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ABSTRACT: Dereplication represents a key step for rapidly identifying known secondary metabolites in complex biologi-
cal matrices. In this context, Liquid-Chromatography coupled to High Resolution Mass Spectrometry (LC-HRMS) is in-
creasingly used and, via untargeted data-dependent MS/MS experiments, massive amount of detailed information on the 
chemical composition of crude extracts can be generated. An efficient exploitation of such datasets requires automated 
data treatment and access to dedicated fragmentation databases. Various novel bioinformatics approaches such as Mo-
lecular Networking (MN) and in-silico fragmentation tools have emerged recently and provide new perspective for early 
metabolite identification in Natural Product (NP) research. Here we propose an innovative dereplication strategy based 
on the combination of MN with an extensive in-silico MS/MS fragmentation database of NPs. Using two case studies we 
demonstrate that this combined approach offers a powerful tool to navigate through the chemistry of complex NPs ex-
tracts, dereplicate metabolites and annotate analogues of database entries. 

In Natural Products (NPs) research, crude extracts of 
various origin (e.g. plants, marine organisms and micro-
organisms) containing thousands of metabolites have to 
be characterized, either as part of bioactivity guided 
isolation studies for drug discovery purposes or in the 
frame of metabolomics investigation for biomarker iden-
tification. Isolation and de novo structural elucidation of 
NPs is a tedious task and should ideally only be per-
formed for new metabolites to avoid the costly re-
isolation process of known molecules.1 Unambiguous 
metabolite identification thus represents one of the 
major bottlenecks in metabolomics studies and in NPs 
chemistry.2 The rapid identification of known metabo-
lites by comparison of experimental spectral data to 

databases is referred to as dereplication. This dereplica-
tion process is now mandatory to efficiently guide the 
isolation of only valuable NPs or biomarkers within their 
complex biological matrices.3 Notable improvements in 
metabolite profiling methods have been mainly related 
to the introduction of ultra-high performance liquid 
chromatography (UHPLC) with sub-2 µm particles col-
umns and to the development of benchtop high-
resolution mass spectrometry (HRMS) detectors. De-
tailed information of the chemical composition of crude 
natural extracts can now be efficiently obtained.4 High-
resolution MS data, when used in combination with 
orthogonal heuristic filters, such as isotopic pattern 
distribution, is able to lead to the correct molecular 

Page 1 of 10

ACS Paragon Plus Environment

Analytical Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

 Figure 1: Conceptual scheme of Molecular Network 
(MN)-based dereplication using the In-Silico MS/MS 
DataBase (ISDB). Crude extracts are profiled and untar-
geted MS/MS data are acquired (A). Parent ions are or-
ganized as MN according to their MS/MS data (B). The 
spectral library search (C) can be made in two different 
modes. Individual nodes are dereplicated against the 
ISDB using the parent ion mass as pre-filter and the 
MS/MS data (D, also illustrated in Fig. 2). Alternatively, 
individual nodes can be dereplicated against the ISDB in 
a modification tolerant spectral library search called 
variable dereplication (E, also illustrated in Fig. 3). By a 
simple right click, dereplication results are directly visu-
alized as chemical structures on top of dereplicated 
nodes in the MN (F). 
 
formula of the analytes in many cases.5,6 Nevertheless, 
even with the correct molecular formula, isomers can not 
be resolved and additional spectral information are then 
needed in order to discriminate between the potential 
candidates. Tandem MS/MS offers structural insights by 
breaking the analyzed ion into fragment ions and meas-
uring their m/z ratio. Tandem MS/MS data is thus more 
discriminant in a dereplication process than the parent 
mass alone.7 However the manual inspection of individ-
ual MS/MS spectra is a tedious task and the complexity 
and amount of data generated by LC-MS/MS analysis of 
complex extracts makes automated methods preferable. 

  

Recently, various bioinformatics approaches have been 
developed to organize or interpret large sets of MS/MS 
fragmentation data. For example solutions such as 
MAGMa (MS Annotation based on in silico Generated 
Metabolites) allow matching of multistage fragmenta-
tion data (MSn) against candidate molecules substruc-
tures and were successfully applied on complex NPs ex-
tracts.8,9 Among these new approaches, Molecular Net-
working (MN) is a particularly effective one to organize 
MS/MS fragmentation spectra. MN compares all MS/MS 
spectra in a given extract or a set of extracts and groups 
them according to their similarity via the establishment 
of a modified cosine score.10 Since the MS/MS spectra is 
linked to the chemical structure of the fragmented me-
tabolites, MN is able to group molecules according to 
their structural similarities. This approach thus provides 
new ways to navigate in the metabolome of biological 
samples by providing key information on analogies 
among the detected metabolites.11 Besides it’s ability to 
classify MS/MS data, MN has been shown to be a useful 
tool for dereplication12 and various applications of MN in 
NPs chemistry have been reported in the last years.13–16 

Two strong advantages of the MN-based dereplication 
strategy can be highlighted when comparing it to derep-
lication based on MS1 data only. The first advantage con-
sists in the pooling of ions according to their structural 
similarity. This structural grouping thus helps with as-
sessing the relevance of the dereplication hit within a 
cluster. Indeed, if a dereplicated node belongs to a par-
ticular structural type, it may help identifying its neigh-
bors in the network by giving to similar scaffolds a better 
score than to unrelated ones. Thus, annotations can be 
propagated trough connected nodes.17 The second ad-
vantage offered by MN-based dereplication is the possi-
bility to search for structural analogues. Since the spec-
tral matching stage allows shifts in the parent mass as 
well as searching for common neutral losses, molecules 
with different parent masses but with similar fragmenta-
tion patterns can be connected. Analogues can be linked 
during the MN generation but also during the dereplica-
tion process. This variable dereplication is a radically 
new way to characterize the chemistry of complex ex-
tracts and may be regarded as a paradigm-changing tool 
for the NPs chemist. When using MS1-based approaches, 
only isomers of entries of the database can be dereplicat-
ed. With a variable dereplication approach, it is the 
whole chemical space surrounding these entries that can 
be mapped, and unknown entities can be putatively 
identified or at least highlighted.  

Despite these advantages, MN-based dereplication, 
which is dependent upon comparison with tandem 
MS/MS data, is currently limited by the size of available 
fragmentation data libraries. Existing MS/MS libraries 
include MassBank18, Metlin19, ReSpect20, NIST21 and the 
GNPS-Community libraries.22 All together, these librar-
ies represent less than 20 000 individual compounds for 
which experimental MS/MS data are searchable.23
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Figure 2: Cluster corresponding to compounds of the SWF (schweinfurthin) family observed in the MN of EtOAc ex-

tract of various Macaranga species. Match with the ISDB was made using the parent ion mass as filter (D in Fig.1) 

 

This number is however, by far, not comparable to the 
actual number of described NPs which is estimated to 
be greater than 200 000.24 Thus, in-silico fragmentation 
approaches have been envisioned as a possible way to 
overcome the limit set by the low number of experi-
mental MS/MS data. Various methods for in-silico frag-
mentation exist and their applications in NPs chemistry 
have been reviewed in 2014.25 Integration of an in-silico 
fragmentation database of a specific chemical class (li-
pids) in a dereplication workflow has been successfully 
developed by Fiehn’s lab and is available on an online 
platform: LipidBlast.23 Recently, two innovative strate-
gies based on in-silico fragmentation approaches have 
been published. CSI:FingerID computes a fragmentation 
tree to explain the MS/MS spectrum of an unknown 
molecule and further predict the molecular fingerprint 
of this compound. This fingerprint can then be searched 
within vast chemical databases such a PubChem.26 An-
other interesting solution is the MCID MS/MS search 
program which allows the user to search experimental 
MS/MS data against an in-silico fragmented database of 
8021 human metabolites and their predicted metabolic 
products.27 CSI:FingerID presented improved scores 
against other benchmarked tools but has the current 
limitation of processing MS/MS spectra one at a time.28 
The MCID MS/MS tool offers a batch mode but the 
searchable database is limited to human metabolites.  

In this work we describe an alternative approach al-
lowing to search experimental MS/MS spectra in a batch 
mode against an extensive database constituted by the 
in-silico data of >220 000 NPs, thus representing a >10 
fold increase regarding the actual total number of spec-
tra present in all experimental MS/MS databases.23 The 
dereplication process allows annotation of all nodes 
with positive hits in the database and direct visualiza-
tion of the results as structures within the MN. By com-
bining MN, an extensive In-Silico MS/MS DataBase 
(ISDB) and chemical structure visualization we propose 
a comprehensive dereplication pipeline based on Free, 
open-source tools as well as an accessible database for 
maximal availability to the community. A proof of prin-
ciple with two case studies, a plant and a fungal strain 
extracts, using two complementary dereplication modes 
is presented.  

EXPERIMENTAL SECTION: 

Molecular Networking: Molecular networks were 
created using the online workflow at GNPS 
(http://gnps.ucsd.edu). The data were then clustered 
with MS-Cluster with a parent mass tolerance of 0.8 Da 
and a MS/MS fragment ion tolerance of 0.5 Da to create 
consensus spectra. Further, consensus spectra that con-
tained less than 2 spectra were discarded. A network 
was then created, where edges were filtered to have a 
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Figure 3: Cluster corresponding to analogues of SuberoylAnilide Hydroxamic Acid (SAHA) observed in the MN of 

crude extract of a Penicillium species treated with the epigenetic modificator. Match with the ISDB was made in variable 
dereplication mode with a 200 Da shift tolerance 

cosine score above 0.7 and more than 6 matched peaks. 
Further edges between two nodes were kept in the net-
work if, and only if, each of the nodes appeared in each 
other's respective top 10 most similar nodes. The spectra 
in the network were then searched against the ISDB 
spectral library. ChemViz 1.3 plugin (freely available at 
http://www.cgl.ucsf.edu/cytoscape/chemViz/) was used 
to display the structure of the dereplication hits directly 
within Cytoscape 2.8. 

Mass Spectrometry Analysis: Chromatographic sep-
aration was performed on a Thermo Dionex Ultimate 
3000 UHPLC system interfaced to a Q-Exactive Plus 
mass spectrometer (Thermo Scientific, Bremen, Germa-
ny), using a heated electrospray ionization (HESI-II) 
source. The LC conditions were as follows: column: 
Waters BEH C18 100x2.1 mm i.d., 1.7 µm; mobile phase: 
(A) water with 0.1% formic acid; (B) acetonitrile with 
0.1% formic acid; flow rate: 600 μL/min; injection vol-
ume: 1 µL; gradient: linear gradient of 2%–98% B over 8 
min. In positive ion mode, diisooctyl phthalate C24H38O4 
[M+H]+ ion (m/z 391.28429) was used as internal lock 
mass. The optimized HESI-II parameters were the fol-
lowing: source voltage: 4.0 kV (pos), sheath gas flow rate 
(N2): 50 units; auxiliary gas flow rate: 12 units; spare gas 
flow rate: 2.5; capillary temperature: 266.25 °C (pos), S-
Lens RF Level: 50. The mass analyzer was calibrated 
using a mixture of caffeine, methionine-arginine-
phenylalanine-alanine-acetate (MRFA), sodium dodecyl 
sulfate, sodium taurocholate and Ultramark 1621 in an 
acetonitrile/methanol/water solution containing 1% acid 
by direct injection. The data-dependent MS/MS events 

were performed on the 5 most intense ions detected in 
full scan MS (Top5 experiment). The MS/MS isolation 
window width was 1 m/z, and the stepped normalized 
collision energy (NCE) was set to 20 – 35 – 50 units. In 
data-dependent MS/MS experiments, full scans were 
acquired at a resolution of 35 000 FWHM (at m/z 200) 
and MS/MS scans at 17 500 FWHM both with a maxi-
mum injection time of 50 ms. After being acquired in 
MS/MS scan, parent ions were placed in a dynamic ex-
clusion list for 3.0 seconds. 

 

Generation of the in-silico fragmentation databases 
(ISDB) and library search: The generation of the ISDB 
was achieved using SMILES input from the commercial 
Dictionary of Natural Products (DNP v. 24, (http:// 
dnp.chemnetbase.com/)). Permanently charged com-
pounds were removed and the input resulted in a 221 771 
entries database. The in-silico fragmentation tool used 
for the generation of the ISDB is CFM-ID v. 1.10 (freely 
available at http://sourceforge.net/projects/cfm-id/).29 
The cfm-predict module was used with the default pre-
trained Combined-Energy model. The probability 
threshold was set to 0.001 and no post-processing was 
applied. The generated spectra of protonated species at 
low, medium and high energy were merged and con-
verted to .mgf files. The input file was split in 455 files of 
500 entries and jobs were parallelized on a HPC cluster. 
The computations were performed at University of Ge-
neva on the Baobab cluster.30 The library search was 
achieved using the open-source tool Tremolo31 freely 
available at: 
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http://proteomics.ucsd.edu/Software/Tremolo/. When 
using parent mass (PM) as filter the PM tolerance was 
set to 0.005 Da. In variable dereplication mode it was set 
to 200 Da. The similarity score threshold was set at 0.2. 

Since DNP is a commercial product, the generated ISDB 
cannot be distributed here. In order to generate a freely 
accessible DB, another ISDB using input from the Uni-
versal Natural Products Database UNPD (a free DB 
available at http://pkuxxj.pku.edu.cn/UNPD/) was gen-
erated.32 After removing duplicates and permanently 
charged compounds a total of 170 602 compounds were 
fragmented using the same parameters as above. The 
resulting UNPD-ISDB is available at 
http://oolonek.github.io/ISDB/. 

 

Isolation and de novo structural elucidation of se-
lected metabolites: Details and protocols used are 
provided in SI. 

 

RESULTS & DISCUSSION: 

 

A comprehensive DB of MS/MS in-silico spectra of NPs 
was generated using the Dictionary of Natural Products 
(DNP) as structural input. After filtering permanently 
charged compounds (for instance, quaternary nitrogen), 
221 771 compounds were conserved. The theoretical 
MS/MS spectrum of each NP structure was then calcu-
lated using an open-source tool that proposes a proba-
bilistic generative model for the ESI-MS/MS fragmenta-
tion process (CFM-ID). This tool was chosen for various 
reasons. First, when benchmarked against existing state-
of-the-art in-silico fragmentation methods (MetFrag and 
FingerID), using multiple data sets, CFM-ID was previ-
ously shown to significantly outperform them.29 Anoth-
er advantage of using CFM-ID is that the calculations 
are done once for all structures and saved in the data-
base thus eliminating the need for further computations 
during the dereplication process.26 Finally, the computa-
tion process can be parallelized, allowing in our case the 
full in-silico fragmentation of the 221 771 structures in 
less than 12 hours. 

Metabolite profiling of selected crude natural extracts 
was performed by UHPLC-HRMS with automated ac-
quisition of MS/MS spectra in a data dependent analysis 
mode. The dereplication strategy then consisted in the 
combination of two pivotal tools: molecular networks 
and an extensive in-silico fragmentation database of NPs 
(ISDB). All acquired MS/MS spectra were processed by 
molecular networking and nodes of the network were 
dereplicated in an automated batch mode against the 
ISDB. The spectral library search was done using the 
parent ion mass as filter or in a modification tolerant 
manner (variable dereplication). The dereplication re-
sults could then be directly visualized as chemical struc-
tures within the networks allowing intuitive navigation 
through the annotated nodes of the analyzed sample.  

In order to evaluate the relevance of the dereplication 
strategy and the pertinence of the results, we applied it 
to two different complex NPs extracts following com-
plementary approaches. 

- In a first case, the ISDB was searched with a strict fil-
ter corresponding to the parent ion mass in order to 
precisely identify nodes of the MN. (See point C in Fig. 1 
and Fig. 2). Here, the strategy was tested to dereplicate 
compounds of a specific chemical class of interest 
(prenylated stilbenes) in various plant species of the 
Macaranga genus and target unknown analogues.  

- In a second case, the ISDB was searched in a modifi-
cation tolerant manner (variable dereplication), allow-
ing spectral match with compounds having different 
parent ion mass but sharing MS/MS spectral similarities. 
(See point E in Fig. 1 and Fig. 3). Here, a crude extract of 
a fungal strain of the Penicillium genus treated with a 
synthetic compound, SuberoylAnilide Hydroxamic Acid 
(SAHA), was dereplicated using this mode in order to 
rapidly highlight exogenous metabolites related to 
SAHA.  

 

Identification of prenylated stilbenes in various 
Macaranga spp. 

Euphorbiaceae of the Macaranga genus are known to 
biosynthesize a particular prenylated stilbene class, 
schweinfurthins (SWF), which display potent anti-
cancer activities.33–36 In order to discover novel deriva-
tives of SWF, we analyzed crude extracts of 21 Macaran-
ga species by UHPLC-HRMS/MS and organized the 
obtained fragmentation data by molecular networking. 
In the generated MN, 142 999 individual MS/MS spectra 
were organized into 2368 nodes forming 361 clusters of 
connected nodes. (See SI Fig S-1). The MN was initially 
dereplicated against the whole ISDB and afterward 
against a subset of the ISDB limited to Euphorbiaceae 
secondary metabolites (3272 compounds) in order to 
refine the dereplication results. The first step of the 
chemical exploration consisted in the identification of 
possible SWF clusters within the full molecular network. 
By browsing the dereplicated structures through the 
network using the chemical visualization plugin, a clus-
ter corresponding to SWF analogues was easily high-
lighted (Fig.2 and SI Fig. S-1). Within this cluster, 12 
members of the SWF family (SWF-A, B, C, D, E, F, G, H, 
I, J, mappain and vedelianin) were dereplicated. Five of 
these SWF, which were previously isolated by us from 
M. tanarius (SWF-E, SWF-F, SWF-G, mappain and 
vedelianin), were co-injected and allowed in each case 
to confirm the identification made by comparison with 
the in-silico database (blue nodes in Fig. 2)  

In parallel, dereplication of the metabolites detected 
by UHPLC-HRMS (positive ion mode) was made based 
on HRMS1 data only in order to compare both ap-
proaches. A peak list was built by reconstructing chro-
matographic peaks for each detected features (specific 
m/z at a specific retention time). All exact masses of the 
peak list were then compared to the exact masses of the 
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compounds reported in the DNP with a mass tolerance 
of ± 3 ppm. In this case, the superiority of tandem 
MS/MS over HRMS1 based dereplication was clearly 
highlighted. For example, for vedelianin (C29H36O6) or 
SWF G (C29H36O5), 10 different isomers exist for each 
molecular formula only within the Euphorbiaceae fami-
ly, and 27 and 28, respectively, within all described NPs 
(according to the DNP). Here, since structural infor-
mation related to fragmentation is taken into account, 
MS/MS based dereplication allowed ranking of the cor-
rect structure first for both metabolites. Mappain 
(C29H36O4) was ranked 1st out of the 4 described isomers 
when using the subset database limited to Euphorbia-
ceae metabolites. When searched against the whole 
ISDB, it was ranked 2nd out of the 15 isomers present in 
the DNP. These examples demonstrate the efficiency of 
the proposed dereplication strategy and also highlight 
the importance of using orthogonal information such as 
chemotaxonomy to take into account plausible biosyn-
thetic routes.37 

Various nodes (smaller grey nodes in Fig. 2) could not 
be identified as known members of the SWF family, but 
their presence within the cluster indicated potential 
novel analogues. One of these metabolites, [M+H]+ ion 
at m/z 463.28 (green node in Fig. 2), could be localized 
in the MS profiles of two Vietnamese Macaranga spe-
cies: M. lowii and M. tanarius. It corresponded to the 
molecular formula C30H38O4 for which 21 isomers are 
present within the whole DNP. None of the in-silico 
MS/MS spectra of these isomers matched with the ex-
perimental spectra of this feature indicating a potential 
novel metabolite. The compound was finally isolated 
from the crude extract of the fruits of M. tanarius. As 
expected, the structural elucidation indicated that the 
molecule is a novel prenylated stilbene, wich corre-
sponded to an O-methylated mappain derivative (struc-
tural elucidation is detailed in SI). According to the 
obtained network, various novel compounds are likely 
to be present in the analyzed Macaranga spp. extracts. 
Their phytochemical study is ongoing and the use of the 
annotated MN and the systematic extraction of their 
corresponding ion traces will help guiding their MS-
targeted isolation. 

 

Identification of SAHA metabolites in the culture 
broth of a Penicillium sp. strain.  

Epigenetic modifiers have been used as chemical trig-
gers of fungal cryptic biosynthetic pathways with suc-
cess in the past few years.38–40 One of the most com-
monly used epigenetic modifiers is the Histone 
DeACetylase (HDAC) inhibitor Suberoyl Anilide Hy-
droxamic Acid (SAHA). In order to explore the biosyn-
thetic potential of Penicillium vulpinum it was grown for 
15 days in SAHA supplemented Potato Dextrose Broth 
(PDB) media versus a standard PDB media. The culture 
broths of 6 replicates were extracted and analyzed by 
UHPLC-HRMS/MS. HRMS1 data of the control and 
SAHA-treated crude extracts were compared by statisti-

cal analysis. Several features were found to be only pre-
sent in the SAHA-treated cultures indicating the possi-
ble activation of a previously silent biosynthetic path-
way. In order to gain insight on the chemical identity of 
these features, MN were generated on SAHA treated and 
control fungal culture extracts. The features differential-
ly detected by the statistical analysis were found to be 
present in a common MN cluster (Fig. 3 and SI Fig. S-2). 
An ion at m/z 265.1 corresponding to the protonated 
form of SAHA was observed within this cluster. In order 
to check if all features in this cluster were structurally 
related to SAHA, its in-silico fragmentation data was 
added to the ISDB. In this case, since the objective was 
to identify all possible analogues of a precise metabolite 
(SAHA), the library search was run in the variable 
dereplication mode allowing for a ±200 Da mass shift 
between the parent ion mass and the database mass. 
More than 60% of the nodes of this particular cluster 
were annotated as structural analogues of SAHA. Mass-
targeted isolation of three ions at m/z 496.2, 264.15 and 
356.18 (yellow squares in Fig. 3) indeed resulted in the 
isolation of SAHA derivatives. Compound I (octanedioic 
acid phenylamide(7-phenylcarbamoyl-heptanoyloxy)-
amide) and II (methyl suberanilate) are synthetic com-
pounds that have been previously described.41,42 Com-
pound I is described as a prodrug of SAHA presenting 
HDAC inhibiting activity as well as increased aqueous 
solubility and cellular permeability compared to SAHA.41 
Compound III (3-hydroxybenzyl 8-oxo-8-(phenyl-
amino)octanoate) is a novel molecule and is likely gen-
erated by the condensation of SAHA with 3-
hydroxybenzyl alcohol, a metabolite described in Peni-
cillium vulpinum.43 Whether this condensation is enzy-
matically catalyzed or merely results from the intrinsic 
reactivity of the SAHA hydroxamate moiety with 3-
hydroxybenzyl alcohol remains to be elucidated. The 
observation of numerous nodes related to SAHA (Fig. 3) 
indicated its important reactivity in the culture media. 
The HDAC inhibition activity described41

 for com-
pounds such as I also indicates that the epigenetic mod-
ifying effects observed in SAHA-treated fungal cultures 
44–47 might be due to a mixture of HDAC inhibiting 
compounds rather than attributed to SAHA only. In our 
case, the use of the variable dereplication mode against 
the ISDB incremented with in-silico fragmentation data 
of SAHA allowed to annotate a large range of features 
structurally related to SAHA. In the search for novel 
induced compounds in response to epigenetic modifica-
tions such a tool can thus be efficiently used to differen-
tiate compounds related to the modifier itself from 
those that might be induced.  

The usefulness of the dereplication strategy could thus 
be illustrated by these two cases. A step-by-step detailed 
workflow describing how to annotate MN nodes by 
spectral matching against the ISDB and visualize the 
results as chemical structures within the network is 
provided in the Supporting Information. A version of 
the ISDB based on the freely available Universal Natural 
Products Database32 (UNPD-ISDB) as well as a script, 
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allowing to easily launch the spectral search and gener-
ate the Cytoscape output files for results visualization, 
are also provided as additional material. 

CONCLUSION 

 

The proposed dereplication workflow is generic and 
based on a combination of Free, open-source tools al-
lowing availability and further improvements. By in-
creasing the number of individual MS/MS spectra (> 10 
fold compared to all currently available experimental 
MS/MS spectra), the generated ISDB drastically expands 
the chemical space searchable by tandem MS/MS based 
dereplication. 

The two complementary case studies described in this 
work highlight the interest of the ISDB to efficiently 
annotate nodes within a MN. Nevertheless, it is im-
portant to keep in mind that matches against in-silico 
fragmentation data have to be taken with caution and 
will not replace comparison against spectra of standards 
acquired under the same ionization and fragmentation 
conditions. However, the combination with MN pro-
vides increased confidence in the annotation process by 
efficiently displaying the structural relationship between 
metabolites. Thus, combined with chemical structure 
visualization within the network, the in-silico fragmen-
tation of an extensive NPs database offers a powerful 
tool to explore and proceed to the early annotation of 
complex mixtures of secondary metabolites. It is ex-
pected that integration of such ISDBs in a specific 
dereplication workflow of online MN platforms such as 
GNPS22 would be helpful for automated annotation of 
generated networks and usefully complement the exist-
ing experimental databases.  

Various aspects of this combined MN-ISDB dereplica-
tion approach could be improved in the future to fur-
ther increase the confidence in metabolite identifica-
tion. Besides the development of novel in-silico frag-
mentation tools, experimental MS/MS data acquisition 
parameters should be optimized to maximize structural 
information. All efforts in this direction as well as im-
provements in the score ranking of candidates would be 
welcomed. Usage of orthogonal information such as 
integration of phylogenetic data in this ranking process 
could be an interesting development.  

Another exciting possibility is the creation of in-silico 

fragmentation libraries of hypothetical metabolites8,48, 
for which, by definition, no experimental spectra can be 
acquired. By combining in-silico metabolization37,49 and 
in-silico fragmentation, the searchable chemical space of 
actual databases could be exponentially increased. For 
example, generation of MS/MS fragmentation libraries 
of in-silico predicted polyketide-synthase metabolites50,51 
could be an effective analytical approach to target novel 
NPs scaffolds in microorganisms and effectively com-
plement genome-mining strategies. The availability of 
such bioinformatics tools should open brand new per-
spectives in NPs research. 

ASSOCIATED CONTENT  

Supporting Information 

The full molecular networks of Macaranga spp. and Penicil-
lium sp. extracts, cultivation conditions, isolation details 
and NMR data of all isolated compounds are presented in 
the Supporting Information. This material is available free 
of charge via the Internet at http://pubs.acs.org. The full 
UNPD-ISDB, scripts to launch spectral search and generate 
ouput files for results visualization and a detailed step-by-
step workflow are available at 
http://oolonek.github.io/ISDB/. 
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