 7.1×10-28 MSV000079050 3 0.86 

Laxaphycin_E 1224.8 peptide 7.9×10-39 MSV000079050 6 0.89 

Lichenysin_A 1007.7 lipopeptide 1.2×10-20 MSV000079481 3 0.95 

Lichenysin-G1a 993.7 lipopeptide 1.8×10-19 MSV000078936 5 0.70 

Lichenysin-G3 1007.7 lipopeptide 8.1×10-22 MSV000078936 6 0.93 

Lichenysin-G5b 1021.7 lipopeptide 9.7×10-20 MSV000078936 6 0.99 

Lipodepsipeptides_KMM_A 1036.7 lipopeptide 9.2×10-25 MSV000078635 5 0.98 

Lipodepsipeptides_KMM_E 1064.7 lipopeptide 6.2×10-16 MSV000078937 6 0.96 

Lipodepsipeptides_KMM_F 1078.8 lipopeptide 2.4×10-19 MSV000078936 6 0.97 

Lipopeptide_NO 994.6 lipopeptide 4.1×10-17 MSV000078688 6 0.98 

Majusculamide_C 985.6 lipopeptide 1.1×10-23 MSV000078892 5 0.91 

Majusculamide_C_Demethoxy 955.6 lipopeptide 7.3×10-17 MSV000078568 6 0.95 

Nocardiamide_A 687.5 peptide 8.0×10-24 MSV000078936 6 0.97 

NVA2-g-hydroxy-Meleu4-cyclosporin 1232.9 peptide 5.5×10-17 MSV000079777 9 0.90 

Peptidolipin_NA 964.7 lipopeptide 1.6×10-17 MSV000078937 4 0.64 

Pitipeptolide_E 794.5 peptide 9.3×10-19 MSV000078568 5 0.90 

Pitiprolamide 905.5 peptide 7.3×10-17 MSV000078568 4 0.95 

Precarriebowmide 865.5 lipopeptide 2.1×10-24 MSV000079050 7 0.75 

Precarriebowmide_S-Oxide 881.5 lipopeptide 9.3×10-21 MSV000079050 6 0.70 

Puwainaphycin_A 1235.7 peptide 7.1×10-26 MSV000078982 4 0.97 

Puwainaphycin_B 1233.7 peptide 6.4×10-34 MSV000078982 5 0.91 

Puwainaphycin_C 1227.7 peptide 7.9×10-28 MSV000078982 4 0.91 

Sch_378167_5'-Amide 569.3 peptide 3.5×10-31 MSV000079098 7 0.61 

SCH-378161 1123.6 peptide 2.5×10-27 MSV000079098 6 0.99 

Streptocidin_C 649.9 peptide 8.6×10-24 MSV000079598 7 0.60 
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Surfactin_ A1 1008.7 lipopeptide 1.1×10-26 MSV000078936 6 0.83 

Surfactin_7-L-Valine_analogue 1022.7 lipopeptide 1.9×10-26 MSV000078936 5 0.93 

Surfactin_B1 1022.7 lipopeptide 5.2×10-23 MSV000078937 3 0.68 

Surfactin_C1 1036.7 lipopeptide 1.2×10-25 MSV000078688 6 0.84 

[Ile2,Val7]-Surfactin_C14i 1008.7 lipopeptide 2.3×10-17 MSV000079450 4 0.82 

[Val7]-Surfactin_C13ai 994.7 lipopeptide 1.9×10-23 MSV000078936 6 0.80 

Surfactin_D 1050.7 lipopeptide 6.8×10-24 MSV000078937 6 0.96 

Surugamide_A 912.6 peptide 1.6×10-25 MSV000078936 6 0.91 

Surugamide_B 898.6 peptide 7.5×10-33 MSV000079519 7 0.90 

Surugamide_C 898.6 peptide 6.8×10-32 MSV000079519 6 1.00 

Surugamide_D 898.6 peptide 5.9×10-30 MSV000078937 6 0.98 

Viequeamide_B 808.5 lipopeptide 2.7×10-18 MSV000078568 5 0.96 

[Dihydro-MeBmt]1-[g-hydroxy-Meleu]4 1220.9 peptide 8.3×10-18 MSV000079777 8 0.87 

 

Supplementary Table S4. Cyclopeptides in the CYCLOLIBRARY dataset. The peptides that gave rise 

to 81 spectra in the CYCLOLIBRARY dataset with their corresponding peptide mass, P-value, the GNPS 

ID of the dataset a spectrum belongs to, k-merScore, and cycloIntensity. The column “compound type” 

specifies whether the compound is fully peptidic or represents a lipopeptide. The blue rows show the 13 

cyclopeptides that are made up entirely of cyclopeptidic amino acids.  

 

Information about the GNPS dataset. The GNPS dataset is formed by 40 MassIVE 

datasets that were selected from 120 datasets analyzed in Gurevich et al.8 to exclude 

potentially miscalibrated spectral datasets. Since miscalibrated datasets typically do not 

result in any cyclopeptide identifications, we searched each of these 120 datasets with 

Dereplicator and excluded datasets that did not result in any identifications (with 0% FDR 

and P-value below 10-15) from further analysis, leaving us with 40 datasets 

(Supplementary Table S5). 

 
GNPS ID #spectra #spectra 

after pre-

processing 

#cyclo

spectra 

  

#putative 

cyclo-

peptides/ 

cyclo-

families 

found 

 by 

CycloNovo   

#identified 

cyclo-

peptides/ 

cyclo-

families 

identified by 

Dereplicator 

(among 

cyclo-

spectra)  

#identified 

cyclo-

peptides/ 

cyclo-

families 

identified by 

Dereplicator 

(among all 

spectra) 

#identified 

branch-

cyclic . 

peptides/ 

branch-

cyclic 

families  

identified by 

Dereplicator 

 (among 

cyclo- 

spectra) 

MSV000078567 730582 316993 4 2/1 2/1 4/2 0/0 

MSV000078568 23582408 12118472 317 74/35 9/8 15/10 1/1 

MSV000078584 680906 263160 0 0/0 0/0 0/0 0/0 

MSV000078604 311617 281617 606 56/25 6/3 6/3 3/3 

MSV000078606 289170 237988 122 32/12 1/1 1/1 7/6 

MSV000078635 680168 569316 2388 124/40 9/4 12/5 10/7 

MSV000078656 2844 1023 88 14/1 10/5 11/6 3/3 

MSV000078710 1469076 689912 6 1/1 2/2 3/3 0/0 

MSV000078787 1767830 1281235 208 58/31 25/13 25/13 8/7 

MSV000078839 717600 504350 1 1/1 1/1 1/1 0/0 

MSV000078847 167917 115603 19 7/5 1/1 1/1 1/1 

MSV000078892 847114 461769 27 8/4 3/2 4/3 0/0 

MSV000078936 2059306 1538683 526 58/30 25/13 30/15 5/5 

MSV000078937 1694918 1303349 256 52/26 26/14 33/19 11/9 

MSV000078982 984 727 32 4/2 3/1 3/1 2/2 

MSV000079044 576282 270860 2 1/1 1/1 2/1 0/0 

MSV000079050 1241328 683124 207 24/8 3/1 7/3 3/3 

MSV000079054 702020 364382 112 16/7 13/6 13/6 3/3 

MSV000079069 847145 215229 1066 23/2 0/0 1/1 0/0 

MSV000079140 607488 443147 1118 25/7 14/6 15/7 0/0 

MSV000079274 5433248 3457806 14 2/2 1/1 1/1 0/0 

MSV000079312 54806 25354 1112 15/3 0/0 1/1 0/0 

MSV000079450 697812 581012 2245 120/39 6/2 6/2 9/6 
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MSV000079471 22379 16138 68 14/4 10/4 10/4 0/0 

MSV000079481 45742 7692 48 2/1 0/0 2/2 0/0 

MSV000079502 47450 3167 14 3/1 3/1 4/2 0/0 

MSV000079516 120154 19113 138 22/6 4/2 5/2 0/0 

MSV000079517 22516 2911 37 7/3 3/1 4/2 0/0 

MSV000079519 76289 13985 112 15/6 3/1 5/2 0/0 

MSV000079568 224645 10273 0 0/0 0/0 4/2 0/0 

MSV000079581 129012 41779 74 4/3 2/2 5/5 0/0 

MSV000079598 919494 286130 9 3/1 4/1 6/3 0/0 

MSV000079651 81818 5239 0 0/0 0/0 2/1 0/0 

MSV000079679 595244 300682 109 24/14 12/7 14/7 2/2 

MSV000079772 75916 13870 40 7/5 2/2 2/2 0/0 

MSV000079778 1242178 451962 265 50/44 6/1 7/2 0/0 

MSV000079813 578683 170990 23 6/4 2/2 3/2 0/0 

MSV000079888 238820 74317 170 17/7 8/4 9/5 1/1 

MSV000080115 1567520 709527 400 33/9 12/6 13/7 9/6 

MSV000080116 70250 31009 19 9/5 6/3 6/3 0/0 

TOTAL 51220679 27883895 12004 512/213 61/37 91/51 41/27 

Supplementary Table S5. Information about the GNPS dataset. The last row shows the total number of 

spectra and unique cyclopeptides/cyclofamiles across all datasets. The datasets marked in red, blue, and 

green form GNPSCYANO, GNPSPSEUDO, and GNPSACTI subsets of the GNPS dataset, respectively. 

Supplementary Note: CycloNovo analysis of the CYCLOLIBRARY dataset 

CycloNovo recognized 45 out of 81 spectra in the CYCLOLIBRARY dataset as 

cyclospectra. It classified 12 out of 13 cyclopeptides built from cyclopeptidic amino acids 

as cyclospectra and de novo sequenced them with one of the top three highest scores. 

CycloNovo is unable to sequence most spectra in the CYCLOLIBRARY dataset since 68 

of them originated from lipopeptides or peptides containing non-cyclopeptidic amino 

acids. To evaluate how CycloNovo performs on 45 cyclospectra in this dataset, we 

extended the set of cyclopeptidic amino acids to include the mass of the lipid chain and/or 

the masses of non-cyclopeptidic amino acids for each spectrum. Using this admittedly 

imperfect benchmarking approach, CycloNovo sequenced 22 of 45 cyclospectra as a 

highest-scoring de novo reconstructions and an additional 16 spectra with one of the three 

highest scores. Supplementary Table S6 lists the highest-scoring reconstruction for these 

spectra and illustrates that the highest-scoring reconstruction is similar to the correct 

amino acid sequence for all these spectra.  

 

peptide ID 

 sequence of aa masses in the peptide 

vs.  

sequence of aa masses in the                           

highest-scoring reconstruction 

 (if PSM score ≠ max score) 

PSM 

score 

max 

score 

# 

reconstructions 

with 

score  

≥ 𝐏𝐒𝐌 score 

BK 101C 113 113 115 99 113 113 128 240    21 21 6 

nocardiamide A 113 113 99 99 99 163      19 19 1 

cyclolinopeptide A 113 113 113 147 147 97 97 99 113   30 30 1 

cyclolinopeptide B 113 99 147 147 97 97 113 113 131   24 24 1 

bacillopeptin B 239 101 87 129 87 114 163 114    17 17 1 

daitocidin_Pumilacidin F 254 99 113 115 113 113 113 129    24 24 4 

BK 101A 113 113 115 99 113 113 128 226    19 19 6 

cyclolinopeptide H 113 186 147 147 97 131 113 147    16 16 1 

cyclosporin 9CI_Deoxy 167 113 127 127 71 71 127 99 127 71 85 29 29 6 

cyclosporin B 183 113 127 127 71 71 127 99 127 71 71 30 30 4 
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laxaphycin A 57 113 113 113 113 147 101 113 83 101 141 44 44 1 

surfactin 2  240 113 113 115 99 113 99 129    21 21 8 

cyclolinopeptide D 113 186 147 147 97 113 113 147    20 20 2 

cyclolinopeptide E 113 147 113 97 147 99 113 147    23 23 1 

lipodepsipeptide KMM 

1364A 
240 99 113 115 113 113 113 129    20 20 8 

Lipodepsipeptide KMM 

1364E 
268 99 113 115 113 113 113 129    20 20 2 

cyclolinopeptide C 113 99 147 147 97 97 113 113 147   24 24 1 

bacillomycin D2 97 114 163 114 225 101 87 129    22 22 1 

bacillomycin D3 97 114 163 114 239 101 87 129    21 21 2 

SCH-378161 113 57 97 147 114 143 99 97 113 142  29 29 2 

[Val7]-Surfactin C13ai 99 113 113 129 212 99 113 115    21 21 3 

lipopeptide_NO 99 113 113 129 198 113 113 115    17 17 15 

cyclosporin,9CI 9 
183 113 127 127 71 71 127 99 127 71 85 

183 113 127 127 71 71 127 113 99 85 85 
32 33 10 

surfactin C1 
240 113 113 115 99 113 113 129    

240 113 113 99 113 115 113 129 
20 21 15 

cyclosporin C 
183 113 127 127 71 71 127 99 127 71 101 

183 113 127  85  71 113 128 71 99 99 128  
33 34 49 

surfactin 1  
254 113 113 115 99 113 99 129    

254 113 113  99  99 129 99 129  
23 24 16 

puwainaphycin_B 
325 97 128 115 57 128 99 101 83 99  

325 97 99 128 57 115 128 101 83 99 
26 27 6 

surugamide A 
128 113 113 71 113 113 147 113 

128 113 113 71 113 113 113 147 
23 24 5 

surugamide B 
128 99 113 71 113 113 147 113    

128 99 113 71 113 147 113 113  
26 27 5 

surugamide D 
128 113 99 71 113 113 147 113    

128 113 113 71 99 113 147 113 
28 30 7 

lichenysin G5b 
99 113 115 99 113 113 128 240 

99 113 99 115 113 113 128 240    
20 21 6 

pitiprolamide 
100 97 99 142 97 175 97 97    

100 97 142 99 97 175 97 97 
17 18 6 

surfactin 7-L-Valine 240 99 113 115 99 113 113 129    

240 99 99 129 99 113 113 129 
22 24 15 

surfactin D 254 113 113 115 99 113 113 129    

254 113 113 113 115 113 99 129 
22 25 14 

majusculamide C 

Demethoxy 

57 114 113 71 141 161 113 57 127 

57 113 114 71 161 141 113 57 127   20 22 69 

cyclosporin E 183 99 127 127 71 71 127 99 127 71 85 

183 99 127 127 99 71 71 127 127 71 85 
24 26 53 

champacyclin 128 99 113 147 113 113 71 113 

128 99 71 113 147 113 113 113     
21 23 21 

surugamide C 128 113 113 71 113 113 147 99  

128 113 113 71 113 99 147 113 29 31 10 

Supplementary Table S6. 38 cyclopeptides reconstructed by CycloNovo from 45 cyclospectra in the 

CYCLOLIBRARY dataset. The PSM score represents the score of the PSM in the CYCLOLIBRARY 

dataset. The “max score” represents the score of the top-scoring reconstruction. For 22 cyclopeptides, the 

correct sequence of the cyclopeptide has the highest-scoring reconstruction. For the remaining 16 

cyclopeptides, a highest-scoring reconstruction is listed below the correct sequence of the cyclopeptide in 

blue (differently arranged amino acid masses in the reconstructed cyclopeptide are shown in bold blue). 

Only in one case (cyclosporin C), CycloNovo predicted the wrong amino acids (shown in red) for the top-

scoring reconstruction. CycloNovo failed to sequences 45-38=7 cyclospectra in the CYCLOLIBRARY 

dataset since it was not able to predict all their amino acids.  
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Supplementary Note: Cyclopeptide-encoding transcripts in the S.VULGARIS 

dataset 

Supplementary Table S7 lists ORFs (translated into amino acid sequences) in the orbitide-

encoding transcripts. The PawL1 proteins have dual fates; they encode an albumin as well 

as a cyclopeptide(s). An enzyme asparaginyl endopeptidase (targets Asp, Asn) matures 

both the albumin and the cyclopeptide. 

 

gene ORF sequence 

Sv_PawL1b 
AKLIVVVFAFAVIVAFAEVSAYKTTITTTTVEDNFVGGTSFDRLSENFMYGTPVDRL

SDNRGSQKQCHRQIP 

Sv_PawL1c 
AKLIVVVFAFAVIVAFAEVSAYKTTITTTTVEDNTFGVVIADRLSDNFVDTTGYDRL

SDNRGSQKQCHRQIP 

Sv_PawL1d 
ITTVEDNALVVGLDGLDNPITTTVEDNYFAGLIDGLDNPITTTVEDNGVFLGLDGLD

NPSGSTYQCRRQIQGQQLNHCQMHIIQQGRSLVE 

Sv_PawL1e 
FVAIVAFSEQVSAYKTTIPTTVEDNALLVALDGLDNGFHGTFDGLDNGFHGTFDGLD

NPSGSTYQCRRQIQ* 

Sv_PawL1f 
TTVEDNALFLGLDGLDNPSGSTYQCRRQIQGQQLNHCQMHITQQGRSLMENPRQQQL

LQMCCNQLRQVEEECQCE* 

Sv_PawL1g 
ITTTVEDNALVVGLDGLDNPITTTVEDNFVGGVIDGLDNFVGGVIDGLDNPSGSTYK

CRRQIQGQQLNHCQMHITQQGRSLVE 

Sv_PawL1h MTKVSAIVVLAFVAIVAFSEQVSAYKTTITTPVEDNAIFLGVDGLDNPI* 

Sv_PawL1i 
LDGLDNALLGIADGLDNPSGSTYQCRMQIQGQQLNHCQMHIIQQGRSLVENPRQQQQ

LQMCCNQLR* 

Sv_PawL1j SEQVSAYKTTITTTVEDNAIFGVVDGLDNPSGSTYQCRKQIQGQQ* 

Sv_PawL1k 
AIVAFSEQVSAYKTTITTTVEDNAIFLGVDGLDNPITTTVEDNGVSDFFDDGLDKPS

GSTYQCRRQIQGQQLNHCQMHISQQGRSLVENPRQQQQLQM* 

Sv_PawL1l FVAIVAFSEQVSAYKTTITTPVEDNGVVVGFDGLDNPSGSTYQCRKQIQGQQ* 

 

Supplementary Table S7. ORFs in the cyclopeptide-encoding transcripts. All identified ORFs originate 

from various PawS1-Like genes. The sequences are color-coded based on the subunits they belong to: 

endoplasmic reticulum signal sequence (pink), the reconstructed cyclopeptide (blue), 2S albumin small 

subunit (lime green), and 2S albumin large subunit (orange). While the first three sequences (Sv_PawL1b, 

Sv_PawL1c, and Sv_PawL1d) are known PawS1-Like genes in S. vulgaris, the other eight sequences 

(named Sv_PawL1e through Sv_PawL1l) are novel PawS1-Like genes that were identified by searching for 

novel cyclopeptides.  

 

Supplementary Figure S11 shows cyclospectra in the S.VULGARIS dataset, annotated 

using their CycloNovo reconstructions. 
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Supplementary Figure S11. Annotated cyclospectra of the ten reconstructed cyclopeptides in the 

S.VULGARIS dataset. The x-axis shows the m/z ratios and the y-axis shows the percentage of the peak 

intensity compared to the intensity of the largest peak in that spectrum.  

Supplementary Note: Cyclopeptides in the HUMANSTOOL dataset 

 

Identification (Dereplicator) and de novo reconstruction (CycloNovo) of peptides in 

the HUMANSTOOL dataset. Supplementary Table S8 lists cyclopeptides identified by 

Dereplicator in the HUMANSTOOL datasets. Supplementary Table S9 lists CycloNovo  

reconstructions of 31 cyclopeptides in the HUMANSTOOL dataset. 
 

precursor   

mass 
peptide    

PSM 

score 

#reconstructions      

with score ≥ PSM 

score  

P-value peptide ID 

1040.66 ILVPPFFLI 31 1 1.2×10-54 cyclolinopeptide A 

1058.61 MLIPPFFVI 24 1 2.3×10-42 cyclolinopeptide B 

1074.62 M+16LIPPFFVI 16 1 9.7×10-18 cyclolinopeptide C 

1064.57 M+16LLPFFWI 20 2 1.5×10-33 cyclolinopeptide D 

1082.52 M+16LMPFFWI 19 1 1.2×10-31 cyclolinopeptide H 

FVDTTGYD FVGGTSFD 

TFGVVIAD GFHGTFD 

AIFGVVD FVGGVID 

ALVVGLD 

ALLGIAD 

GVVVGFD 

ALVGGLD 
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977.56 M+16LVFPLFI 25 1 1.6×10-43 cyclolinopeptide E 

961.55 MLVFPLFI 25 10 3.1×10-42 cyclolinopeptide P 

567.36 GIVIPS 11 1 2.1×10-17 citrusin V 

 
Supplementary Table S8. Cyclopeptides identified by Dereplicator in the HUMANSTOOL dataset.  

The correct sequence of all reconstructed cyclopeptides has the highest score among all reconstructions. 

For each cyclopeptide, the score of the correct cyclopeptide (column “PSM score”), the number of 

reconstructions with scores larger or equal to the PSM score (column “#reconstructions score ≥ PSM 

score”), and P-values are listed. 

 
peptide 

mass 

precursor 

mass 

sequence of amino acid masses score P-value 

1151.52 1152.53 87 99 99 101 147 129 71 97 113 71 137 19 2.3×10-27 

1098.49 549.75 147 71 87 137 57 99 71 129 163 137 23 6.6×10-24 

1085.53 543.27 99 99 137 57 113 115 186 71 137 71 20 6.2×10-30 

1081.51 1082.52 147 113 131 97 147 147 186 113 19 1.2×10-31 

1080.55 1081.56 87 99 99 101 147 129 71 97 113 137 22 3.0×10-36 

1073.61 1074.62 147 113 113 97 97 147 147 99 113 16 9.7×10-18 

1063.56 1064.57 147 113 113 97 147 147 186 113 20 1.5×10-33 

1060.75 530.74 147 163 57 99 57 137 71 129 71 129 22 2.7×10-29 

1057.61 1058.62 131 113 113 97 97 147 147 99 113 24 2.3×10-42 

1052.52 1053.53 87 99 101 147 129 71 97 113 71 137 25 8.6×10-38 

1039.65 1040.66 113 113 99 97 97 147 147 113 113 31 1.2×10-54 

1003.54 1004.55 71 97 147 99 147 97 147 99 99 13 4.0×10-17 

981.493 982.50 101 147 129 71 97 137 113 186 24 2.6×10-37 

978.543 979.55 128 113 147 87 113 57 99 87 147 18 6.1 ×10-25 

976.553 977.56 147 113 99 147 97 113 147 113 25 1.6×10-43 

960.553 961.56 131 113 99 147 97 113 147 113 25 3.1×10-42 

948.493 949.50 147 128 99 87 71 147 57 99 113 17 2.3 ×10-23 

891.463 892.47 113 147 101 71 57 57 99 99 147 15 3.4×10-19 

889.453 890.46 128 101 103 71 113 147 129 97 14 2.0×10-20 

888.493 889.50 57 97 147 113 113 99 99 163 15 9.7×10-21 

877.453 878.46 113 99 57 71 147 163 113 57 57 20 1.1×10-27 

873.403 874.41 71 97 115 71 97 101 87 97 137 17 2.7×10-23 

872.453 873.46 57 71 87 113 71 99 186 101 87 18 1.7×10-24 

871.453 872.46 147 101 71 57 99 114 97 57 128 19 2.5×10-26 

856.463 857.47 99 99 147 97 147 71 97 99 21 3.2×10-37 

841.433 842.44 97 147 101 57 97 113 128 101 20 2.2×10-29 

829.433 830.44 57 113 57 97 71 147 101 99 87 13 3.7×10-17 

826.393 827.40 147 99 137 71 71 99 115 87 17 5.8×10-23 

812.493 813.50 87 99 57 99 99 71 128 71 101 15 6.6×10-19 

811.413 812.42 147 113 57 57 57 97 99 97 87 16 2.0×10-20 

801.383 802.39 97 87 57 129 99 57 71 57 147 17 1.9×10-23 

695.273 696.28 71 57 163 129 57 71 147 18 6.1×10-27 
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Supplementary Table S9. De novo reconstructions of 31 cyclopeptides in the HUMANSTOOL 

dataset. For each spectrum, its precursor mass, the de novo reconstruction (shown as a sequence of 

nominal masses of amino acids), the score, and the P-value are shown. De novo reconstructions are ordered 

in the decreasing order of their precursor masses. Precursor masses of spectra identified by Dereplicator are 

highlighted in blue. Cyclopeptides highlighted in green represent a novel cyclofamily described in the 

Supplementary Note “Novel cyclofamily in the HUMANSTOOL dataset.”  

 

Cyclospectra of branch-cyclic peptides in the HUMANSTOOL dataset. We classify a 

peptide as branch-cyclic if its backbone includes a cycle (with all monomers connected 

via amide bonds) and a side chain that includes at least one additional amide bond not 

included in the cycle. Although CycloNovo classify spectra of some branch cyclic 

peptides as cyclospectra (see Supplementary Note “Information about spectral datasets”), 

it is unable to de novo sequence them. Nevertheless, CycloNovo provides information 

about substrings of branch-cyclic peptides made of cyclopeptidic amino acids. For 

example, CycloNovo classified the spectrum of massetolide F in the HUMANSTOOL 

dataset as a cyclospectrum. The lipopetide massetolide F consists of the cycle TILSLSLV 

and a branch EL (along with a fatty acid chain tail with nominal mass 171 Da) connected 

to the cycle via an amide bond between T and E. We represent this branch cyclic peptides 

as a concatenate between the sequence of nominal masses of the cyclic and branch region 

separated by “*” sign, i.e., massetolide F is represented as 100, 113, 87, 113, 87, 113, 99 

* 129, 113, 171. CycloNovo found five cyclopeptidic amino acids in massetolide F (S, I, 

L, V, T, and E) and missed the lipid chain (171 Da).  

 

Assembly of the human stool sample where massetolide F was detected. We used 

metaSPAdes10 to assemble the metagenomic dataset, generated from the stool sample 

(dated by 6/16/2014) where massetolide F was detected, This dataset includes 34.5 

million paired reads which are assembled into 81 thousand scaffolds of lengths longer 

than 500 bp amounting to 407 Mb total assembly length. 

Supplementary Note: Cyclopeptides in the GNPS dataset  

 

Supplementary Figure S13 shows the number of identified cyclopeptides across all GNPS 

sub-datasets. Supplementary Figure S14 shows the number of cyclopeptides and 

cyclofamilies that gave rise to cyclospectra found by CycloNovo across all GNPS sub-

datasets. 

 

 
Supplementary Figure S13. Number of cyclopeptides identified by Dereplicator across all GNPS sub-

dataset. Dereplicator identified 81 cyclopeptides in the GNPS dataset. Since some cyclopeptides are 

identified in multiple sub-datasets, the total numbers of identified cyclopeptides across all GNPS sub-

datasets (180) exceeds 81. The green (blue) part of each bar represent spectra that were (were not) 

classified by CycloNovo as cyclospectra. 
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Supplementary Figure S14. Number of cyclopeptides (yellow) and cyclofamilies (pink) found by 

CycloNovo across all GNPS dataset.  
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