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Supplementary Figures
Supplementary Figure 1. Step-by-step screenshots of feature detection through mzmine

(a) Run mzmine.

M MZmine 390 (m]

Project  Raw data methods  Feature detection  Feature list methods ~ Visualization ~ Tools  Processing wizard ~ Windows  Help

MZmine 3

When using MZmine, please cite the corresponding paper:
Robin Schmid, Steffen Heuckeroth, Ansgar Korf et al. Integrative analysis of multimodal mass spectrometry data in MZmine 3. Nature

Biotechnology (2023), doi:10.1038/541587-023-01690-2.

MS data files Feature lists Libraries ‘Welcome to MZmine 3 X Tasks X

Check out the MZmine documentation and playlists on YouTube:
https://mzmine.org/documentation and feel free to contribute to the MZmine code or documentation.

Got ideas for MZmine?
Head over to GitHub or reach out to join our MZmine slack to discuss ideas and start becoming a contributor.

Getting started

1. Set preferences

Before starting data processing you can configure MZmine 3 according to your preferences. Go to Project / Set preferences to set the value
formats, color palette, chart parameters, and other settings. We recommend setting a temporary file folder to an SSD drive with enough
space. Go to Project / Set preferences / Temporary file directory. (Requires a restart to take effect)

2. Batch wizard - Easy workflow setup

The processing wizard (found in the main menu) facilitates setting up a basic LC-MS or LC-IMS-MS data processing workflow. The major
steps including data import, spectral processing, and feature finding are set up based on a few parameters leading to an optional export to
feature-based maolecular networking (FBMN) or lon Identity Molecular Networking (IIMN) on GNPS and compound annotation by SIRIUS.
Important: The wizard does not replace optimization of feature finding. Refer to the MZmine docs.

An updated version is available: MZmine 4.4.3. Please download the newest version from: https://mzmine.org ik S680/g606 MB free
(b) Import converted data (mzML).
M MZmine 3.9.0 - o X
Project _ Feature detection  Feature list methods ~ Visualization ~ Tools  Processingwizard ~Windows  Help
Raw data export  » ML
Raw data filtering » imzML
Mass detection > 1o
File merging b Eaevy
e m I n e
aird
Thermo RAW
Waters RAW ne, please cite the corresponding paper:
Bruker TDF fen Heuckeroth, Ansgar Korf et al. Integrative analysis of multimodal mass spectrometry data in MZmine 3. Nature
13), di:10.1038/541587-023-01690-2.
Bruker TSF
ZIP [ gzip mine documentation and playlists on YouTube:
Import spectral libraries \/documentation and feel free to contribute to the MZmine code or documentation.

Spectral library to feature list

f0in?
line?

e 1b or reach out to join our MZmine slack to discuss ideas and start becoming a contributor.

Getting started

1. Set preferences

Before starting data processing you can configure MZmine 3 according to your preferences. Go to Project / Set preferences to set the value
formats, color palette, chart parameters, and other settings. We recommend setting a temporary file folder to an SSD drive with enough
space. Go to Project / Set preferences / Temporary file directory. (Requires a restart to take effect)

2. Batch wizard - Easy workflow setup

The processing wizard (found in the main menu) facilitates setting up a basic LC-MS or LC-IMS-MS data processing workflow. The major
steps including data import, spectral processing, and feature finding are set up based on a few parameters leading to an optional export to
feature-based molecular networking (FBMN) or lon Identity Molecular Networking (IIMN) on GNPS and compound annotation by SIRIUS.
Important: The wizard does not replace optimization of feature finding. Refer to the MZmine docs.

An updated version is available: MZmine 4.4.3. Please download the newest version from: https://mzmine.org

o tasks 7628/9666 MB free
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(c) Click ‘Processing wizard’.

Al MZmine 390 = o X
Project Rawdatamethods' Feature defection Featirelistmethods  Visualization Tools _ Windows  Help

MS dta fles Fstre o Lbrrcs Welcome to Mzmine 3 X Task x Procesingvizand ClsW.

MZmine 3

When using MZmine, please cite the corresponding paper:
Robin Schmid, Steffen Heuckeroth, Ansgar Korf et al. Integrative analysis of multimodal mass spectrometry data in MZmine 3. Nature
Biotechnology (2023), doi:10.1038/541587-023-01690-2.

Check out the MZmine documentation and playlists on YouTube:
https://mzmine.org/documentation and feel free to contribute to the MZmine code or documentation.

Got ideas for MZmine?
Head over to GitHub or reach out to join our MZmine slack to discuss ideas and start becoming a contributor.

Getting started

1. Set preferences

Before starting data processing you can configure MZmine 3 according to your preferences. Go to Project / Set preferences to set the value
formats, color palette, chart parameters, and other settings. We recommend setting a temporary file folder to an SSD drive with enough
space. Go to Project / Set preferences / Temporary file directory. (Requires a restart to take effect)

2. Batch wizard - Easy workflow setup

The processing wizard (found in the main menu) facilitates setting up a basic LC-MS or LC-IMS-MS data processing workflow. The major
steps including data import, spectral processing, and feature finding are set up based on a few parameters leading to an optional export to
feature-based molecular networking (FBMN) or lon Identity Molecular Networking (IIMN) on GNPS and compound annotation by SIRIUS.
Important: The wizard does not replace optimization of feature finding. Refer to the MZmine docs.

[7:4919 AM: Setting parameters for module Import MS data o tasks 545/9696 MB free

(d) Set parameters in ‘HPLC’, ‘QTOF’, ‘Filters’, ‘Annotation’, and ‘DDA’. Basic explanation of
parameters in Table S1. After setting, click ‘Create batch’.

Welcome to MZmine 3 X Tasks X Processing Wizard X

HPLC > - ~ - QTOF ~ - DDA - = Create batch  Save presets  Load presets  Local presets

DDA

Data HPLC QTOF Filters Annotation DDA

Smoothing v

Stable ionization across samples v/

Crop retention time 0.50 - | 6o.00 min. Auto range
Max peaks in chromatogram 15

Minimum consecutive scans 4

Approximate feature FWHM 0.100 absolute (min) -

RT tolerance (intra-sample) 0.080 absolute (min)

RT tolerance (sample-to-sample) ~ 0.400 absolute (min)  ~
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(e) Set detailed parameter for each step (not necessary). Click ‘OK’ to process feature
detection.

A
Modules Batch queue

¥ Project I/O Mass detection
Open project Mass detection
Save project ADAP Chromatogram Builder
Save project as Smoothing

v Project Local minimum feature resolver
Clear project 13C isotope filter (formerly: isotope grouper)

v Project metadata Isotopic peaks finder
Project metadata import Join aligner

v Spectral data Feature list rows filter

v Raw data import > Peak finder (multithreaded)
Import MS data « Duplicate peak filter
Bruker TDF file import Correlation grouping (metaCorrelate)

Baichlqucue mzML file import via jmzml Ion identity networking
iMZML file import MS/MS spectral networking (Molecular networking)
mzData file import Export spectral networks to graphml (FBMN/IIMN)
mzML file import via MSDK Export molecular networking files (e.g., GNPS, FBM}
mzXML file import Export for SIRIUS
netCDF file import Export all annotations to CSV file
Thermo RAW file import
Waters RAW file import
ZIP/gZIP file import . CE—— 5
Import spectral library ~
® Search Set parameters Clear
Load Save  Load last...
Intermediate feature lists REMOVE v Apply to batch

> Advanced

Check Cancel Help

(f) Confirm the files with “.mgf’ and ‘,csv’ from mzmine.

250115_annotations.csv 1KB
250115_iimn_gnps.mgf 1,898KB
250115_iimn_gnps_edges_msannotation.csv 1,504KB
250115_iimn_gnps_quant.csv 2,634KB
250115_mzmine_networking_fomn.graphml 2,310KB

250115_mzmine_networking_iimn.graphml 35,764KB

250115_sirius.mgf 16,185KB
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Supplementary Figure 2. Basic form of metadata for GNPS.

Metadata in Excel has the following format. Subsequently, it is used by copying and pasting the
content into a notepad file with the “.txt’ extension. Each row represents individual files, while the
columns indicate the categories of data to be written. Metadata sample download link: https://ccms-
ucsd.github.io/GNPSDocumentation/metadata/ ‘Barebones Metadata’ part.

(a) Excel form of metadata.

Filename ATTRIBUTE SampleType ATTRIBUTE SampleType2 ATTRIBUTE Time ATTRIBUTE animal
s200525_Rat_Blank_01.mzXML  Blank Invitro 4h Rat
5200525_Rat_Blank_02.mzXML  Blank Invitro 4h Rat
5200525 _Rat_Blank_03.mzXML  Blank Invitro 4h Rat
5200525_Rat_4h_01.mzXML sample Invitro 4h Rat
5200525 _Rat_4h_02 mzXML sample Invitro 4h Rat
5200525_Rat_4h_03 mzXML sample Invitro 4h Rat
5200525_Mou_Blank_01.mzXML Blank Invitro 4h Mouse
s200525_Mou_Blank_02.mzXML Blank Invitro 4h Mouse
5200525_Mou_Blank_03.mzXML Blank Invitro 4h Mouse
5200525_Mou_4h_01.mzXML sample Invitro 4h Mouse
s200525_Mou_4h_02.mzXML sample Invitro 4h Mouse
5200525_Mou_4h_03 mzXML sample Invitro 4h Mouse
5190401_R2_30_01.mzXML sample Invivo 0.5h Rat
5190401_R2_1h_01.mzXML sample Invive 1h Rat
5190401_R2_2h_01.mzXML sample Invivo 2h Rat
5190401_R2_4h_01.mzXML sample Invivo 4h Rat
5190401_R2_48h_01.mzXML Blank Invivo 48h Rat
5190401_R1_30_01.mzXML sample Invivo 0.5h Rat
5190401 _R1_1h_01.mzXML sample Invivo 1h Rat
5190401_R1_2h_01.mzXML sample Invivo 2h Rat
5190401_R1_4h_01.mzXML sample Invivo 4h Rat
5190401_R1_48h_01.mzXML Blank Invivo 48h Rat
5190401_M3_30_01.mzXML sample Invivo 0.5h Mouse

(b) Notepad file with “.txt’ form of metadata.

Filename  ATTRIBUTE_SampleType ATTRIBUTE_SampleType2 ATTRIBUTE_Time ATTRIBUTE_animal
s200525_Rat_Blank_01.mzXMLBlank Invitro 4h  Rat
s200525_Rat_Blank_02.mzXMLBlank Invitro 4h  Rat
s200525_Rat_Blank_03.mzXMLBlank Invitro 4h  Rat
s200525_Rat_4h_01.mzXML sample Invitro 4h  Rat
s200525_Rat_4h_02.mzXML sample Invitro 4h  Rat
s200525_Rat_4h_03.mzXML sample Invitro 4h  Rat
5200525_Mou_Blank_01.mzXML Blank Invitro 4h  Mouse
5200525 _Mou_Blank_02.mzXML Blank Invitro 4h  Mouse
s200525_Mou_Blank_03.mzXML Blank Invitro 4h  Mouse
5200525_Mou_4h_01.mzXML sample Invitro 4h  Mouse
5200525_Mou_4h_02.mzXML sample Invitro 4h  Mouse
5200525_Mou_4h_03.mzXML sample Invitro 4h  Mouse
s190401_R2_30_01.mzXML  sample Invivo0.5h Rat
s190401_R2_1h_01.mzXML  sample Invivolh  Rat
$190401_R2_2h_01.mzXML  sample Invivo2h  Rat
5190401_R2_4h_01.mzXML  sample Invivo4h  Rat
s190401_R2_48h_01.mzXML Blank Inviva48h Rat
s190401_R1_30_01.mzXML  sample Invivo0.5h Rat
s190401_R1_1h_01.mzXML  sample Invivolh  Rat
$190401_R1_2h_01.mzXML  sample Invivo2zh  Rat
s190401_R1_4h_01.mzXML  sample Invivo4h  Rat
5190401 _R1_48h_01.mzXML Blank Invivo48h Rat
5190401_M3_30_01.mzXML  sample Invivo0.5h Mouse
5190401_M3_1h_01.mzXML sample Invivolh  Mouse
401_M3_2h_01.mzXML sample Invivo2zh  Mouse
90401_M3_4h_01.mzXML  sample Invivo4h  Mouse
5190401_M3_48h_01.mzXML Blank Inviva48h Mouse
$190401_M2_30_01.mzXML  sample Invivo0.5h Mouse
5190401_M2_1h_01.mzXML sample Invivolh  Mouse
5190401_M2_2h_01.mzXML sample Invivo2zh  Mouse
5190401_M2_4h_01.mzXML sample Invivo4h  Mouse
5190401_M2_48h_01.mzXML Blank Invivo48h Mouse
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Supplementary Figure 3. Step-by-step screenshots of Workflow #2, quantitative analysis,
at website (https://plotter.gnps2.org/).

(a) Fill USI.

GNPS2 Data Selection
. Copy Link |

GNPS2 Quant Table US| mzdata:GNPS2:TASK-ea60c0d127ef41c4b2f1a3dbfbE5563f:nf_output/networking/network.graphml

GNPS2 Metadata Table USI  mzdata:GNPS2:TASK-eab0c0d127et41cdb2f1a3dbibb65563f:nf_output/networking/network.graphml

(b) Fill node ID.

Data Filtering

Feature ID

Filter Metadata Column -

Filter Metadata Value -

(c) Set parameters.

Plot Configuration

Metaclata Column ATTRIBUTE_IngExp -
. % Human_Ch | x Human_30min | % Human_1h | % |Human_2h
Group Selection X v
% | Human_4h

Facet Column e -

Animation Column (Alpha) C -

Color Column -

Color Selection e -
Theme ggplot2 X v

Plot Type box X v

Plot Export Format | SVG -

Show Plot Points

Log Axis
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(d) Box plot.
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Supplementary Figure 4. Step-by-step screenshots of Workflow #3, Metabolite structure
prediction.

(a) Make metabolites list by Biotransformer 3.0.

BioTransforme:

etatirmes serves o
vty a0 V3RO

o§ TMIC Zmsrss: | Sarss
Metabolism Prediction

1. Select a Metabolic Transformation [hein?] CYP450 Mode [heip?]

Phass | (CYP450) Transformation -

2. Select an Input Type: JENI=RN OR | Upioad SDF File

C=CO(=CHISt

Combined

siklanafil COCC1=NMIC2=CIN=CINGZ=0) OINACCNIGEA)CIOGEC

3. Number of Reaction lterations to Calculate”: 3 -

Submit

Upload Example 1 (CYP450) Upload Example 2 (EC-Basad) Upioad Example 3 (Phasa 11 Upload Example 4 (Gut) Upload Exampla & (Environment) Upload Example B (All Human)
Uplaad Example 7 {SuparBio) [ Upload Examp
A | 8 | ¢ | b | E | F | G | H | v | 3 | kK | L | M | N | o | P | o | R | s
1 |ResultID BTMR_ID Metabolite Synonyms PUBCHEN InChl InChiKey SMILES  Molecular Major_IsotALogP  Biosystem Enzyme(s) Reaction Precursor_ Precursor_Precursor_ Precursor_Precursor,
2: 1 BTMR0941BT00001 InChi=15/InChliKey=CCC(C1=F C22H30NE 490.1998 2.0882 Human  CYP1A2; CEAWAG R sildenafil InChi=15/InChlKey=CCCC1=N 27687
3 2 BTMR0042BT00002 Desethyl € 1.36E+08 InChl=1S/ InChiKey=CCCC1=MNC20H26NE 446.1736 21689 Human  CYP1A2; CN-Hydroxysildenafil InChl=15/InChlKey=CCCC1=N  2.7687
4| 3 BTMR0042BT00003  acetaldehy 177 InChl=15/ InChiKey=CC=0 C2H40 4402621  -0.1825 Human  CYP1A2; CN-Hydroxysildenafil InChi=15/InChiKey=CCCC1=N 2.7687
5: 4 BTMR114€BT00004  Sildenafil 1.36E+08 InChl=15/InChlKey=CCCC1=NC22H30N¢ 490.1998 23636 Human  CYP1A2; CN-Dealkyl:sildenafil InChl=15/InChiKey=CCCC1=N  2.7687
6 5 BTMRI031BT00005 N-Desmet 1.35E+08 InChi=1S/InChiKey=CCCC1=MNC21H28NE 460.1892 22328 Human  CYP1A2; C1-Naphthesildenafil InChi=1S/InChlKey=CCCC1=N 27687
7: 6 BTMR135£BT00006 InChi=15/InChlKey=CC(CC1=F C22H30NE 490.1998 1.5993 Human  CYP1A2; CHydrolysis sildenafil InChi=15/InChiKey=CCCC1=N 2.7687
8 | 7 BTMR134¢BT00007 InChl=15/InChlKey=CCCC1=NC22H30NE 490.1998 2429 Human  CYP1A2; CHydrolytic sildenafil InChi=15/InChIKey=CCCC1=N  2.7687
9 8 BTMR134¢€ BT00008 InChi=13/InChlKey=CCCC1=NC22H30NE 490.1998 2429 Human  CYP1A2; CHydrolytic sildenafil InChi=15/InChlKey=CCCC1=N  2.7687
|0: 9 BTMR1317BT00009 SCHEMBL. 1.36E+08 InChl=15/InChlIKey=C(CCC1=F C22H30MNE 490.1998 1.543 Human  CYP1AZ; CN-Glucurcsildenafil InChi=15/InChlKey=CCCC1=N  2.7687
11 10 BTMR1317BT00010 InChl=1S/InChlKey=CCCC1=NC22H30NE 490.1998 1.8805 Human  CYP1A2; CN-Glucurcsildenafil InChl=1S/InChlKey=CCCC1=N 27687
|2: 11 BTMR050Z BT00011 InChi=15/InChiKey=C=CCC1=C22H28NE 472.1892 2378 Human  CYP1AZ; C7-OH-Sulf sildenafil InChi=15/InChIKey=CCCC1=N 2.7687
13 | 12 BTMR1077BT00012 InChl=15/InChlKey=CCCC1=NC22H30NE 490.1998 2.0408 Human  CYP3A4 Hydroxylaisildenafil InChi=15/InChiKey=CCCC1=N  2.7687
14 13 BTMR1292BT00013  Pyrazole M 1.36E+08 InChl=1S/ InChiKey=CCCC1=NC21H28NE 460.1893 25628 Human  CYP2D6; Clsoflavano sildenafil InChi=15/InChlKey=CCCC1=N 27687
|5: 14 BTMR1292BT00014 formaldeh 712 InChi=15/InChlKey=0=C CH20 3001056  -0.8841 Human  CYP2C9; Clsoflavano sildenafil InChi=15/InChiKey=CCCC1=N 27687
16 15 BTMR007¢ BT00015 InChl=15/InChlKey=CCC(C1=I C22H28NE 488.1841 21983 Human  CYP1A2; COxidation InChlKey=InChl=15/InChlKey=CCC(C1=!  2.0882
17 | 16 BTMR0052BT00016 InChi=15/InChiKey=CCC(C1=F C20H26NE 462.1685 14884 Human  CYP1A2; CO-Dealkyl InChiKey=InChi=15/ InChIKey=CCC(C1= 2.0882
H{ 17 BTMRO052BT00003  acetaldehy 177 InChi=15/InChlKey=CC=0 C2H40 4402621 -0.1825 Human  CYP1A2; C O-Dealkyl InChlKey=InChl=15/InChIKey=CCC(C1=I  2.0882
19 18 BTMR109¢ BT00017 InChi=1S/InChiKey=CCC(C1=F C22H30NE 506.1947 1.6831 Human  CYP1A2; CN-OxidaticInChlKey=InChl=1S/InChlKey=CCC(C1=!  2.0882
20: 19 BTMR928<BT00018 InChi=15/InChiKey=CCC(C1=F C21H28NE 476.1841 15523 Human  CYP1A2; CN-Dealkyl InChIKey=InChi=15/InChlKey=CCC(C1=F  2.0882
21 20 BTMR932(BT00019 InChl=15/ InChlKey= CC(C(C1= C22H30NE 506.1947 1.0538 Human  CYP1A2; CHydroxyla'InChiKey=InChl=1S/InChIKey=CCC(C1=F  2.0882
22 21 BTMR107(BT00020 InChi=13/InChlKey=CCC(C1=F C22H30NE 506.1947 1.7485 Human  CYP1A2; CHydroxyla InChiKey=InChi=15/InChlKey=CCC(C1=I  2.0882
23: 22 BTMR107(BT00021 InChi=15/InChliKey=CCC(C1=F C22H30MNE 506.1947 1.7485 Human  CYP1A2; CHydroxyla InChiKey=InChi=15/InChiKey=CCC(C1=I  2.0882
24 23 BTMR928% BT00022 InChl=1S/InChlKey= C(CC(C1= C22H30NE 506.1947 07387 Human  CYP1A2; CHydroxyla InChiKey=InChl=1S/InChlKey=CCC(C1=!  2.0882
25: 24 BTMR928: BT00023 InChi=15/InChiKey=CCC(C1=F C22H30NE 506.1947 1.2 Human  CYP1A2; CHydroxyla' InChIKey=InChi=15/ InChlKey=CCC(C1= 2.0882
26 | 25 BTMR119( BT00024 InChl=15/InChlKey=C=CC(C1-C22H28MNE 488.1841 1.8325 Human  CYP1A2; CTerminal ¢InChiKey=InChi=15/InChlKey=CCC(C1=  2.0882
27 26 BTMR132¢ BT00025 InChi=13/InChlKey=CCC(C1=F C2Z2H30NE 506.1948 13603 Human  CYP3A4  Hydroxyla InChiKey=InChi=15/InChlKey=CCC(C1=I  2.0882
ZEZ 27 BTMR1332BT00026 InChi=15/InChiKey=CCC(C1=F C21H28NE 476.1842 1.8823 Human  CYP2D6; CN-Dealkyl. InChIKey=InChi=15/InChlKey=CCC(C1=I  2.0882
29 28 BTMR109¢ BT00027 InChl=1S/InChlKey=CCCC1=NC20H26NE 462.1685 1.7638 Human  CYP1A2; CN-OxidaticDesethyl SInChl=1S/InChlKey=CCCC1=N  2.168¢
30: 29 BTMR928¢BT00028 InChi=15/InChiKey=CCCC1=NC19H24NE 432.1579 1.633 Human  CYP1AZ2; CN-Dealkyl, Desethyl € InChi=15/InChIKey=CCCC1=N 2.168¢
31 | 30 BTMR932( BT00029 InChl=15/InChlKey=CC{CC1=F C20H26NE 462.1685 0.999499 Human  CYP1A2; CHydroxylai Desethyl SInChi=15/InChiKey=CCCC1=N  2.168¢
32 31 BTMR107(BT00030 InChl=15/InChlKey=CCCC1=NC20H26NE 462.1685 1.8292 Human  CYP1A2; CHydroxyla Desethyl SInChi=15/InChlKey=CCCC1=N  2.168¢
33: 32 BTMR107(BT00031 InChl=15/InChiKey=CCCC1=NC20H26MNE 462.1685 1.8292 Human  CYP1A2; CHydroxyla Desethyl €InChi=15/InChlKey=CCCC1=N  2.168¢
34 33 BTMR928: BT00032 InChl=15/InChiKey= C(CCC1=I C20H26NE 462.1685 0.9432 Human  CYP1A2; CHydroxyla Desethyl SInChl=15/InChlKey=CCCC1=N  2.168¢
35 | 34 BTMR119(BT00033 InChi=15/InChiKey=C=CCC1= C20H24NE 444.1579 1.7782 Human  CYP1A2; CTerminal ¢ Desethyl €InChi=15/InChIKey=CCCC1=N 2.168¢
36: 35 BTMR1037BT00034 InChl=15/InChlKey=CCCC1=NC20H26NE 462.1685 1.9015 Human  CYP1A2; C O-Hydrox) Desethyl SInChi=15/InChlKey=CCCC1=N  2.168¢
37 36 BTMR1332 BT00035 InChl=15/InChlKey=CCCC1=NC19H24NE 432.158 1.963 Human  CYP1A2; CN-Dealkyl Desethyl SInChi=15/InChIKey=CCCC1=N  2.168¢
38: 37 BTMR0862 BT00036  hydron;ace 21980959 InChl=15/InChiKey=CC(=0)0 C2H402  60.02112 -0.2299 Human CYP1A2; CEAWAG_R acetaldehyInChi=1S/InChIKey=CC=0 -0.182¢
39 | 38 BTMR1277BT00037  glycolalde 756 InChi=1S/InChlKey=C(C=0)0O C2H402 60.02112 -0.64109 Human CYP1A2; Calpha-Hyc acetaldehyInChi=15/InChIKey=CC=0 -0.182¢5
40 39 BTMR094:BT00038 ethanol; e 702 InChl=15/ InChiKey=CCO C2H60 46.04186 -0.00919 Human CYP3A4 EAWAG_R acetaldehyInChi=15/InChlKey=CC=0 -0.182¢
41: 40 BTMR932(BT00039 InChi=15/InChliKey=CC(CC1=F C22H30MNE 506.1947 11942 Human  CYP1A2; CHydroxyla Sildenafil InChi=15/InChiKey=CCCC1=N  2.363¢
42 41 BTMR929( BT00040 InChl=15/InChlKey=CCCC1=NC22H30NE 506.1947 20239 Human  CYP1A2; CHydroxyla Sildenafil InChl=1S/InChlKey=CCCC1=N  2.363€
43: 42 BTMR929( BT00041 InChi=15/InChiKey=CCCC1=NC22H30NE 506.1947 2.0239 Human  CYP1A2; CHydroxyla Sildenafil InChi=15/InChlKey=CCCC1=N 2.363€
44 | 43 BTMR1061BT00042 InChl=15/InChlKey=C(CCC1=F C22H30NE 506.1947 11379 Human  CYP1A2; CHydroxylaiSildenafil InChi=15/InChlKey=CCCC1=N  2.363€
45 44 BTMR1067BT00043 InChi=15/InChlKey=CCCC1=NC22H30NE 506.1947 14754 Human  CYP1A2; CHydroxyla Sildenafil InChi=15/InChlKey=CCCC1=N  2.363€
46: 45 BTMR119(BT00044 InChi=15/InChliKey=C=CCC1=C22H28MNE 488.1841 19729 Human  CYP1A2; CTerminal ¢Sildenafil InChi=15/InChiKey=CCCC1=N  2.363¢
a7 46 BTMR132E BT00045 InChl=1S/InChlKey=CCCC1=NC22H30NE 506.1948 1.6357 Human  CYP1A2; CHydroxyla Sildenafil InChl=1S/InChlKey=CCCC1=N  2.363€
a8 | 47 BTMR1332BT00046 InChl=15/InChlKey=CCCC1=N[C21H27N 475.1764 1.8723/Human  |CYP1A2; CN-Dealkyl: Sildenafil InChi=1S/InChIKey=CCCC1=N 2.363€
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(b) Database generation through NPClassifier at http://seriema.fcfrp.usp.br:5002/upload.

Provide a tab separated file with two columns, the first with SMILE strings and t
second with an unique string ID.

Email address: ‘ |

Choose File | Mo file chosen
Choose a tool: | NPClassifier v

Choose a output format:

(c) Upload database file and start the chemwalker.

EHGNPS2
GNPS2 Analysis Hub - Workflow Selection
Show Search
Workflow Hame " Description Version Type Launch
chemmalker st workllon chemasices_nestiow_weekfio 204628 useR ———
. -

(d) Set parameters.

Mandatory parameters

GNPS2. FBIN or GHPS 2 task 1 @)

'y
sion mede
.....
i Seecticn - D8 fie @)
e FRSHREIER) USEF P LOAD xat007/Y15/24071 19/ Chermualer fest o
seect 00 fe ] shovwiice Mana e Sefecion

(e) Submit workflow, download ‘Random walk structures graphml’.
ERGPS2

GNPS2 Analysis Status Page
Descristion  Downstream from Updue Standard Out Logs  Nextflow Report
d5dee033411446058C96219db38e1655 Feature
R Bated Molecular Networking chem, for_human_only

Delete Task Task Tags

Protect Tesk

Public Task

Task Results Links

Download All Results  Browse All Results
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(f) Visualization in cytoscape.
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(g) Go to Modifinder (https://modifinder.gnps2.org) and input USI and SMILES.

@GNPSZ Wang Bicinfarmatics Lab - Modifinder Dashboard
Examples

Input

Known Compound

Modified Compound

USIT  mazspec:GNPS2:TASK: 96219db 5-nf_output/clustering/spectra_reformatted.mgf:s

USI2  mzspec:GNPS2:TASK-d5deed33e1f446058:96213db3Be1655-nf_output/clustering/spectra_reformatted.maf:s
SMILEST  CCCC1=NN(C2=C1N=C(NC2=0)C3=C(C=CC(=C3)5(=0)=0)NACCN{CCHO)0CO)IC

SMILES2  SMILES2 (optional}
Helpers  Helpers' Spectrum IDs (optional)

ppm 10 Adduct | [M+H]1+ -

(h) Confirm the results and curate structures of metabolites.

Prediction

B
[ 0

1
o) 20157 [ u® I
=D o
1 1
SMIUS data was not available
Agnment ofpesis low likelihood high likelihoo
"
-
g L . Al !
§ 1 ‘ . R he oy - L ke N .
e
— - — — — —
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Supplementary Figure 5. Step-by-step screenshots of Workflow #5, Repository search.

(a) In FBMN, click the interested metabolite node and go to ‘View Spectrum USI’.

Molecular Networking Browser

Data Selection

ShowyHide Panels

Network Visualizer ik o i e | Spectrum Details @

Eport PG Bxpori VG +

Cluster 10311

(b) Confirm the spectrum USI and copy it.

Py
(BGNPS
USI Data Selection =m Data Visualization
SpectumUS] | maspecGNPS2TASK 196 12T T9AT041A0L 504555157620t cutgut/clustsring/spect Universal Spectrum Identi matted mqkscon10311 G

SPLASH Identsf

Spectum USI

Ul Adjustment wz Intensity
Selection Size. R

s .o mam a.ex

100,038 o

109,627 .0

s

o
Qe

LX)
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(c) Go to Fast search and fill the spectrum USI.

COGNPS  MassiVE oot Search - Version 08

Data Selection

Spect Usi mzspec:GNPS2:TASK-9e3f27794384140b50d555bde 197ce2-nf_output/clustering/spectra_reformatted. mgf:scan:10311
pectrum

ﬁ
No USI? Click to enter peaks manually,
Library Name ~ massivedata_index v
PM Tolerance (Da) ~ 0.05 Fragment Tolerance (Da)  0.05 Cosine Threshold 0.7
Analog Search  No ~  Delta Mass Below (Da) 130 Delta Mass Above (Da) 200
e
8 Cache

HEDERNA] ?

r—— 5

\ MEVID0087612 2
B MV 75 ¥ 1
- - - - PRA— ' Lroression of kive 3931, 3032,
(e) Confirm the MS/MS data of interested datasets.
-
Spectrum Explaration
Filtered Spectrum Unfiltered Spectrum

Top: f9e3f: /spectra_refori 10311

PBrecursor m /- 48120 Charge
Bottom: mzspeclHSVDD‘gﬂSl!I 0060017(_3’4,!.61,0l,ﬁl!ﬂlscanllll?
ecursor m 2 46120 Charge: 1

toterty
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(f) Confirm the MS data through GNPS LCMS Dashboard by link, ‘View Full Run in GNPS
Dashboard’.

ets Select Other Dataset Files

Data Selection

File Selaction

DB x/C Options

mazspecMSVO000H1981,00017334_RG1_01

GNPS US| NCmz 4612 C Formula  Enter Moloculae Formala fa X

US| View Selection  mespecSVD00081381,000017334_ RG1_01_5150:scan 1427

Toerance (gpm 10 Tolrarce Uit | Da=
Retenvion Tine View/lteguation Umits | Enter AT Window (e 1-2 or 15
ps g Ever GHPS Fle US:
ntegration | AUC + Normalaation Grouping
MS2 Options
MS2 Idenifier e Spec
TIC Options
Comment Qption | TH - Shaw Muliple
LCMS Viewer Options Rendering Options oo v |
w6 - Ste ol white -
Show MS2
e Advanced Panes
Show USILCMS Show Usi2
Mg Map ¢ Option
Show Fiters Feature Findng | Of -

Show Overlay Extras Options

Loading Status.

File Cownload/Conversion

XIC Draning oty

Heatmap Drawing Left sty Heatmap Drawing Right

TIC Daming Left

TIC Drawing Fight

Data Exploration

Details Panel

XIC Plot - Single File
o Avundare
- aree SesiMiscmmcama e "~
I~ 33 s i
s ?
P fmeeman Birsareac@eannt (S .
- : . . . o .,
me . - MS Spectrum Plot - Please select a scan number
3 5 0 3 W 5 T n < =

TIC Plot

XIC Hestmap - XIC 461.2 m/z
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Supplementary Tables

Supplementary Table 1. Feature detection parameters in mzmine ‘Processing wizard’.

Available parameters

| Definition

| Recommended input

HPLC

sample

conditions across all
samples

Smoothing Apply smoothing in the Check
retention time dimension.
Stable ionization across Ensure stable ionization Check

Crop retention time

Crops the RT range of
chromatograms

Setting with ‘Auto range’

Max peaks in
chromatogram

An estimate maximum
number of peaks (same
m/z)

Default ‘15’

Minimum consecutive scans

Minimum number of scan
points with detected data
used in chromatogram
building

More than three.

Approximate feature FWHM

The approximate feature
width in retention time

The settings can vary
depending on the peak
shape. Here, 0.1 min was
used

RT tolerance

RT tolerance for multiple
signals of the same
compound in the same or
different samples

The settings can vary
depending on the shape and
reproducibility between
peaks. In this case, intra-
sample was set to 0.1 min,
and sample-to-sample to 0.2
min

QTOF

lon mode

Polarity of ion mode

Positive or Negative

Noise threshold

Noise level for analysis

Choose appropriately based
on peak sensitivity. Here,
Absolute intensity MS1: 500-
1000, MS2: 50-100 was
selected.

Minimum feature height

Intensity threshold to be
recognized as a feature

Select based on peak
sensitivity. Here, a range of
1000-2000 was chosen

m/z tolerance

The m/z fluctuations of
peaks from one scan to
another within same scans,
samples or different
samples

For GNPS, QTOF m/z
tolerance was set to 0.02
based on their
recommendation (0.02, 10
ppm). For higher resolution,
smaller values can be used
and adjusted as needed.

Filters

Original feature list

Defines the processing

Default 'REMOVE' saves
memory. If errors occur and
you need to identify the
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problematic step, select
'KEEP' to confirm errors

Min samples per aligned
feature

The minimum number of
samples in which a feature
needs to be detected.

This depends on the number
of replicates for the analyzed
data (e.g., 2-3 for triplicates).

Only keep features with 13C

Filter out peaks that have
no feature with a 13C
isotope pattern

Not check

Annotation

Local CSV database

Sections for additional annotation to aid networking
information are available but not used in this study.

DDA
Apply spectral networking Applies FBMN/IIMN by MZmine independently
(FBMN/IIMN) comparing all MS2 spectra | performs FBMN and

provides data for Cytoscape
(.graphml). This is checked
but not utilized.

Export path

Specify the file path for
extracted data as needed

Check and enter
appropriately depending on
the situation (e.qg.,

annotation

C:\Yu\2025\NP\)
Export for molecular Create a “.mgf’ file for Check
networking (e.g. GNPS, FBMN in GNPS
FBMN, IIMN, MetGem)
Export for SIRIUS Generate files for applying | Not check
SIRIUS
Export annotation graphics | Create image files for Not check
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Supplementary Table 2. FBMN parameters in these protocols.

Parameter Value
featurefindingtool MZMINE
fragment_tolerance 0.02
library_analog_search 0
library_min_cosine 0.7
library_min_matched_peaks 6
library_topk 1
min_peak_intensity 0
networking_max_shift 1999
networking_min_cosine 0.5
networking_min_matched_peaks 6
normalization None
pm_tolerance 0.02
precursor_filter Yes/No
window_filter No
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Supplementary Table 3. Metabolite node list in feature-based molecular networking of

comparative metabolism study.

Metabolites m/z Retention time (min)
Sildenafil 475.2161 17.29
M377 377.1309 12.43
M392 392.1482 20.72
M407 407.1552 14.70
M421a 421.1667 5.29
M421b 421.1699 15.37
M422 422.1528 11.34
M433 433.1801 18.51
M435a 435.1828 5.68
M435b 435.1841 11.82
M436 436.1688 21.69
M447 447.1825 9.21
M4493a 449.1986 12.50
M449b 449.1658 20.02
M450 450.1473 23.27
M461a 461.1987 9.24
M461b 461.2011 17.18
M463 463.1786 20.93
M475a 475.1805 23.44
M475b 475.1795 26.67
M477a 477.1941 10.01
M477d 477.1952 24.04
M477e 477.1933 26.14
M491c 491.2104 18.72
M491d 491.1774 21.81
M491e 491.1780 22.40
M493a 493.1907 13.66
M493b 493.1916 19.52
M505a 505.1892 25.56
M509 509.1854 18.07
M513 513.1907 18.71
M540 540.2046 13.05
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Supplementary Table 4. Metabolite nodes list in feature-based molecular networking of CYP
reaction phenotyping study.

Metabolites m/z Retention time (min)
Sildenafil 475.2151 13.98
M377 377.1363 9.35
M435a 435.1917 9.41
M436 436.1676 17.39
M449a 449.2033 10.00
M461b 461.2021 13.86
M463 463.1847 16.69
M475b 475.1824 21.58
M477b 477.2104 18.88
M477c 477.2041 19.29
M4a77d 477.2102 19.60
M477e 477.2046 21.22
M489a 489.2045 4,99
M489b 489.2034 24.89
M491a 491.2123 4.29
M491b 491.2143 4.80
M491c 491.2107 15.34

Supplementary Table 5. Metabolite nodes list in feature-based molecular networking of in
vivo metabolism study of mice.

Metabolites m/z Retention time (min)
Sildenafil 475.2128 16.01
M377 377.1276 11.08
M392 392.1387 19.36
M435a 435.1821 10.71
M436 436.1652 20.15
M449a 449.2103 10.83
M459 459.1813 15.78
M461b 461.1962 15.84
M473 473.1964 16.90
M475b 475.1761 24.97
M477e 477.1931 24.39
M489b 489.1928 28.52

M491c 491.2082 17.36
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Supplementary Methods

Chemicals

Sildenafil citrate was purchased from Sigma Aldrich (St. Louis, MO, USA). Pooled human, rat, and
mouse liver microsomes were obtained from BD Gentest (Woburn, MA, USA), and pooled monkey and
dog liver microsomes were purchased from In Vitro Technologies, Inc. (Baltimore, MD, USA). Glucose-
6-phosphate, B-NADP*, and glucose-6-phosphate dehydrogenase were obtained from Milliporen
Sigma (St. Louis, MO, USA). All other chemicals used in this article were of analytical grade and were
used as received.

In Vitro Biotransformation of Sildenafil

Sildenafil citrate at a final concentration of 25 uM and was incubated with 1 mg/mL microsomal
protein from human liver in 0.1 M potassium phosphate buffer (pH 7.4) at 37 C in a final incubation
volume of 200 pL. The reaction was initiated by the addition of an NADPH-generating system (NGS)
containing 0.8 mM B-NADP*, 10 mM glucose-6-phosphate, and 1 unit of glucose-6-phosphate
dehydrogenase to the reaction mixture. Reaction control samples (named No NGS) were prepared by
using distilled water instead of NGS, and blank samples were prepared by putting DMSO instead of
sildenafil citrate. For inter-species sildenafil biotransformation, microsomal protein from the
corresponding animal species liver was used instead of human liver. In reaction phenotyping,
supersomes for CYP1A2, 2A6, 2C8, 2C9, 2D6, 2E1, 2J2, 3A4, and 3A5 were used instead of human liver
microsomes. After incubation, 50 puL of MeCN with 1% formic acid was added, then the solution was
centrifuged at 13,200 rpm. 5 pL of supernatants were acquired for LC—MS analyses. Every
biotransformation was triplicated. No unexpected or unusually high safety hazards were encountered.

In Vivo Biotransformation of Sildenafil at mice

Male C57BL/6 mice (8-week-old, weighing approximately 22—25 g) were purchased from Orient Bio
(Songnam, Korea). The mice were housed in a temperature-controlled (23 + 2°C), humidity-controlled
(55 + 10%) room with a 12-hour light/dark cycle and had ad libitum access to food and water. Sildenafil
citrate was dissolved in distilled water, and the mice were orally administered a solution of sildenafil
citrate (20 mg/kg). Blood samples were collected from the orbital vein into heparinized tubes at 0.5,
1, 2, and 4 hours after oral administration. The blood samples were centrifuged to isolate plasma, and
25 ul aliquots of plasma from each sample were stored at —20°C until analysis. The plasma samples
were precipitated with MeCN (50 pL) and vortexed for 1 minute. After centrifugation at 13,200 rpm
for 10 minutes, a 30 pl aliquot of the supernatant was transferred to an autosampler, and 5 plL was
injected into the LC-QTOF/MS system. All animal procedures were approved by the Institutional
Animal Care and Use Committee of Hanyang University (2017-0023).

Data Acquisition

The samples were analyzed using an Agilent 6530 quadrupole time-of-flight (Q/TOF) mass
spectrometer coupled with an Agilent 1260 HPLC system (Agilent Technologies, Inc., Santa Clara, CA,
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USA). Chromatographic separation was performed with a Hypersil GOLD Cis column (2.1 mm x 150
mm, 3 UM, Thermo Fisher Scientific Inc., Pittsburgh, PA, USA) maintained at 40 C. The mobile phase
consisted of water (A) and 90% MeCN (B), both of which were acidified with 0.1% formic acid. The
mobile phase was eluted at a flow rate of 0.25 mL/min, with a linear gradient from 20% to 35% B for
30 min, followed by 4 min of washing with 90% B and 9 min of re-conditioning with 20% B. The entire
column eluent was directly introduced into an electrospray ionization interface. Nitrogen was used
both as the nebulizing gas at 20 psi and as the drying gas with a flow rate of 10 L/min at a temperature
of 300 C. The mass spectrometer was operated in the positive ion mode and data-dependent
acquisition with MS and MS/MS ranges of m/z 300-1000 and 100-1000, respectively. The collision
energy of fragmentation was 43 eV. Helium was used as collision gas.





