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Library Name #Spectra #Compounds Data Generators
GNPS-Community 2,224 1,325 Community
GNPS-Collections (FDA Approved Library from Selleck Chem Pt 1) 2,389 297 Sirenas MD
GNPS-Collections (FDA Approved Library from Selleck Chem Pt 2) 656 535 Dorrestein Lab
GNPS-Collections (NIH Clinical Collection 1) 377 329 Dorrestein Lab
GNPS-Collections (NIH Clinical Collection 2) 195 164 Dorrestein Lab
GNPS-Collections (Natural Products in NIH Small Molecule Repository) 1,268 1,255 Dorrestein Lab
GNPS-Collections (Pharmacologically Actvice Compounds in the NIH Small Mol Rep) 1,460 1,398 Dorrestein Lab
GNPS-Collections (Prestwick Phytochemical Library) 143 140 Dorrestein Lab
GNPS-Collections(Faulkner Legacy Library) 127 125 Sirenas MD
MassBank ESI MS/MS Library (Feb 2016) 24,545 5,992 Various
ReSpect MS/MS Library (July 2014) 7,112 1,986 Various
HMDB (Feb 2015) 2,235 747 Various
NIST 2014 ESI MS/MS Library 193,119 8,351 NIST
Total 235,850 22,644
Supplementary Table 1 - GNPS Libraries Summary. Current spectral libraries available at GNPS, including compound 
libraries run exclusively for GNPS, community contributed spectra, and 3rd party libraries. Note: Original numbers created for 
the manuscript are inconsistent with this table as updated numbers were generated 3/21/2016.



Library Name Dataset Link
GNPS-Collections (FDA Approved Library from Selleck Chem Pt 2) MSV000078567

GNPS-Collections (NIH Clinical Collection 1) MSV000078567

GNPS-Collections (NIH Clinical Collection 2) MSV000078567

GNPS-Collections (Natural Products in the NIH Small Molecule Repository) MSV000078708

GNPS-Collections (Pharmacologically Active Compounds in the NIH Small Mol Rep) MSV000078710

GNPS-Collections (Prestwick Phytochemical Library) MSV000078711

Supplementary Table 2 - GNPS-Collections Raw Dataset links. Links to locations to 
download mzXML MS/MS data that was used to populate major portions of the GNPS-
Collections library. 

http://gnps.ucsd.edu/ProteoSAFe/result.jsp?task=cbf7980545494900b01274ab1dfc608b&view=advanced_view
http://gnps.ucsd.edu/ProteoSAFe/result.jsp?task=910a3b3e223d4691a3d1067a850c902a&view=advanced_view
http://gnps.ucsd.edu/ProteoSAFe/result.jsp?task=9696291aa48f4d03a0f0c0f17cf720ab&view=advanced_view
http://gnps.ucsd.edu/ProteoSAFe/result.jsp?task=6d329013820d4b48a321f58d6e4e2fd1&view=advanced_view
http://gnps.ucsd.edu/ProteoSAFe/result.jsp?task=cbf7980545494900b01274ab1dfc608b&view=advanced_view
http://gnps.ucsd.edu/ProteoSAFe/result.jsp?task=cbf7980545494900b01274ab1dfc608b&view=advanced_view


Quality Level Description Spectra Count
Gold Synthetic or purified, Complete structural 

characterization with NMR, crystallography or other 
standard methods as defined in the publication 
guidelines for Journal of Natural Products. Requires 
administrative approval. 

4308

Silver Isolated or lysate/crude, Published data showing 
presence of molecule in the sample. Requires 
administrative approval. Recommended attendance 
of GNPS curator workshop. 

446

Bronze Any other putative, complete, or partial annotation
4085

Supplementary Table 3 – Library Quality Levels Description The general public is 
granted access to add to the Bronze quality levels. However, special permissions are 
required to have access to add to Silver and Gold level MS/MS spectra. The oversight of 
these permissions falls under the administrators of GNPS, and currently is managed by 
Pieter Dorrestein. 



Number of Annotation Revisions Number of Library Spectra
1 351
2 46

3 19

4 7

5 4

6 0

7 1

8 1

Supplementary Table 4 – Number of Annotation Revisions – This table summarizes the 
total number of spectra with a given number of annotation revisions. There are a total of 563 
annotation revisions for 429 GNPS library spectra. 



Supplementary Table 5 - Library Analogs Tables. See separate xlsx file. 



Rating Description

1 Star Incorrect Identification

2 Star Not enough information, fragmentation is not sufficient to tell

3 Star Putative Analog Identification, possibly not exactly correct isomer

4 Star Correct Identification
Supplementary Table 6 - Rating Description Table: Description of each of the ratings for 
matches made in continuous identification. 



Parameter Value
MS/MS Fragment Ion Tolerance 0.5
Precursor m/z tolerance 2.0
Remove Peaks around Precursor Peak 1
Filter for top 6 most intense peaks in every +/- 50Da window in MS/MS spectrum 1
Minimum MS/MS Peak Intensity 0.0
Perform Spectrum Filtering Operations on the Library 1
Perform Analog Library Search 0
Minimum matching peaks in library search 6
Minimum library search match score 0.7
Supplementary Table 7 - Library Validation Parameters: Spectral library search 
parameters that were used to search the constructed spectral libraries against the NIH 
Natural Product and NIH Small Molecule Pharmacologically Active Libraries. 



Parameter Value
MS/MS Fragment Ion Tolerance 0.5
Precursor m/z tolerance 2.0
Filter for top 6 most intense peaks in every +/- 50Da window in MS/MS spectrum 1
Remove Peaks around Precursor Peak 1
Minimum MS/MS Peak Intensity 50.0
Run MSCluster on
Minimum Consensus Cluster Size 2
Minimum Matched Peaks in Network Edge 6
Minimum MS/MS cosine score in Network Edge 0.65
Number of Neighbors to Retain in Network 10
Maximum Connected Component Size 0 (infinite)
Supplementary Table 8 - Exploratory Networks Parameters:  Parameters for Molecular 
Networking for exploratory networks creation. 



Parameter Value
MS/MS Fragment Ion Tolerance 0.5
Precursor m/z tolerance 2.0
Filter for top 6 most intense peaks in every +/- 50Da window in MS/MS spectrum 1
Remove Peaks around Precursor Peak 1
Minimum MS/MS Peak Intensity 50.0
Run MSCluster on
Minimum Consensus Cluster Size 2
Minimum Matched Peaks in Network Edge 6
Minimum MS/MS cosine score in Network Edge 0.8
Number of Neighbors to Retain in Network 10
Maximum Connected Component Size 0 (Infinite)
Supplementary Table 9 - Continuous Networking Parameters: Parameters for Molecular 
Networking for continuous identification data. 



Parameter Value
MS/MS Fragment Ion Tolerance 0.5
Precursor m/z tolerance 1.5
Remove Peaks around Precursor Peak 1
Filter for top 6 most intense peaks in every +/- 50Da window in MS/MS spectrum 1
Minimum MS/MS Peak Intensity 50.0
Perform Spectrum Filtering Operations on the Library 1
Perform Analog Library Search 0
Minimum matching peaks in library search 6
Minimum library search match score 0.7
Supplementary Table 10 - Continuous Dereplication Parameters: Parameters for 
spectral library search that occurs periodic for continuous identification.



Parameter Value

MS/MS Fragment Ion Tolerance 0.5
Precursor m/z tolerance 2.0
Filter for top 6 most intense peaks in every +/- 50Da window in MS/MS spectrum 0
Remove Peaks around Precursor Peak 0
Minimum MS/MS Peak Intensity 0
Run MSCluster On
Minimum Consensus Cluster Size 1
Minimum Matched Peaks in Network Edge 6
Minimum MS/MS cosine score in Network Edge 0.65
Number of Neighbors to Retain in Network 10
Maximum Connected Component Size 100
Perform Spectrum Filtering Operations on the Library 0
Perform Analog Library Search 0
Minimum Matched Peaks in Library Search 3
Minimum library search match score 0.7
Supplementary Table 11 - Molecular Networking parameters for  S. roseosporus and 
Streptomyces sp. DSM5940 MS/MS data.



Compound Name m/z Characterization Notes
Stenothricin-GNPS 1 1077 Putative Structure
Stenothricin-GNPS 2 1091 NMR Confirmed
Stenothricin-GNPS 3 1105 Putative Structure
Stenothricin-GNPS 4 1119 Putative Structure
Stenothricin-GNPS 5 1133 Putative Structure
Stenothricin B 1118 Putative Structure
Stenothricin D 1132 NMR Confirmed
Stenothricin E 1146 Putative Structure
Stenothricin G 1160 Putative Structure
Stenothricin H 1174 Putative Structure
Supplementary Table 12 - Stenothricin and Stenothricin-GNPS analogs. 



Residue Position δC, type δH COSY TOCSY HMBC

N-Me-Gly-9

1 168.96, C –    
2a 52.98, CH2 4.80 2b  1, 3’
2b 52.98, CH2 3.93, 2a  1, 3’
3 36.77, CH3 3.18,   4

3’ rotomer 35.92, CH3 2.96,   2, 4

Ser-8

4 172.64, C –    
5 51.27, CH 5.17 6a/b 6a/b 4, 6a/b

5’ rotomer 53.17, CH 5.05 6’ 6’ 4, 6’
6a 63.10, CH2 3.70, 5 5 4,5
6b 63.24, CH2 3.81 5 5 4

6’ rotomer 63.62, CH2 3.75, 5’ 5’  

Ser-7
7 172.62     
8 56.28, CH 4.84    
9 64.02, CH2 3.56 8 8 7

Val-6

10 173.19, C –    
11 60.00, CH 4.38 12, 13/14 12, 13/14 10, 12, 13/14, 15

11’ rotomer 60.26, CH 4.34 12’, 13/14 12’, 13/14 10, 12’, 13/14, 15
12 32.99, CH 2.11  13/14 11, 13/14 11, 13/14

12’ rotomer 32.63, CH 2.16 11’, 13/14 11’, 13/14 11’, 13/14
13 19.43, CH3 1.01 12, 12’ 11, 11’, 12, 12’ 11, 11’, 12, 12’, 14
14 19.43, CH3 1.01 12, 12’ 11, 11’, 12, 12’ 11, 11’, 12, 12’, 13

Dhb-5

15 165.43, C –    
16 130.24, C –    
17 134.82, CH 6.83 15 15 15, 16, 18
18 13.24, CH3 1.83 17 17 15, 16, 17, 19

Dpr-4

19 170.23 –    
20 52.32, CH 4.81 21a/b 21a/b 22

21a 40.48, CH2 3.68 20, 21b 20, 21b 19, 20
21b 40.48, CH2 3.48 20, 21a 20, 21a 19, 20

Ser-3

22 172.42, C –    
23 58.5, CH 4.41 24 24 22, 24

23’ rotomer 57.13, CH 4.54 24’ 24’ 22, 24’
24 61.96, CH2 3.99 23 23 23

24’ rotomer 62.69, CH2 3.96 23’ 23’  

Thr-2

25 173.92 –    
26 52.40, CH 4.71   27’, 28’ 25
27 72.76, CH 5.46 26, 28 26, 28 1

27’ rotomer 73.13, CH 5.20 26, 28’ 26, 28’ 28’
28 23.01, CH3 0.93 27 26, 27 27

28’ rotomer 16.04, CH3 1.04 27’ 26, 27’  

Cys-1

29 172.66, C –    
30 50.66, CH 5.58 31a/b 31a/b  

30’ rotomer 50.60, CH 5.74 31’a 31’a/b  
31a 52.44 CH2 3.23 30, 31b 30, 31b 29, 30, 30’

31’a rotomer 52.55 CH2 3.20 30’, 31’b 30’, 31’b 29, 30, 30’
31b 52.44, CH2 3.72 30, 31a 30, 31a 29

31’b rotomer 52.35, CH2 3.76 30’, 31’a 30’, 31’a 29

Supplementary Table 13 - 2D NMR spectroscopic data for amino acids of 
stenothricin-GNPS 2 in CD3OD. 13C and 1H chemical shifts were determined by HSQC and 
HMBC spectra.



Gene
Size 
[aa]

Predicted function Protein homolog
Accession 

number

StenA 514 Multidrug resistance efflux pump
major facilitator superfamily permease 

[Streptomyces roseosporus NRRL 11379]
ZP_04707162.1

StenB 189
TetR-family transcriptional 

regulator
TetR family transcriptional regulator 

[Streptomyces roseosporus NRRL 15998]
ZP_06582833.1

StenC 721 helicase
helicase [Streptomyces qlobisporus C-1027] 

(93/89)
ZP_11377726.1

StenD 334 Oxidoreductase
oxidoreductase [Streptomyces roseosporus 

NRRL 15998]
ZP_06582835.1

StenE 475 argininosuccinate lyase (ArgH)
argininosuccinate lyase [Streptomyces 

roseosporus NRRL 15998]
ZP_04707166.1

StenF 398
argininosuccinate synthase 

(ArgG) 
argininosuccinate synthase [Streptomyces 

roseosporus NRRL 11379]
ZP_04707167.1

StenG  Gap in Sequencing Data   

StenH 236
secreted protein/L,D-

transpeptidase 
secreted protein [Streptomyces roseosporus 

NRRL 15998]
ZP_06582839.1

StenI 178 arginine repressor (ArgR)
arginine repressor [Streptomyces roseosporus 

NRRL 11379]
ZP_04707170.1

StenJ 403
N2-acetyl-L-ornithine:2-

oxoglutarate aminotransferase 
(ArgD)

acetylornithine aminotransferase 
[Streptomyces globisporus C-1027]

ZP_11377720

StenK 314 N-acetylglutamate kinase (ArgB) 
acetylglutamate kinase [Streptomyces 

roseosporus NRRL 11379]
ZP_04707172    

StenL 384
N2-acetyl-L-ornithine:L-glutamate 

N-acetyltransferase (ArgJ) 

bifunctional ornithine acetyltransferase/N-
acetylglutamate synthase protein 

[Streptomyces globisporus C-1027]
ZP_11377718

StenM 342
N-acetyl-gamma-

glutamylphosphate reductase 
(ArgC)

N-acetyl-gamma-glutamyl-phosphate 
reductase [Streptomyces globisporus C-1027]

ZP_11377717.1

StenN  Gap in Sequencing Data   

StenO 351
ornithine cyclodeaminase/2,3-

diaminopropionate biosynthesis 
protein (SbnB)

ornithine cyclodeaminase [Streptomyces 
roseosporus NRRL 15998]

ZP_06582846.1

StenP 1198 NRPS
non-ribosomal peptide synthetase 

[Streptomyces roseosporus NRRL 15998]
ZP_06582847.1

StenQ 271 type II thioesterase
conserved hypothetical protein [Streptomyces 

roseosporus NRRL 15998]
ZP_06582848.1   

StenR 75 MbtH-like protein
hypothetical protein SrosN1_04335 

[Streptomyces roseosporus NRRL 11379]
ZP_04707179.1

StenS 6082 NRPS
non-ribosomal peptide synthetase 

[Streptomyces roseosporus NRRL 15998]
ZP_06582851.1

StenT 3833 NRPS
non-ribosomal peptide synthetase 

[Streptomyces roseosporus NRRL 15998]
ZP_06582853.1

StenU 431 cysteate synthase
L-threonine synthase [Streptomyces 

roseosporus NRRL 11379]
 ZP_04707187.1

Supplementary Table 14 - Annotation of genes in the stenothricin-GNPS biosynthetic 
cluster and predicted function.



Supplementary Figure 1 – Spectral Library Search Match Assessment (a) The PPM 
error of all possible matches from the NIH Natural Product Library and NIH 
Pharmacologically Active Library to the query datasets MSV000078708 and 
MSV000078710. The spread of possible PPM errors for all possible matches illustrates the 
large possible space of erroneous matches as measured by PPM error. (b) The PPM errors 
of all reported matches. There is a slight bump around 350PPM as all LC-MS/MS runs from 
one of the plates was miscalibrated. The total number of non-identity matches that within 50 
PPM error is 5,520 matches out of a 5,927 matches. (c) The scan deltas of all possible 
matches between the query spectra and library spectra. The large spread of possible scan 
number deltas illustrates large possible space of erroneous matches as measured by scan 
number deltas. (d) A histogram of scan number delta between query and library reported 
matches by library search. 5,789 of all 5,927 matches reported fell within 200 scans of the 
library spectrum. 
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Supplementary Figure 2 – Replicate Count Histogram within Reported Matches: A 
histogram of the number of replicates for each library spectrum. These do not include 
identity matches or incorrect matches. 



Supplementary Figure 3 –Chemical Space Visualization with Molecular Networking. 
MS/MS data from a human skin metabolomics datasets (Bouslimani et al. 2015, MassIVE 
dataset MSV000078556) was analyzed with molecular networking at GNPS. Consensus 
MS/MS spectra matched to a GNPS library spectrum are highlighted as red nodes, 
unmatched in grey. 



Supplementary Figure 4 – Example Continuous Identification Digest Email – Digest 
email reporting new identifications per dataset. For each dataset, the spectral match 
changes are reported as well as total match count, links to results, and links to each 
dataset.



Supplementary Figure 5 - GNPS Collaboration Initiation. (a) For each public dataset, 
GNPS provides a list of related datasets. This allows users to find related datasets to their 
own in order to spark collaboration. In selecting a related dataset, users reach a dataset 
page (b). From here more detailed metadata including an email link are available to initiate 
contact. (c) Further, identifications made via continuous identification link to spectrum library 
pages and enables users to initiate contact with the annotators of these library spectra.



Supplementary Figure 6 - Molecular Explorer Summary Histogram.  Molecular explorer 
highlights the number and locations of related MS/MS spectra of known compounds, 
indicating they are related (defined as analogs). Analogs are direct neighbors of matched 
compounds in molecular networks. For each library compound we tallied the number of 
unique mass analogs. Here we illustrate exactly how much diversity of known compounds is 
found in all public GNPS datasets and how much of that diversity is actually captured in the 
GNPS spectral libraries. For each library spectrum matched to public data all unique mass 
analogs were counted (X axis) and all unidentified analogs were counted (Y axis); the 
relationship between these is shown as a 2D heatmap. Since most of the density of the plot 
is near the diagonal, it indicates that the majority of the putative analogs of known 
compounds in the data remained unidentified. 



Supplementary Figure 7 - GNPS based MS/MS networking guided workflow. For 
identification of novel analogues from microbes without genome sequences, the steps are 
as follows: (a) Generation of molecular network from specialized metabolites produced by 
both sequenced and not sequenced organisms. (b) Dereplication of known molecules and 
detection of novel analogues. (c) Structure elucidation by differential analysis of MS/MS 
data, 2D NMR data and gene cluster annotation. (d) Characterization of stenothricin-GNPS.



Supplementary Figure 8 - Molecular network of Streptomyces roseosporus and 
Streptomyces sp. DSM5940. Four molecular families were identified in the molecular 
network (a) Napsamycin, (b) Daptomycin, (c) Arylomycin, (d) Stenothricin. 



Supplementary Figure 9 - Comparison of stenothricin D and stenothricin-GNPS 2. (A) 
Alignment of MS/MS spectra of stenothricin D (S. roseosporus) and stenothricin-GNPS 2 
(Streptomyces. sp. DSM5940) (B) Identification of a common peptide sequence tag CysA-
Dhb-Ser-Dpr-Dhb in the stenothricin and stenothricin-GNPS core structure. 



Supplementary Figure 10 - 1H NMR spectrum of stenothricin-GNPS (600 MHz, CD3OD).



Supplementary Figure 11 - HSQC based differential analysis of stenothricin D and 
stenothricin-GNPS 2 (600 MHz, CD3OD). (A) Stenothricin D spectrum. (B) Stenothricin-
GNPS 2 spectrum. Differences in signals are boxed, representing the disappearance of 
lysine (blue) and the existence of extra serine (red) in stenothricin-GNPS 2. 



Supplementary Figure 12 - HMBC based differential analysis of stenothricin D and 
stenothricin-GNPS 2 (600 MHz, CD3OD). (A) Stenothricin D spectrum. (B) Stenothricin-
GNPS 2 spectrum. Differences in signals are boxed, representing the disappearance of 
lysine 5-10 correlations (blue) and the existence of extra serine (red) in stenothricin-GNPS 
2. 



Supplementary Figure 13 - dqfCOSY based differential analysis of stenothricin D and 
stenothricin-GNPS 2 (600 MHz, CD3OD). (A) Stenothricin D spectrum. (B) Stenothricin-
GNPS 2 spectrum. Differences in signals are boxed.



 

Supplementary Figure 14 - TOCSY based differential analysis of stenothricin D and 
stenothricin-GNPS 2 (600 MHz, CD3OD). (A) Stenothricin D spectrum. (B) Stenothricin-
GNPS 2 spectrum. Differences in signals are boxed.



Supplementary Figure 15 - Marfey’s Analysis of stenothricin-GNPS 2. Marfey’s analysis 
suggests the presence of a third serine in stenothricin-GNPS 2, supporting 2D NMR data 
that the 41Da shift between the stenothricin molecular family and the stenothricin-GNPS 
subfamily is a lysine to serine substitution. Retention time alignment suggests that the third 
serine is in the L configuration.



* Dash lines represent gaps in genes

Supplementary Figure 16 - Comparison of the stenothricin and stenothricin-GNPS 
candidate gene clusters. Alignment of stenothricin and stenothricin-GNPS candidate 
biosynthetic gene clusters and proposed biosynthetic pathways suggest high sequence 
homology with the key lysine to serine substitution due to the specificity of the eighth A-
domain



 
Supplementary Figure 17 - Phylogenetic analysis of C-domains from stenothricin-
GNPS NRPS gene cluster. Amino acid configuration can be inferred from phylogenetic 
clustering of C-domains. The C-domains of the stenothricin-GNPS gene cluster clustered 
with the C-domains of the stenothricin gene cluster suggesting similar amino acid 
stereochemistry.



Supplementary Figure 18 - Viability Over Time of E. coli cells treated with 
stenothricin-GNPS and stenothricin. Stenothricin-GNPS treatment of E. coli lptD cells led 

to decreased viability at 40 g/mL similar to that of stenothricin D at 20 g/mL



Supplementary Figure 19 - Dataset fold increase in identifications by continuous 
identification. The fold increase of identifications on a per dataset basis from the time of 
deposition to date. 59% of these datasets increased their identifications, averaging a 143% 
increase in identifications since deposition.



Supplementary Figure 20 - Workflow Status Page – Example of a status page for GNPS 
analysis job. URLs are sharable to collaborators. Analysis jobs can also be rerun (by 
cloning) in order to facilitate reproducibility and transparency in methods. 



Supplementary Notes

Note 1. Browsing Available Libraries

All available libraries at GNPS, including freely available 3 rd party libraries can be browsed 
and or downloaded here. Users are able to see continually updated snapshots of each of 
the respective libraries described in Supplementary Table 1. User instructions, available at 
gnps.ucsd.edu under documentation, for the Library Spectrum View are be found under the 
appropriate sections. 

Note 2. GNPS Library Addition Procedure (Collections and Community) 

To facilitate  library growth,  GNPS enables users  to contribute to  the GNPS-Community 
spectral library from both private and public datasets. Reference spectra can be uploaded 
as a set with a batch upload process, one spectrum at a time, or even directly from the 
output of an analysis tool at GNPS with a single click “Add To Library” button. The metadata 
fields  that  are  required  for  user  submissions  and  descriptions  can  be  found  at 
gnps.ucsd.edu under documentation under the Library Contribution section. 

All provenance information is automatically maintained so that proper credit can be given in 
follow-up analysis. Even with Gold, Silver, and Bronze quality levels in place, it is possible 
that  i)  some submissions will  be tentative (especially in  the Bronze category),  ii)  some 
spectra  will  not  yet  have  the highest  possible  signal  (e.g.,  low abundance NPs),  or  iii) 
metadata  might  be  incomplete  at  the  time  of  submission  (e.g.  tentative  structures). 
Therefore  a  wiki-style  Update  Annotation  workflow  is  available,  providing  a  path  for 
annotations of library spectra to become more complete. This revision approach enables 
annotation updates for example from “a hypothetical sugar containing natural product” to a 
much more specific “Erythromycin” when new information becomes available and can also 
be used to fix incorrect or imprecise annotations. Also, missing metadata, such as complete 
structural information, can be added to further complete annotation of library spectra (e.g. 
Mycophenolic Acid). To date 376 annotations been updated. Further, to reach a community 
consensus on certain  annotations,  a  data  centric  exchange may need to  occur.  GNPS 
promotes  these  conversations  by  allowing  comments  on  annotations  with  additional 
supporting information attachments (e.g. stenothricin-GNPS 2). 

Note 3. Library Search False Discovery Rate Estimation

With  library  search  being  an  integral  part  of  molecular  networking,  dereplication,  and 
continuous identification, it  is important to assess the false discovery rates of the library 
search available at GNPS. 

The massive datasets MSV000078708 and MSV000078710 are the full LC-MS/MS runs for 
to create the NIH Natural Product and NIH Small Molecule Pharmacological Libraries. They 
total 1,327,215 MS/MS query spectra. The dynamic exclusion settings were to fragment a 
precursor at most three times unless the MS1 peak intensity increased 2x since the last 

http://gnps.ucsd.edu/ProteoSAFe/gnpslibraryspectrum.jsp?SpectrumID=CCMSLIB00000478654&#%7B%7D
http://gnps.ucsd.edu/ProteoSAFe/gnpslibraryspectrum.jsp?SpectrumID=CCMSLIB00000005127&#%7B%7D
http://gnps.ucsd.edu/ProteoSAFe/libraries.jsp


MS2 acquisition.  This ensured that there are multiple MS2 spectra per precursor. Further 
details can be found in  Methods. These datasets were searched against the NIH Natural 
Product and NIH Small Molecule Pharmacological Libraries. The parameters of the search 
can be found in Supplementary Table 7  and the analysis job can be found here.

The matches returned were categorized into the following: identity match, consistent correct 
match,  inconsistent  correct  match,  and incorrect  match.  Identity matches were matches 
between the library spectrum and the identical spectrum in the data that was extracted to 
create the library spectrum.  Consistent Correct matches are between library spectra and 
query spectra where the query spectrum occurred in the same LC-MS/MS run as the library 
spectrum. Inconsistent Correct matches are between library spectra and query spectra such 
that the ppm error of the match is <50ppm and are within 200 scan numbers of each other,  
but the library and query did not come from the same LC-MS/MS file. These could have 
resulted  from contamination  and  impurities  in  compound  library.  All  other  matches  are 
considered incorrect. 

The 50ppm tolerance and 200 scan thresholds were chosen based on the empirical match 
data. We took all library spectra and matched them to all MS/MS query spectra with a 2 Da 
precursor tolerance. The top scoring match for each query spectrum was reported if the 
match score exceeded 0.7. The distribution of all possible ppm precursor  m/z errors are 
shown in Supplementary Figure 1a. For all of these matches that were reported, the ppm 
precursor  m/z error histogram is shown in  Supplementary Figure 1b. With the possible 
ppm  errors  of  reported  matches  ranging  beyond  10,000,  the  reported  matches  having 
almost all PPMs below 50 is in indication the scoring scheme is discriminating between true 
and false matches.  

Further, scan number deltas for all possible matches are shown in Supplementary Figure 
1c, which again shows a high variance in the possible deltas that could occur. However, of 
the  reported  matches,  the  scan  number  delta  converges  significantly  as  shown  in 
Supplementary Figure 1d with nearly all of the identifications occurring under a scan delta 
of 200 (~5% of the chromatographic time). 

The spectral library search at GNPS returned 8,355 matches, of which 2,428 were Identity 
matches,  4,557  were  Consistent  Correct  matches.  1,138  were  Inconsistent  Correct 
matches, and 232 were incorrect matches. We calculated the false discovery rate to be 
3.9%  as  the  number  of  incorrect  matches  divided  by  the  total  number  of  correct  
identifications with the identity matches removed. 

Further, to show the sensitivity of the search, the library included a total of 2,716 MS/MS 
spectra. Of which, 2,428 library spectra matched to the identical spectra used to create the 
library. Thus, 288 of the library spectra were not matched because they did not meet the 
minimum number of peaks required to be considered identifiable (6 peaks). Of the 2,428 
library spectra that were deemed identifiable, 2,045 library spectra had at least one replicate 
identification  (Supplementary Fig.  2). This  allows  us  to  estimate  the  sensitivity  of  the 

http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=d1baf70c086e4772923748be2f345e1d


search at 84% by dividing the total number of library spectra that had at least one correct 
non-identity match (2,045 spectra) by the number of library spectra that had an identity 
match (2,428 spectra). 

Note 4. GNPS Dataset Creation and Access

Entire project data sets, irrespective of size and number of data files, can be uploaded,  
managed, analyzed, and shared with the entire community. Each of these public dataset is 
given a unique identifier that can be referenced and linked in journal articles. A variety of  
open file formats (mzXML, mzML, and MGF) as well as several proprietary file formats can 
be  uploaded  to  the  system.  Public  datasets  will  be  made  available  in  their  original 
submission format and in an open format that is compatible with all GNPS tools shortly after 
dataset publication. This process usually takes 48 hours and availability status is shown on 
the dataset page under the heading “Analyze Data”. Since GNPS datasets will be public  
and  compatible  with  GNPS  tools,  public  datasets  can  be  re-analyzed  online.  While 
metadata such as PI and username are required, metadata such as protocols and similar 
details can be provided but are not mandatory (though can be updated in the future). For 
further documentation regarding dataset creation, dataset browsing (including downloading 
data,  online  re-analysis  of  data,  and  viewing  continuous  identification  results),  see  the 
appropriate section in the GNPS online documentation (available at gnps.ucsd.edu under 
documentation). 

Note 5. Public Data Molecular Networks

All  public  NP  datasets  were  clustered1,  producing  consensus  spectra  as  described  in 
Methods – Molecular Network Construction. The molecular networking parameters can 
be found in  Supplementary Table  9.  Exploratory molecular networks were also created 
with  parameters  found  in  Supplementary  Table  8.  For  each  dataset,  the  Identified 
Molecules is the number of consensus spectra matched to a library spectrum by continuous 
identification. The Putative Analog Molecules is the number of consensus spectra that had 
an edge in the molecular network to a library matched consensus spectrum. The Identified 
Networks is the number of consensus spectra that were a part of connected components 
(node count > 1) in the molecular network that had at least one consensus spectrum match 
to a library spectrum. The Unidentified Networks is number of consensus spectra that were 
a part of connected components (node count > 1) in the molecular network that did not have 
any matches to  library spectra.  The Exploratory Networks  is  the  number  of  consensus 
spectra that  were a part  of  connected components (node count  > 1) in the exploratory 
molecular  network  (Fig.  4a).  The  overall  public  data  identification  rate  was  Identified 
Molecules  summed across  all  datasets  divided  the  total  number  of  consensus  spectra 
across all datasets (Fig. 4b). 

Note 6. Continuous Identification Procedure



Each single public GNPS dataset is run through the standard Molecular Networking 
workflow. Parameters can be found in Supplementary Table 9. The clustered set of spectra 
are  then  searched  against  the  GNPS-Collections,  GNPS-Community,  MassBank2, 
ReSpect3,  and  NIST4 libraries  with  the  molecular  library  search  workflow  (see  search 
parameters  at  Supplementary  Table  10).  The  most  current  search  results  are  then 
compared with the previous continuous identifications on a per dataset basis. Any changes 
in matches (New, Different, or Deleted) are reported. Matches for previously unidentified 
spectra are defined as New. Changes in matches of spectra due to annotation updates or a 
better  library  match  are  defined  as  Different.  Spectra  that  previously  had  a  match  but 
currently  do not  due  to  removal  of  library spectra  or  updates  to  library search scoring 
functions are defined as Deleted. These results are reported in two different ways: i) all are 
shown on the GNPS Dataset page under the Continuous Identification section (e.g. link) ii) 
users subscribing to each dataset  are emailed a summary of  changes in identifications 
(Each user receives only one email with all summaries to avoid spamming). An email is only 
when a change or new entry is obtained for a dataset to which a user is subscribed to.

Note 7. Molecular Explorer Creation and Presentation

All Continuous Identification matches are aggregated and grouped by matched compound 
name. The GNPS  Molecular Explorer presents all  matched library compounds and their 
respective occurrences in the public data. Thus, it is possible to easily ask the question in 
which public  datasets  contain  a  certain  molecule.  Further,  since  GNPS also constructs 
molecular networks for public datasets, the molecular explorer also presents occurrences of 
putative  analogs  of  library  compounds.  Supplementary Figure  6  and Supplementary 
Table 5 highlight the amount of diversity of analogs captured by the molecular explorer as 
well as the fraction of this diversity that is already captured by reference spectra in GNPS 
spectral libraries. For further instructions, see the Molecular Explorer section GNPS online 
documentation.

Note 8. Stenothricin-GNPS - Molecular Characterization Workflow

Previous  genomic  investigations  showed  that  Streptomyces  sp.  DSM5940,  a  known 
producer of napsamycin analogs, has 95-99% identity to S. roseosporus NRRL 15998 at the 
protein level of obtained sequences5. Due to the high sequence homology between the two 
strains, we hypothesized that Streptomyces sp. DSM5940 may have the genetic capacity to 
produce  similar  molecules  to  S.  roseosporus  including  daptomycin,  arylomycin,  and 
stenothricin analogs6. To determine if this was indeed the case, we utilized a GNPS based 
molecular networking workflow (Supplementary Fig. 7). First, we generated a molecular 
network  with  MS/MS  data  from  crude  extracts  of  Streptomyces  sp.  DSM5940  and  S. 
roseosporus.  Dereplication  of  known  metabolites  such  as  those  in  the  napsamycin, 
daptomycin,  arylomycin,  and  stentothricin  molecular  families  allows  for  the  detection  of  
novel analogues. Once a molecule was prioritized, structure elucidation and biosynthetic  
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analysis  was  undertaken,  leading  to  the  characterization  of  previously  unreported 
metabolites.

A molecular network of  Streptomyces  sp. DSM5940 with  S. roseosporus  was generated 
using  GNPS  (parameters  in Supplementary Table  13)  from  n-butanol  and  methanol 
extracts  from cultures  grown on solid  agar  (Supplementary Fig.  8).  We identified four 
molecular networks corresponding to analogs of napsamycin, daptomycin, arylomycin, and 
stenothricin.  Interestingly,  daptomycin  was  only  produced  by  S.  roseosporus 
(Supplementary Fig. 8b) indicating that either Streptomyces sp. DSM5940 does not have 
the daptomycin gene cluster or daptomycin was not produced under our culture conditions. 
For the napsamycin and arylomycin molecular networks, we detected previously reported 
metabolites (Supplementary Fig. 8a,c).  Of particular interest to us was the stenothricin 
molecular network. The MS/MS data from  Streptomyces  sp. DSM5940 created a distinct 
sub-network  connected  to  known  stenothricin  analogs  produced  by  S.  roseosporus 
(Supplementary Fig. 8d). The precursor m/z values for the sub-network were 41 Da less 
than corresponding precursor values for known stenothricin compounds in the network. We 
named  these  five  analogues  stenothricin-GNPS  1-5  (Supplementary Table  12).  The 
molecular networking job can be found here.

Note 9. Stenothricin GNPS 2 Structure Elucidation

We  manually  examined  the  MS/MS  fragmentation  data  of  the  stenothricin-GNPS  sub-
network to verify their relatedness to the stenothricin molecules (Supplementary Fig. 9). 
Members of both the stenothricin molecular network and stenothricin-GNPS sub-network 
had  the  same  MS/MS  sequence  tag  resulting  from  a  McLafferty-type  rearrangement 
corresponding to the amino acid sequence CysA-Dhb-Ser-Dpr-Dhb. To identify the location 
of the 41 Da mass difference, a comparative NMR approach was utilized7.  Stenothricin 
GNPS  2  was  isolated  from  Streptomyces  sp.  DSM5940  and  2-dimensional  NMR  was 
acquired including HSQC, HMBC, dqfCOSY, and TOCSY spectra. These spectra were then 
compared with the original data of stenothricin D using an overlay designed to highlight  
differences  in  the  NMR  data  (Supplementary Fig.  10-14,  Supplementary Table  13). 
Observed differences in the NMR spectra of stenothicin GNPS 2 compared to stenothricin D 
included a lack of Lys related signals, as well as a third Ser spin system suggesting that the 
stenothricin-GNPS sub-network is the result of a Ser substitution for Lys (Fig. 5b). This was 
further  supported  by  targeted  Marfey’s  analysis8,9 where  three  serine  residues  were 
detected (Supplementary Fig. 15).

Note 10. Stenothricin GNPS in silico Biosynthetic Analysis

To further  corroborate  the Lys  to Ser  substitution,  we sequenced the  Streptomyces  sp. 
DSM5940 genome and performed comparative analyses of the stenothricin gene cluster 
families  between  Streptomyces  sp.  DSM5940  and  S.  roseosporus  NRRL  15998 
(Supplementary Fig.  16)10.  Stenothricin  is  a  putative  non-ribosomally  encoded  peptide 
natural product. Comparison of the adenylation domain (A-domain) 10 amino acid specificity 

http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=82a65552624c442093e357a75707e585


codes11,12 between the two gene clusters revealed identical specificity with the exception of 
the eighth A-domain. In  S. roseosporus, the eighth A-domain has a 10 amino acid code 
(DVFESGGVAK)  consistent  with  Lys  activation.  The  corresponding  A-domain  in  the 
Streptomyces  sp.  DSM5940  has  a  Ser  activating  specificity  code  (DVWHVSLVDK)  13. 
Phylogenetic  analysis  of  the  condensation  domains  (C-domains)  of  both  gene  clusters 
suggests  that  stenothricin  GNPS  has  the  same  stereochemistry  as  the  stenothricin 
compounds from S. roseosporus (Supplementary Fig. 17). 

Note 11. Bioactivity of Stenothricin GNPS

Stenothricin D produced by  S. roseosporus has been previously shown to have unique 
antimicrobial activity against both Gram-positive and –negative bacteria in a detergent like 
manner determined by fluorescence microscopy based cytological profiling14. Visualization 
of E. coli lptD and Bacillus subtilis treated with stenothricin D revealed a uniform staining of 
membrane throughout the cells with the membrane stain FM 4-64. The identification and 
purification of stenothricin-GNPS sub-network members (five analogs of varying length of 
the lipid chain,  see  Supplementary Table 12)  allowed for  structure activity relationship 
(SAR) comparison of the Lys to Ser substitution.  B. subtilis  and  E. coli lptD  were treated 

with  stenothricin-GNPS 2/3  (Supplementary Fig.  18).  Even  at  40  g/mL,  stenothricin-
GNPS had no effect on B. subtilis. Stenothricin-GNPS treatment of E. coli lptD cells led to 

decreased viability at 40 g/mL similar to that of stenothricin D at 20 g/mL and led to cell 
permeability as visualized using Sytox green. However, stenothricin-GNPS did not show the 
same uniform membrane staining unique to stenothricin D. This strongly suggests that the 
Lys residue of stenothricin D is critical for its antimicrobial mechanism of action. 
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