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Morphological characteristics of Piper rubro-venosum hort. ex Rodigas bear a close resemblance
to a plant identified as Piper crocatum Ruiz & Pav. in the literature. Hence, this study aimed to
investigate whether both names describe the same species using data-dependent acquisition
(DDA) LC-MS/MS analysis of methanol leaf extracts of P. rubro-venosum in positive and
negative electrospray ionization modes. The data were analyzed using two computational
mass spectrometry methods: spectral libraries search implemented in Global Natural
Product Social (GNPS) molecular networking and molecular structure databases search
implemented in SIRIUS. Classical molecular networking implied that the metabolites giving
rise to two features with the highest intensities in the positive ionization chromatograms had
distinct MS/MS spectra. De novo molecular formula annotations and machine learning
predictions in SIRIUS suggested that both features were sodiated precursor ions of neolignans.
Based on the accurate mass of the precursor ions, the two features were annotated as crocatin A
and B, which are bicyclooctanoid neolignans previously isolated in relatively large amounts from
P. crocatum leaves. Based on the findings, it can be concluded that P. crocatum and P. rubro-

venosum could be two names in the literature used to refer to one species of Piper.
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Our previous study of Piper betle L. variants in
Malaysia has revealed the occurrence of an introduced
species identified as Piper rubro-venosum hort. ex
Rodigas based on high similarity (99.39%) of its
internal transcribed spacer 2 nuclear ribosomal DNA
(ITS2) sequences to that of P. rubro-venosum in Gen-
Bank [1]. Morphological characteristics of the species
depicted in [1] explain its local name, “sirih merah”,
which means red betel leaf, owing to the remarkable
red colouration of the leaf underside. Combination of
this characteristic with silver-pink pattern on the adaxial
surface of the leaf makes “sirih merah” a unique orna-
mental plant [2]. Other than that, in Indonesia, “sirih
merah” leaves are traditionally prepared by infusing a
leaf in hot or warm water. The infusion is consumed
twice daily to help reduce blood sugar levels and prevent
coronary heart diseases [3,4]. The traditional uses of the
plant part have become a basis for further investigations
of its potential use as an anti-hyperglycemic [5-7] and
anti-inflammatory agent [8-11].

The medicinal significance of “sirih merah”
leaves is apparent from their inclusion in the
Indonesian herbal monograph, along with P. betle
leaves and P. cubeba, P. nigrum, and P. retrofractum
fruits [12]. In the monograph, P. crocatum Ruiz &
Pav. is the sole scientific name used to describe “sirih
merah”. From the year 2008 until 2022, the scientific
name is also used in reviews and studies on diverse
functional aspects of “sirih merah” (e.g., botany,
phytochemistry, and pharmacology) [2-20]. The
specific epithet crocatum is a Latin word, which
means saffron yellow (orange-yellow) [21] as in
Tritonia crocata (L.) Ker Gawl. [22]. Hence, the
appropriateness of using crocatum to describe “sirih
merah” is questionable. Moreover, from our
communication (via email) with an Indonesian
researcher who studied the phylogeny of Malesian-
Pacific Piper [23], we were informed that the
identification of “sirih merah” as P. crocatum is
incorrect because P. crocatum is a Neotropical Piper
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(R. Asmarayani, personal communication, March 23,
2021).

Given the inconsistency in scientific naming of
“sirih merah” either as P. rubro-venosum [1,23] or P.
crocatum in the literature [2-20], this study aimed to
assess the similarity of the specialized metabolite
profile of a species previously identified as P. rubro-
venosum [1] with that of P. crocatum in the literature
using computational liquid chromatography tandem
mass spectrometry (LC-MS/MS) methods to annotate
the metabolites. To this end, we hypothesized that if
highly abundant specialized metabolites of P. crocatum
leaves are detected in our leaf samples of P. rubro-
venosum, then P. rubro-venosum and P. crocatum could
be two scientific names referring to one Piper species.

EXPERIMENTAL
Chemicals and Materials

LC-MS grade methanol (0.1 pm filtered, >99.9%
purity) and PTFE syringe filters (13 mm, 0.22 um)
were purchased from Fisher Scientific (Canada) and
Orioner Hightech (Malaysia), respectively. LC-MS
grade water, acetonitrile, and formic acid were
purchased from Merck KGaA (Germany).

Samples and Extracts Preparation

Two (2) variants of leaf samples, i.e., green-underside
leaf (n = 1) and maroon-underside leaf (n = 1) were
collected at 3:30 p.m. on 17" April 2019 from the
same P. rubro-venosum studied in [1]. A voucher
specimen (UKMB404018) was deposited in the
herbarium of Universiti Kebangsaan Malaysia (UKMB).
Collection of plant materials and preparation of
samples and extracts were carried out adapting the
procedures described in [1]. Briefly, the leaf samples
were ground in liquid nitrogen using mortar and pestle
and lyophilized. Next, 30 mg of lyophilized samples
were weighed and sonicated in 1.2 mL LC-MS grade
methanol for 3 min. The supernatant was filtered using
0.22 pum PTFE syringe filters into a 1.5 mL screw top
vial (Agilent Technologies, USA) prior to LC-MS/MS
analysis (see Figure S1).

LC-MS/MS Data Acquisition

The method of LC-MS/MS data acquisition was
adapted from previous studies [24,25] and the
difference in instrumentation and acquisition para-
meters is described as follows. The LC-MS/MS data
were acquired using a Dionex UltiMate 3000 Standard
UHPLC system equipped with photodiode array (PDA)
detector and coupled to an Orbitrap Q-Exactive Focus
mass spectrometer (Thermo Fisher Scientific, USA).
The PDA recorded spectra from 190-600 nm with
resolution 2.0 nm, data acquisition rate 5.0 Hz, and
response time 2.0 s. The instruments were controlled
using Dionex Chromatography Mass Spectrometry
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Link (DCMSH") 2,11 (Thermo Fisher Scientific, USA).

An aliquot of 5 pL extract was injected into an
ACQUITY UPLC BEH C18 column (particle size 1.7
um, pore size 130 A, 2.1 mm x 100 mm; Waters
Corporation, USA) and eluted (0.4 mL/min, 40 °C) with
water (A) and acetonitrile (B), both containing 0.1%
formic acid with the following gradient: 5% B from
0.00-0.45 min, 5-100% B from 0.45-30.05 min,
isocratic at 100% B until 34.27 min, 100%-5% B from
34.27-34.70 min, and isocratic at 5% B until 38.50 min.
Extraction solvent blank (LC-MS grade methanol) was
injected at the beginning of the run sequence and after
every extract injection.

The LC-MS/MS data were acquired in both
positive (+) and negative ionization (—) modes. The ion
source parameters were set as follows: spray voltage 4.0
kV, sheath gas (N.) flow rate 80.5 units, auxiliary gas
flow rate 40.0 units, and capillary temperature 355.0 °C.
The mass spectrometer was operated in Full MS/dd-
MS? Discovery mode with resolution 70,000, scan
range 150-2000 m/z, automatic gain control (AGC)
target 3.0x10°, and maximum injection time 250
ms. The data-dependent MS/MS events were set to
resolution 17,500 FWHM, isolation window 4.0 m/z,
stepped normalized collision energy (NCE) of 15, 30,
and 45, default charge state 1, AGC target 1.0x10°,
minimum AGC target 8.0x103%, maximum injection
time 60 ms, loop scan 3 scans, intensity threshold
1.3x10°%, and dynamic exclusion 3.0 s. Centroid MS and
MS/MS spectra were acquired for all extracts and
blanks. The chromatograms and spectra were visualized
using Qual Browser Thermo Xcalibur 4.0.27.19, MZmine
2 [26], Microsoft Excel for Microsoft 365 (version
2209) 64-bit, Metabolomics Spectrum Identifier Re-
solver (version 6.12) [27], and GNPS Dashboard [28].

Spectral Libraries Search

Searching the experimental positive and negative
ionization MS/MS spectra in spectral libraries was
conducted in the current study as it facilitates
dereplication of known metabolites detected in the
extracts [29]. Xcalibur raw files in .raw format were
converted into feature list files in .mzXML format using
ProteoWizard MSConvert software (version 3.0.21321-
f1d1b0f) [30]. Next, the .mzXML files of the extracts
and extraction solvent blank were uploaded to the
online workflow at GNPS [29,31] via FTP (WinSCP)
to generate classical molecular network (MN), which
was then searched against GNPS spectral libraries.
Mass tolerances for precursor and fragment ion were set
at 0.005 Da. Edges between two nodes were created in
the MN when the alignment score (i.e., cosine score)
between two consensus MS/MS spectra is > 0.8 and the
spectra pair has > 5 matched fragment ions. MS/MS
similarity score threshold and minimum matched
fragment ions for spectral libraries search were set to
0.8 and 5, respectively. The MN was visualized using
Cytoscape (version 3.9.0) [32].
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Molecular Structure Databases Search

Searching in molecular structure databases with MS/
MS spectra was employed in the current study to over-
come the limitation of searching in spectral libraries,
which have a limited number of reference MS/MS
spectra for many metabolites [33]. As a greater number
of high intensity peaks was observed in the positive
ionization base peak chromatograms (BPCs) compared
to the negative ionization BPCs, and these peaks
remained unannotated even after spectral libraries search
in GNPS, only the positive ionization datasets were
searched against molecular structure databases in
SIRIUS 5 [34]. This allows for a more detailed manual
examination of the metabolites annotation executed by
the tools in SIRIUS 5. Firstly, the .raw files of the
extracts were preprocessed in MZmine 2, and the
parameters are described as follows. The noise level for
mass detection of MS level 1 and 2 were set to 1.5x10°
and 0.0, respectively. For ADAP chromatogram builder
[35]: minimum group size in number of scans = 5,
group intensity threshold = 1.3x10%, minimum highest
intensity = 3.0x10%, and scan to scan accuracy = 0.001
m/z or 3.0 ppm. For 13C isotope filter: m/z tolerance =
0.001 m/z or 3.0 ppm, retention time tolerance = 0.1
min, monotonic shape = true, maximum charge = 1,
representative isotope = lowest m/z, never remove
feature with MS2 = true, and original feature list = keep.

Next, the resulting feature list file was converted
to .mgf file with the following parameters: merge
MS/MS = true; merge spectra across samples, m/z
merge mode = weighted average (remove outliers),
intensity merge mode = mean intensity, expected mass
deviation = 0.001 m/z or 3.0 ppm, cosine threshold =
0%, signal count threshold = 0%, isolation window
offset = 0, and isolation window width = 4.0 m/z.
Multiple charge features were excluded from the final
.mgf files. The .mgf files were exported to SIRIUS 5 for
de novo molecular formula annotation using SIRIUS
[36-39] and ZODIAC [40], structure annotation using
CSI:FingerID [33,41-43] and COSMIC [44], and
chemical class prediction using CANOPUS [45,46].
ZODIAC is a network-based algorithm that employs
Gibbs sampling to re-rank molecular formula
annotations by SIRIUS, by considering shared
fragment ions and losses between fragmentation trees
in complete LC-MS/MS datasets [40]. COSMIC is a
workflow that provides a confidence score, which
combines E-value estimation and linear support vector
machines (SVMs) with enforced features’ directionality.
The COSMIC’s confidence score assists the users to
decide whether the first-ranked chemical structures
predicted by CSI:FingerlID are likely correct or
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incorrect [44].

The parameters for SIRIUS, ZODIAC, and
CSl:FingerID are described as follows. For SIRIUS:
filter by isotope pattern = false, MS/MS isotope scorer
= ignore, MS2 mass accuracy = 5 ppm, candidates
stored = 10, minimum candidates per ion stored = 1,
possible ionizations = [M+H]*, [M+K]*, and [M+Na]*,
use heuristic above 300 m/z, and use heuristic only
above 650 m/z. For ZODIAC: considered candidates
300 m/z = 10, considered candidates 800 m/z = 15, use
2-step approach = true, edge threshold = 0.95, minimum
local connections = 10, and Gibbs sampling = 20,000
iterations, 2,000 burn-in, and 10 separate runs. For
CSI:FingerlD: all listed fallback adducts were included
except [M+C,HsOS+H]* with score threshold = true
and all non in silico molecular structure databases were
selected (all databases in SIRIUS 5 were selected
except the EcoCyc Mine, KEGG Mine, and YMDB
Mine). Lastly, the outputs of SIRIUS, CSI:FingerID, and
CANOPUS were manually examined and selected
chemical structure candidates were searched in the
naturaL. prOducTs occUrrence databaSe (LOTUS) to
assess for their occurrence in other plant species [47].

RESULTS AND DISCUSSION
Spectral Libraries Search

Compared to the negative ionization BPCs, a greater
number of high intensity peaks (intensities higher than
2x10°) was observed in the positive ionization BPCs
of green- (15 peaks) and maroon-underside (13 peaks)
P. rubro-venosum leaf extracts (Figure 1). The highest
base peak intensities were recorded at retention times
11.64 (peak 1) and 14.47 min (peak 2). Zoomed-in
view of the BPCs is shown in Figures S2 and S3.
Metabolites that fulfilled the criteria of cosine
similarity of at least 0.8 and minimum 5 matched
fragment ions within the allowed mass tolerance of
0.005 Da with the reference MS/MS spectra in GNPS
are listed in Table 1 (see Table S1 for a more detailed
view of the MS/MS spectra).

Despite the successful annotations of 31 LC-
MS/MS features in Table 1, peak 1 and 2 remained
unannotated, indicating the probable absence of
reference MS/MS spectra of the corresponding
metabolites from the GNPS spectral libraries.
Nevertheless, the MN nodes representing metabolites
1 and 2 are connected to at most one other unannotated
node, signifying that both metabolites might belong to
chemical class/es different from those listed in Table
1 (Figure S4).
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Figure 1. Positive and negative ionization LC-MS BPCs of Piper rubro-venosum methanolic green- and
maroon-underside leaf extracts and methanol. Base peaks at 11.64 and 14.47 min are labelled as peaks 1 and 2,
respectively. Overlaid and zoomed-in BPCs are shown in Figures S2 and S3.

The absence of an edge that connects the MN
nodes of metabolites 1 and 2 in Figure S4 denotes
modified cosine similarity of less than 0.8 between
consensus MS/MS spectrum of each node. A
fundamental concept behind molecular networking of
LC-MS/MS data in GNPS is that two structurally
related molecules (e.g., same chemical class) share
fragment ion patterns when subjected to conventional
collision-induced dissociation (CID)-based fragmentation.
Using MS-Cluster algorithm in the GNPS, the raw
MS/MS spectra are aligned to each other and spectra
with highly similar fragment ion patterns are collapsed
into an MN node, which is described by a
representative consensus MS/MS spectrum [29]. The
consensus spectrum is computationally generated
from the highly similar raw MS/MS spectra after a
series of spectra merging, intensity normalization, and
scaling (i.e., natural logarithm of fragment ion peak’s
normalized intensity to minimize domination of high
intensity fragment ion peaks in the spectrum on the
outcome of spectral similarity computation), and peak
filtering [48].

The assumption that metabolites 1 and 2 belong
to two different chemical classes because their
consensus MS/MS spectra are different does not
necessarily hold because previous investigation
showed that with respect to the chemical space of

spectral libraries and structure databases, the MS/MS
spectra of four chemical classes, i.e., alkaloids, lignans,
organic polymers, and hydrocarbon derivatives did not
have characteristic fragment ion patterns to define the
aglycone and/or unique substructure moiety, and their
interpretation was not trivial [49]. Therefore, no
connecting edge between the MN nodes of metabolites
1 and 2 remains possible if both metabolites belong to
one these four chemical classes.

De novo Molecular Formula Annotation

Based on SIRIUS output shown in Table 2, the LC-
MS features corresponding to metabolites 1 and 2 were
annotated as sodiated precursor ions [M+Na]*. The first-
ranked molecular formulas for both metabolites (i.e.,
metabolite 1: C23H3007, metabolite 2: CosH320s) were
accepted as the correct molecular formulas as their
SIRIUS and ZODIAC scores were much higher than
the second- and third-ranked molecular formulas (see
Figures S5 and S6 for computed fragmentation trees
of both metabolites and fragment ion peaks explained
by the trees). The acceptance of Cz3H3007 and CasHz2 Os
as the correct molecular formulas for metabolites 1
and 2 was supported by the occurrence of protonated
adduct and sodiated dimers and trimers of the meta-
bolites with m/z error less than 5.0 ppm (see Figures
S7 and S8 for the corresponding MS/MS spectra).

40
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Table 1. List of metabolites annotated via spectral libraries search in GNPS.

RT _ Molecular M(z error  No. shared Modified
. Metabolite Adduct M/z in Da MS/MS cosine
(min) formula . . I
(in ppm) peaks similarity
0.62  Raffinose C1sH32016 [M+Na]* 527.158  0.001 (1.85) 6 0.94
0.65  Adenosine C10H13N504 [M+H]* 268.100 0.004 (14.91) 5 0.94
0.67  5'-Deoxy-5'-(methylsulfinyl)adenosine  Ci1HisNs04S [M+H]* 314.090 0.001 (3.21) 5 0.86
0.69  Sucrose C12H2011 [M-H] 341.108  0.001 (2.95) 8 0.97
0.70  Raffinose CisH32016 [M-H] 503.162  0.000 (0.00) 10 0.97
1.05  Citric acid CesHsO7 [M-H] 191.020  0.001 (5.27) 6 0.96
3.10  Syringin C17H2409 [M+Na]*  395.131  0.001 (2.47) 6 0.82
4.29  3-[3,4-Dihydroxy-6-(hydroxymethyl)- C27H30017 [M-H] 625.141  0.001 (1.66) 7 0.87
5-[3,4,5-trihydroxy-6-
(hydroxymethyl)oxan-2-ylJoxyoxan-2-
yl]Joxy-2-(3,4-dihydroxyphenyl)-5,7-
dihydroxychromen-4-one
430 Luteolin-6-C-glucoside C21H20011 [M-H] 447.093  0.001 (2.25) 10 0.89
4.61  Luteolin-8-C-glucoside C21H20011 [M+H]* 449.108  0.000 (0.00) 12 0.96
470 (2R,3S,4S,5R,6R)-2-[[(2S,3R,4R)-3,4- Ci9H28010 [M-H] 415161  0.000 (0.00) 10 0.94
Dihydroxy-4-(hydroxymethyl)oxolan-
2-ylJoxymethyl]-6-(2-
phenylethoxy)oxane-3,4,5-triol
4.75  Quercetin-3-O-vicianoside Ca6H28016 [M-H] 595.130  0.001 (1.64) 9 0.95
4.80  Vitexin-2"-O-rhamnoside C27H30014 [M-H]~ 577.156  0.001 (1.69) 13 0.91
4.98  Quercetin-3-O-rutinoside C27H3001s6 [M-H]- 609.146  0.001 (1.60) 12 0.96
5.13  Quercetin-3-O-glucoside C21H20012 [M-H] 463.088  0.001 (2.11) 11 0.95
5.14  Apigenin-8-C-glucoside C21H20010 [M-H]-  431.098 0.001 (2.34) 11 0.96
5.14  Apigenin-8-C-glucoside-2'- C27H30014 [M+H]*  579.172  0.001 (1.69) 14 0.95
rhamnoside
5.28  Quercetin-3-O-rutinoside C27H30016 [M+Na]*  633.143  0.001 (1.54) 10 0.88
529  Quercetin-3-O-rutinoside C27H3001s6 [M+H]* 611.161  0.000 (0.00) 12 0.96
533  3-[(2S,3R,4S,55,6R)-4,5-Dihydroxy-6-  CasH25015 [M-H] 579.136  0.000 (0.00) 7 0.80
(hydroxymethyl)-3-[(2S,3R,4S,5R)-
3,4,5-trihydroxyoxan-2-ylJoxyoxan-2-
ylJoxy-5,7-dihydroxy-2-(4-
hydroxyphenyl)chromen-4-one
5.58  Kaempferol-3-O-rutinoside C27H30015 [M-H]-  593.151  0.001 (1.65) 9 0.96
5.81  Kaempferol-3-O-glucoside C21H20011 [M—H]-  447.093  0.001 (2.25) 9 0.91
5.97  Isorhamnetin-3-O-glucoside Ca2H22012 [M-H]~ 477.104  0.000 (0.00) 7 0.92
10.55 Rhamnetin Ci6H1207 [M-H] 315.051  0.001 (3.20) 8 0.88
16.67 1-(9Z,12Z-Octadecadienoyl)-2- C2sHsoNO7P [M-H] 564.329  0.002 (3.57) 5 0.89
hydroxy-sn-glycero-3-phosphocholine
16.78 lSS—Hydroxy—QZ,llE,lSZ— C18H3003 [M+H7H20]+ 0.000 (000)
octadecatrienoic acid 277.216 8 0.87
17.77 1-Hexadecanoyl-sn-glycero-3- CasHa9012P [M-H]~ 571.294  0.004 (7.05) 8 0.80
phospho-(1'-myo-inositol)
28.42 1,2-Di-(92Z,12Z,15Z-octadecatrienoyl)-  CasH76NOgP [M+H]* 778.54 0.003 (3.84) 6 0.96
sn-glycero-3-phosphocholine
28.45 2,3-Dihydroxypropyl (92,12Z,157)- Co1H30s  [M+H-H,O]* 335.258  0.001 (3.00) 6 0.85
octadeca-9,12,15-trienoate
32.38 Pyropheophytin a Cs3H72N403 [M+H]* 813.567  0.001 (1.28) 6 0.80
33.57 Pheophytina Cs5H74N40s [M+H]* 871571  0.001(1.19) 8 0.81

*MS/MS peaks shared between the experimental and reference spectra. The URLSs for a more detailed view of the

shared MS/MS peaks are listed in Table S1.
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Table 2. SIRIUS output of molecular formulas annotation of metabolites 1 and 2 in the positive ionization BPCs
of Piper rubro-venosum methanolic leaf extracts.

Explained Total
Rank l\;lolecular Adduct ZODIAC SIRIUS Tree fragment explained
ormula score score score . i .
ion peaks intensity
Metabolite 1 (RT 11.64 min, m/z 441.1874)
1 C23H3007 [M+Na]* 100.00% 99.53% 8.48 547 34.17%
2 Ci19H25NgOs [M+Na]* 0.00% 0.13% 1.81 1/47 0.75%
3 C17H31N4O6P [M+Na]* 0.00% 0.09% 1.50 3147 3.24%
Metabolite 2 (RT 14.47 min, m/z 483.1979)
1 C25H3208 [M+Na]* 99.75% 98.22% 43.16 20/52 32.98%
2 C21H25N606 [M+Na]* 0.25% 1.66% 39.08 22/52 34.69%
3 C17H36N2010S [M+Na]* 0.00% 0.06% 35.68 23/52 36.72%

Molecular Structure Databases and Literature
Search

First-ranked chemical structure candidates of meta-
bolites 1 and 2 predicted using multiple kernels
(similarity measures) machine learning and support
vector machines (SVMs) behind CSI:FingerlID are
depicted in Figure 2. CSI:FingerID predicted 8,4'-
oxyneolignan rhaphidecursinol B (C23H3007) as meta-
bolite 1 and (+)-7-acetylraphidecursinol B (C25H320s)
as metabolite 2, of which both are present in CSI:
FingerlD training data and several molecular structure
databases, e.g., COlleCtion of Open NatUral producTs
(COCONUT) [50], KNApSaCK [51], and Super Natural
Il [52]. The CSI:FingerID prediction suggested that
the mass difference of 42.0106 Da between meta-
bolites 1 and 2 was indicative of metabolite 2 being
the acetate ester of metabolite 1.

The blue highlight in Figure 2 marks the
substructures that are well-predicted to be present in
the unknown query metabolite and the chemical
structure candidate, whereas the numbers in percent
are Tanimoto similarity scores between the predicted
molecular fingerprint of the unknown query meta-
bolite and the molecular fingerprint of the chemical
structure candidate. Basing the reliability of CSI:Finger
ID prediction on the Tanimoto similarity scores (76.86%
and 71.23%) and the substructures annotation (blue
highlight) in Figure 2 implied that rhaphidecursinol B
and (+)-7-acetylraphidecursinol B were probably the
correct chemical structure candidates. However,

~

1 76.86% 1

COSMIC’s confidence scores of both candidates
were found to be close to zero (0.08 and 0.23), thus
signifying that the annotations of metabolites 1 and 2
as rhaphidecursinol B and (+)-7-acetylraphidecursinol
B are likely incorrect. Low COSMIC’s confidence
scores are also suggestive that the metabolites are
absent from spectral libraries and chemical structure
databases [44]. Meanwhile, chemical class prediction
by CANOPUS hinted that both metabolites belong to
the neolignans.

In evaluating the correctness of prediction by
CSI:FingerlID, the confidence score of COSMIC and
chemical class prediction by CANOPUS were utilized
in combination with the Tanimoto similarity and the
corresponding substructures annotation. The Tanimoto
similarity is one the four best scores [53] used to
compare molecular fingerprints because it is easy to
use and computationally efficient [54,55]. Nonetheless, a
Tanimoto score of 1 does not necessarily mean that two
compounds are identical because it only means that
the compounds have identical molecular fingerprints
[56]. It is not advisable to use the Tanimoto similarity
score in case of highly similar chemical structures
(e.g., constitutional isomers) because it is not designed
to accurately measure such high similarity [44]. For
this reason, the utilization of Tanimoto similarity
alone was regarded as inadequate [57] and was
complemented with COSMIC’s confidence score and
CANOPUS. CANOPUS uses deep neural network
(DNN) to assign ClassyFire compound class [45] to
the features detected in an LC-MS/MS dataset [46].

71.23%

Figure 2. First-ranked chemical structure candidates of metabolites 1 (left) and 2 (right) predicted by
CSI:FingerID.
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Incorrect prediction by CSl:FingerID did not
posit that the molecular formulas and fragmentation
trees computation by SIRIUS were also incorrect. The
supervised machine learning model of CSI:FingerID
performs particularly well when reference MS/MS
spectrum of a query metabolite is present in its training
data. Poor performance of CSI:FingerlID in predicting
the chemical structures of certain metabolites was
reported, which might be due to unusual fragmentation
patterns of the metabolites or unusual instrument settings
[34]. In the analysis of metabolites in complex matrices
using LC-MS/MS, there is also the possibility of
obtaining chimeric fragmentation spectra. Chimeric
fragmentation spectrum is generated when compounds
are simultaneously fragmented in the same MS/MS
experiment. This is problematic especially in
computational mass spectrometry because it hinders
correct metabolite annotation when the chimeric
fragmentation spectrum is not properly deconvoluted
[58]. On the other hand, by design, SIRIUS is different
from supervised machine learning as molecular
structure databases are not used to train the method,;
they are merely used to estimate its hyperparameters
of priors (e.g., priors of the fragmentation tree’s root,
edges, and size). Hence, unlike CSI:FingerlD,
computations by SIRIUS do not depend on spectral or
structural databases as all theoretically possible
molecular formulas are considered [39].

The information obtained after MN in GNPS
and structure elucidation in SIRIUS can be summarised
as follows: metabolites 1 and 2 are two neolignans of
a species of Piper that are absent from spectral libraries
and molecular structure databases, with molecular
formulas C23H3007(418.1992 Da) for metabolite 1 and
CasH3205 (460.2097 Da) for metabolite 2, where meta-
bolite 2 is the acetate ester of metabolite 1. These
descriptions and UV absorption maxima (Amax) Of both
metabolites, i.e., 268 nm for metabolite 1 and 266 nm
for metabolite 2 (Figure 3) were found to be close to
those reported for crocatin B (264 nm) and A (256 nm)
in methanol [15].

Crocatin A and B are guianin-type bicyclo
[3.2.1]octanoid neolignans previously isolated in

Shedding Light on Piper’s Identity via
Computational Mass Spectrometry

relatively large amount from the ethyl acetate fraction
of P. crocatum crude methanolic leaf extract; 3.2 g
crocatin B and 6.8 g crocatin A were isolated from
120.0 g crude extract obtained from 1.1 kg dried
leaves [15]. Crocatin B was also isolated from the
water fraction of P. crocatum crude methanolic leaf
extract; 0.1 g crocatin B isolated from 400.0 g crude
extract obtained from 2.6 kg dried leaves [17]. Several
other bicyclo[3.2.1]octanoid neolignans have been
isolated from different Piper species, mainly from P.
puberulum (Benth.) Maxim. and P. kadsura (Choisy)
Ohwi, of which nine are guianin-type and five are
macrophyllin-type [59]. In contrast to crocatin A and
B, none of the fourteen neolignans possesses 3,4,5-
trimethoxyphenyl moiety attached to C-7 position of
the bicyclo[3.2.1]octanoid system, thus suggesting the
occurrence of both metabolites in P. crocatum (or P.
rubro-venosum) leaves is species-specific.

To check for species specificity of crocatin A
and B, 2D chemical structures (disregarding the
stereochemical configuration in Figure 3) of both
metabolites were searched against the LOTUS
database. The search result revealed that at present,
both metabolites were absent from the database
and two stereoisomers of crocatin A and B, namely
(1R,5S,6S, 7R,8S)-8-hydroxy-1,3-dimethoxy-6-methyl-
5-(prop-2-en-1-yl)-7-(3,4,5-trimethoxyphenyl)-bicyclo
[3.2.1]oct-3-en-2-one and its acetate ester (1S,5R,6R,
75,85)-3,5-dimethoxy-7-methyl-4-oxo-1-(prop-2-en-1-
yl)-6-(3,4,5- trimethoxy-phenyl)bicyclo-[3.2.1]oct-2-en-
8-yl acetate have been isolated only from a plant
species in the family Lauraceae Juss (order Laurales).,
i.e., Licaria brasiliensis (Nees) Kosterm. trunk [60].
With respect to the phylogeny of angiosperms, plants in
the order Laurales are genetically more similar to
those in the order Piperales than the other orders
(with the exception of Canellales and Magnoliales)
[61]. There-fore, the occurrence of crocatin A and
B can be considered as specific to P. crocatum (or
P. rubro-venosum) leaves. This is in contrast with
quercetin that is abundant in the plant kingdom and
currently a chemical marker in the pharmacognostical
analysis of P. crocatum leaves [12].
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Figure 3. UV absorption spectra of metabolites 1 (left) and 2 (right), annotated as crocatin B and A,
respectively.
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CONCLUSION

Combination of LC-MS/MS and computational MS
methods in the current study has facilitated the
dereplication of two guianin-type bicyclo[3.2.1]
octanoid neolignans known as crocatin A and B in two
P. rubro-venosum leaf variants, thus supporting our
hypothesis P. rubro-venosum and P. crocatum could
be two scientific names in the literature used to refer
to one species of Piper. Other than that, the findings
have provided information regarding gas phase
chemistry of crocatin A and B; using the LC-MS/MS
conditions in the current study, both metabolites
showed higher tendency to form sodiated monomers
and dimers rather than other positive ionization mode
adducts and despite being the acetate ester of crocatin
B, the fragmentation spectrum of sodiated monomer
of crocatin A was found to be highly dissimilar to that
of sodiated monomer of crocatin B to the point of their
fragmentation spectra being represented as two
separate nodes in the GNPS molecular network. The
annotation of crocatin A and B in our P. rubro-
venosum leaf samples may serve as an impetus for
revision and standardization of the scientific name of
this valuable species.
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Table S1. URLSs for a more detailed view of the MS/MS peaks shared between the experimental and reference

spectra.
Metabolite Adduct URL
Raffinose [M+Na]* https://bit.ly/Prubropositivel
Adenosine [M+H]* https://bit.ly/Prubropositive2
5'-Deoxy-5'-(methylsulfinyl)adenosine [M+H]* https://bit.ly/Prubropositive3
Sucrose [M-H] https://bit.ly/Prubronegativel
Raffinose [M-H]~ https://bit.ly/Prubronegative2
Citric acid [M-H]~ https://bit.ly/Prubronegative3
Syringin [M+Na]* https://bit.ly/Prubropositive4

3-[3,4-Dihydroxy-6-(hydroxymethyl)-5-[3,4,5-trihydroxy-6- [M-H]~
(hydroxymethyl)oxan-2-ylJoxyoxan-2-ylJoxy-2-(3,4-
dihydroxyphenyl)-5,7-dihydroxychromen-4-one

Luteolin-6-C-glucoside [M-H]
Luteolin-8-C-glucoside [M+H]*
(2R,3S,4S,5R,6R)-2-[[(2S,3R,4R)-3,4-Dihydroxy-4- [M-H]
(hydroxymethyl)oxolan-2-ylJoxymethyl]-6-(2-
phenylethoxy)oxane-3,4,5-triol

Quercetin-3-0O-vicianoside [M-H]
Vitexin-2"-O-rhamnoside [M-H]
Quercetin-3-O-rutinoside [M-H]
Quercetin-3-O-glucoside [M-H]~
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Figure S1. Filtered (0.22 pm) Piper rubro-venosum methanolic leaf extracts and LC-MS grade methanol
(extraction solvent blank). Left: maroon-underside P. rubro-venosum methanolic leaf extract, middle: green-
underside P. rubro-venosum methanolic leaf extract and right: methanol.
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Figure S2. Overlaid and zoomed-in positive ionization LC-MS BPCs of Piper rubro-venosum methanolic leaf
extracts and methanol.
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Figure S3. Overlaid and zoomed-in negative ionization LC-MS BPCs of Piper rubro-venosum methanolic leaf
extracts and methanol.
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Figure S4. Nodes of metabolites 1 and 2 (node ID 1174 and 1379) in the classical molecular network (MN) of

positive ionization BPC of Piper rubro-venosum methanolic leaf extracts. Blue and rose colours in the nodes

represent green-underside and maroon-underside leaf, respectively. Cytoscape session files for full view of the
MN are available at https://bit.ly/Prubropositive (for positive ionization BPC) and https://bit.ly/Prubronegative
(for negative ionization BPC).
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Figure S5. Pre-processed positive ionization fragmentation spectrum of metabolite 1 (top) and best
fragmentation tree (bottom) that explains six (6) ion peaks (in green) in the fragmentation spectrum. M/z error
range of explained ion peaks: -3.9-0.7 ppm.
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Figure S6. Pre-processed positive ionization fragmentation spectrum of metabolite 2 (top) and best
fragmentation tree (bottom) that explains 21 ion peaks (in green) in the fragmentation spectrum. M/z error range
of explained ion peaks: -2.7-5.1 ppm.
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Figure S7. Raw positive ionization MS/MS spectra of protonated adduct, sodiated monomer, dimer, and trimer
of metabolite 1 in P. rubro-venosum methanolic leaf extract.
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Figure S8. Raw positive ionization MS/MS spectra of protonated adduct, sodiated monomer, dimer, and trimer
of metabolite 2 in P. rubro-venosum methanolic leaf extract.



